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Foreword
 

Since its inception in 1972, and particularly since the United Nations 
Conference on Desertification in 1977, the United Nations Environ
ment Programme has worked to assess the nature, extent and sig
nificance of desertification, and to identify and pro-note effective 
technological, policy and organizational means of corn-bating 
desertification. In addition, UNEP has worked to make available (in 
co-operation with concerned institutions) training, technical co
operation and information on desertification control. It has been 
UNEP's belief that a major factor in the failure of govern-ments to 
give adequate policy attention and funds for de3ertification control 
is that the economic significance of dryland degradation, as well as 
of its rehabilitation, has not been clearly understood by them. 

The Drylands Project began in 1985 following a major review of 
the UN Plan of Action to Combat Desertification (PACD), initially 
formulated by the UN Conference on Desertification in 1977. The 
1985 review revealed that limited progress had been made in imple
menting the Plan. Adverse pressures of economic development 
had continued to outstrip the benefits of remedial actions being 
taken in dryland areas. 

Dryland degradation and rehabilitation is a public policy area of 
vital significance, to which environmental assessment, economic
development planning techniques and social benefit-cost analysis 
can be applied. By 1985, a significant body of economic analysis had 
been developed that could be applied, in general, to deal with 
environmental and natural resource problems. It was then that 
UNEP, the Government of Australia and the East-West Center 
came together to initiate the process of evolving a systematic 
approach to analysing dryland degradation and rehabilitation 
issues within the framework of economic analysis. The present vol
ume is a product of that collaborative effort. 

The Drylands Project, with its focus on the role of economics in 
dryland management, is seeking to develop a systematic approach 
to dealing with the challenge of improved dryland management. 

To date, this woik has been guided by aglobal conference and 
three regional workshops involving over 300 participants from 
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45 countries, and generously supported by 14 international and
national agencies between March 198b and January 1987. The 
resulting objectives formulated for the Drylands Project are as 
follows: 

0 to focus attention on the need for better economic assess
ment of dryland degradation and rehabilitation and its role in 
decision-making;
0 to pursue the problem within the context of overall 
development planning; and 
* to demonstrate how the techniques of economic analysis 
can be used to guide the design and implementation of 
policies, programmes, projects and land management prac
tices to prevent, arrest or reverse the process ofdryland degra
dation 

The conference and workshops established a working strategy to
achieve these objectives which included the preparation of the 
following documents: 

* an Executive Report, Drylandq Dilemmna, aimed at senior 
level officials in governments, aid agencies and non-govern
mental organizations to heighten their awareness of the 
severity of dryland degradation problems and show the role 
economics can play in resolving them. 
o The Economics of Dryland Management, aimed at project
analysts, economists, planners and programme development
officers, provides the information necessary for an under
standing of the complex problems of drylands and explains
how economic analysis can help resolve them. 
* This volume, Drytland Managemtent: Economic Case Studies,
designed to complement the firsi volume by illustrating the
application of economic principles and techniques. The case
studies suggest solutions to various dryland management
problems throughout the world. 

Drylands Dilemma was released at the Governing Council of UNEP 
in June 1987. The Economics ofDr/landManagement was published by
Earthscan in 1989. 

Over 40 specialists from 12 countries have been actively involved
in producing these documents. Technical leadership has been
shared by Dr David James, a consultant to the Australian Govern
ment, who received a UNEP Global 500 award in 1988 for his work
in environmental economics, and Dr John Dixon, a well-known 
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environmental economist who is a Research Associate at the East-
West Center, Hawaii. Paul Sherman, a project fellow at the East-
West Center, was also involved throughout the production of these 
documents. 

Summary proceedings of the conferences and workshops listed 
below were documented in a series of reports published by the 
Australian Government Publishing Service: 

o International Conference on the Economics of Dryland 
Degradation and Rehabilitation, Canberra, March 1986. 
* South and South-East Asian Regional Workshop on the 
Economics of Drvland Degradation and Rehabilitation, New 
Delhi, August 1986. 
* Chinese Regional Workshop on the Economics of 
Dryland Degradation and Rehabilitation, Beijing, Septem
ber 1986. 
* African Regional Workshop on the Economics of 
Dryland Degradation and Rehabilitation, Nairobi, January 
1987. 

The main co-ordinating and sponsoring agencies for the 
Drylands Project are: 

Australian Government
 
United Nations Environment Programme
 
East - We, t Center
 

Other project sponsors include: 

African Development Bank 
Australian International Development AssisL.ance Bureau 
Canadian International Development Agency 
Commission of the European Communities 
Commonwealth Secretariat 
Economic and Social Commission for Asia and the Pacific 
International Institute for Environment and Development 
Norwegian Agency for International Develop ment 
United Kingdom Overseas Development Aiministration 
United Nations Educational, Scientific and Cultural Or
ganization 
United States Agency for International Development 

Proposals are currently under consideration for an ongoing 
commitment to the objectives of the Drylands Project. 
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Preface
 

Effective dryland management requires a combination of physi

cal, social and economic analysis. As economists, our focus is 

on the economic dimensions of the decision-making process for 

improved dryland management. The principles and approaches 
in ourresources are presented

to economic analysis of these 
earlier book, The Economics of DrilIand Management (Earthscan 

Publications, 1989). This companion volume presents 20 case stud

ies illustrating the application of various techniques of economic 

analysis to selected dryland situations in nine countries on four 

continents. by researchers
Each study was prepared for this volume 

Project on the Economics of
with the Internationalassociated 

Dryland Degradation and Rehabilitation. This multi-year project 
the Unitedthe Australian Government,was co-sponsored by 

the East-West
Nations Environment Programme (UNEP) and 

soil conservation in 
Center. (The one exception is chapter 5 on 

on a study carried out by G. 
the Kitui District of Kenya; based 

Holmberg, it is used here with the author's permission.) 

As editors, we have reworked many of the studies to bring out 

shorten the presentation. Each 
major points and, in some cases, 


precis that highlights the 
 contents of the 
study begins with a 

effort to guide the reader, the 20 cases have been 
study. In an 
grouped into 7 sections; each section cont,.ins two to five cases 

the section topic. The studies represent the wide diversity of 
on 
dryland settings and the various economic approaches that can be 

used. By examining the section headings and the various case precis, 

readers can select those cases that are most relevant to their own 

interests.
 case studies forto all of the authors of theWe are indebted 
our inquiries. In 

their valuable contributions and responses to 

number of people reviewed all or several of the case 
addition, a 
studies. Professor Jack Knetsch of Simon Fraser University, British 

Columbia, Canada, reviewed the entire manuscript and provided 
an economist working with the 

valuable insights. Garrett Upstill, 
Australian Department of Arts, Heritage and Environment, helped 
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in the initial phases of two of the African case studies: Sudan, andthe Machakos study in Kenya. Uttam Dabholkar of UNEP wassimilarly helpful both as a reviewer and as our principal liaison inNairobi. Mr J.,n Bojb's case study of a soil conservation project inLesotho has served double duty as a major case study in our earliervolume, and as an abridged case study here.We were able to draw on the same excellent support staffinvolved with the first volume: research assistance was providedby Jane Fowler and Regina Gregory; word-processing by MiekeJames and Mar, Ruddle; editorial support byand artwork Helen Takeuchi;by Laurel Lynn l",dalecio. We also acknowledgecomputer hardware provided by Rotating Memory Group (theNetherlands) and communications facilities from Narhex Ltd
Australia. 

Working with Earthscan has again been a pleasure. Neil Middleton, Managing Director, and Lavinia Greenlaw, Managing Editor,have helped turn a rather massive document into a published bookof manageable size. Modern electronic communication, especiallytelexes and faxes, greatly assisted in bridging the I1-hourHonolulu 
to London time gap!
We are also grateful 
to our home institutijns or firms for their
support; the continuing involvement of Dori MacRae of Australia
and Yusuf Ahmad of the United Nations Envijonment Programme
have been crucial in seeing the project through to this stage. Our
greatest debt, of course, is to the authors of the 20 case studieswhose contributions made this volume possible. 

John A. Dixon, East-West Center
David E. James, Ecoservices Ptv Ltd
Paul B. Sherman, East-West Center 



Introduction
 

Drylands represent a sizeable portion of the earth's potentially 
arable land surface. They range from the hyper-arid regions found 
in classic desert areas of Africa and Asia to the more common 
semi-arid and subhumid areas that support extensive agricultural 
systems dependent on rainfall or irrigation. In between lies a 
continuum of land types, degrees of aridity, and patterns of land 
use. As one. ,oves from the truly arid lands to progressively wetter 
regions, the dominant form of land use changes from extensive 
grazing of animals to permanent agriculture. 

The proper management of drylands has been a topic of growing 
internatioalal concern for many years. The 1977 Nairobi Confer
ence on Desertification, sponsored by the United Nations, resulted 
in the formu'ation of a Plan of Action to Combat Desertification 
(PACD). However progress under the PACD has been slow, 
and in 1984 a review of the Plan was carried out by the United 
Nations Environment Programme (UNEP). Among other findings, 
the review discovered a paucity of information on the economic 
implications of dryland degradation and a general neglect of 
economic assessment and planning procedures. 

The reviewers identified the need to explore more fully the costs 
of land degradation and the economic benefits of reclamation, 
rehabilitation, arid prevention. Specifically, UNEP saw the need 
to develop a set of guidelines which could alert public executives 
and high-level decision-makers to the value of economic analysis 
in dryland management and provide them with the techniques to 
undertake and implement such an analysis. 

To meet these challenges, the International Project on the 
Economics of Dryland Degradation and Rehabilitation was 
established, co-sponsored by UNEP, the Government of AIs
tralia, and the East-West Center. Through a series of international 
meetings and workshops, an effort was made to focus atten
tion on the problem and to develop written prrducts to 
create awareness and demonstrate how the techniques of 
economic analysis can be used in the context of dryland 
management. 
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The first product of the project was an executive report, Drilands
Dilemma, published in 1987. This document, aimed at senior-level
officials in governments, aid agencies, and non-governmental
organizations (NGOs), designedwas to heighten awareness ofthe severity of dryland degradation problems and show the role
that economics can play in resolving them.

The main output of the project, however, has been two books.
The fiist volume, The Economics of Driland Alanagement (Dixon,
James and Sherman 1989), is aimed at project analysts, econo
mists, planners, and programme development officers. It explains
the rationale for, and use of, economic analysis in a ssessing
dryland management options. As a companion volume, thisbook i!lustrates the use of economic principles and techniques inaddressing actual dryland problems in various countries around 
the world. 

The Case Studies 
The case studies prescnted here were prepared by researchers
and officials from many countries. A number of the studies were
first presented at the International Conference for the project held
in Canberra, Australia, in March 1986. Other case studies were
presented at the regional workshops held in New Delhi and Beijing
(1986), and Nairobi (1987). Still others were either especially writ
ten for this book at the request of the editors, or were adopted from
previously published studies. 

The selected cases illustrate a range of dryland problems and

economic techniques. Obviously, 
 it is not possible to giveexamples for all of the analytical approaches presented inThe Economics of Dryland Minati.mt, or to represent all the
countries facing major dryland problems.

The Economics of Drvilaffi, Alhmaement presented analytical tech
niques usable at both tihe micro, project level as well as at the macro, regional or national level. The case studies in this volume 
cover a similar spread. Although the focus of both volumes is on
economic analysis, the socio-cultural dimension of resource use
is recognized as a key element in any .;uccessful project.

The 20 studies represent a total of nine countries on four continents (Africa, Asia, North America and Australia). They areorganized into seven sections according to their main theme.
The first two sections focus on economic analysis of farm-level or
communal projects. Section I examines the use of land improve
ment techniques such as land levelling, earth shaping, and aerial
seeding. These are evaluated with cost-effectiveness analysis aswell as traditional benefit-cost analysis. Section Ifconsiders several 
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farm practices largely within a traditional benefit-cost analysis 
framework. Agricultucal techniques include the use of perforated 
plastic sheets to grow peanuts in China and terracing and alley 
cropping in semi-arid regions of Africa. 

Rangeland is a major use in many dryland areas, especially in 
the more arid regions. Section III presents cases of rangeland 
management in both Australia and Botswana. The Arntzen study 
in Botswana evaluates the use of collective fencing while tile Braat-
Opschoor and Wilcox-Thomas studies (Botswana and Australia, 
respectively) both employ modelling techniques to analyse the 
dynamics of range management. 

Village-level activities are frequently crucial in implementing 
projects involving common property or communal resources. 
The two cases from India in Section IV focus on tile economic 
and social dimensions of resource management - one case revolv
ing around reafforestation and the otheron a small-scale, irrigation
based rural development programme. Both studies emphasize tile 
need for a participatory approach to development that involves 
""inhabitants of the project area. 

The last three sections take a broader, analytical perspective. 
Section V contains two Australian case studies illustrating 
regional environmental management models using a linear 
programming framework. Section VI contains three damage 
cost studies, one at the regional level and two at the national 
level. Such studies are a useful first step in assessing the economic 
magnitude of losses associated with land degradation. As seen 
in both the Canada and Australia cases, the direct economic 
costs of land degradation are large and growing. Lastly, Section 
VII illustrates the use of relatively new macro/global resource 
management models. In Chapter 19, natural resource account
ing is used to analyse physical resource stocks and flows 
in Botswana. This technique shows considerable promise for 
helping national-level planners to better understand the use 
(and misuse) of the natural resource base. The last case 
study discusses the use of global models to better trace 
the interdependencies of today's world and understand the 
impacts of domestic policies on other countries' drvland resource 
use. 

Using this book 
Table 1.1 presents a matrix of case studies and the various tech
niques or approaches illustrated. This matri:, will help direct tile 
reader to those cases that may be most useful as illustrations for a 
particular approach. 



Table 1.1: Matrix of cases and analytical techniques 

Da nrai,,costs Bcnefitcotanalsis Modellin,-

Chine Cost- Instatutionall 
?n EFzizropnnwtalcosts Financial So)ca! effctivents social Linear 

Chapter. author Country National Regional production On-site Off-site apnalywsisBC. anal1 s1s focus programme Simulation Other 

I. Wang et al China :- E :-I 
2. Attaviroj Thailand E, 0 [ E 0 
3. Li China " 
4. Kalikander-

Hoekstra 
5. Holmberg 

Kenya 
Kenya 

C 
0 

0] 
0 0 

6. Wang and Han China 0 13 0 
7. El Mangouri Sudan 0 0 0 
8. Boj Lesotho 0 0 0 0 
9. Wilcox-Thomas Australia 0 0 Grazing 

10. Arntzen Botswana 0 0 
system 

11.Braat-Opschoor Botswana 0 0 
12. SPWD Indi. 0 0 0 0 0 
13. SPWD India 0 0 0 0 0 
14. Dumsdav and 

Oram Australia 0 0 0 0 0 
15. Thomas Australia [ 0 0 0 0 
16. Sinden et al. Australia C C [ C 0 
17. Sinden Australia C C C C 
18. Girt Canada C- C C C 
19 Gi!bert Botswana C C Natural 

resource 
20. Gigengacketal. Global [ accounting 



xxi litrmiduction 

The editors have provided a short introduction to each section 
as well as a pr6cis of each case study. All cases have been edited 
and reformatted to some extent, and a number have had to be 
sub;tantially reduced in length. Nevertheless, we feel ihat these 
cases present a rich overview of a wide range of dryland resource 
issues and analytical approaches. They also illustrate what can 
be ,Jone in situations where data are scarce and/or time is a 
constraint. 

This book should be used selectively and in conjuIIction with 
Ti Eco'omnics of Dr;landMAa,na'entt. We welcome additional case 
study material that can be used to illustrate other dryland manage
ment problems and additional analytical techniques. 
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Land Improvement
 

Techniques
 

Dryland management may require the use of land 
improvement techniques to increase the productivity 
of the land resource. Some techniques are discussed in 
Chapters 2 and 5of The EconomicsofDrylandManagement; 
they include land-forming or land-shaping practices, the 
use of irrigation, and a change in cultivation practices. 

Any improvement will involve costs, either in terms 
of cash outlays or increased labour input, and these 
r'ust be comparee to the expected benefits from these 

land improvements. This section presents case studies 
of different land improvement techniques from China 
and Thailand. 

The Thai study evaluates alternative means of reduc
ing soil erosion. It examines several farming patterns 
that rely on both land shaping and changes in farm 
practices to reduce water-induced soil erosion and 
improve agricultural yields. It shows that land develop
ment is less cost-effective than conservation farming 
with limited capital works. This result is important 
since the high cost of land-forming and physical-erosion 
control structures limits the extent of their use. 

The two Chinese cases are quite different. Wang et al. 
evaluate the economics of three different techniques for 
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land levelling in a pump irrigation area. In this study, the
environmental costs associated with topsoil movement
and burial are evaluated in terms of maintaining a given
level of yield. Off-site costs of eroded soil are also
included. A sprinkler irrigation system for unlevelled
land is used as a companion "shadow project" for 
comparison in this cost-effectiveness study.

The study by Li presents an overview of aerial
seeding techniques used in arid and semi-arid regions
of China. Aerial seeding is presented as a low-cost way
to revegetate large areas of barren sand dunes. Results 
depend on the timing of seeding, the variety used,
and the exact aerial technique. This approach has
proved successful in vegetating many areas, slowing or
preventing the movement of sand dunes, and producing 
useful products. 
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Economic Evaluation of Land Levelling in
 
Weibei Dry Upland, Shaanxi, China
 

Guangsen Wang, Weidong Wu, and Farong Li 

Precis 

This is a case study about the Weibei dry upland irrigation project 
in the eastern part of Guangzhong, the central region of Shaanxi 
Province, China. In this study, the use of land levelling to develop 
irrigated agriculture was compared to irrigation without land 
levelling. An econcmic evaluation of the environmental effects 
associated with each plan was also made. In the analysis, the 
replacement cost, shadow project, and compensation cost tech
niques were used to estimate costs associated with the different 
options. Three different land levelling techniques (shaving head, 
ditching and reeling) were examined, and their present values 
were calculated using various discount rates. These results were 
then compared to a control case: unlevelled land that used sprinkler 
irrigation. Yields were assumed the same for all four options 
and the study is therefore an example of a cost-effectiveness analy
sis. The results indicate that land levelling is economically pre
ferred over unlevelled land with a sprinkler system (the control 
case). Among the three levelling techniques examined, reeling 
was the least-cost option when all costs (direct anct indirect) were 
taken into account. 

Irrigation in the Weibei upland 

The Weibei upland in the eastern part of Guangzhong, Shaanxi 
Province, China, is a semi-arid region. In this region severe weather 
conditions include frequent droughts. In addition, because of 
hilly topography and the concentration of rainfall within a short 
period, soil erosion in this area is very serious. Because of 
droughts and erosion, crop yields are low and unstable, result
ing in low income levels and living standards for people. Land 
levelling and construction of an irrigation system are the main 
measures chosen to promote agricultural production in this 
area. 
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The Donglei Irrigation Project was approved by the Chinesegovernment to irrigate 66,300 ha of dryland of Heyang, Dali, andChengcheng counties. Bv the end of 1985, the principal part ofthe project and conveyance system for four irrigation districtshad been completed. In order to make the most of the project andto promote agricultural productivity, a large-scale land levellingprogramme has been carried out in the area since 1984. In viewof this background, the land levelling programme was chosen as the object of analysis for this case study. The study evaluatesthe production and environmental effects within an economic 
framework. 

Significatceofthe Land Lez,elling Progntmcw
The Donglei Irrigation Project uses electricity to pump water fromthe Yellow River at Donglei village up to the Weibei upland areafor irrigation. Although the primary purpose of land levelling isto meet the needs of the irrigation system, land levelling can alsoserve to protect the land from soil erosion. Land levelling produces
various socio-economic benefits: 

* Levelled land economizes on electricity and water, whichresults in more efficient use of scarce resources and lower irriga
tion costs to farmers. 

a Levelled land is easier to cultivate, thereby reducing energyneeds from human labour as well as animal and machine power.
• The conversion of dryland to irrigated land will change thecropping system in the uplands, leading to increased outp Ut per

unit area and increased farmers' incomes.
0 Levelled land provides environmental and off-site benefits,
leading to a more efficient and sustainable farming system.
 

Characteristics of the study area 

Location and PhysicalCharacteristics
The land levelling plan has been carried out in the Nanwuniouirrigation district which is the largest irrigation system of theDonglei Irrigation Project (Figure 1.1). The district, locatedthe northeastern part of Shaanxi Province, is 20 km long and 28

in 

km wide and consists of ten townships with a total population of128,000. The irrigated area is about 27,000 ha, or 40.6Y0 of the total
land area 'o the region.

The cultivated land of the region is distributed over the loesssteppe and terraces of the Huang-Wei Plateau. The soil is 200 -300 m deep. The soil texture is porous, with a porosity of 40 
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Figure 1.1: Location of the study site 

50%, which is one of the main causes of soil erosion during the rainy 
seasons. Among the 27,000 ha of irrigated land, 57.2% is light loam 
and the rest is medium and heavy loam. 

Average rainfall is 500 mm, and the annual evapotranspiration is 
1,500 mm. Annual rainfall is unevenly distributed among seasons 
(Table 1.1). Droughts occur in spring and winter, and serious 
water erosion occurs mainly in the rainy season in late summer 
and fall. 
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Economic Featuresofthe Region 
The district is primacily an agricultural region with a grain-growing 

Table 1.1: Average rainfall distribution among seasons 

Season 
Month 

Spring 
(3-5) 

Summer 
(6-8) 

Autumn 
(9-11) 

Winter 
(12-2) 

%ofTOTAL 6 28 51 15 

system. Grain crop yields averaged 1.16 tonnes/hectare (t/ha):
wheat 1.35 t/ha, corn 1.11 t/ha, barley and pea 1.12 t/ha. Low yields
result in low economic returns and low farm income. Farm house
hold surveys show that the net per hectare profits (gross revenue 
minus all production costs) in the region are as follows: 

Wheat 283 Yuan 
Corn 155 Yuan 
Barley and Pea 197 Yuan 
Cotton 484 Yuan 
Annual net income per capita is only 55 yuan, which is far

below the provincial average. The average family plot is less than 
1ha. 

Alternative patterns of land-levelling 

In the past, land levelling had been practised in the upland area
during farmland development. However, people only pai' -"en
tion to the increase of crop yields, and overlooked the environmen
tal changes resulting from the land levelling measures. It is 
our purpose in this case study to evaluate the costs and ben
efits of land levelling in a with-and-without format, including the
environmental effects caused by various land levelling patterns
in the irrigation project, so that the significance of land levelling
can be better understood and proper patterns of land levelling 
chosen.
 

The three alternative techniques for land levelling considered 
were: 

A. Shaving Head: This technique involves shovelling soil from
the upper slope downward to the lower slope. Nearly all topsoil
is buried by this levelling pattern. 
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B. Ditching:The field is divided into several long strips at inter
vals along the slope. The workers start by digging out one slot and 
taking the soil to the bottom of the slope, then the slot is filled with 
topsoil from the neighbouring strip. This process is repeated until 
the entire field is levelled. About two-thirds of the topsoil is buried 
by this technique. 

Patterns Draft diagram 	 Explanation 

Unlevelled 	 Appearance of field 
before levelling.

(CK) 

Shaving head 	 Shovel the soil directly 

(A) 	 from the upper slope 
to fill up the lower slope. 

Dig ditches at intervals 

Ditching 	 along the slope; lake 
soil from the slot to the 

(B) 	 IovIer slope; fill up the 

ditch with topsoil from 
the two sides. 

Start from one side of 
field;take topsoil of a 
strip to one side; move 

Reeling 	 the subsoil of the slot 

(C) 	 to the lower slope; 
recover the slot with 

topsoil; repeat. 

Figure 1.2: Three land levelling patterns 

C. Reeling: The field is divided into several long strips along the 
slope, and soil is moved in the following manner: topsoil is taken 
from the first strip to one side, immature subsoil of the slot is moved 
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to the lower slope, then the slot is covered again with the topsoil.
The procedure is repeated from strip to strip until the whole field
is levelled. Only about one-third of the topsoil is buried with this 
technique. 

Figure 1.2 sketches the procedures for the three land levelling 
patterns. 

Table 1.2: Labour inputs for three alternative patterns 

Slope(') 	 Volume of Labour Cost* 
earthwork (person-

Pattern 	 Before (m3/ha)After days/ha) (yuan/ha) 

A: Shaving 	 1:183.9 .-300 5251575 	 824.25 
B:Ditching 	 1:183.9 1:300 2572.5 630 989.10 
C: Reeling 1:183.9 1:300 3570 750 1177.50 

*Cost of labour per person-day is taken to be 1.57 vuan, which is generally used as the typicalwage rate in water conservancy projects. It can be see that the labour inputs are different forthe various pattern, because much more earthwork has to be carried out for replacement of 
topsoil in patterns Band C. 

Comparisonsof the Three Levelling Pctterns 
Human labour is the main input in the process of land levelling.
Table 1.2 shows the labour inputs for the three patterns.

Disturbaince of the soil structure by land levelling is unavoid
able, but the degree of disturbance is quite different in terms 
of topsoil preservation among the different patterns. Table 1.3 
shows the details of this difference and the corresponding losses 
of available nutrients. 

Environmental Effects 
Soil erosion 	 is one of the most important environmental effects 
of land preparation. Table 1.4 indicates the extent of soil erosion 
before and after land levelling in the dryland area studied. From 
the table, it can be seen that land levelling significantly reduces 
soil and nutrient losses in the long run. Levelling land can also 
reduce the consumption of energy used in agricultural produc
tion. Table 1.5 shows the savings of va_ ous types of power
inputs after land levelling, with agricultural output being kept 
constant. 
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Table 1.3: Effects of land levelling patterns on soil nutrient 
conservation 

Pattern 

Control 
A: Shaving Head 
B: Ditchinsr 
C: Reeiing 

Source: Field test data 
'OM: Organic matter 

Topsoil 
Preserved (%) 

100 
5 

30 
70 

AvailableNutrients*
 
OM (%) QAN(ppm) QAP (ppm)
 

0.929 37.2 5.90 
0.460 5.0 1.77 
0.660 11.16 2.50 
0.750 26.06 4.13 

QAN: Quick available nitrogen 
QA TI:Quick available phosphorus 

Table 1.4: Soil erosion and water and nutrient loss before and 
after land levelling 

Losses 

Water (m3/ha) 

Soil (t/ha) 

N (kg/ha) 

P(kg/ha) 

OM (kg/ha) 


Source: Field test data 

Before After 

570.00 262.50 
7.77 1.99 
5.73 1.47 

10.84 3.29 
84.87 21.86 

Decrease
 
Due to Levelling (%)
 

53.9 
74.4 
74.4 
69.7 
74.3 

Table 1.5: Estimated reduction in energy inputs as a result of land 

levelling (per ha) 

Input 

Labour 

Animal power 
Machine power 

Dayssaved/yr 

78.3 
25.2 
12.0 
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Economic analysis 

An economic evaluation was made of the costs both direct and
indirect associated with the three land levelling techniques. In
addition, a control case is also considered where no levelling is
carried out and sprinkler irrigation is used to inciease production.
A key assumption is that crop yields are the same under all four
options - the three land levelling techniques and the control. As
such, this is an example of a cost-effectiveness analysis whereby
the goal is to irrigate the land at minimum cost. 

Costs measured included both direct project costs and indi
rect, or usually unmeasured, environmental costs. A variety
of valuation techniques were applied to measure the indirect 
costs, including replacement cost and compensation cost 
approaches. 

In order to make an economic evaluation, one must first calcu
late the value of losses of nutrients, soil, and water caused by
erosion before and after land levelling. This can be done with
the replacement cost approach. Second, because the main aim
of the land levelling programme is to complement the irrigation
project ir he upland area, a shadow project - sprinkler irrigation
- is used for comparison. Last, land levelling will also result in the
partial destruction of soil structure and loss of soil nutrients; these 
are negative effects of the plan, and the cost of compensating for 
these effects is therefore considered. 

Costs 
Soil erosion costs. Soil erosion occurs both before and after land level
ling (see Table 1.4). The losses consist of two parts: the removal
of soil and the loss of nutrients. The replacement cost approach
(see Chapter 8 in Thet Economics of DrylandManagement) considers 
the costs of physically replacing the lost soil and nutrients. This
includes transferring sedimentary deposits in canals and reser
voirs back to the fields, plus the cost of labour to spread the
soil. These costs are valued at 2.00 yuan/t. The cost of replacing
nutrient losses is valued using the market price of fertilizers (see
Table 1.6).

Energy costs. Levelled land is easier to cultivate, and thus the
required input of energy is reduced. This reduction of energy
input with land levelling can be seen as a cost saving (see Table 
1.7).

Shadow project expenditure. As mentioned, a sprinkler irrigation
system is evaluated as a control (shadow project) that would pro
duce the same irrigation benefits (and crop yield) as enjoyed 
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Table 1.6: Cost of replacing nutrients lost through soil erosion 

Replacement coS't2 (yluan/ha) 
Item1 Price(yuan) Beforelevelling After levelling 

Water (m3) 0.06 34.20 15.75 
Soil (t) 
N (kg) 

2.00 
1.17 

15.54 
6.70 

3.98 
1.72 

P(kg) 1.16 12.57 3.83 
OM (kg) 0.43 36.49 9.40 
TOTAL 105.50 34.68 

1.As the soil is rich in K, the amount lost does not require replacement. 
2. See Table 1.4 for quantities of nutrients, soil and water. Replacement cost is quantity 
X price. 

Table 1.7: Reduction in energy costs due to land leveling 

Energy input saved At ergevalue Cost saving 
Item (dayslha) (yuan/day) (yuanlha) 

Labour 78.3 1.57 122.93 
Animal power 25.2 1.20 30.24 
Machine power 12.0 3.00 36.00 

TOTAL - - 189.17 

under land levelling. Considering the physical characteristics of 
the area, we assume that a moving sprinkler is adopted for which 
the fixed capital cost in the first year is 1,605 yuan/ha and the 
operating cost is 388.5 yuan/ha/yr. Since the irrigation cost for 
levelled land is 270 yuan/ha/yr, the additional annual operating 
cost of the shadow project is 118.5 yuan/ha. Therefore, the first 
year's cost is 1,605 + 118.5 = 1,723.5 yuan. In subsequent years, 
the additional cost is only 118.5 yuan/ha/yr. 

Environmental costs. Land levelling will inevitably disturb the 
structure of soil and cause nutrient losses (see Table 1.3). 
Approximately Y%,30 %, and 70% of the topsoil can be preserved 
by the three patterns of land levelling (shaving head, ditching, 
and reeling), respectively. In order to maintain soil fertility after 
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Table 1.8: Annual inputs required for soil maturation (per ha) 

Calciun Deep 
Super- Irrigation Ploughing

Pattert Year Manure(t) Urea(kg) phosphate(kg) Water(n 3 ) (person-days) 

Control - 37.5 300.0 375.0 750 -
A 

B 

C 

1 
2 
3 
4 
5 
1 
2 
3 
1 

75.0 
68.4 
59.6 
45.8 
40.5 
60.7 
45.0 
42.2 
41.3 

450.0 
412.5 
375.0 
360.0 
315.0 
375.0 
352.5 
322.5 
375.0 

750.0 
712.5 
675.0 
652.5 
465.0 
637.5 
525.0 
487.5 
461.3 

1,500 
1,125 
1,125 
1,125 
1,125 
1,500 
1,125 
1,125 
1,125 

150 
75 
-
-
-
-
-
-
-

Source: Field test data. 

1.Patterns 
Control = Sprinkler irrigation 
A = Shaving head 
B= Ditching
 
C = Reeling
 

Table 1.9: Market prices 

Item Average price 

Manure (yuan/t) 2.00
Urea (yuan/kg) 0.54
Calcium superghosphate (yuan/kg) 0.14
Water (yuan/m") 0.06
Wages (yuan/person-day) 1.57 

levelling, measures must be taken to allow the subsoil to mature.The measures consist of increasing the fertilizer inputs and thevolume of irrigation water, applying manure, and deep ploughing.It is estimated that the maturing of the subsoil with the applicationof these measures will take five years, three years, and one year,respectively, for the three different land levelling techniques. 
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Detailed yearly inputs and price data are given in Tables 1.8 
and 1.9. Table 1.10 shows soil maturation costs for each of the 
three techniques for years 1 to 5. Since shaving head involves the 
greatest disturbance to and burial of topsoil, its soil maturation 
costs are highest. Reeling involves the least disturbance and the 
lowest costs. 

Table 1.10: Maturation costs (yuan/ha/yr) 

A B C 
Year Sliaving -ead Ditcling Reeling 

1 489.00 168.65 82.68 
2 310.05 86.85 0 
3 149.20 59.80 0 
4 110.35 0 0 
5 49.20 0 0 

TOTAL 1,107.80 315.30 82.68 

Note: Costs were calculated as input x price maturation costs of A, B, or C minus that of 
Control = PenaltY. 

Off-site costs. The erosion of upland fields also leads to 
downstream siltation of fields and reservoirs. The expendi
ture for clearing the silt is an off-site cost of the project. Soil 
erosion e'periments show that the siltation caused bv erosion 
from upland fields with land levelling has been 1.46 ml/ha and 5.7 
m 3/ha without land levelling. To clear I cubic metre of silt will 
take one person-day. The wage cost per person-day is assumed to 
be 1.57 vuan. Therefore, the off-site cost of silt removal created by 
unlevelled upland fields is 8.95 yuan/ha, and that of levelled land 
is only 2.29 yuan/ha. 

Labourcosts. The direct labour costs for land levelling are 824.25 
yuan/ha for shaving head, 989.10 Vuan/ha for ditching, and 
1,177.50 yuan/ha for reeling (Table 1.2). 

Total costs. Total costs of land levelling in year 1 for each of the 
three techniques, and the control sprinkler alternative, are given 
in Table 1.11. The three land levelling alternatives have associated 
environmental and project costs but show considerable savings 
when compared to the nutrient replacement, additional energy, 
and shadow project costs of the sprinkled, unlevelled alternative. 

http:1,177.50
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Table 1.11: Total cost for year 1 of alternative plans (yuan/ha) 

Control Levelling Patterns
 
(unhevelled A B C
Item with sprinkler) Shaving Ditching 
 Reeling 

Nutrient 
replacement 105.51 34.68 34.68 34.68 
Extra energy
requirements 189.17 0 0 0 
Shadow project:

Fixed input 1,605.00 0 0 0Annual cost 118.50 0 0 0 
Environmental
 
costs 
 0 489.00 168.65 82.68 
Land-levelling costs 0 824.25 989.10 1,177.50 
Off-sitecosts 8.95 2.29 2.29 2.29 
TOTAL 2,027.13 1,350.22 1,194.72 1,297.15 

Table 1.12: Total cost for year 2 and subsequent years (yuan/ha) 

Replacement Maturatiomt Off-site Energy TotalOption Year Costs Costs Costs Costs Costs 
Control 2+ 105.50 + 0 + 8.95 + =189.17 303.62 
(unlevelled 
with sprinkler)
 
Shaving 2 34.68 + 310.05 + 2.29 + =
0 347.02
head 3 +34.68 149.20 + 2.29 + 0 = 186.17 

4 34.68 + 110.35 + 2.29 + 0 147.32= 
5 34.68 + 49.20 + 2.29 + 0 = 86.17
6 34.68 + 0 + 2.29 + =0 36.97 

Ditching 2 34.68 + 86.85 + 2.29 + 0 = 123.82 
3 34.68 + 59.80 + 2.29 + 0 = 96.77
4+ 34.68 + 0 + 2.29 + =0 36.97 

Reeling 2+ 34.68 + 0 + 2.29 + =0 36.97 

http:1,297.15
http:1,194.72
http:1,350.22
http:2,027.13
http:1,177.50
http:1,605.00
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The cost items in Table 1.11 recur in the following years except 
for the fixed project inputs. The replacement costs, off-site costs, 
the difference of the shadov project's operating costs, and extra 
energy costs are constant whil the compensation costs will only 
happen during the soil maturation process, which will take from 
one to five years depending on which land levelling technique is 
used. Hence the total cost for year 2 and the following years can 
be calculated as shown in Table 1.12. 

The Prese i t Vaim, 00Ttal Cts 
Dimc horizon. The time horizon is set at 1' years because of the 
following factors: (a) it takes a long time for the various results of 
the project to take effect; and (b) the length of land-use contract 
for peasant households has been set to at least 15 y'ears according 
to the present practice in China. This latter fact is very important 
in determining the way cropIind is used and cared for. 

Iit, discoln t rate'. Taking tie current level of return on capital 
investment and general interest rates into consideration, 7o was 
adopted as the discount rate in the calculation. This is also the 
rate that is generally adopted in water conservancy projects in 
China. 

The pr-enl ,alue. Using discount tables, the present values of 
expenditures for each year were calculated for a 15-year period 
using a 7%discount rate. The results are presented in Table 1.13. 

Results 

From Table 1.13, We can see that to maintainlthe same level of 
productivity, the present value of the total costs of any of the 
three land levelling patterns is less than that of not levelling (i.e., 
the sprinkler irrigation alternative). Thus We conclude that based 
on the assumptions presented, it is economically sound to carry 
Out a land levelling plan in the irrigation project. Table 1.13 also 
shows that among the three levelling patterns, the present V'alue 
of total costs is lowest for reeling. Taking a long-term point of view, 
reeling is the most suitable pattern and sLould be encouraged in 
the levelling plan. When the analysis was recalculated using differ
ent discount rates (from 5 to 20'(,), the results were unchanged: 
land levelling was still preferred to the non-levelling option, and 
reeling had the lowest level of present value of costs. 

Among the three land-levelling patterns examined, reeling is 
the most desirable in terms of topsoil preservation and long-term 
effects. But in practice, the other two patterns are usually adopted 
for two reasons: (a)land levelling tasks are assigned by government 
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Table 1.13: Present value of costs of land-levelling alternatives 
and the unlevelled sprinklersystem (yuan/ha) (7% discount rate) 

Year Control A B C 
(unlevelh'd Shaving Head Ditching Reeling 

with 
sprinkler) 

1 1,895.36 1,262.47 1,117.06 1,212.84 
2 265.07 302.95 108.09 32.27 
3 247.76 151.91 79.13 30.17 
4 231.67 112.42 28.21 28.21 
5 216.49 61.41 26.36 26.36 
6 202.22 24.62 24.62 24.62 
7 189.16 23.03 23.03 23.03 
8 176.71 21.52 21.52 21.52 
9 165.17 20.11 20.11 20.11 

10 154.24 18.78 18.78 18.78 
11 144.22 17.56 17.56 17.56 
12 134.81 16.41 16.41 16.41 
13 126.01 15.35 15.34 15.34 
14 117.81 14.34 14.34 14.34 
15 109.91 13.38 13.38 13.38 
TOTAL 4,376.61 2,076.26 1,543.94 1,514.94 

agencies to local people without clear instructions about the 
particular patterns of land levelling that should be adopted; and (b)
people undertaking land levelling tasks are not those who contract 
the land for long-term use. Although land levelling jobs are paid for 
in terms of person-days and not in terms of hectares, people are 
not interested in adopting levelling patterns which require large 
amounts of labour. To implement reeiing as the most desirable 
land levelling practice, we suggest that (a) clear clauses about 
land levelling patterns and task specifications be included in the 
government policy; (b) economic evaluation of different land level
ling patterns be advocated and made known to all managers and 
participants of the project; (c) on-site inspection and technical aid 
be emphasized; and (d) allocation of land levelling tasks be made 
to bring together the interests of people who are responsible for 
the long-term effects of land levelling with those who do the level
ling task. Alternatively, a specialized land levelling labour force 
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should be organized so that management and expertise could be 
reinforced. 

The economic analysis of land levelling patterns shows that 
there is a trade-off of labour inputs with non-labour inputs such 
as chemical fertilizers, manures, irrigation water and deep 
ploughing. Thus, the relative prices of labour inputs and non
labour inputs are critical in this analysis. It should be clearly 
understood that tile conclusions in this case study are conditional 
and subject to adjustment. 



2

Soil Erosion and Land Degradation in the
 

Northern Thai Uplands
 

Pitsanu Attaviroj 

Precis 

This case study examines the economic dimensions of currentand proposed land use practices in upland rainfed agriculturalareas in northern Thailand. The study area has been occupied andused for upland cultivation for more than two decades and nowsuffers from land degradation. The study is concerned with theeffects of land degradation, especially soil erosion, and examinesboth on-site and off-site effects. The main site of 1,300 rai (208 ha)is representative of the average situation in the northern uplandregion. Within that area, the study focuses on a site of 7 rai (1.12ha), which is the size of the average farm (1rai = 0.16 ha).Three alternative land management systems are examined andcompared: exploitive monocropping, land development alone,and conservation fanning. The results of the analysis show thatexploitive monocropping is undesirablean practice and thatconservation farming systems generate the highest net benefits.The study also highlights the importance of the adoption rate ofnew cultivation techniques by farmers and calls for the rapidintroduction of conservation farming systems in all upland areas 
of northern Thailand. 

Description of the problem 

Thailand depends heavily, on its agricultural economy, which islargely based on cropping. It has been confronted with a growing rural population and consequent increase in the demand foradditional land. As the useful lowland is largely occupied, thisdemand has been accommodated by substantial increases in the 
use of uplands.

There does not appear to have been an economically, sociallyand politically acceptable alternative to providing additional land.Much of the additional land has come from areas where the soilsare both fragile and erosion prone. Historically, such lands havebeen cultivated by the "swidden" (slash-and-burn) system. Under 
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low land-use pressure, this system has been stable and productive. 
However, increasingly intensive cultivation of this land, using 
traditional practices and cropping systems is leading to serious 
erosion. Coupled with the degradation of both soil structure and 
fertility, this is resulting in an unacceptable decline in production 
potential. 

Management of the uplands of northern Thailand is largely 
exploitive. Weed control is usually less than ideal, and levels 
of production are generally low. Relay cropping and rotation of 
legumes with cereals are practised by few farmers; the majority 
of farmers grow only one crop each year. 

The major limitation to production on these soils is poor manage
ment. In order to develop cropping systems that will be viable in 
the long term, it is necessary to find not only technical solutions 
but to ensure that techniques are appropriate, and that the social 
and economic conditions exist to encourage their adoption in 
practice. 

The Royal Thai Government and its Ministry of Agriculture and 
Cooperatives, in particular, have been aware'of the problem and 
its potential consequences since the early 1960s. Responsibility 
for dealing with the problem has been directed by the Ministry 
to its Department of Land Development (DLD). This case study 
reports the results of a land development and research project 
conducted by the Department of Land Development, with sup
port from the Australian Government and the World Bank. The 
project is part of the Northern Agriculture Development Project 
and is known as the Thai-Australia-World Bank Land Development 
(TAWLD) Project. 

Background 

Physicalt'nviropim'nt 
The study area is shown in Figure 2. 1. Topography divides the 
northern region of Thailand into two sub-regions: the upper and 
lower north. The lower sub-region includes the alluvial plains and 
terraces that comprise the upper delta of the Chao Phraya River. 
It contains ten provinces: Kamphaeng Phet, Loei, Nakhon Sawan, 
Phetchabun, Phichit, Phitsanulok, Sukhothai, Tak, Uthai Thani, 
and Uttaradit. The topography of the upper sub-region is more 
extreme and embraces the higher terraces, lower plateaux. and 
hills and mountains of the northern portion of the region. The 
provinces here are Chiang Mai, Chiang Rai, Lampang, Lamphun, 
Mae Hong Son, Nan, Phayao, and Phrae. 

The three major land forms are lowlands, uplands, and the 
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Figure 2.1: Study area of the TAWLD Project in Northern Thailand 
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highlands. The lowlands are generally fertile alluvial areas ranging 
from flat to gently undulating terrain. Lowlands occupy about 10% 
of tile total area of tile ipper north region, and 20 " of the lower 
north. The uplands comprise older allvial deposits that occur as a 
series of terraces to about 300 metres above sea le\vel, lking betwveen 
the tributaries of the main river,; and along the foothills of the 
ranges. The highlands range in altitude from 500 to 2,500 m above 
sea level and from elevated flat plateau\ to steep mountains. 

The soils in the region vary with the topography. According 
to soil survev data, all soil ,eries within the uplands have low 
fertility. Results of a soil fertility su rvev in the project area are 
more favourable, indicating that althoUgh most soils have low 
and declining organic matter levels, Other factors are adequate 
or nearly so. lPotassiu m levels ir',lT generally high, and while pH 
is lo\, phOsphate responses uaV be e\pected on o l\' a fe\ soil 
types. Nitrogen is required bY n mlegules on all project soils, a 
reflection tflow oil orga nic matter levels. 

Available soil moistUre ca pacitv otOmost of the upla nd soils is 
low, and constitute, a mna jor con.,traint to crop durring periods of 
inadequate raintall, which often occur in LHUne and JuV. lanage
ment practices that coMerve soil m11oisturl' or incr,.,ase tile water
holding capacity tofr he soils, r thIL ar.vList' of stipplemer i rriga
tion, would help t,)tae advnte ot he. ll grovin, s'ason. 

Soil erosioln isa seriouS problem. According tOOfficial survevs, 
about 2S "..of the total area Of the northern region i,stffering from 
eroi n, tlIV sCevere olrVtr VTre. 

Dluring the we,t sedsoll (April to Septemnbelr, 10 '',or :1orT of the 
ailnual rain fall occu r.s. ual rainfall overIhe average ,1Lain the region 
is abouti 1,2001) mm but thCi arC wide \ariations within the reIgioll, 
from aboult c):t) in1in at lak to nearly double, this amoun1t (about 
1,745 nm) at Chiaing Rai. 

The natural v'eg, tation of the uplan1ds is generall a secondary 
regrowvth climaa\ng as.>an,o1pnll stand Of IlOw dtcidlu1ous> Diptrt0;'1,1 
forest. 

C u--r'c it u P C',l 

Over the last nine \'ars the are a farmed inthe nlt-hein le has 
incresl.,ed by tl' -,,, million ha)ml 171I million rai 12., to 25;.3 
million rai (4miIlioi ha. he large.t increase ilabsolmte area 
has been in rice productiol With n additional 3. million rai. 
I twCVer, ther utipland cro ps have sho,\ n a gqreater proportional 
increase (e,.g., mai/e,, I.S Million rai, -13 ",,mlung bean, l. million 
rai, 17L)''1; aid sugar, (I. million rai, 14U",,. 

Fallow areas ge-nerally varv from 1),, to allof the total land, 
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depending on social, technical, and economic factors. Prior todevelopment by the TAWLD Project, more than 47% of the uplandslay fallow. Project activities have resulted in a reduction of about35% in the total area left fallow at most project sites. 

Farnsize andlandtenure
In the uplands, the average size of farmland owned by the farmersis 9.19 rai per household although the actual land farmed by eachhousehold is 7.40 rai. In the lowlands, the average size of farmlandowned by farme rs is 7.41 rai, but the actual land area farmed is
7.58 rai. 

In tile ipper north, many farmers own both paddy and uplandplots. According to one survey, 67% of the households sampledwere farming upland and lowland plots. This has a significantimpact on investment of labour and capital. In the lower north,
the average farm size is 30 rai.

'The majority of farmers are de/acto, if not legal, owners of at leastsome of the land they occupy. De ficto owners buy, sell and rentland in virtually the same way as legal owners.
The proportion of households with no legal title to some of theland they cultivate varis from 43 to 84%. In some areas, eventhough land is "owned" by the household head and/or a memberof his family, 95 of the farmers have an insecure title or no title atall. Only a relatively small amount of land in the north is occupied

by leasing. 

Social, it'Piiographic, and economic factorsThe national census showed a total population of 10.7 million inthe northern provinces. Population has grown from 7.9 million
since 1970. The 
rate of growth has been falling and is now estimated to be below 1.6(%, per year. The population density v'aries
from 18/kn 2 to more than 120/km 2.

The average household has five people with a normal agedistribution. Households with relatively large upland holdingshave an average of 2 adult males and 2.6 full-time adult workers.According to surveys, 91% of household heads are male, and theaverage age of the household head is 44 'ears. Eight % have noeducation at all, 12", have less than four years of primary school,73% have completed the first four years of primary school, and 7%have had more education. These social conditios differ between
the upper and lower northern areas.

The following economic parameters are important: 

* significance of commodities in family subsistence; 
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* potential production, anticipated farm gate prices, and
 
the consequent gross cash income;
 
0 availability and cost of necessary inputs (e.g., land,
 
fertilizer);
 
" timely availability of labour;
 
* availability of necessary cash or credit, and the cost of
 
credit;
 
* marketability of the product;
 
* risks and uncertainties in the seasonal conditions and
 
the incidences of pests and diseases; and
 
0 quality of transport and communications networks.
 

Enviroinmictalimpacts 
Increasingly intensive cultivation of the uplands using traditional 
practices and exploitive cropping systems is leading to serious 
erosion and the degradation of soil iertility. The most significant 
of the changes on-site is the depletion of organic matter and the 
decreased availability of phosphorus, nitrogen, potassium, and 
important trace elements. Field experiments also indicate an 
increase in soil bulk density and a decrease in infiltration rates 
with clearing and cultivation of land. 

The composite effect of all these changes hos been a decline 
in production potential, which varies with bo:h soil type and 
the crops grown. The decline in yield over tim,, has been more 
pronounced in rice than in corn. Tile decline in rice yield, further
more, is not alleviated by fertilizer. Corn yield cai,, to a degree, be 
improved by fertilizer. This reflects the greater dep. ndence of rice 
on high organic matter levels and good soil structure. 

Serious off-site effects have also Occurred. Siltation downstream 
has led to lower levels of water in reservoirs, depletion of hvdroelec
tric capacity, degradation of the drainage system and consequent 
flooding as far away as Bangkok, and a reduction in river depth, 
impeding shipping and necessitating dredging operations. 

Forestry losses have resulted from timber poaching, an increase 
in farm area, and reinstatement of farmland previously abandoned 
to bush fallow. 

Approaches to development 

The Thai-Australia-\orldBank Land Dczclopnient (TA VLD) Project 
As ,oarlv as 1967, the Thai government sought assistance from the 
Australian Government to tackle its problems of land degradation. 
Attention was initially directed to the upper north with its exten
sive areas of erosion-prone land. Since that time, the TAWLD 
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Project has developed with Australian and World Bank assistance. 
Project expenditures during 1980 - 87 were over US$14.6 million,
including nearly US$9 million from the World Bank and JS$5.7 
million from the Thai government. 

The TAWLD Project has been developing land by clearing it 
and providing soil conservation and access works. While such 
work reduces erosion, it does not prevent all degradation. Even 
with World Bank assistance, it has been possible to work on only
20,000 to 30,000 rai per y'ear. The project has also been conducting 
a programme of research into related degradation problems. 

La u inilh proz t('Hnl and ' s'iz A . irnz i, 
Several alternative cultivation patterns and management prac
tices are possible in the project area: 

Exphti'e Iuoirotqphi,'. For more than two decades the increas
ing demand for land has bcn accomnmdated by expansion into 
the uplands. In general, the iarmers have occupied and utilized 
areas of forest and secondiry regrowth to supplement income 
from lowland farms. The 'lqxploitive practices adopted generally
involve the burning of organic residues in the dry season, followed 
by mechanical or hand cu!tivation and sowing of the crop. Inputs
of both time and materials are low. This alternative is considered 
the most likely to be adopted by the average farmer, left to his own 
devices. There is little incentive to conserve the land because the 
average farmer lacks either one or more of the following: tenure, 
technical knowledge and finance. 

If exploitive monocropping continues, it can be expected to 
result in decreasing production and increasing problems from soil 
erosion and consequent siltation. Some land is already so severely
degraded that its rehabilitation would be a long and expensive task,
but most of the land is at the stage where the effects of erosion and 
degradation could be ameliorated. 

Reversion to long-termn swiddcn agricultur'. Swidden (slash-and
burn) agriculture can provide a low-cost, stable alternative but it 
requires that land use pressure be substantially reduced. As this 
would mean relocating or otherwise employing many of the farmers,
it is probably not politically, socially, or economically acceptable. 

Land devclopment aloc. Soil erosion and land degradation are the 
two components responsible for declining production potential.
On-site degradation in most circumstances is by far the more 
serious. The control or prevention of soil erosion alone does 
not solve tile problem. Land development by itself seeks only
to control the erosion. In all other respects, it is the same as 
exploitive monoculture. In the short term, most of the yield 
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decline is attributable to degradation of the soil. Furthermore, 
such works are relatively expensive. .hile funding has been 
available from World Bank credit, it has been possible to main
tain a significant programme. However, when the current credit 
is no longer available, capacity to undertake this activity will be 
significantly diminished. 

Conservation finning. Conservation farming systems include 
measures such as contour ploughing, contour sowing, strip 
cropping, and the use of mulch to control erosion. They also 
involve green manure, cover cropping, and intercropping prac
tices which contribute to erosion control and also maintain soil 
organic n,tter levels, improving and maintaining fertility at 
adequate levels. Provided the soils have not been unreasonably 
degraded, recovery of the land after treatment is fairly rapid in 
most areas. 

Various cropping systems are suitable, based on rice or corn, or 
both in combination. The rotation must include a legume phase 
or phases and generate sufficient organic matter to ensure that 
the level of soil organic matter is maintained (approximately 10 
t/ha/yr). 

Generally, farmers plant a ppr, imatel' one-third of their land to 
rice and tvo-thirds to other crops. The rotation selected for this 
study is corn plus mulch followed by mung bean sown in late 
August, peanuts plus muLch followed by mung bean sown in late 
August, and blackbean (green manure) plus mulch followed by
upland rice sown in June/July. 

Economic analysis 

Land use alternatives 
Three main land use alternatives are evaluated in the economic 
analysis: 

• continued exploitive monocropping with its conse
quent erosion and degradation; 
* construction of physical works aimed at minimizing ero
sion alone; and 
* controlling erosion and degradation through conserva
tion farming practices either alone or in combination with 
physical works. 

The planning horizon is 15 years. Discount rates of 5, 10, and 
20% are used to translate future be',etits and costs into present 
values. The sensitivitv of results to different rates of adoption of the 
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new strategies is also tested. Adoption rates of 5, 10, and 15% per 
year are used. 

The study presents a comprehensive analysis of both on-site and
off-site effects. Valuations of on-site benefits and costs are based 
on market prices and documented field data. Off-site benefits are
measured as a rvduction in off-site costs compared to those that 
would occur with exploitive monocropping. 

On-sitibenefits andcosts 
On-site costs are the costs of production, and on-site benefits are 
the valu _s of crops. For the alternatives involving land develop
ment, capital and maintenance costs are included. 

For all alternatives, on-site benefits are based on average crop
prices during 1980-83: 

Crop Price 
Rice 2.90 baht/kg
 
Maize 2.26 baht/kg
 
Mung bean 6.36 baht/kg
 
Peanut 6.56 baht/kg
 

Exploitive 'mnocropping. It is estimated that newly cleared forest
land will 300 to 400 withyield kg/rai of rice, declining yields
through time. The rate of decline is defined by tile equation: 

Y = 2689 - 492.8X + 41.34X2 -. 147x 3 

where Y is the rice yield kg/ha and X isin tile number of 
years. 

This assumes initial yields of 358 kg/rai, declining to 120 kg/rai
in year 9, the point at which farming becomes unprofitable. The
analysis assumes half of the land is left fallow each year and that on
reaching the lower yield, land is fallowed for five years. For corn,
the decline in yields is slower than rice and differs with good and 
average soils. Equations for the time trends are: 

Average soils (tons/ha) : Y 2.7 - 1.75 log(X)
 
Good soils (tons/ha) : Y 2.938 - 0.021X
 

The yields on average soils are assumed to commence at 432
kg/rai and reach 214 kg/rai in six years. It is estimated that
25% of the area farmed has good soils, and the remainder average
soils. On-site costs for exploitive monocropping are low, as the
only requirements are land preparation, seed, and labour. 
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Land development alone. As previously explained, this strategy 
seeks only to control soil erosion, not soil degradation. In the 
estimation of on-site benefits, it is assumed that farmers continue 
to exploit the land if assisted with land development regardless of 
tenure or utilization practices. Yield declines are thus assumed to 
be the same as exploitive monoculture; this is , strong assumption. 
However, intensity of land use increases. It is assumed that farm
ers use all of the land annually. The provision of access tracks is 
considered a benefit to landho'lders, but this benefit has not been 
quantified. 

The main on-site costs are associated with initial capital works 
and ongoing maintenance of the land. Other farming costs are 
minimal, as with exploitive monoculture. Capital works include 
land selection, farm development, and access tracks. The Thai 
Government developed 124,400 rai up to 1985 at an werage cost 
of 1,255 baht/rai. 

In addition to capital costs, land development requires 
maintenance of access tracks and conservation banks. Pro
ject experience has shown that .021 km/rai of bank and .006 
km/rai of track with maintenance costs of 4,623 baht/km and 
4,495 baht/km, respectively, are necessary. Total maintenance 
costs per year are thus 124 baht/rai. 

Conservation .firin-. Conservation farming practices can be 
undertaken with or without conservation works used in the lan,! 
development ootion. Both situations are evaluated. The rate at 
which farmers can be persuaded to adopt such practices is 
important. To test the sensitivity of this, the analysis considers 
adoption rates of 5, 10, and 159, per year. 

As for on-site benefits, research and on-farm demonstrations 
have produced the following yield estimates: 

Year 1 Year 2 and on 
Crop (k\'lrai) (kglrai) 
Corn 400 450
 
Mungbean 120 140
 
Peanut 250 250
 
Black bean [green manure onlyl
 
Rice 300 400
 

Conservation farming requires greater direc" farm inputs than 
exploitive monocropping, and the associated costs are included 
in the analysis. Where conservation works are also adopted, the 
capital and maintenance costs are assumed to be the same as for 
the land development option. 
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Off-site benefitsand costs
Tile off-site benefits of land developnen t and conservation farmingprojects consist of reduced off-site damage costs, such as forestencroachment and siltation downstream of the project area.
Exploitive mnocropping, During 1975 
- 82, forest encroachmentin northern Thailand occurred at the rate of 1.4 million rai/yr.Although some of tl:;s is due to timber poaching, 450,000 rai/yrwere used as additional farm area. For this study, it was assumedthat 200,000 rai/,r of forest were used to replace degraded lands.The annual cost in lost timber production from the area is estimated to be 330 million baht/vr, and it is assumed that underexploitive nionocroppng this loss would continue at the same 

ra te. 
'iTheeffect of sedimentaIn M on the 4 major dams and 16 smallerreservoirs has been a depletion in storage capacity estimated at18.18 million mnVvr. Assuming a necessary annual water allocation of 2,50(0 Vlrai of cropland, the storage depletion representsa potential loss of 7,272 rai of irrigable land per 'ear (18. 18 multiplied by 10'/2,500). The income lost from an irrigated rice cropwas estimated at 552 baht/rai for a total of 4.01 million bah t/,r.
A similar argunIent applies 
 t0 the depletion oft hydroclectriccapacity. If the capacity of the dam to provide water for thispurpose depreciates in proportion to sedilmentation rate, theannual loss would be 1.7()6 millioi kwh. At a Value of 1.50baht per kwh, this amiouts to a loss of 2.559 million bah t/yr.This cost WotlId accu mu late ai1nnIall\,, eventually totalling 38J85million baht in \'ear I.

Sedimentation of the Chao Ph rava River requires that 19 millionfill of sediment be dredged from thi first 18 km of the river every
year, at a cost of 424 million balit, to keep the cha 
 innel open toshipping. The additional cost of relieving the flood Situlation inBlangkok has not been included in the anahlsis becaise tlecomplexitv of evaluating all effects.Land d,,ehopmen alone. At reduction in all off-site costs isassumed, consistent with the reduction in soil erosion.universal soil loss equation 
The 

is used to evaluate soil loss potential.Erosion rates are r'edLced bv 29 to 3,, through soil conservationworks. A mean reduction of 34",, is used in the analysis. Thuserosion-related costs in thi option are approximately two-thirdsof the costs in the exploitive monocropping case above .Forest encroachment can still occur under land developlentalone, since soil degradation will continue. It is assumed that landwill b allowed to revert to bush fallow when production falls to an 
unacceptable level. 
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Conservationfirning. Off-site costs reflect the reductions in soil 
erosion and forest encroachment brought about by the change 
in land use. The adoption of conservation farming practices will 
reduce erosion by 67%.. With the addition of contour banks at nor
mal spacing, the reduction is 76 to 79",. A rate of 78' is Used in the 
analysis. 

As agricultural stability is attained under conservation farming, 
it is assumed that no turthe," forest encroachment will occur, 
thereby avoiding the costs due to encroachment that occur under 
the other two options. This will be the case whether conservation 
farming is used alone or in conjunction with land development. 

Table 2.1: Net benefits from land use alternatives in the northern 
upland region of Thailand (million baht) 

Lod Collscrnitiof Conscri'ation 
t-xl. ithnili d'Tc1Ch 1 t .tair iun, fiu'miixpis land 

Year nMunocro; alone' homu' devehlopment 

1 3,367 -5, 3Q4 2,851 -8,272 
2 2,374 4,151 4,790 4,838 
3 1,608 2,975 4,788 4,836 
4 948 2,014 4,785 4,835 
5 357 86 4,783 3,730 
6 -184 463 4,781 4,832 
7 -1,042 -895 4,779 4,831 
8 -1,427 -1,308 4,777 4,829 
9 -1,800 - 1,695 4,775 4,828 

10 -2,096 -3,03 3 4,772 3,723 
11 -2,451 -2,282 4,770 4,825 
12 -1,129 705 4,768 4,823 
13 -1,956 -585 4,766 4,822 
14 -2,587 -1,487 4,764 4,820 
15 -2,549 -2,145 4,7,1 3,715 

Results 

Onl, a summary of the results of the economic analysis is pres
ented here; full details appear in Attaviroj (1980). Time streams 
of net benefits for all the alternatives are shown in Table 2.1. 
The effect of the discount rate on the net present value (NIV) 
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is described in Table 2.2. For options involving conservationfarming, it is assumed that adoption of the new techniques is 
immediate. 

Table 2.2: NPV of farming strategies over 15 years for the northern
region of Thailand (million baht) 

Discount rate Exploitive Landdevelop- Conservationfarming
(%) tonocropping ,nt alone -Landdev't +Landdev 't 

5 -2,114 -4,244 47,757 35,582
10 1,147 -2,155 34,599 23,458
20 3,608 - 640 20,749 10,981 

Note: Assumnes that 8.9 million rat of upland are cropped. 

Evaluationofalternatives 
The calculations indicate that exploitive monocropping producespositive net benefits for five years and negative net benefits thereafter. Whether this svstem is economically viable depends on thediscount rate. High discount rates put more weight on quickreturns, and hence the high returns in 'ears I to 5 outweigh the
negative returns in the future.
 

For land development alone, the positive 
net benefits of years2 to 5 do not outweigh the initial capital costs and the negativereturns expected from year 6 oniward, no matter what discount
 
rate is used.
 

Conservation 
 farming results in high net present values at alldiscount rates. It is unlikely, however, that such farming systemswould ever be adopted wiihout land development because steepland would require some conservation works. Despite the initial
costs of necessary works, conservation farming systems with landdevelopment still produce high net benefits, although at higherdiscount rates the impact of capital costs and low on-site benefits
in early years has a significant effect on NPV.

Failure to achieve 100,) immediate adoption significantly lowers
the net benefits of conservation farming over the 15-year period,as shown in Table 2.3. Substantial rewards from high rates of
adoption appear to justify major expenditures on education andadvisory programmes that encourage farmers to use conservation 
farming methods. 



Land Degradationin N. Thai Uplands 31 

Table 2.3: NPV over 15 years for conservation farming with land 
development at adoption rates of 5%, 10%, 15% per year (million 
baht) 

Adoption rate(%) 

Discountrate (,, 5 i0 15 

5 11,196 14,735 21,868 
10 9,562 11,969 16,595 
15 7,427 8,688 10,921 

Policy implications 

Based ol the economic analysis conducted for this case studs', 
conservation farming systems should be introduced in all areas 
of upland agriculture in northern Thailand as quickly as possible. 
Exploitive monoculture should be discouraged. 

Land development should not be undertaken unless accom
panied by the introduction of conservation farming systems. 
Works should not be constructed on lands with slopes of less 
than 5",,; on steeper land, works should be constructed only as 
necessary to reduce the erosion hazard to acceptable levels. 

Priority should be given to promoting conservation farming in 
areas currently being intensively farmed where degradation is 
occurring and the erosion risk is high. More generally, concern 
for soil degradation and erosion should be given a higher priority 
in the national programme and carried out on several fronts. 

Comprehciisive, well-orchestrated awareness programmes 
should be conducted through the schools and the media, particu
larkv by television. This could be developed by a select committee 
comprising representatives fro1m the National Economic and 
Social Development Board, the National Environment Board, 
the Ministrv of Agriculture and Cooperatives, Department of 
Land Development and Department of Agricultural Extension, 
the Ministrv of Education, and the Ministrv of Interior. 

A special promotional effort should be initiated through 
the Ministrv of Agriculture and Cooperatives, Department of 
Agricultural Extension's Training and Visit System, aimed at 
increasing the rate of adoption of conservation systems and 
practices. Demonstrations of such systems being conducted 
by the Ministry of Agriculture and Cooperatives, Department of 
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Land Development, should be increased both to train all Ministry
officers involved in the programmes and as an additional mecha
nism for educating farmers. 

The Bank of Agriculture and Agricultural Cooperatives should
be encouraged to provide suitable lines of credit to enable farmers to obtain the necessary additional inputs. The Ministry ofInterior, Land Development, and the Ministry of Agriculture
and Cooperatives, Forestry Department and Land Reform Office,
must be encouraged to accelerate programmes aimed at providing
adequate land tenure. 

These initiatives may need to be supported by legislation
or regulations that require farmers in particularly hazardous
situations either to adopt some minimum conservation procedures 
or at least to cease using the most hazardous practices. 
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Aerial Seeding in China
 

Li Rongao 

PJrcis 

China began development of aerial seeding techniques in the1950s. During the past 30 years, the country has gained consider
able experience in using this technique. Aerial seeding has beenused in most of the provinces or autonomous regions for afforestation and/or establishment of pastures. In 1985, aerial seeding of grasses and trees covered more than 1.6 million ha in 14 provinces
and autonomous regions, a 45'%, increase compared to 1984. The 30 
years of experience have demonstrated that aerial seeding techniques are efficient, economical and labour saving. It is an effective means of afforestation in deserts and remote mountainous 
areas. This paper discusses the use of aerial seeding for grasses
and trees in the arid and semi-arid region of China. 

Ecological characteristics of the region 

In China, arid and semi-arid regions account for one-third of thecountry's total area. These deserts and grasslands are largely
located in the northwest, the northern part of north China, and thewestern part of the northeast. The main ecological characteristics 
of the region are as follows: 

0 Poor pr'cipitation and extended drought: In the arid andsemi-arid region, the climate is drought prone with very little
precipitation. The extent of drought increases from the east
ern part of the region, the semi-arid area, as one moves to thewest; the Xinjiang Autonomous Region in the far west is the
most arid area. The amount of annual precipitation declines
from 2 00 -400 mm in eastern Inner Mongolia, to 100-200 mm
in the Zhunger Basin of western China. In the Talimu Basin
of the Xinjiang Autonomous Region, precipitation is as low 
as 50 mm/yr. In the region, most rainfall occurs during late summer to early autumn. Thus, the rainy season is accom
panied by high temperatures; the annual rate of evaporation
is five times greater than the annual precipitation in the east
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ern part, and ten times greater in the west. 
Extended photo phase and teniperature: Because 	the region 

The region 
* 
is in a temperate zone, clear skies are common. 

has an average annual photophase of more than 3,000 hours. 

Temperature is very low during winter, but high in summer. 

The average temperature of the warmest month (July) is often 

above 20'C. Temperature varies dramatically between day 

and night, conditions that favour plant growth and develop

ment. 
Strong winds and wind erosion: During winter and spring, 

occur region. Windy 
* 
strong windstorms frequently in the 

than 100 days/yr. Under theseweather often 	lasts for more 
low annual precipitation andconditions, combined with 

dramatically changing temperatures, the surface substrates 

become severely eroded and weather-worn. Erosion and sand 

accumulation by wind are substantial, resulting in rough 

ground surface and wide distribution of gobis, deserts, and 

sandy !and. 
result of poor 	precipita* 	 Serious salinization of soil: As a 

of deep flushing and washing, soils of thetion and lack 
region have a high content of various salts. In some areas 

with high groundwater levels, minerals accumulate in the 

upper surface of the ground through capillary action, lead
commoning to salinization of the soil. Salinization is fairly 

in uncultivated deserts and grassland areas. 

Xerophytic (drought tolerant) plants with sparse distribution:* 
Drought and poor precipitation have led to a natural selec

tion of those plants xerophytically adapted in morphology 
in desert andand physiology. These plants predominate 

grassland areas; they are usually short, and their distribution 

grows sparser the farther one moves toward the hyper-arid 

areas. 

Main aerial seeding techniques 

China is a vast country with complex geography, varied climates, 

and a large variety of plant species. Since every plant species 

has its specific environmental requirements, aerial seeding 
be adapted to local environmentaltechniques for plants must 

conditions. 

Influence of topographicalfeatures 

There are many deserts in the arid and semi-arid region. The den

sity, height and slope of sand dunes directly affect the results of 
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aerial seeding operations.
There are two types of unstable sand dunes illDesert. the Mao-Wu-SuThe first 'type incldes densely positioneda density index of 0.75 dunes withto 0.82. Basin areas between duneslimited, and underg.-ound water are 

of unstable sand 
is very deep. The second typedune includes barchans sparsely distributedwith a density index of 0.5. Areas between barchains are largeand underground water shallow.Aerial seeding of Heil'dusarum m,toh'olicutm on the first type of desert resulted in an area survival rate of 9.4 to 25.7 , five years afterseeoing. The sand dunes were semi-fixed or fixed. Illcomparison,the barchan, or second type of desert, has a larger portion of areaswith high nloisture content in the soil. It is suitable for afforestation, since plants grov rapidly to form relatively, large groups ofseedlings. Aerial seeding o this type of desert often producedbetter results than Oil the densely distributed dunes. ThFie five-deararea survival rate of 1I. monsolictu, over the barchans was 76.3 to83. 1',, and the barchan,, appeared to be fixed. After a windy seasonill
tile following year, aln area survival rate of 64.9",, was still maintained. These results indicate that the SuCCess of aerial. ;ceding isvery dependent on the topograplh\, of the seeding area - the moredense the distribution ol'sand dines, thie lower the survival ralt.Along the peripheries Of Teng-C;e-li Desert, there is a type ofsand dulle characterizcd by low height, flat topographmnanV depressed v andareas. Wind erosion and accumu,lation of sandare not very st'Vere. PI 

preventing. dispersioii 
nts grwVi ug On the dines serve as a barrier,of seeds sown from the air, and therebypromoting plant growth.


In contrast, another 
type of dLne inbarchans the same11,areCa includespositioned illparallel chains. Thischaracterized by greater height (usual, 
type of barclhan is 

7 to 10im high), a l5 to 20"slope on 
tile side facing the wind, an1d ilack of obviou1sl Vdepressed
areas between barchans. Wind erosion and acculUlation of sandare severe, and naturally developed vegetation is scarce. Resultsof aerial seeding experilents over these barclhans showed that the
survival 
rate was eighteen tiles lower than that of seeds plantedon tile flat type of duneS. Thus, the flat type of sand dune providesbetter conditions for aerial seeding. 

S'h'ch ol'approria .plant st,ci(,'tion
Plant species Used for aerial seeding in arid and semi-arid regionsshould be well adapted to the environment of the region. Theyshould be native plants tolerant of drought, wind erosion andcoverage by sand, and with high natural productivity. If the plants 
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are to be sown as pasture grass, they should also be nutritious and 
palatable to domestic animals. Moreover, tile plants should have 
large quantities of vegetative biomass above ground. Naturally, the 
plant species used will vary from location to location. 

In 1978, five plant species - fhed-sarus .fruticosunl, Artemisia 
"sphacrocetphla, A'lelilotus albus, Astragalts adtsurxens, an, 1 Caraxana 

korshinskii - were sown from the air in a comparative stly con
ducted in Inner Mongolia. The results showed that the area 
survival rates of 11. fruticosum and 4. sphacrocephala were 46 and 
46.8'',, respectively, higher than that of other species. More than 
72% of the 1. .fruticosum seedlings appeared on unstable sand 
dunes. The height of these seedlings averaged 16 cm, and the main 
roots extended to 50 cm. The area survival rate of the plant in the fifth 
year was 30%, of which 31.2" were found on unstable sand dunes. 
The survival rate of A. sphaerocL'1,hl in the fifth year was 20). 

In the Xinjiang Autonomous Region, experimental results of 
aerial seeding on more than 200 ha in 10 counties showed that 
a pasture grass, Kochia trosttata, is most suited for desert and 
that another grass, Iyzus sibiricus, is most suited for central 
mountainous regions. From 1980 to 183, K. pnostrata was sown 
from the air on more than 11,000 ha with a 65'', area survival rate. In 
1983, 1. sibirict:Was sown from the airor 000 ha with a 00", survival 
rate. These results illustrate the importano' of suitable native plant 
species for successful aerial seeding. 

"ititn14 anti! th' Slt-ccss of at'rialSccdNit 

Aerial seeding at the appropriate time can lead to fast seed germina
tion and high rates of seedling emergence. Based on experience, 
appropriate taming for aerial seeding is determined largely by fac
tors ,uch as ,recipitation, temperature, and wind. 

For example, flights were conducted to sow H. frtuticoslun in 
Inner Mongolia in mid-June 1980. The seeds were mostly covered 
with wind-blown sand several times, 10 days after seeding. The 
seeds were hen watered by a rain of more than 50 mm during 
late June to early Julv. These events led to an early germination of 
the seedlings. A survey in mid-July 1980 showed an area survival 
rate of 66.3', throughout the seeded area. Based on several \'ears 
of experimentt , mid-June has been found to be the best season tor 
aerial seeding in this region. This period is just prior to the rainy 
season, with favouiable conditions of wind direction, wind speed, 
and precipitation for seed coverage and moisture requirements for 
germination. 

In Yulin District, Shaanxi Province, seeds of Hedisarum 
scopariun and H. inOlolictil can germinate in two or three 
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days if temperature in the upper sand level exceeds 100C after 
coverage of the seeds, and if precipitation of 5 to 10 mmavailable. In nature, these prerequisites can be fulfilled even in

is 

late April. Experiments have indicated, however, that seedlings
would be killed by wind erosion in the windy of April,season
although a good germination of seeds may be obtained. It has also
been found that seedlings from the seeds sown in early May aresubject to insect damage. On the other hand, germination wouldbe reduced if seeds were sown after mid-June, since the lack ofwind-borne sand at that time would leave many seeds bare on the
ground. Therefore, the most suitable season for aerial seeding in
this region is during mid- to late May.

On Tianshan Iountain of the Xinjiang Autonomous Region, aerial seeding of Ely'wius sibiricus over the pastures on central hills ofthe northern slope can be conducted during early winter, early orlate spring, or late autumn. The results have all been satisfactory.
In the central hills of the South Mountain of Urumqi, however, thierainy season is during June, July, and August. Synchronization ofsufficient rainfall and high temperature secures an average of 62% area survival rate for the seeds sown in mid-May, which is just priorto the rainy season. These examples illustrate that plant species
require different seeding patterns based on local conditions. 

,lixodseedingqf shruls and herbaceousplants
Mixed seeding not only assists the plants in becoming established
in various ecosystems, but also provides a solution to the problem
of a deficiency of seed source for aerial seeding. I he method canalso increase density of seedlings in a given area, thus increasing
the plants' resistance to wind erosion.

Results of experiments conducted in Yi-Jin-Huo-Luo Bannerof Inner Mongolia in 1978 showed that when three plant species H.fruticosum, A. sphaeroccqhala,and Al. 
 albus- were seeded togetherat a rate of 14.5 kg/ha, the area survival rate for the year of seeding
and for five years after seeding were 69.2 and 53.7%,, respectively.
In comparison, the rates for 1-. fiuticosuin seeded alone were80.5 and 28.5'%,, respectively, for the seeding year and t' e yearsafter. A replication experiment conducted in 1980, in wvhich
H. fruticosum, A. sphacrocephala, an, A. adsurWns were s, ,dedtogether versus H. 'fruticosunseeded alone, showed a similar trendin the area survival rate as in the previous experiment. It is thus
considered that mixed seeding of more than two species has thedouble advantages of higher survival rates and a reduced individual
seed requirement. This method should be adopted for extension on 
a larger scale. 
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Determining the appropriate operational width andflying altitude 
The operational width (the width of area to be covered in one pass) 

of a seeding flight is affected by flying altitude, wind speed, and 

weight of the seeds. During 198O1 to 1982, aerial seeding of Kochia 
prostrata was conducted in the Xinjiang AutonomLous Region. The 

designed flight operation width was 40 to 50 m, while the actual 
It led to 23.5% of the seeding areaoperation width was 37 to 45 m. 

being left without seeds. Since 1982, the designed operation width 

has been modified to 30 to 35 m, while the actual operation width 

has been 41.5 rn for flight operations covering more than 6,000 ha 

in 11 seeding areas of the region. An overlapping band between 

two flights increases the density ot seeds along the peripheries. 

It has been repeatedlv demonstrated that 30 to 35 m is the most 

reasonable operation width in this region. 
Flying altitude is positively correlatel with operation width. 

Generally, operation width increases as the flight altitude 
how ver, will increase theincreases. H-tigher flying altitudes, 

for seeds to fall to the ground, thereby subjectingtime needed 
tnhem to gieater di,;persion by the wind. This causes the seeds to 

disperse beyond the expected seeding range, resulting in blank 

lines in the seeding area and the need for repeated operations. 

Results of several years of experiments suggest that the best flying 

altitude is 40 to 50 m. 
In addition to implementation of correct operation width and 

flying altitude, maintenance of the seeded area is crucial to the 

long-term effectiveness of aerial seeding. 

Costs and benefits of aerial seeding in China 

The main costs of aerial seeding are for seeds and planes. Seeding 

I ha of H. mongolicton requires 15 kg of seeds, at a total cost of 

US$20 ($1.3/kg). Plane costs depend on the distance from the 

airport to seeding sites. In our experience, plane costs average 

$0.6 to $0.75/ha when the distance from airport to site is 10 to 15 

ki. In addition, maintenance costs of seeded areas are $5.1/ha. 

Thus, the total cost of aerial seeding, excluding labour, is $25.7 to 

$25.9/ha. 
In comparison, surface seeding by hand would involve planting, 

seedling cultivation, seedling transportation, and transplanting 

at a total cost of $60 to $200/ha, depending on location of 

the afforestation project. Thus, the cost for aerial seeding is 
aersubstantially lower than that for surface seeding. Moreover, 

ial seeding is 300 times faster than surface seeding. One Y-5 model 

plane can sow 1,000 ha/day, while on the surface, a person can 



40 Land Inl'pro ,eynl t TchlIIIS 

only plant 3.33 ha/day.
Unstable sand dutines car'. be semi-fixed or completely fixedseveral 'ears after aerial seeding. The height of sand dunes canalso be reduced to some extent. Along the eastern peripheries ofTeng-Ge-Li Desert, the extent of vegetation coverage has increasedfrom 0.2 to I72',.four v'ears after aerial seeding of A. sphaerocephalaand Calhn gol Improvements in vegetation coverage 

'fli izolicut. 
has provided a better habitat for wildlife and general enhaicement 
of the ecosystem.

In Yulin District, Shaanxi Province, 66.5 ha of H. mon, olicuH. scoparium fruited three to five 
and

'ears after aerial seeding. Based onan estimated coverage rate of 7.4,,, about 2,000 kg of seeds valuedat $2,700 can be harvested. This income far exceeds the originalinvestment in aerial seeding.
Administrators of a pasture in Urumqi of the Xinjiang Autonomous Region invested $6,530 to sow E.sibiricus from the air onmore than 100 ha. Three years later, 528 tons of hav were harvested,giving an income of S1,600. This, plus the $15,200 from sellingseeds, gives a total gross return of $32,8-00, which is five times theoriginal investment. (Note that labour costs are not included in

this example.)
Currently, there are still large areas of uncltivated mountains,wild lands, and deserts suitable for afforestation. Most of them aresparsely populated and located in remote areas without easyaccess. Therefore, aerial seeding techniques offer great promise forafforestation of these areas. 
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Farm Practices
 

A variety of technologies to increase farm productivity 
are v,idely available; others are at various experimen-
Lai stages. It may seem somewhat paradoxical that 
improved farming systems, with proven positive results, 
are so often ignored by the farmers who would benefit 
most from such techniques. Economic analysis of 
farmer behaviour often reveals why this can be the 
case. 

Farmers' perception of risk, their time preference, and 
their selection of time horizons may lead to seemingly 
"irrational" behaviour. Social customs may create a 
reluctance to try new crops and technologies. Con
flicts often exist, especially in developing countries, 
between cash cropping and subsistence agriculture. 
Land tenure and use rights may inhibit the introduc
tion of improved practices. Access to credit markets 
may be limited or non-existent. Availability of labour, 
especially during certain seasons, may also be a con
straint. Economic assessment of these factors often 
suggests appropriate forms of public action such as 
improved extension schemes, field demonstrations, and 
direct financial incentives. 

It is important, nevertheless, to consider new farm 
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practices within the context of specific situations.
What may be appropriate to a capital-rich country
or region may be inappropriate elsewhere. Economicanalysis of farm practices should be conducted
specific areas and social groups 

for 
- only then the particu

lar circumstances and obstacles to improvement can beaddressed, If there is to be any likelihood of success, the
benefits to farmers must be demonstrated before wide
spread introduction is attempted.

There is a double inducement for public agencies toinvolve themselves in improvement programs where
benefits accrue both on-site and off-site. In many
instances, the off-site benefits of new farming tech
niques are substantial. Public policy should take these
into account, and appropriate incentives should be 
established. 

The case studies in this section deal with many of
these issues. The Chinese study of peanut production
shows how farmers can benefit from a simple plastic
mulching technique which increases yields and at
the same time conserves water. In Kenya, on-site and
off-site benefits have been observed in pilot studies by
Kalikander and Holmberg. In the Sudan, food shortages 
may be alleviated by mechanized farming. The case
study by El Mangouri suggests that significant finan
cial and general economic benefits can be obtained
from mechanized farming. Finally, Bojo shows how
economic analysis can be applied to soil conservation 
programmes in dryland areas, with a case study of Leso
tho. The direct financial benefits to farmers, the off-site 
benefits, and the role of risk are all addressed. 
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Dryland Management: the Machakos
 
District, Kenya
 

Prepared by the editors from materials from Flavian
 
Kalikander and D.A. Hoekstra
 

Precis 

This study examines the Nlachakos District, a drvland region 

in Kenya, east of Nairobi. As in many' other areas in Kenya, 

the major challenge in the Machakos District is to promote 

sustainable agricultural activity through soil and water conserva

tion and improved farming practices. Farming in the district is 
with little cash for health requirements,largely for subsistence, 

education, clothing, pesticides., and fertilizers. The majority of 

the farmers face soil erosion problems, usually sheet or gully 

erosion. 
An important programme designed to improve economic condi

tions is the Machakos Integrated Development Programme. MIDP 

has sought to boost agricultural production and raise living stand

ards through an integrated approach covering cropping prac

tices, soil and water conservation, forestry and grazing manage
ment, and the provision of infrastructure. At the fam level, a 

promising new method of agroforestrv known as alley cropping 

is being introduced. Alley cropping involves the cuitivation of 

maize and beans among hedgerows of trees. It results in higher 
a mixture of products including fuelwood, reduced soilyields, 


erosion, and retention of nutrients. The method also appears to be
 

economically viable, as this study shows.
 

The management challenge 

The Machakos administrative district east of Nairobi (see Figure 

4.1) is a semi-arid area with high susceptibility to land degradation. 
Migration to the area and population growth in recent decades 

have led to intensive farming of lands that were traditionally 
used for nomadic pastoralism. The population is now 1.1 million, 

although carrying capacity for subsistence farming was estimated 

to be only 530,0G9 (see Table 4.1). 
Environmental and agricultural problems faced by the region 

are soil erosion and decreasing soil fertility, devegetation, and 
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Figure 4.1: Map ofKenyashowing Machakos 
District
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Table 4.1: The Machakos District: basic data 

Area 

Population 

Rainfall periods 


Vegetation period 

Rainfall maximum rates 

Altitude 

Mean temperature 

Evaporation 
Land use 

Cropping systems 

Soil tillage 
Weeding 

Manuring 

Storage 

Livestock 

Utilization of animals 

Erosion 

Family size 

Farm size 

Diet 

Distribution of labour 

Marketing 

14,156 km 2 (of which approx. 10,000 
km 2 is under crops and pastoralism) 

1.1 million 
March-May (long rains), November-

December (short rains) 
50-85 days/season 

Uptol0mm/hr 

610-2,000 m 
21-23°C 
1,600-2,000 mm/yr 
Permanent rain fed agriculture using 

both rainy seasons; livestock grazing 
Rotation/fallow/intercropping 

Ox plowing with concomitant sowing 
Hand hoe or ox plow 

Livestock manure, no mineral fertilizer 
Extensive storage losses 

Zebu cattle, goats, sheep 

For milk, meat; for draft power; as 
crop insurance 

Severeon steep slopes, despite some 
terracing and contour plowing 

Average 3 adults, 6 children 

Average 2 ha arable, 3 ha grazing 

Mainly maize and pulses 
Women have large role in farm work, 

fetching wood and water; men 
frequently take off-farm work 

Crop surpluses plus cash crops such 
as cotton, coffee 

appreciable risk of crop failure associated with uncertain rainfall. 
In general, food production from the district has not matched 
population growth in recent years, and food assistance from the 
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central government is frequently needed. 
The management challenge is to promote sustainable agricul

tural activity through means such as soil and water conservation 
and improved land use - and raise the standard of living of local 
inhabitants and help integrate the district into the rest of the 
economy. 

Physical and socio-economic environment 

Physicalenvironnient 
The Machakos District has a total area of 14,156 km 2, of which 
10,000 km 2 are under crops and pastoralism. Rainfall is bimodal 
and irregular. There are two distinct rainy seasons: the so-called 
long rains from March to May, and the more reliable short rains 
from November to December. Annual precipitation varies from 
50 to 1,250 mm. Torrential downpours are common (up to 110 
mm of rain per hour), and these aggravate erosion problems on 
cultivated slopes. Rainfall also varies with altitude and locality (Fig
ure 4.2). Zone I has adequate rainfall and is intensively cuhivated 
for subsistence and cash crops. Zones 2 and 3 are semi-arid and 
involve subsistence farming and pastoralism. The risk of crop
failure in the semi-arid zones is high, with a significant reduction 
in crop yields. In Zone 2 crop failures occur in three out of ten 
seasons, and in Zone 3, in six out of ten seasons. 

Much of the district's terrain consists of steep slopes. Soils are 
typically shallow and well drained, and have low organic content 
and fertility. Vegetation is predominantly of the savanna type, with 
perennial grasses dominating the more temperate zones. In the 
higher rainfall and higher altitude areas, the savanna vegetation 
merges into bushland and moist woodland. 

Land use 
Machakos is an agricultural district. Total farmland is about 10,000
km 2, of which 78% is small farms and 22%, large farms. Only 10% 
of the area, which is tinder intensive management for crops such as 
coffee, fruits and vegetables, cereal and beans, has high agricultural
potential. The remaining area carries food crops such as maize,
sorghum, millet, beans, and pigeon peas. Uncropped land is used 
as natural pasture for livestock, mainly cattle, sheep, and goats.

The typical farm is about 5 ha, with 2 ha used for cultivation of 
crops and 3 ha for grazing livestock. Cattle, goats, and sheep are 
important for meat and milk, as a source of draft power in tillage,
and as a form of insurance against crop failure. The average farm 
suprorts about three adults and six children. 
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Figure 4.2: Agroclimatic zoner, of Machakos District 
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Pressures on these marginal agricultural lands have increased 
with the growing population and consequent farm subdivision 
and the spread of cropping onto traditional pastoral areas. Serious 
erosion problems have arisen from cropping on steep slopes and 
loss of vegetation due to overgrazing and gathering of wood for 
fuel. In addition to soil erosion, soil fertility is being depleted.
Soils are naturally poor in plant nutrients, and this effect is 
reinforced by an absence of crop rotation, little or no fertilizing, 
and removal of crop residues from low-potential soils. There is 
also appreciable pest damage to crops without chemical treat
ment. 

Socialfac'ors 
The population in the district is predominantly rural, but the major 
towns aid market centres of Machakos and Athi each have a 
populatiom of about 10,000. High population growth is reflected 
in the ag structure, with 62% under 20 years old., 

Most farms rely exclusively on family labour for crops and live
stock production. Women play an important role in all aspects of 
farm activity and in the traditional Akamba self-help groups called 
mwetlliya. These groups of 15 to 50 members normally work one to 
two days a week on a communal basi: on local projects such as 
schools or local services and on soil conservation, terracing, and 
improved farm infrastructure. The meucthyla are, therefore, a focus 
for project initiatives in the district. 

Economicfactors 
Most of the cropping and pastoral activities are for basic subsist
ence. Whereas larger farms tend to be self-sufficient in food 
requirements in normal years and are able to market part of 
their surplus, the smaller farms frequently have food shortfalls, 
especially after the less reliable long rains, and need to purchase 
additional food. 

Cash is also needed for health and educational services, cloth
ing, and agricultural inputs. This has led to a number of farm 
workers seeking off-farm work, frequently outside the district, to 
supplement family income. 

Marketing of commercial crops and surplus agricultural pro
duce, mainly maize and beans, takes place through agents who 
in turn sell to the National Cereals and Produce Board. 

Labour is the major constraint in farm production. Each day
several hours generally need to be put aside for wood gathering 
and, particularly in the dry season, for travel to local water sources 
to provide water for domestic and livestock purposes. There are 
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peak labour requirements during planting, weeding and harvest
ing times. 

The absence of capital and cash limits the opportunity for 
introduction of new farming technologies and greater use of 
fertilizers and pesticides. With unreliable rainfall and the risk of 
crop failure, farmers often use limited cash resources to invest 
in livestock as a source of insurance rather than undertake 
risk-prone investment in land improvement. A high priority is 
thus to improve the reliability of cropping and security of farm 
income, and thereby relieve environmental pressures caused by 
overgrazing. 

Programmes for economic improvement 

Generaldeveh'Iopnit plans 
The main aim of Kenvan policies at the national and regional 
levels has been to provide the food and energy requirements of 
the rapidly growing population. Kenya's Fourth National Develop
ment Plan (1979 - 83) gives particular importance to the basic 
princiI le of widespread participation; the need to alleviate pov
erty; the objective of reducing inequality; the use of the district 
as the basic unit for development planning and implementation; 
the need to improve opportunities and services available to 
those living in seni-arid lands; and the focus o:', small farmers 
as a target for agricultural development and alleviation of pov
erty. 

Kenya's Energy Plan complements the Government's Food Pol
icy (aimed at broad food self-sufficiency) with greater emphasis 
on private wood production. At present Kenya's demand for 
fuelwood exceeds the sustainable yield. Deforestation of marginal 
land is a major cor tributor to erosion and land degradc tion. 

The MachakoF Integrated Development Programme (MIDP) has 
been formed in the context of Kenya's general plans for national 
development, and food and energy policies. It has sought to 
raise agricultural production and living standards through an 
integrated approach including improvement in reliability and 
yield of cropping practices; soil and water conservation works; 
forestry and grazing management; and improvement in infrastruc
ture and social services. 

Managetent tbj'ectives 
The problems of the semi-arid reg. n of Machakos District are 
typical of many arid and semi-arid areas in Kenya and elsewhere 
in Africa. What was previously sustainable livestock grazing land 
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providing a stable lifestyle for local people has been put under 
stress by migration to the area, local population increases, and 
accompanying increased food demand. The low and irregular
rainfall means that farming is risky. The need for livestock for draft 
power, food, and insurance against crop failure, accompanied by 
a reduction of pastoral area due to increased cropping, has put
greater stress on pasture and natural vegetation. Risks of degrada
tion lie in the declining fertility of marginal cropping land and the 
overgrazing of the pastoral areas. 

The management challenge is to achieve continuing and sustain
able development of these regions as population increases so that 
they are not classic famine relief cases in times of rainfall deficien
cies. 

Regional development requires consideration of a number of 
factors such as improving yields and reliability of crop produc
tion, improving the qu,.!i'y of livestock for food and draft power,
afforestation or agroforestry for w,od fuel energy needs, soil and 
water conservation, and improving rural water supply as well as 
marketing, roads, and social services. 

Assistance by the public sector is needed to improve the 
information, marketing, and services available to individual farm
ers. These include control of soil erosion, reafforestation and provi
sion of infrastructure such as water reservoirs and wells to benefit 
groups of farmers. 

Assessingflir,zrs' needs 
An awareness of the constraints and context within which individ
ual farmers seek to optimize their use of farm resources provides 
a basis for design and analysis of regional projects and for 
determin;.ig research needs. One approach to understanding 
behaviour and predicting the results of technical changes is the 
modelling approach (the representative farm model). Another 
approach is to conduct surveys of farmers, techniques, farm 
requirements, and the way in which behaviour is affected by 
local conditions. 

An understanding of farmers' behaviour provides a basis for 
developing projects and programmes tailored to the needs of local 
populations and particular locations. Smaller scale projects so 
designed have a better record of success than large-scale projects
often designed without reference to local social and environmen
tal factors. 

Farmingresearch 
Agronomy and livestock research can make a major contribution 

http:determin;.ig
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to raising yields and reducing the risk of crop failure, although this 
needs to be tested in the field and followed through with appropri
ate extension services. A critical factor is the need to use limited 
and variable water resources. 

Key areas of research include improved cropping systems; 
improved crop varieties; dryland tillage practices; protection of 
crops from pests; agroforestry systems (e.g., alley cropping); pas
ture improvement; and dry season feed for livestock (e.g., legume 
evaluation). 

in Machakos District, there have been a number of pilot pro
jects and research activities investigating ways of improving 
farm technology and land use in the region. The next section 
gives a detailed analysis of the potential benefits from alley 
cropping. 

Alley cropping 

In 1983, a diagnostic and design study was carried out by the 
International Council for Research on Agroforestry (ICRAF) to 
determine the potential role of agroforestry in the Machakos 
District. Based on the findings of that study, an alley cropping 
svstem was proposed to deal with the problems of soil erosion 
and loss of soil fertilitv. Since little or no information wvas avail
able then on such a system for semi-arid conditions, a simu
lated ex-ante economic analysis was conducted to determine 
if there was any scope for an introduction of alley cropping. 
The analysis given here is a summary of that stud, and its find
ings (Hoekstra 1983). As a follow-up to that study, the Drylands 
Agroforestry Research Project was introduced in 1983 in the 
Machakos District. Research on alley cropping systems on the 
research station as well as on farnms was initiated under that 
project. It should be noted that the results of that research 
have modified some of the assumptions of the original study; 
however, a definitive analytical report on those results is not vet 
available. 

In traditional systems, beans and maize are grown twice a year, 
with average yields per season of about 200 kg of beans and 800 
kg of maize per hectare. Average yields are not likely to change 
greatly, as the nutrient content and organic matter in the soil have 
already reached minimum levels, but there may be considerable 
variation in yields, depending on rainfall. 

Alley cropping involves p!anting hedgerows of trees (e.g., 
Leucac'na leucocc'phala) spaced approximately 2 m apart. Crops such 
as beans and maize are grown in between, still twice a year. Land 
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occupied by the trees is unavailable for annual crops. With a 2mspacing for hedgerows, the land area will be divided 50%, for trees
and 50% for crops. The trees, however, help to conserve moisture 
and nutrients. 

For each of the first three seasons, 100 kg of beans and 400 kg ofmaize per hectare can be expected. Thereafter, seasonal outputs
are assumed to increase to 200 kg of beans and 1,075 kg of maize.Fuelwood is obtained after the third season, when the trees can be
lopped. Leaves and twigs are returned to the soil as nutrients, andthe timber is used as fuelwood. It is assumed that approximately
900 kg of fuelwood per hectare can be obtained for each seasonal 
cut. After 10 years, the hedges require replanting. 

Table 4.2: Net benefits of traditional beans/maize cultivation 
(Sh/ha) 

Labour Material Total Gross NetYear Seasoni costs costs costs reventue revet e 

1 1 698 480 1,178 1,720 541
 
2
 

2 1
 
2
 

3 1
 
2
 

4 1
 
2
 

5 1
 
2 

6 1
 
2
 

7 1
 
2 

8 1
 
2
 

9 1
 
2 

10 	 1 
2 

Note: Each year has two plantings of amixed beans/maize system. 
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Table 4.3: Net benefits of alley cropping system with full response 
to nutrients (Sh/ha) 

Labour Material Total Gross Net 
Year crop costs costs costs r(Tetllle revenue 

1 1 807 440 1,247 860 (387) 
2 440 280 720 860 139 

2 1 374 240 614 860 245 
2 515 240 755 2,196 1,440 

3 	 1 
2 

4 	 1
 
2
 

5 	 1 
2 

6 	 1 
2
 

7 1
 
2
 

8 	 1 
2 

9 	 1 
2 

10 1 
2 

Note: Each year has two crops of a mixed beanslrmaite system, with fuelwood also produced 
from the tree component. 

Economic anah sis ofalh'y croppinig 
Economic analysis of alley cropping involves a comparison of 
the "with" situation (where hedgerows are introduced) and the 
"without" situation (a traditional beans/maize production sys
tem). Hoekstra's comparative analysis is presented in Tables 4.2 
and 4.3. The analysis assumes a price of 3 Sh/kg for beans, 1.4 
Sh/kg for maize and 0.1 Sh/kg for fuelwood. The time horizon 
is 10 years, with two growing seasons per year. 

Alley cropping reduces the amount of land available for beans 
and maize, but this is compensated for by higher yields and a 
supply of fuelwood. Seedlings are assumed to be supplied by the 
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government or grown by farmers themselves. Additional labour is
required for planting, and the availability of labour may constrain 
the rate at which the technique can be introduced. Draft power
and seed requirements, on the other hand, are reduced and, in the
longer term, labour requirements will also be lower. The farmer 
is thus faced with a trade-off involving higher initial inputs and 
reduced yields, but longer term reductions in inputs combined 
with higher yields. Clearly, the farmer's time horizon and rate of 
time preference are important elements of the decision. 

HoLkstra's best estimates of NPV per hLctare for the two systems 
are shown in Table 4.4. Assuming a 12% discount rate, traditional 
beans/maize agriculture gives a NPV of 6,293 Sh/ha. Alley
cropping results in a NPV of 12,859 if the crops respond fully
to recycled nutrients, and 10,247 if a lower response is obtained. 
Bean yields are assumed to be 200 kg/ha with - full response,
and 100 kg/ha with a reduced response. 

Table 4.4: Estimated present value (Sh) of net benefits per hectare 
from alternative farming practices (12% discount rate) 

A B C 
Optimistic assumptions 
Bestestimate 
Pessimistic assumptions 

11,410 
6,293 
1,176 

14,691 
10,247 

5,804 

17,855 
12,859 
7,863 

A Traditional farming 
B= Alley cropping 
C Alley cropping with full response to nutrients 
Source: Hoekstra (1983) 

According to these estimates, alley cropping is clearly superior
to traditional agriculture. The superiority of alley cropping is
unaffected by changes in key variables. For example, under both 
optimistic conditions (20% increase in revenue and 20% decrease in
costs) and pessimistic conditions (20% decrease in revenue and 
20% increase in costs), the NPV for alley cropping is higher than 
that of traditional agriculture.

Changing the discount rate also does not affect the outcome. 
Even with discount rates over 30%, alley cropping generates a 
higher NPV than traditional methods. 
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Policy implications 
The preceding analysis assesses alley cropping mainly from the 
farmer's viewpoint. A broader approach is needed to assess such 
land improvement practices from a societal viewpoint. For exam
ple, the reduction of soil erosion may result in off-site benefits, by 
preventing downstream damage to crops and siltation of reser
voirs. 

It should also be remembered that alley cropping is still in an 
experimental stage and has to be tested and evaluated under full 
farnm conditions. Alley cropping is not likely to be attractive in 
aieas with higher soil fertility or low orosion rates. 

Although alley cropping is apparently superior to traditional 
agriculture even at high rates of discount, this will have varying 
significance for individual farmers. Where farmers are able to 
borrow funds, the institutional rate of discount may be applied, 
but in the case of subsistence farms, any short-term reduction in 
output may be unacceptable. The success of the method may well 
depend on the degree of optimism or pessimism with which farm
ers view the future, the urgency of food supply, and the perceived 
risk of crop failure. Government support or special loan facilities 
may be required to help farmers survive the first three seasons. 

Reference 

Hoekstra, D.A. (1983), 
"An economic analysis of a simulated alley cropping system for semi
arid conditions, using micro computers", Agroforestriy Systems, vol.1, 
pp.335-4 5 (The Hague: Martinus Nijhoff). 
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An Economic Evaluation of Soil
 

Conservation in Kitui District, Kenya
 

G. Holmberg 

Prdcis 

The use of terraces to conserve soil and moisture is widespread in many parts of Kenya. This study evaluates the economic benefitsand costs of farm terracing from the perspective of both the individual farmer and society. Terracing results in large yield increases
and also promotes crop diversification. The return to additional
labour inputs to terracing is high. A major obstacle to terracing,
however, is the initial investment. The use of group labour to construct terraces is one solution to this problem, particularly for 
poorer farmers. 

Background 

Since 1974 Kenya's soil conservation efforts have been receivingactive support from the Swedish International Development
Authority (SIDA). The area covered and the number of technical
assistants and soil cons-rvation officers trained have expandedrapidly. Up to 60,000 farms per year now undertake soil conserva
tion measures, and about 365,000 farms have been terraced during
the past decade. 

Past studies of soil conservation practices had focused on highrainfall, fairly productive areas. Since few studies had been car
ried out in semi-arid districts, Kalia (a sublocation of Kitui district) 
was chosen for this study (Figure 5.1).

This study evaluates a soil conservation project in a semi-arid areato understand the constraints that farmers face as well as the expected
economic returns of soil conservation. Because of resource limita
tions, the study uses a random sample of farmers in one location. 

The study area 
Kalia sublocation is 10 km 2 in area with gently undulating slopes
(2 to 5%). The soil is a complex of well-drained very deep clays of
varying colour and consistency.

The annual rainfall in the area is 800 to 1,000 mm, and the average 
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Figure 5.1: Location of Kalia sublocation in Matinyani location, 
Kitui District 
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annual potential evaporation is 2,000 to 2,200 mm. The altitude isabout 1,100 m. About 3,700 people live in Kalia sublocation; thepopulation density is about 370 people per km 2 . Most of the peoplein Kalia are farmers. The 791 farm families in the area cultivate1,239 plots, and an average farm consists of 1.5 plots. Farm size
rangE s from 0.12 to 20 ha.

Although most of the slopes are gentle, the farmers need topractice soil conservation. Because of the long dry periods, whichleave the soil without cover, and the torrential rains that follow,considerable erosion occurs if soil conservation is not practised.A rule of thumb in Kitui District is that any slope exceeding 2%
should be terraced. 

The sample ( Jfarmers 
It was not possible to interview all the farmers in the sublocation soa random sample of farmers 
15% 

was used. For the study, a sample ofof the plots in the area was chosen by using random numbers.These plots were then visited, and on those plots where therewas a homestead, the farmers were interviewed. The final sample
included 81 farmers. 

The interviewed farmers have an average farm size of 2.0 ha.Of the total area, 1.5 ha is cultivated land, 0.4 ha is grassland,and 0.1 ha is used for homestead or other purposes. Cultivationis still traditional - maize intercropped with beans, cowpeas, andpigeon peas during both seasons. Only a few farmers in the sample
.ultivate in pure stands. 

Present pattern of resource use 

Status ofsoil conservationon the sampledfarms
The major soil conservation structures in the sample are cut-offdrains and faniya jui terraces constructed by the farmers. The terraces have developed into benches measuring 0.3 to 1.0 m high,with grass planted on the top edges. Terraces have been found tobe effective in retaining soil, moisture, and nutrients as well as inchanging the degree of the slope.

As most of the terraces are laid out level, they have to be maintaincd carefully, ,specially after heavy rains. As there is always alow point on a level terrace, water concentrates at that point and,when a heavy rain occurs, water flows over the terrace edge. Sometimes the terrace breaks and a heavy waterstream flows down thefarm, washing away the topsoil and breaking lower terraces. If thefarmer does not maintain the terraces, gullies will soon form.The cut-off drains in the area are primarily dug to conserve 
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water. The run-off area served by the cut-off drain is usually the 
homestead, so there is no real need for cut-off drains to divert water 
from the fields. 

Farmers are generally paid for digging cut-off drains on their 
own farms but in the Kitui District, the Ministry of Agriculture 
has stopped this practice. The Ministry staff argues that the 
benefits the farmers receive from the cut-off drains are enough 
to encourage them to construct the drains themselves. Instead, 
the staff encourages group work by giving the farmers hand tools 
for soil conservation work. However, the Ministry of Agriculture 
pays for cut-off drains on communal land. 

Most of the farmers interviewed were aware of the need for soil 
conservation, and as many as 64 farmers (80",, of the sample) have 
started some kind of soil conservation work; 52 farms are fully ter
raced (Figure 5.2). But the fact that a farm is full\' terraced does not 
mean the farm is erosion free. On almost half of the terraced farms, 
one or more terraces are in poor condition. Some of the farmers 
do not maintain terraces and instead renew them every third or 
fourth year. Terrace maintenance is especially important, as they 
are used for grazing after the harvest. 

I sampled fl 

raced farms Ntterraced 

Fully terraced Partially terraced 

Good terraces I Poorly maintjained
terraces291~35,8%)2383 

Figure 5.2: Soil conservation on sampled farms 

In this study the farmers cultivating terraced farms will be 
called "soil conservation (SC) farmers", and those cultivating 
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non-terraced farms will be called "non-terrac,d (NT) farmers".In Kalia sublocation, almost every cut-off drain serves just onefarm, meaning that the farmers must construct the cut-off drainsthemselves or pay casual labourers for digging them. Most of thefarmers in the sample employ casual labour when they do soilconservation work, paying 100 to 3,000 Sh, with an average of
1,100 Sh/farm.

Farmers who did not construct terraces or did an incompletejob said that the main reason was lack of money, lack of a work group, or no perception of a problem.
The following conclusions car be diawn based on interviewswith farmers and ageneral discussion of tii,,sit,:ation in Kalia: 

* The farmers believe soil conservation work is not possible without employing casual labourers or working in 
groups.
* Poor farmers who do soil conservation work are more
dependent on group work to construct the terraces than 
are other farmers in the area.

0 The farmers who have started terracing their farms are
 more progressive than those who have not yet started any
soil conservation work.
* The farmers who have done soil conservation have ahigher cash incon' 3nd are wealthier than those who have 
not yet started. 

FarningP s/ystens

Subsistence crops. Most farmers in the sample area grow maize,
beans, pigeon peas, and cowpeas. On a few farms, the farmers also
grow sonic sorghum or millet. Yields on terraced fields are higherthan on non-terraced fields. Maize and beans are harvested twicea year (after the April and October rains). Pigeon peas require tworainy seasons to produce a good yield and are harvested only oncea year. Cowpeas are normally not harvested as peas; instead, the
farmers eat the leaves as a vegetable.

Cash crops. In the sample area, nia;y farmers also produce cropsfor market. The most common marketed crops are vegetables liketomatoes, cabbages, and onions. There is a big difference betweenthe SC and NT farms; as many as 45'%, of the SC farmers cultivate some kind of cash crop, whie only one of the NT farmers does 
so. 

Fruit trees. Every farmer except one has at least one fruit tree.Most of the farmers have more than one species of fruit tree. The 
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most common fruit trees cultivated are orange, banana, guava, 
mango, and papaya. 

Most of the fruit trees, especially the orange trees, are still very 
young. Interest among the farmers in orange trees has grown 
because the expected profit is much higher than from any othei 
tree in the area. 

Livestock. Kitui District is traditionally a district with many cattle 
and goats. The study area is no exception; only five farmers in the 
sample (6%) have neither cattle nor goats. Tile average livestock
owning farmer has three cattle, three goats, and several hins. 

All farmers in the sample graze their cattle and goats. Usually, 
terrace edges are grazed during the dry season. Maize stalks and 
banana residuals are used by all farmers as fodder; one farmer also 
used branches and leaves from leucaena trees. None of the farmers 
interviewed bought any kind of fodder. 

Lse of inputs. There wa, a slight difference in input use between 
ihe two groups of farmers. Generally, SC farmers used more inputs 
than NT farmers, but use of improved seeds, fertilizers, and chemi
cals was low throughout the sample. 

For example, the use of improved Katunani maize seed was not 
very common. Only 13 farmers (18%), all of whom had done soil 
conservation, bought the improved Katurnani seed. Only It) farm
ers (127%) used fertilizer; the average use rate is less than 40 kg/ha. 

All farmers who kept livestock applied the manure to crops, 
but the total anmunt available was insufficient to meet all of their 
needs. Two of the SC farmers who did not have access to animal 
manure cut the grass on the terrace edges to make compost for 
manuring their crops. Pesticides were most comnmonly used on 
cash crops or fruit trees. 

Measuredyfields 
Yields were measured using selected sample areas in the fields. 
These sampling sites were distributed over the upper, middle, 
and lower terraces. The sampled areas were marked with pegs 
and string or by tyin string aromid the maize. The areas were 
selected during the weeding season, and the farmers were told 
not to harvest the maize or beans inside the marked areas. 

Unfortunately, lack of rain prevented normal harvests during 
the first two seasons. The third season (October 1984 to February 
1985) had excellent rain but, due to a shortage of seed, only limited 
areas were planted. This experience demonstrated the difficulty in 
using single-year data as a base in semi-arid areas since wide yield 
variations are experienced due to rain or seed shortages. As seen 
in Table 5.1, tile October 1983 season was a failure because of lack 
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of rain. Yields were extremely low compared to the good October1984 season (harvested in February 1985). Although the data arenot statistically significant, the terraced areas yielded consistently
higher quantities than the non-terraced areas. 

Table 5.1: Actual yield from harvested area in Kalia sublocation 
(kg/ha) 

SC Farms NT Farms 

Crops 
Upper 
Terrace 

Middhl 
Terrace 

Lower 
Terrace 

Upper 
Terrace 

Middle 
Terrace 

Lower 
Terrace 

Maize 
October 1983 
October 1984 

166 
1,584 

177 
1,527 

280 
1,261 

120 
548 

97 
825 

172 
502 

Beans 
October 1983 
October 1984 

50 
214 

50 
135 

70 
158 

17 
176 

19 
80 

46 
146 

As a result of these unusual circumstances, the economic
analysis of soil conservation measures used historical yield datato estimate gross revenues from terraced and non-terraced fields.
These calculations are discussed in the next section. 

Calculation of the financial benefits and costs of soil 
conservation 

In order to calculate the economic benefits of soil conservation,-) model of SC and NT farms in the area must be developed. The 
foliowing information is needed: 

i) land use in the area;

ii) physical soil conservation technique adopted;

iii) soil conservation crops grown;

iv) yields from the different crops in the area; and

v) n, nber of, and production from, livestock on the average
 

farm. 

Information on the first three points was collected through interviews with the farmers. Yield data for the different crops werecollected through interviews and by measuring the yields on thefields. Since it was not possible to get information on livestock 
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productivity, these data were estimated. 

Yields.froni diffi'rent crops 
The main constraint to increasing yields of food crops in the area 
is lack of water. When farmers practise soil conservation, they 
also conserves the water, which mans that yields will increase. 
Soil conservation also helps conserve topsoil. As explained earlier, 
vields were measured but, since the rains either fiiled or were 
abnormally good, figures from the field measurements are not 
representative of an average y'ear. 

Based on interviews, historical yield data were obtained. These 
data, combined with measured yields, resulted in the yield estimates 
presented in Table 5.2. For maize and beans the yield is the same for 
both crops (the April and October rains), while pigeon peas pro
duce only one harvest per y'ear. Yields for fodder grass are hard to 
estimate since most farmers graze the grass during the dry season. 

Table 5.2: Estimated yields 

NT-Farms SC Farms 

Crops A,/ha klt'zrnt kg/ha k.,'/firIn 

Maize 350 525 542 814 
Beans 150 225 285 428 
Pigeon Peas 150 225 285 428 

The yields from fruit trees are not very higli due to unfavour
able conditions in the area. There is no differencte in yield 
per tree between SC and NT farmers. Based on the interviews, 
the following annual yields have been estimated: mangoes, 2 
bags/tree; oranges, I bag/tree; bananas, I bundle/tree; guavas, 
Icarton/tree; papayas, 15 kg/tree. 

There was no difference between SC and NJ farmers in the 
number of forest trees. Almost every farmer in the area had many 
trees on his farm, so that in the future they do not need to buy 
firewood. Wood production would be enough for firewood but 
not enough to supply the farmer with timber and poles. 

Numnber and pIroducth,,n froni livestock 
The production of livestock products was very low. The farmers 
keep cattle and goats not for production of milk and meat, but as 
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a reserve to be used when the crops fail and as a sign of wealth. Asa result, they are not overly concerned about the feeding as longas the cattle and goats survive. Using the information farmers provided during the interviews, production is estimated as follows:3 cows, 1 calf/vr and I litre milk/day; 3 goats, 2 kids/yr; andhens, 1cull hen/yr and 75 eggs/yr. 3 

Farm inodels used in the calculation
Instead of the SC/NT disti', ction, three farm models were developedto represent the range of -)ractices found in the sample: 

1. A farm without soil c' nservation practices.
2. A farm with average soil conservation practices.3. A farm with a superior level of soil conservation practices. 

The main benefits and costs associated with the different farmmodels are listed below. (Not all benefits or costs are relevant to
each model.) 

Benefits 
B Increased yields of traditional food crops due
conservation of topsoil and water. 

to 

* Added income from soil cins!rvation crops planted onterrace edges and cu t-off drains.
• Prevention of further topsoil loss so that the topsoil willbe available for cultivation bv future generations. 

costs 
C Production costs for the traditional food crops andlabour costs for cultivation. 
* -osts for maintaining soil conservation structures,
largely terrace and cut-off drains.

• 
 Production costs for the added soil conservation crops." Increased labour costs for cultivation.
• Average value for annual cost of the soil conservation 
investment (interest and depreciation). 

Total revenues for all three farm models were calculated basedon yields, market prices and infornition provided by the farmers. The results, presented in Figue 5.3, show that farms with asuperior level of soil conservation practices yielded a total revenuenearly twice as large as from farms with no soil conservation.Between models I and 2, the largest increases are in the value ofsubsistence and fruit crops. Between models 2 and 3, the increase 
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Livestock 

16,000- Fruit 

-
Subsistence crop 

14,732 

12,187 

12,000-

C 

In 

8.000- 7,550 

C 
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Farms without 
any kind of soil 
conservation 
measures 

Farms with 
average soil 
conservation 
utilization level 

Farmswith 
superior soil 
conservation 
utilization level 

Figure 5.3: Estimated total revenue from the different fztrm models 
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is due to larger fruit production (more trees have been planted) and a big increase in livestock products (due to increased production 
of fodder). 

Table 5.3: Economic value of soil conservation for farmers (Sh/
farm) 

1.Farm 2.Average 3. Superior Marginal
wit'out soilcon- soilcon- analysis 
soilcon- servation servation 
ser'ation practices practices 

(2A-.) (3.-1.) 

Totalrevenue 7,550 12,187 14,732 4,637 7,182 
Variablecosts 
Food crops 853 853 853 - -Soil conservation crops - 170 230 170 230Total variable cost 853 1,023 1,083 170 230 
Grossmargin 6,697 11,164 13,649 4,467 6,952 
Ainnalizedcosts 
Investment in soil
 
conservation 
 - 165 165 165 165 
Gross marginminus annualized 
investment (net return) 6,697 10,999 13,484 4,302 6,787 
Labour requirement(person-days)

Cultivation 
 585 636 692 51 107
Soil conservation work 
 - 45 45 45 45 

Total labour 
requirement 585 681 737 96 152 

Net returnforperson-day
 
oflabour 
 11.44 16.15 18.29 44.81* 44.65* 

*Net return to the addit"Onallabour required under models 2 and 3. 

Just looking at the increase in revenues is not enough, as thecosts of production have also increased. First of all, variable costs(otber than labour) have to be considered. In our analysis, sincethere is no increase in the use of inputs, variable costs will remain
the same for all three models for the subsistence crops. The onlyincrease in variable costs will be for "le added sc.1 conservation 
crops, such as fodder grass and trees. Subtracting variable costs 
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from total revenue yields the gross margin for each of the three 
models (Table 5.3). 

In order to calculate a net return, the fixed costs associated with 
soil conservation practices must also be taken into account. Most 
farmers in the area pay for soil conservation work; it is necessary to 
distribute (annualize) the costs for the investment over the period 
the investment will last. In this approach, the cost for the invest
ment is defined as the average sum of money spent by the farmers 
on terraces and cut-off drains. Annual costs are calculated based on 
an interest rate of 15%, and a lifespan of 20 years. Investment costs 
have averaged 1,100 Sh per farmer in the area; thus, annualized 
costs are 165 Sh. 

Labour requirements for farm activities are based on published 
statistics and the farmer interviews. For maintenance of soil 
conservation structures, labour figures given by the farmers 
have been used as there are no other data available. Table 5.3 
presents all of this daLa in a comparison of the three farm models. 
While variable costs in' 7ease only slightly with greater levels of 
soil conservation, total ,evenue-, increase sharply. Since models 
2 and 3 also require increased investment and more labour input, 
the net return per person-day is a useful measure. 

The net return per person-day is around 11 Sh in the zero 
conservation model; this is close to the payment of casual i,.our 
in the area. The net return per person-day rises to 16 SL in model 2 
and 18Sh in model 3. 

The niarginal return to increased labour input in models 2 and 
3 is quite high - about 45 Sh per person-day. (This figure is found 
by comparing the returns under the average and superior soil 
conservation practices, columns 2 and 3 in Table 5.3, with the 
"withou't soil conservation" returns in column 1.) This is far above 
the usual level of payment for casual and other unskilled labour 
in the area. Therefore, it is profitable for farmers who are working 
partly as casual labourers to concentrate on improving their own 
farms instead. There is, 1" vever, one drawback: the farme s will 
not receive any payment before the next harvest. 

Another problem is that farmers must finance the construction 
of soil conservation works on their own land. Although the 
annualized cost is low and rapidly returned, cash and credit 
constraints may prevent many farmers from undertaking these 
measures. 

Social analysis of soil conservation 

As shown above, investments in soil conservation are very 
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profitable for the individual farmers. A social analysis, however,
requires that all the benefits and costs to society also be taken into 
account. 

The benefits and costs for the farmers have already been listed;
additional social benefits and costs are listed below: 

Benefits 
1. Preservationof topsoil for future generations. Although not 

quantiidble at the moment, this is an important social ben
efit. 

Costs 
1. Technical assistance: The terraces and cut-off drains are

normally planned by technical assistants in the area. The
technical assistants are also responsible for spreading the
soil conservation message to 	the farmers. On average, two
technical assistants have been working with the soil conserva
tion programme in Kalia. Since the project started in 1977, 14 
person-years have been invested. One person-year costs
20,000 Sh; technical assistance, therefore, has cost 280,000 
for the entire period.

2. 	Training: The project pays for training of the technic-J assis
tants, chiefs, subchiefs, and farmers in the area. 

3. 	Tree seedlings: Most of the costs for tee seedlings are paid for
by the farmers themselves because they purchase seedlings
from other farmers. There are social costs, however, for the 
forest and fodder trees that are given free to farmers.

4. Foddergrass: In the beginning, there was a need for bulking up
areas; but because there is now an abundance of grass in the 
area, a farmer can get it free from other farmers. 

5. 	 Hand tools: The project is supporting some groups by provid
ing them with hand tools. 

The total costs for items 2 through 5 during the project period is
estimated at 100,000 Sh, plur technical assistance costs of 280,000 
Sh for a total of 380,000 Sh. 

In addition, the following adjustments are made to crop prices
and labour costs: 

Maize, which is a traded good (an import substitute), will be
valued at the CIF border price. Beans, peas, and the soil conserva
tion crops are not import substitutes and will be valued at local 
market prices.

In 	 the first calculation, the benefits of soil conservation were
measured in terms of net return per person-day. In calculating the 
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social benefits, the prices of labour should be the opportunity cost 
of labour. If there is no alternative occupation, the opportunity 
cost labour would be zero. However, since using a zero cost 
for la-our is unrealistic, the current cost for casual labor has been 
chosen as the labour cost. 

Production 
With 65% of the farms now terraced in Kalia, there is an increase of 
around 45% in the production of food crops. If the nutritive food 
value of the added soil conservation crops is also considered, the 
increased production through present soil conservation measures 
has made it possible to feed about 50% more people in the area than 
would be the case without any soil conservation measures. 

The value of the increased production totals 2,619,000 Sh, a 40% 
increase over the non-terraced level of output. Subsistence crops 
account for a large share of this increase. Maize, for example, 
accounts for more than 700,000 S. worth of the increase when 
valued at the import price. 

Table 5.4 presents a summary of the social analysis. Gross 
revenue, appropriately priced, is given for both options - no 
terracing and a 65 percent level of terracing. There is only a modest 
increase in production costs due to planting of soil conservation 
crops. 

Of the total investment of 945,000 Sh in soil conservation 
measures, 565,000 Sh is paid for by the farmers. This is mainly 
payment for casual labour; about 40,000 person-days have been 
put into soil conservation works during the project (over a 
period of seven years). On average this is equivalent to 16 
full-time jobs per year. As there is a. 'iortage of capital available 
for investments in Kenya, the interest on the invested money 
has been estimated at 15%. With a 20-year lifespan of the invest
ment, the annualized cost for the investment will be 118,000 
Sh. 

Subtracting the annualized cost of the soil conservation meas
ures from the net product value leaves a net return of 2,367,000 
Sh/yr. 

With the soil conservation measures, labour requirements 
will increase 10%, or 49,000 person-days per year. (This increase 
comes almost equally from increased cultivation labour needs, 
26,000 person-days, and from labour to maintain soil conser
vation works, 23,000 person-days.) Therefore, a marginal return 
of more than 48 Sh per increased persoi'-day of effort has been 
created, considerably larger than the local wage rate for casual 
labour. 
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Table 5.4: Economic value of soil conservation in Kalia subloca
tion for society (thousands of Sh/yr) 

Zero soil Present 
conservation pattern

Item model (65% terraced) Increase 

Gross revenue
 
Valueof production 6,703 9,322 2,619
 
Production cost
 
Food crops 675 
 675 -
Soil conservation crops - 134 134

Total production cost 675 809 134
 
Gross Margin 6,028 8,513 2,485
 
Investment
 
Public investment
 

Technical assistance 
 280 280 
Other costs 100 100 

Farmers' investment in soil
 
conservation 
 565 565 

Total investment 945 945
 
Annualized cost of the
 
investment (15% interest,

20-year life) 
 118 118
 
Netreturn 6,028 
 8,395 2,367 

Summary 

The results of the study indicate that soil conservation measures 
are profitable from the farmers' perspective as well as to society.
Production has increased from the construction of terraces and 
cut-off drains. Increased yields of traditional crops and produc
tion from newly introduced crops have resulted in increases of 
40 percent or more in gross revenues. 

Employment has also increased markedly. Not only is labour
required to construct the soil conservation structures, but
additional farm labour is required to maintain structures and 
produce the increased yields. Each year an additional estimated 
49,000 person-days of labour are required, equivalent to 160 full
time jobs. Since the gross revenues generated by the project are as 
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high as 48 Sh/person-day (several times the going wage rate for 
casual labour), the soil conservation nasures are financially 
rewarding to the farmers. 

The total investment cost in soil conservation measures is 
distributed between the government (technical assistance, some 
tools) and the farmers (largely their own labour or hired labour). 
Although returns to investment are high with a rapid pay-back 
period, credit or labour constraints may prevent some farmers 
from making the initial investments that are required. 

The study also identified several areas for improvement in the 
programme. 

0 One problem is tile maintenance of terraces and cut-off 
drains. More emphasis should be put on maintenance in the 
extension work and in training courses and seminars. Mainte
nance of soil conservation structures during slack periods 
should be an important message of the extension service. 
0 Many farmers find it hard to dig ibua jti terraces with 
available family labour; it is important, therefore, to encour
age group work in areas where there is a need of' fimya juu 
terraces. The poorest farmers are particularly dependent 
on group work to carry out soil conservation. Group work 
could be encouraged by putting more emphasis on group 
work in extension courses and seminars; by issuing more 
hand tools to groups; and by training the group leaders in 
soil conservation and equipping them with soil conservation 
tools. 
* There is a problem feeding livcstock during dry periods. 
Fodder trees and other fodder species should be introduced. 
Since farmers graze the terraces during the off-seasons, fod
der trees have to be protected from grazing. 

Reference 

Adapted from: 

Holmberg, G. (1985), 
An Econiomical Evaluationof Soil Conservation in Kalia Sub-Location, Kitui 
District(Nairobi: Ministry of Agriculture and Livestock Development, 
Soil and Water Conservation Division). 



6
Economic Evaluation of Dryland Peanut 
Growing With Perforated Plastic Mulch 

Guangsen Wang and Liming Han 

Precis 
This paper deals with the economic evaluation of a new techniqueof peanut growing in rainfed farming areas: flat cultivation ofpeanuts covered with perforated plastic sheets. Material andlabour inputs as well as compensation for environmental lossesare taken into consideration. The "replacement cost" approachhas been adopted for evaluating environmental effects associatedwith the new technique and thereby carrying out the comparisonof economic benefits derived from cultivation of peanuts with andwithout plastic mulch. Since all inputs in the two cases are onlyused for one peanut grownig season, no discounting has beendone in this study. The main emphn ,, is ,.n the evaluation oftechnical and economic benefits; social and political factors are

only briefly mentioned. 

Peanut growing with perforated plastic mulch 

Peanuts are a legume crop with a very strong adaptability to theenvironment. They are particularly suitable for poor soil in rainfedareas. The growing of peanuts using perforated plastic mulch isa new measure to cope with dryland conditions and make better
 
use of the land resource.
 

Effects ofplasticmnulch
The use of plastic mulch has several beneficial effects, including
the following:

Raising soil te'nperature. The temperature of the topsoil isincreased by the direct heating of sunlight and the bufferingeffect of the plastic covering to moisture evaporation. Testresults have shown that the utilization rate of solar energy canbe raised 20 to 33%, and temperature of the soil can be raised 30 to6°C. Since raising soil temperature can partially compensate for 
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low air temperatures, ,eanut plants can germinate, emerge, and 
develop earlier an last, with the result that tile growing period 
of peanuts can be shortened by 5 to 10 days. 

Retaining soil moisture,and iS1pro1in sfi texturite. The increased 
temperature difference between upper and lower soil layers brings 
about the movement of soil moisture from the deeper laver, to the 
upper soil lavers where it gradually condenses. As soil temvera
ture rises, vapourization of soil moisture is also accelerated. When 
this vapour reaches the plastic sheet cover, drops of water are 
formed, which will eventually return to the soil. Thus, loss of 
soil moisture will be reduced and, in turn, the available soil 
moisture content is increased. Test results have indicated that 
soil moisture in the 0- to 30-cm laver is about 2.5". higher during the 
seedling stage of peanut growth with perforated plastic covering 
than in uncovered soil, and Soil moisture in the ()-to 10-cm horizon 
is 4.5 to 5., higher. 

In addition, the new techn iclue makes soil looser and improves 
th- physical as well a chemical properties of soil tilth. This is 
because a soil ,urface that is protected by the plastic sheet 
avoids being directly splashed by raindrops, thereby reducing 
soil crusting; also, expansion and contraction movements are 
accelerated which makes the soil looser. 

Accclerating nutricnt dtenlosjt,'I ,and ',;ant absorptain. With the 
raising of soil temperature, increased moisture, and improved 
texture, soil organisms thrive and aerobic decomposition intensi
ties. In this way, the decoinposition of organic matter in the soil 
is accelerated, and the availability of nutrients in the soil horizons 
increases greatly. Experiments have determined that the soluble 
nitrogen content in the peanut field with perforated plastic cover
ing is 1.438 mg 100 g higher than that in peanut fields without !he 
plastic mulch, and the available phosphorus is 0.605 mg/10( g of 
soil higher than in untreated fields. At the same time, the absolute 
uptake of nitrogen, phosphorus, and potassium by peanut plants 
has increased significantly so that the nutrient conditions of the 
peanut plants have improved as we!l. 

Promoitin, plant grvtth and inpiovwin,' it, Yhields and qualities. Perfo
rated plastic mulch creates a good environment for the growth of 
peanuts - the seedlings grow vigorously with more differentiation 
of flower buds. As a re.ult, the number of flowers per peanut plant 
is greatly increased. The initial, terminal, full-bloom, and mature 
stages of peanuts are brought forward by 5 to 10 days. Density of 
nodules on the root system are increased, and the peak period of 
leaf ar-,index comes earlier with a higher rate of photosynthetic 
production. Therefore, average peanut weight and the number 
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of peanuts per plant increases, and peanut yield per hectare is 
increased.
 

Factorsinfluencingadoption ofthe technique
Whether a new agricultural technique will be accepted depends
mainly on its potential for improving crop yields and quality, aswell as its suitability within the agricultural system and its poten
tial for enhancing sustainabilitv and stability. Perf'rated plastic
cover'ng can meet such criteria in the following aspects.

Suitabilityto irylandfarninig. The major constraint of agricultural
production in dryland areas is rainfall. Although peanuts arerelatively drought tolerant, lack of soil moisture is still a major con
straint to high yields. By raising and preserving soil moisture in the
topsoil, perforated plastic mulch can make fuller use of the scarce
water resource in dryland areas to realize relatively high crop
yields. Test results have shown that in average years, peanut yields 
can be increased by 40% with the use of perforated plastic mulch. 

Enhancement of soil firtility. Dryland areas are generally poor insoil fertility and lack radily available nutrients, organic matter,
and soil moisture. Plastic mulch can increase the nitrogen-fixing
ability of peanut plants. Experiments have determined that the average amount of nitrogen fixed by peanuts in the whole growing
period with perforated plastic covering is 1975 mg/plant versus
19 37 mg without plastic mulch, an increase of 2%.

lncreasing returns to growers. Because of natural and economic
constraints, income levels in rainfed agricultural areas are
generally very low. Peanuts, a high-yielding, oil-bearing crop,
compares Iavourably with rapeseed, which is the major cash 
crop in rainfed uplands. Tests have shown that with perforated
plastic covering, peanut yields can reach as high as 546 jin/mu
(2 jin equals I kg, 15 mu equals 1 ha; this is equivalent to 4,095kg/ha). Priced at 0.5 yuan/jin on the market, the production

value is 273 yuan/mu, which is equivalent to 500 jin of rapeseed.

And yet, it is unusual 
to harvest even 400 jin/mu of rapeseed.
The introduction of high-yielding peanut cultivation techniques
is therefore important to the increase of farmers' incomes i. the 
upland areas and their standard of living. 

General background of the area and source of data 

The technical data quoted in this paper come from the Comprehen
sive Experimental Area of Qianxian County, Shaanxi Province,
China. The Experimental Area is operated jointly by the Northwest
Agricultural University and the Science Commission of Qianxian 
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County. It is located in the northern part of the Guanzhong Plain 
and is also a part of the W-ibei upland. It consists of 1I townships 
with a total area of 488 km2 and a population of 128,000. Most of the 
arable lands are found on terraced surfaces and gully slopes. For
est coverage is very sparse, so water-induced soil erosion is high, 
with an average anount of 16 to 27 t/ha/yr. Gullies are common 
and the landform appears to be very broken. The major soil type is 
yellow loam, which comprises one-third of the total area. The cli
mate is not adequate for double cropping so the general practice 
is to grow three crops every two y'ears. The major crops are winter 
wheat, rapeseed, sorghum, and millet. At present, agricultural 
yields are low but there is a great potential for development. 

Historically, rapeseed has been the major oil-bearing and 
nitrogen-fixing crop in the Weibei upland area. The acreage of 
rapeseed has been about 40,0 0 mu, or one-tenth ot the total 
crop area. Hlowever, production records show that rapeseed is 
a high-cost and low-yielding crop compared to peanuts. 

Table 6.1: Peanut cultivation by selected peasant households 

HcadofwasanIt Arca CU1ltiation 'lw ;crnn 
hot st'hold (inuti) Soil h; '' nt;':.d rcs (jin) 

ChangZhongxiao 0.3 Yellowloam Flat cultivation, 548 
no plastic covering 

PuJunzhang 1.1 Yellow loam Flat cultivafio:i, 434.8 
no plastic covering 

Pu Wenhui 0.9 Yellow loam rLt cultivation, 417.2 
no plastic covering 

In order to examine the costs and benefits of growing peanuts, 
the agronomists in the Experimental Area conducted peanut 
cultivation tests for the first time in May 1984. Three peasant 
households were also contracted to carry out the tests of pea
nut cultivation not covered with perforated plastic shvots. The 
controlled tests of peanut cultivation with and without per"Ocated 
plastic covering were conducted in the experimental plots. The 
year 1984 was normal with rainfall of 598 mm, slightly higher than 
average. Results obtained from the tests were very encouraging. 
It was demonstrated that peanuts grow well under rainfed condi
tions, especially with perforated plastic covering. The peasant 
households in this area were so encouraged by the test resuits 
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that in 1985, after just one year, the area sown to peanuts hadreached about 1,000 mu. It is anticipated that peanut growing willcontinue to increase rapidly in the coming years. The test results 
are summarized in Tables 6.1 and 6.2. 

Table 6.2: Controlled experiment of peanut cultivation, Qianxian 

Area Density ieldpernuCultivationpattern (nu) (plants/mu) Soiltype (jin) 

Flat cultivation with
 
perforated plastic

mulch 
 0.27 10,000 Yellow loam 546.3
 
Flatcultivation
 
without perforated

plasticmulch 0.27 10,000 Yellowloam 352.3 

In this case study, only the two experimental plots are examined.The arrangement of the plots is shown in Figure 6.1. 

1.Flat cultivation of peanut without 2. Flat cultivation of peanut withperforated plastic mulch, perforated plastic mulch. 
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Figure 6.1: Arrangement of experimental plots 
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Valuation of costs 

In this study, flat cultivation of peanuts without plastic mulch is 
the conventional way of peanut growing, while flat cultivation 
of peanuts with perforated plastic covering is the new technical 
measure to be evaluated. The expenses of each of the cultivation 
methods are examined. 

Materialand labou r expenses 
Flat cultivation without plastic mulch. The major expense items for 
growing peanuts without plastic covering fall mainly in the follow
ing five categories: fertilizers, seeds, agricultural chemicals, trac
tors and draught animals, and human labour. 

I. 	 Fertilizers. No organic fertilizer was applied; instead, chemi
cal fertilizers were applied once after land preparation 
at a rate of 10 jin of urea and 20 jin of ammonium pri
mary phosphate per mu. The market prices of urea and 
ammonium primary phosphate are 0.28 and 0.38 y'uan/jin, 
respectively. 

Total fertilizer expenses
 
= (10 x 0.28) + (20 x 0.38)
 
= 10.40 yuan/mu
 

2. 	 Seeds. Forty jin of peanuts in the shell per mu is used for 
seeds; the market price of these peanuts is 0.70 vuan/jin; 
thus, we have 

Seed expense
 
= 40 x 0.70 = 28 vuan/mu
 

3. 	 Agricultural chemicals. Agricultural chemicals were applied 
four times during the growing season. For the soil treatment 
prior to sowing, 3 jin of Rogor powder per mu were used 
with a price of 0.15 .vuan/jin, that is, .45 vuan/mu. Rogor 
spraying was also carried out once in the seedling stage with 
an estimated expensL of 0.29 yuan/mu, and once again in 
the flowering stage, which cost another 0.29 vuan/mu. 
During peanut growth, chemicals were used to prevent 
rats from causing damage to the plants, with an estimated 
cost of 0.1 vuan/mu. Agricultural cl.emical expenses are 
thus calculated as follows: 
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(3 x 0.15) + 0.29 + 0.29 + 0.1 
S1.13 yuan/mu 

4. Tractorsand draught animals. Prior to sowing, deep ploughing
was done by tractor which cost 2.5 vuan/mu. Land prepara
tion was done by draught animal with a cost of 3 yuan/mu.
Tractor and animaldraught expenses, therefore, .otaled 
5.5 vuan/mu. 

5. Human labour. Four items were included at a loca-l wage
rate of 1.5 Yuan/person-day. Sowing: dibbling by hand with 
one person opening ditches and one person dibbling, 4
person-days/mu. Hoeing: carried out twice at 0.3 person
days/mu or 0.6 person-days required altogether. Harvest
ing: 4 person-days/mu. Sun drying the peanuts: 2 person
days'mu for picking and sunning. Total labour expenses 
are then: 

(4+0.6+4+2)x 1.5
 
= 15.9 vuan/ma
 

The material and labour expenses (yuan/mu) for flat cultivation
without plastic covering can be summarized as follows: 

Fertilizers 10.40 
Seeds 28.00
 
Agricultural chemicals 
 1.13 
rfactors and draught animals 5.50
 

Human labour 
 15.90 

TOTAL 60.93 yuan/mu 

Flat cultivation with plastic mulch. For cultivation with perforated plastic covering, the costs of fertilizers, seeds, agricultural
chemicals, and tractors and draught animals remain unchanged.
Human labour expenses increase somewhat. A new item is the 
expense of plastic sheets. 

1. Labour cxpcitscs. Perforating the plastic sheets required 4
person-days/mu, totaling 6 yuan. There is, however, areduction of 0.6 person-days in the labour expense for
hoeing, a savings of 0.9 Vuan/mu. Thus, the total labour 
expense becomes: 
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15.9 + 6- 0"? 
= 21 yuan/mu 

2. Plasticsheet expense. Lii the study, 7.4 jin/mu of white and 
transparent plastic sheets of 90-cm width and 0.012-mm 
thickness were used in the experimental plots. The market 
price of these sheets is 3.16 Vuan/jin; thus, we have 

Plastic sheet expense
 
= 7.4 x 3.16
 
= 23.38 vuan/mu
 

The material and labour expenses for flat cultivation with 
plastic mulch can be summarized as follows: 

Fertilizers 10.40
 
Seeds 28.00
 
Agricultural chemicals 1.13
 
Tractors and draught animals 5.50
 
Labour 21.00
 
Plastic sheets 23.38
 

TOTAL 89.41 yuan/mu 

Valuatitn tenvironnentalfactors 
The environmental effects of plastic mulch have three aspects: 
soil temperature enhancement, moisture preservation and soil 
fertility improvement. Owing to lack of data, the valuation of 
environmental factors is made only for soil moisture and nutri
ents. 

Valuation of sod nois)turc loss. Soil moisture content was xept 
identical for the two experimental plots before sowing. Field 
tests determined that the moisture retentive capacity was 15.27% 
on weight basis and that I mn of soil weighed 1.24 t. Thus, soil 
moisture content in the 2-ni soil horizon/mu is calculated as fol
lows (note that one mu is equal to 666.67 i): 

Soil moisture content
 
= (2 x 666.67 x 1.24) x 15.27/100
 
= 252.48 t.,'Iu
 

Annual rainfall was 589 mm in 1984. By converting each milli
metre of rainfall into 0.67 tons/mu of water, we have the amount of 
rainfi.1I water: 

http:rainfi.1I
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589 x 0.67 
= 394.63 tons/mu 

It was determined that water consumption of peanuts is 
significantly different for different yield levels. Within the yield 
rangc 	of 500 to 600 jin per mu, water consumption in the produc
tion of every 100 jin of peanuts was 48.9 t, while within the vield 
range 	of 300 to 400 jin/mu, the water consumption per 100 )in of 
peanuts was 53.7 t. Thus, the amount of water consumption for 
the two cases can be calculated as follows: 

I. Water consumption for production of peanuts with cover
ing
 

= 48.90 x 546.3/100
 
= 267.14 t/mu
 

2. Water consumption for production of peanuts without 
covering
 

= 53.7 x 352.3/100 = 189.19 t/mu
 

After harvesting, soil moisture in the two experimental plots was 
determined. The moisture retention capacity of the peanut plot
with plastic mulch was found to be 18.31%, while that of the plot 
without plastic was 16.49%. The moisture content in the 2-m soil 
horizon is calculated as follows: 

1. 	 Test plot with plastic mulch
 
= 2 x 666.67 x 1.24 x 18.31/100
 
= 302.74 t/mu
 

2. Test plot without plastic mulch 
= 2 x 666.67 x 1.24 x 16.49/100
 
= 272.65 t/mu
 

The non-productive soil moisture loss in the two cases can be 
calculated as follows: 

1. 	 Fr test plot with plastic mulch
 
= (252.48 + 394.63) - (267.14 + 302.74)
 
= 77.2 t/mu
 

2. 	 For test plot without plastic mulch
 
= (252.48 + 394.63) - (189.19 + 272.65)
 
= 185.3 t/mu
 

If the non-productive soil moisture loss in the whole growing 
period is compensated for with supplementary irrigation, and 
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the amount of water for one irrigation is 45 t/mu at a cost of 
13.5 yuan, moisture replacement in the two cases is as follows: 

1. 	 Moisture replacement per mu with plastic mulch
 
= 77.2/45 x 13.5 = 23.2 yuan
 

2. 	 Moisture replacement per mu without plastic mulch
 
= 185.3/45 x 13.5 = 55.6 yuan
 

Valuation of soil nutrient loss. Prior to sowing, soil properties and 
readily available nutrient contents in the two plots were kept identi
cal. It was determined that the readily available N content in 0- to 
30-cm soil tilth was 35.7 ppm prior to sowing and the available P was 
11.8 ppm. Thus, the nutrient content in 0- to 30-cm soil tilth/mu 
before sowing is calculated as follows: 

Available N 
= 0.3 x 666.67 x 1.24 x 1,000 x 35.7/1,000,000 
= 8.85 kg/mu 
Available P 
= 0.3 x 666.67 x 1.24 x 1,000 x 11.8/1,000,000 
= 2.93 kg/mu 

The amountof chemical fertilizers applied to both the experimen
tal plots before sowing was 10 jin/mu of urea and 20 jin/mu of 
ammonium primary phosphate. The N content in urea is 44%. For 
ammonium primary phosphate, the content of N is 21% and P is 
52%. The amount of chemical fertilizers applied per mu can be 
converted into pure N and P as follows: 

Converted into pure N 
= (10 x 44/100) + (20 x 21/100) = 8.6 jin = 4.3 kg/mu 
Converted to pure P 
= (20 x 52/100) = 10.4 jin = 5.2 kg/mu 

Experiments have determined that the actual harvest density 
is 7,850 plants/mu in the case of flat cultivation of peanuts 
with perforated plastic covering, and the amount of biological 
fixation of nitrogen per peanut plant is 1,975 mg on the average. 
In the case of flat cultivation of peanuts without perforated plastic 
covering, the actual harvest density is only 7,357 plants/mu and 
the amount of biological fixation of nitrogen per plant averages 
1,937 mg. Thus, the amount of nitrogen fixation per mU in the two 
cases is as follows: 
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1. 	 Nitrogen fixation with plastic mulch
 
= (7,850 x 1,975)/1,000,000 -. 15.5 kg/mu


2. 	 Nitrogen fixation without plastic mulch
 
= (7,357 x 1,937)/1,000,000 = 14.2 kg/mu
 

It was 	determined that the yield formation of every 100 jin of 
peanuts needs 6.8 jin of pure N and 1.3 jin of pure P on the aver
age. Thus, the nutrients required per mu for the yield formation of 
peanuts in the two cases are calculated as follows: 

1. 	 Pure N required in the case of plastic mulch
 
= 546.3/100 x 6.8 = 37.15 jin = 18.57 kg

Pure P required in the case of plastic mulch
 
= 546.3/100 x 1.3 = 7.1 jin = 3.55 kg


2. 	 Pure N required in the case without plastic mulch
 
= 352.3/100 x 6.8 = 23.96 jin = 11.98 kg
 
Pure P required in the case without plastic mulch
 
= 352.3/100 x 1.3 = 4.58 jin = 2.29 kg
 

The amount of remaining nutrients in the two experimental plots
is different after peanut harvesting. It has been determined that 
the readily available N in the plot with plastic covering is 13.95 
ppm and the readily available P is 13.79 ppm, while in the plot
without plastic covering the figures are 24.95 ppm and 13.93 ppm,
re-pectively. Thus, the residual amounts of pure N and P per nu 
in 0- to 30-cm soil tilth of the two plot- are calculated as follows: 

1. Pure N residue in the plot with plastic mulh 
= 0.3 x 666.67 x 1.24 x 1,000 x 13.95/1,000,000 
= 3.46 kg/mu 
Pure P residue in the plot with plastic mulch 
= 0.3 x 666.67 x 1.24 x 1,000 x 13.79/1,000,000 
= 3.42 kg/mu 

2. 	 Pure N residue in the plot without plastic mulch
 
= 0.3 x 666.67 x 1.24 x 1,000 x 24.94/1,000,000
 
= 6.19 kg/mu
 
Pure P residue in the plot without plastic mulch
 
= 0.3 x 666.67 x 1.24 x 1,000 x 13.93/1,000,000 
= 3.45 kg/mu 

The total amount of nutrient loss in the two cases are calculated 
as follows: 
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1. 	 Total N loss in soil tilth with plastic mulch
 
= (8.85 + 4.3 + 15.5) - (18.57 + 3.46)
 

= 6.62 kg/mu
 
Total P loss in soil tilth with plastic mulch 

= (2.93 + 5.2) - (3.55 + 3.42) 
= 1.16 kg/mu 

Total N loss in soil tilth without plastic mulch2. 
= (8.85 + 4.3 + 14.25) - (11.98 + 6.19) 

= 9.23 kg/mu 
Total P loss in soil tilth without plastic mulch 

= (2.93 + 5.2) - (2.29 + 3.45)
 
= 2.39 kg/mu
 

Assuming that the N loss will be compensated by applying urea 

(with a market price of 0.56 Vuan/kg and an N content of 44%), and 

that the P will be compensated by applying a different fertilizer, 

super-phosphate (priced at 0.16 yuan/kg with a P content of 129/), 

we have the following nutrient replacement costs: 

1. 	 Replacement costs for nutrient lo.-,; in the plot with plastic 

mulch 
x 0.16)= (6.62/0.44 x 0.56) + (1.16/0.12 

= 9.98 yuan/mu 
2. 	 Replacement costs for nutrient loss in the plot without plas

tic mulch
 
= (9.23/0.44 X 0.56) + (2.39/0.12 x 0.16)
 

= 14.93 yuan/mu
 

By summarizing the preceding calculation of production expen

ses and compensation of environmental factors, we obtain a 

detailed list of costs for the two cultivation techniques (Table 

6.3): 

Conclusion 

The introduction of perforated plastic mulch into peanut cultiva

tion increased the financial expenditures of the grower by 28.78 

reased from 15.90 to 21.00 yuan,uar/mu, because labour cost ir: 

ant' a new cost item, plastic sheets, was added. This kind of cost 

analysis, however, is incomplete and often misleading because the 

environmental factors of peanut growing as a natural system were 

no' taken into consideration. 
After accounting for comFensations for soil moisture and nutri

ent losses as well as the material and labour expenses, it was found 

http:2.39/0.12
http:9.23/0.44
http:1.16/0.12
http:6.62/0.44
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that the total cost of peanut growing wihh plastic mulch is 122.59yuan/mu, which is iess than the total costs of the conventional 
way of cultivation. The difference is as follows: 

131.46- 122.59
 
= 8.87 yuan/mu
 

Since the output of peanut cultivation with plastic mulch hasbeen proved to be much higher than that without, the overallbenefit-cost analysis shows even larger net benefits. The differences between the two mesures in terms of yields, productionvalue and costs, and net benefit per mu are as follows: 

Withplastic Withoutplastic Difference 
mulch mu/c/h (with - without)

Yield (jin/mu) 546.3 352.3 194
Value of production


(yuan/mu) 
 273.15 176.15 97
Cost of production

(yuan/mu) 122.59 131.46 -8.87Net benefit (yuan/mu. 150.56 44.69 105.87 

The net benefit of the use of plastic mulch, includingenvironmental factors, is more than 105 yuan/mu. However,if only direct out-of-pocket costs and the value of output are compared, the financial benefit is reduced to 68.54 yuan/mu. Thus,the correct inclusion of the value of environmental factors has amajor effect on increasing net returns of the new technique andthereby i:.icreasing the attractiveness of using plastic mulch. 
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Table 6.3: Total costs (yuan/mu) for peanut growing with and 
without p' stic covering 

Iten With,,t With 

Fertilizers 10.40 10.40 
Seeds 28.00 28.00 
Agricultural chemicals 1.13 1.13 
Tractorsai ddraughtanimals 5.50 5.50 
Labourexpense 15.90 21.00 
Plastic sheets - 23.38 
Compensation of soil moisture loss 
Compensation of nutrient loss 

55.60 
14.93 

23.20 
9.98 

Total 131.46 122.59 



7 
Dryland Management in the Kordofan and 

DarfurProvinces of Sudan 

Hassan El Mangouri 

Precis 

Sudan, the largest country on the African continent, is heavily
dependent on agricultural activities. Increasing population and
intensive use of its land resources have resulted in widespread
land degradation and a decline in agricultural productivity.
The provinces of Kordofan and Darfur, comprising a mixture
of arid and semi-arid areas, are typical of lands in the Sudan-
Sahelian region. Overgrazing, overcropping, deforestation, and
shifting agriculture have caused widespread resource degrada
tion and declining food production. During the severe drought
of the 1980s, two-thirds of emergency food aid to Sudan went to
Kordofan and Darfur provinces. Long-term development of the
land and increased productivitv are essential to avoid repeated
crises. This study examines land implovement options and farm
practices. The main programmes addressed are integrated village
development, rehabilitation of degraded rangeland, afforestation,
and mechanized farming. Detailed financial and benefit-cost analy
ses are presented for mechanized farming, which offers good
economic prospects for the use of these dryland areas. 

Background 

Sudan, in land area the largest country on the continent of Africa, 
covers some 2.5 million km2 and stretches from 4o to 220 N. It has 
a population of some 23 million (1986) and an annual population
growth rate of about 2.2%. It is primarily an agricultural country
with 75% of the labour force engaged in cropping, pastoral and 
forestry activities. 

The major crops grown for domestic consumption are sor
ghum, millet, sesame and sugarcane. Principal export commod
ities are cotton, peanuts and gum arabic (Sudan is the leading
world producer for this product of the dryland Acacia senegal tree).
In 1982, non-subsistence agricultural production accounted for 
some 63% of exports and 33% of gross domestic product (GDP). 
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The agricultural sector is characterized by a marked dualism 
rainfed agriculbetween high-income irrigated and mechanized 

ture in tile central region, and traditional subsistence cropping 

and extensive pastoralism in other areas. 
The arid and semi-arid areas of tile country experience high vari

zone. The droughtations in rainfall typical of the whole Sahelian 
food production inconditions since 1970 have severely affected 

Sud.in and made it a major focus for famine relief. The western 

provinces of Darfur and Kordofan have been particularly afflicted 

by the drought. The provinces cover a dryland area of some 880,000 

kn 2 and have a population of about 6 million, most of whom are en

gaged in subsistence cropping and pastoral activities (see Figure 7.1). 

While the drought has been the dominant factor in reducing 

food production in recent years, its effects have been intensi

fied by human activities. Many of the problems encountered in 

managing the Darfur-Kordofan region are common to other coun

tries in the Sahel: vulnerable ecosystems, population pressures, 
and often conflicting interestsrainfall variability, erodible soils, 


of nomadic pastoralists and settled farmers.
 

Factors affecting economic development 

i nientTit plilsical epwiroI 
to westThe climatic and vegetational zones that run from east 

throughout tile Kordofan-Darfur provinces constitute tile basis for 

the characteristic Sahelian societal patterns. These zones are the 

desert and semi-desert areas (200 1mm annual average rainfall per 
with a growing season of one

vear), the arid area (200 to 400 mam) 
to two months per year, and tile semi-arid area (400 to 800 m) with 

a growing season of approximately 3 months (see Figure 7. 1). 
Rain predominantlyThe key agricultural variable is rainfall. 

months of June and July although there isfalls in the summer 
annual totals. File temperature in theconsiderable variation in 

region ranges from a mean maximium of 39" to 42"C in the hottest 

months to a mean nimllhlllm of 8-' to 13"C in the coolest months. 

Within the two provinces, there are several agricultural regions. 

These are tile clay plains extending from eastern Sudan into the 

area and which are amenable to mechanized farmingcase study 
on the stable dune beltand sorghum crops, and the sandy "goz" 

arewhich is the major rainfed 	cropping zone. File sandy soils 
although they are excessivelh' well

suitable for growing crops 
drained and easily eroded. Long fallow periods of 8 to 15 years 

needed to restore fertility to exhausted soils. Supplementaryare 
water for settlement and agricultural needs is obtained bv wells. 
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Figure 7.1: Map of Sudan showing Kordofan and Darfurprovinces
and annual rainfall 
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Social and economicfactors 
The Kordofan-Darfur provinces have a relatively low population 

2density of about 7 persons/kmi. Although 90% of the population 
is rural-based, the majority reside in settlements with permanent 
water supplies. Only 5% of the population are nomadic pastoralists 
with camels or cattle. 

Exchange of goods between people is facilitated by a system 
of weekly markets. The region is pnoorly served with transport to 
other parts of Sudan, which limits development and the effective 
marketing of crops and livestock. Poor communication also lim
its direct involvement of the Khartoum government in regional 
development. There is a railway from Khartoum to Nyala, but there 
are few all-weather roads. 

Land tenuresysems 
In the traditional Sudan savanna economy, neither land nor labour 
is traded for money. Under the communal land tenure system, 
grazing land is open to all. Exclusive rights to cultivate accrue 
to the individual who clears the land and who then has the right 
of use or allocation to others. When the land is exhausted and left 
fallowv, the rights revert to the community two years after the last 
cultivation, and the cultivator is allocated rights to new field- . 

The net effect is a disincentive to resource conservation leading 
to mining of the soil and environmental destruction. 

Drylanddegradation 
The arid and semi-arid savanna zones of the Kordofan and Darfur 
provinces face pressure from three main sources: cultivation, 
pastoral activity, and wood requirements - all exacerbated by a 
growing population. 

Of primary concern is the extension of cropping areas well into 
the marginal lands of low and unreliable rainfall. There is clear 
evidence of declining productivity in Northern Darfur province 
as the area under millet production has increased threefold 
from 1960 to 1975 (lbrahim 1978). Clearing of the savanna in 
these areas for cropping exposes the land to increased risk of 
desertification. 

Pastoral activitiy is an additional concern. Livestock numbers 
have increased by 100 " between 1970 and 1980. Overgrazing and 
devegetation of pastoral lands have contributed to serious erosion 
problems. There has been an increasing tendency towards year
long grazing on land suitable only for seasonal grazing; one exam
ple is the excessive use of land by local and nomadic stockholders 
near newly sunk wells. 
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Finally, there is the demand for wood for fel and construction 
purposes, leading to a clearing of the savanna, a destabilization
of the soils and subsequent wind erosion. Ibrahim (1978) hasestimated the annual consumption of wood per family in theNorthern Darfur region to be some 330 trees of middle heightper year. One-seventh of this is used for fuel, with the remainder
being employed for building huts and unclosurs.

In addition, environmental pressures have accelerated the processes of degradation in this region, manifesting themselves in a 
number of ways: 

* Moventent of the desert margin. On-site and satellite evi
dence suggests that the desert has moved southward in the 
past few decades. 
* Encroachment of sand dunes. In several areas of Northern
Kordofan and Northern Darfur, moving sands have claimedconsolidated sandy clay soils and some settled areas. This
is exacerbated by the removal of ground vegetation, which exposes sanoy soil to wind movement and leads to sand 
accumulation. 
* Decline in agriculturalproduction. Offsetting the growth in area under cultivation has been a decline in productivity
per hectare. This has been associated not just with loweryields of poorly endowed land but also decreasing yieldson intramarginal lands, reflecting losses in plant nutrients,
losses in topsoil by wind erosion, or ii some cases loss of 
cultivable area. 
* Thepressures of overcultiation, o .ePrazing',anddvegetation
intensi~f/ in tines of drouglit. Settled farmers and nomadic
herdsmen depend on assured water supplies and adequate
crop yield and forage. During poor years farmt.rs maybecome semi-nomads, putting significant pressures on land 
over which they trek and in which they seek relief. 

Development programmes 

The desire to control desertification and to put agriculture on asustainable and structurally sound basis has made the provincesa primary target area for the Government of Sudan Desertification
Control and Rehabilitation Programme and programmes sponsored by international agencies. Programmes introduced to assisttraditional farmers in Kordofan and Darfur include the follow
ing. 

http:farmt.rs
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,ntegratedvillage develpineit ofto address the phasing out 
was establishedprogrammeThis 	

illwhich land is cropped and then 
traditional farming systems 

for a fallow period. Successive cropping of land 
abandoned and resist soil 
has reduced its ability to revert to natural cover 

erosion. 
Two complementary strategies developed by the Government 

on clay 
of Sudan include integrated crop farming and ranching 

are not susceptible to wind erosion; and village
soil areas which 

plans in sandy soils with rainfall greater than 450 
level land use 
mm. 

Rehabilitationof severely degraded rangeland 
the increase in 

The deterioration oi rangelands results from 
of marginalcultivation

livestock population, uncontrolled fires, 
Northern 

uneven distribution of watering points. In 
lands and 	 being estab)-Darfur, programmes areNorthernKordofan and 

of rangelands throughtMe rehabilitationlished to demonstrate 
seeding of desirableand selectivenatural regeneration 

species. 

Res tocki' ig ofgrenbellt or desertificationcontrol 
the African continent south 

The Sahel greenbelt extends across 
ran from15,N. This programme

of the Sahara between 12" and 

to 1983 with the main purposes being desertification control 
1981 be achieved through the -and rural development these to 

planting of Acacia scnegal and the subsequent production 	of gum 
courses 

arabic by the farmers. Project activities included training 
serviceswith follow-up by extension 

on plan'ting and seeding 
A total of 26,000

trees and tapping of gum.
On the tending of 	 to 

Acacia senegal (one fieddan is equal 

fieddans was planted with 

0.42 ha). 

Mechanized inning 

In recent years, there has been a move toward mechanized farm

ing. Referred to as "mechanized rainfed farming", it is a system of 

crop production run exclusively for commercial purposes. It con

trasts with traditional .arming methods. Land is leased from tile 

state by individual investors, and most of the finance for starting 

operations is provided either by the state or foreign-based funding 

agencies in the form of commercial loans. 
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Economic assessment of mechanized farming 

Mechanizedfarynfiii techniiqesMechanized rainfed farming requires the use of modern tractorsand machinery. Preparation of the land involves clearance of trees 
ploughing and sowing by tractor with disc plough anJ planters.Hand labour is required during the weeding and harvesting sea

and other vegetation by machines and labour, with simultaneous 

sons. Farm size is usually 1,000 to 1,500fi'ddans(420 to 630 ha).Since 1973 the area tinder mechanizedthreefold. More than 8.5 million fi'dilans were being used in 1985.The technique 
farming Aas increased 

has been introduced primarily onthat stretches the clay plainacross Suda.q from Kassalawhere soil is difficult to 
to tle Darfur provincescultivate by hand. File sandy "goz" soilis less suitable for mechanized farming because of wind erosionproblems associated with large-scale clearing. About 80% of thearea cropped by this technique is under sorghum and 20'Yo undersesame; some cotton is also grown.Mechanized farming is favoured on the claylands because oftile soil and climatic conditions and the low population densityof the area. Machinery is much more efficient than hand or oxepcultivation in heavy cracking clays, particularly since rainfall isgenerally limited to'the months of June to September. A relativelylarge amount of power is needed during a "hort period followingthe first rains. The scarcity of perennial Sources of water andrelatively low population density in the clayland areas also favour

a 
capital-intensive farming methods.
According 
 to the International
(1976), ad%,antages Labour Organization (ILO),of mechanized farming, apart from employment of a sparsely settled land that is difficultsible to work without mechanization, or even impos
contribution to 

are that it makes a valuableexpanded food supplies for domestiction and export. l'nsump-It does not demand asirrigated or traditional farming. 
many public services asIt mobilizesand, compared private investment

rapidly. with other modes of agriculture, progresses 
Various problems, however, do have to be addressed. Ininstances mechanized somefarming has ledber resources, to the destruction of tima decline in soil fertility, and increased risk ofdesertification resulting from overcultivation.The environmental effects of mechanized farming depend onthe operation of individual farms and the attitude to longer termversus shorter term management To use the method successfully,25% of each farm area should be kept in fallow, but this is notalways 
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done. Measures are generally not taken to leave uncleared strips of 
land as protective barriers or to plant Acacia trees for wood or gum 
production. This reflects a lack of research and understanding of 
impacts of large-scale farming. One effect of major disturbances to 
the ecosystem has been the removal of natural predators such as 
snakes and cats, and consequent crop damage by rats and birds. 
The disappearance of insect-eating birds has led to infestation of 
crops by some pests. 

There is some evidence that the productivity of mechanized 
areas has been declining over time. For example, data on the aver
age yield of sorghum in the Habila me-hanized farming scheme 
in Southern Kordofan indicate that productivity has fallen from 
0.341 tltiddan in 1973 - 74, to 0.199 t/fi'ddan 1983 - 84. Higher 
yields in crop production have been achieved by increases in the 
land area under cultivation. This result, however, should not be 
surprising, as average yields will generally decline as marginal 
land is brought into production. Variability of output also makes 
it difficult to establish a definite tren,,. 

Financial and economic analyses of mechanized farming 

A finncial analYsis of sorghum production by mehanized farming 
shows that profits can be made. Calculations f,,r a 1,000-fdda 
farm producing sorghum are presented in Fable 7.1. Gross annual 
returns are LS59,500 (measured in 1985 prices I LS = US$ 0.4) and 
net returns are LS15,014. Average gross returns are LS59.5/feddan 
(US$ 56.6/ha) and average net returns are LS15.0/htddan (US$ 
14.3/ha). Applying these figures to all 8.5 million "i'ddMns under 
mechanized cultivation, a total farm product of approximately 
LS505 million (US$ 202 million) and a net farm product of LS128 
million (US$ 51 million) should be attainable from this form of 
production. 

An econolnicanalyisis of mechanized farming is presented in Table 
7.2. The calculations are based on the financial analysis of a 1,000 
fieddan farm shown in Table 7.1, over a 20-year period, using a dis
count rate of 10'!,,.Instead of an annualized figure for maintenance 
and depreciation, the capital costs for land clearing are shown 
separately in Year 1.The cost of roads is an additional capital 
cost. Machinery must be replaced every eight years, and thus 
involves a recurring expenditure. Operating and maintenance 
costs for production exclude land rent, interest on capital, and 
depreciation. Marketing costs are the same as in the financial 
analysis, but local taxes are excluded since these constitute a 
transfer payment. 
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Table 7.1: Sorghum production by mechanized agriculture 
financial analysis (1,000-fedaan farm, average yield 1.7 sacks/ 
feddan) (1985 prices in Sudanese pounds, LS) 

Production costs 
Land rent 1,000
Land clearance 3,500 
Seeds 2,500 
Plowing and sowing 3,250 
Weeding 2,500 
Harvesting 3,700 
Food for labourers 3,500 
Maintenance & depreciation at 10% 2,500 
Management 1,500 
Interest on capital 2,186 
Unforeseen expenditure 500 
TOTAL 26,636 

Marketingcosts 
Sacks and springs 4,675
Finishing and loading 1,700 
Transport - field to camp 425 
1ransport - camp to market 6,800 
Local taxes 4,250 
TOTAL 17,850 

Production plus marketing costs 44,486 

Annual net returns 
Gross return (LS35/sack) 59,500
Less total cost 44,486 
NET RETURN 15,014 

Note: Iftiddan = 0.42 ha, LS2.5 = US$1 

The present value of net benefits for the 1,000-feddaii operation is 
estimated to be LS188,382 (US$ 75,353). The equivalent annualized 
net economic return is LS22,127 (US$ 8,850). 

Interpretationofresults 
From both public and private perspectives, mechanized farming 
offers sound investment opportunities, although the venture can 



Table 7.2: Sorghum production by mechanized agriculture - economic analysis 
(1,000-feddan farm; average yield 1.7 sacks/feddan) (1985 prices, 10% discount rate) 

Year 

Land 
clearing 

costs 
Road 
costs Machinery 

O&M I 

costs Marketing 
Total 
costs 

Gross 
revenue 

Net 
benefits 

Discount 
fazctor 

Net 
present 
value 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

3,500 25,000 16,000 

16,000 

16,000 

17,664 
17,664 
17,664 
17,664 
17,664 
17,664 
17,664 
17,664 
17,664 
17,664 
17,664 
17,664 
17,664 
17,664 
17,664 
17,664 
17,664 
17,664 
17,664 
17,664 

13,600 
13,600 
13,600 
13,6(;0 
13,600 
13,600 
13,600 
13,600 
13,600 
13,660 
13,600 
13,600 
13,600 
13,660 
13,600 
13,600 
13,600 
13,600 
13,600 
13,600 

75,764 
31,264 
31,264 
31,264 
31,264 
31,264 
31,264 
47,264 
31,264 
31,264 
31,264 
31,264 
31,264 
31,264 
47,264 
31,264 
31,264 
31,264 
31,264 
31,264 

59,500 
59,500 
59,500 
59,500 
5L),500 
59,500 
59,500 
59,500 
59,000 
59,500 
59,5(0 
59,000 
59,000 
59,000 
59,500 
59,500 
59,500 
59,500 
59,500 
59,500 

-16,264 
28,236 
28,236 
28,236 
28,236 
28,236 
28,236 
12,236 
28,236 
28,236 
28,236 
28,236 
28,236 
28,236 
12,236 
28,236 
28,236 
28,236 
28,236 
28,236 

.909 
.826 
.751 
.(-3 
.620 
.564 
.513 
.4(6 
.424 
.385 
.350 
.318 
.289 
.263 
.239 
.217 
.197 
.179 
.163 
.148 

-14,783 
23,322 
21,205 
19,285 
17,506 
15,925 
14,485 
5,701 

11,972 
10870 
9,882 
8,979 
8, 160 
7,426 
2,924 
6,127 
5,562 
5,054 
4,602 
4,178 

7

"

"a 

" 
L 

1. 0 & M costs =operations and maintenance costs 
188,382 E" 
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be a high risk due to seasonal variations in rainfall. A significant 
expansion in such production would be needed to have a major
impact on Sudan's food situation. In 1985, for example, Sudan 
received US$ 300 million in food aid, of which US$ 200 million 
went to Kordofan and Darfur provinces. The land area under 
mechanized farming would have to be doubled to produce the 
equivalent value of food, and almost quadrupled to generate suffi
cient income to purchase it as imports. 

Implicit in the preceding analysis is the need for environmen
tally sensitive farming techniques such as the use of shelter belts 
and fallowing to maintain output over time. In practice, this has 
not always been the case. 

Various land conservation techniques are available, including
fallowing, planting gum arabic trees on exhausted lands, growing 
leguminous crops to restore nitrogen levels, and using improved 
crop varieties and cultivation methods. One problem is that the 
low annual rent does not encourage land users to consider land 
as an investment. Improvements in productivity are costly, and 

i Lc,r for land operators to move into new areas once existing 
areas have been heavily farmed. 

Even this does not present the whole picture. The analysis 
could be improved, and its usefulness to policymakers increased 
by taking a society-wide perspective. This would consider the 
benefits and costs to society relative to the do-nothing base
line case. Costs would include infrastructure investment (roads,
communication), loss of wood supply for fuel znd construction, 
loss of gum arabic production, and costs of forgone agricultural 
yields, especially those accruing to nomadic and settled farmers 
who operated the land before mechanized farming. 

Benefits may include employment generation, particularly where 
farming is introduced to marginal lands with otherwise unused 
labour resources, and environmental protection benefits if sound 
land conservation measures are simultaneously introduced. 

Equity considerations could also be important. Mechanized 
farming has proved highly profitable for a number of operators, 
but the unequal distribution of income between traditional and 
modern agricultural sectors has widened. Adverse equity effects 
could be offset by facilitating involvement of small farmers in co
operatives running mechanized farms. 

References 

Ibrahim, F.N. (1978),
The Problem of Desertificationin the Repidlic of Sudan With Special Reference 



Kordofan and DarfurProvinces,Sudan Q7 

to tie Northern Darfur Province, University of Bayreuth, Bayreuth, 
West Germany. 

ILO (International Labour Organization), (1976), 
Growth, Einploynient and Equity: A Coinprelensive Strategqy for Sudan 
(Geneva: ILO). 



8
 
Benefit-Cost Analysis of the Farm
 

Improvement With Soil Consrvation (FISC)

Project in Maphutseng, Mohale's Hoek
 

District, Lesotho
 

Jan Bojb 

Precis 

This study presents economic and financial analyses, correspond
ing to macro and micro views of the Farm Improvement with 
Soil Conservation (FISC) Project in Maphutseng, Lesotho. The
economic analysis showed a negative net present value, primarily
because of large capital investments and employment of skilled
personnel. However, from the farmer's viewpoint, continued use 
of the inputs introduced by the project would yield very high rates
of return, even if purchased at regular market prices. Making the
farmers aware of the profitability is the important first step, but
high rates of adoption cannot be expected until the farmers' prob
lems of risk and lack of credit are overcome. 

Introduction 

The FISC Project was initiated in 1981 and first implemented in
1985 by the Swedish International Development Authority (SIDA)
to encourage rehabilitation and construction of terraces, water
ways, and drainage systems in Mohale's Hoek District in Lesotho.
Farmers working on physical conservation structures on their 
own land are given incentive payments in the form of improved
seed and fertilizer, and people working on communal land are
given cash payments. The project also encourages controlled graz
ing schemes, afforestation, and fruit and vegetable cultivation. 

The project's first three-year budget is only 2 million maloti 
(US$1 million), but it is considered to be very significant as
the pilot phase of a new nationwide effort to combat erosion.
The FISC Project uses simple, labour-intensive technologies and 
- unlike earlier conservation projects in Lesotho - emphasizes
popular participation and training to ensure that practices
continued and 

are 
structures maintained even when external fund

ing is withdrawn. The project has encouraged the establishment 
of a Village Conservation Committee (VCC) in Maphutseng, and 
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it is hoped that the VCC will assume a leading role in maintaining 
conservation works. 

The FISC Project is active in several areas of Mohaie's Hock 
District, but this case study focuses only' on the Maphutseng area 

where implementation first began. It includes both an economic 

and a financial analysis of the project's costs and benefits. The 

study is part of on-going monitoring and evaluation of the project, 

and the database is still too limited for conclusive statements about 

the project's worth, but some preliminary indications are given and 

a framework for future specialized data collection is established. 

The economic analysis 

The aim of the economic analysis is to estimate what surplus (if 

any) society could be expected to gain over the lifetime of the pro

ject's impact. The main criterion is the net present value (NPV). 
A time horizon of 2(0 years and a discount rate of 5% are used in 

the base case of the analysis. 

Table 8.1: Financial project costs (current Maloti) 

1985 1986 1987 1988 1989 1990 

Buildings 
Vehicles 

168,034 
66,591 

1,803 
6,640) 

11,000 
50,001) 

5,00) 
50,(10 

0 
0 

0 
0 

Skilled prs. 93,109 138,5' 151,250) 155,0501 134,000 138,000 
Semi-sk. pers. 
Unsk. pers. 
Incentives 

8,195 
29,583 
21,972 

21,208 
62,633 
51,4L)2 

75,300) 
57,000 
52,000 

79,000) 
60,000 
57,2)0 

83,000 
60,))00 
63,90)0 

87,100 
50,000 
45,000 

Equipment 
Nursery 
Other 

7,562 25,585 
124,048 213,821 
oo,332 102,315 

0 
17L,25) 
56,000 

32,00) 
175,01)5 

50,000t) 

0 
154,000 
50,000 

0 
158,00) 

30,001) 

Total 585,426 624,004 31,80)) 663,30) 544,900 5))8, 100 

)uaniI ifia)Io;I)ftco 
Project costs shown in Tab!e 8. 1were taken from project accounts 

and complemented by data frol Swedforest, the consulting com
for costs paid by SIDA. To convertpany managing the project, 
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from financial to economic costs, the following adjustments were 
made: 

* Costs related to the fruit and vegetable nursery are eliminated. This component of the project has a very long gestation period, and no significant distribution of seedlings has
taken place to date.
* It is assumed that 70% of total project costs in 1985 fell onthe Maphutseng area, and that this percentage will decreaseas emphasis is shifted to other areas. Corresponding figuresfor 1986 and 1987  90 are 40%, and 20%, respectively (FISCTeam Leader, personal communication).
* Buildings were depreciated at 3% per year and vehicles at33.3% per year. This corresponds to rates used by the CentralBank of Lesotho (Mellander 1987). Farm equipment has beenwritten off at 20, per year. This results in a residual value ofbuildings to be credited to the Maphutseng project in 1991.* Imported components were adjusted by a factor of 0.80to account for duty rebates from the Southern African Cus
toms Union. 
• Cash payments to unskilled personnel were shadowpriced at zero due to lack of alternative employnent opportunities. In-kind payments to unskilled labour were costed at
their opportunity cost. 
e An inflation factor of 18X for 1985-86 and 15%thereafter was used to convert to constant 1986 prices.* Fertilizer prices were increased by 30% "ocompensate for
 
government subsidies.


The adjusted economic costs are shown in Table 8.2.
 

Quantificationofbte'fits 
Crop benefits. Random crop samples taken in 1985 86 (BojO etal. 1987) showed a relative increase in yield of 81% for maize and95'% for sorghum in "with-project" areas. We assume an initialincrease of this magnitude and constant yields thereafter. In 
the without-project" scenario, yields are expected to decline at2% per year due to erosion, poor management, and continuousmonocropping. Figure 8.1 illustrates maize yields under these
assumptions.

However, it cannot be assumed that the entire difference inyield between the "with-" and "without-project" scenarios wascaused by the project. For the base case, we have chosen,o attr ibu e uniy ) 4 of the use of fertilizer and improved seedto the FISC project. Since it is fairly certain that no physical 
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conservation works would be undertaken without the project's 
presence, all conservation benefits can be attributed to the project 
(i.e., prevention of a 2% annual decline in yields). 

Table 8.2: Adjusted economic project costs for the Maphutseng 
area (Maloti) 

1985 1986 1987 1988 1989 1990 

Capitalcosts 53,487 2,027 12,200 11,000 0 0 
Recurrent 

costs 132,725 125,409 66,910 68,250 66,180 60,020 
Lessduty 12,698 4,507 4,432 4,448 2,556 1,800 

TOTAL 173,514 122,929 74,678 74,802 63,624 58,220 
Inflation factor 1.18 1.0 0.87 0.76 0.66 0.57 
TOTAL(in 
constant 
prices) 204,747 122,929 64,970 56,850 41,992 33,185 

Data from extensive field interviews in 1987 show that the total
"with-project" area in Maphutseng was 254 ha in 1986 and 244 ha 
in 1987, and it is assumed to remain the same from 1987 onward. 
Of the cultivated area, approximately 68", is planted to maize and 
32",. to sorghum. 

Table 8.3 shows how the gross benefits from increased maize 
yields are calculated. "Q(WO)" represents the expected maize 
yield without the project, based on a.'erage historical yield in the 
district and a 2', annual decline from the base year 1986. "Q(W)"is 
the with-project level, average yield (694) times relative increase 
(1.81) = 1,256. The next column, 'dQ," is the difference between 
the with- and without-project yields 

"Area" is the hectarage under improved maize management. 
The figures were derived by multiplying the area planted to 
maize (i.e., 68",, of 244 ha, or 166 ha, from 1987 on) by 50',,, the 
assumed degree of project impact. "TdQ" is the total resulting 
increased yield per \,ear in tons. (The 1985 harvest was not affec
ted by the project.) 

The economic value of maize is the import cost saved. This 
is M380 per ton in 1986 prices (IFAD 1986). However, maize has 
undergone an average real price decrease of about 2.3% per N'ear 
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for the last 25 years, and a continued downward trend of 2% peryear is assumed. Total increased yield was multiplied by theprice to arrive at gross annual benefit for maize. 

With 
120 

.1000 

-
800 

600-" 
Without 

1945 1990 1995. 2000 2005
Time 

Figure 8.1: Projected maize yield, with and without FISC Project 

Similar calculations were done for sorghum, using the average
historical yield of 816 kg/ha; a yield increase of 95% in the "withproject" area; and a 
price of M370/t, which decreases at 2% per 
year.

Note that increased variable costs still have to be deducted from gross benefits to arrive at net benefits. 
Fodder benefits. The area for fodder (Eragrostis) production in1986 was only 6 ha. However, it is assumed that this area willexpand at 3 ha/vr until it reaches a maximum of 24 ha in 1994.

The average yield is estimated to be 2 t/ha.
Whereas increased maize and sorghum production in Maphutseng ultimately replaces imports, increased fodder is only usedin the limited :ucal market. Fodder prices have been obtained fromthe project management: M4.50 per 20-kg bag for Eragrostis. Conant real prices will be assumed throughout for this commodity. 
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Table 8.3: Differential crop yield and gross crop benefits (maize) 

Year 
Q(WO) 
(kg/ha) 

Q(W) 
(kg/ha) 

dQ 
(kg/ha) 

Area 
(ha) 

TdQ 
(t) 

Price 
(M/t) 

Gross 
Ben.(M 

1985 694 694 0 0 0 388 0 
1986 694 1,256 562 86 48 380 18,366 
1987 680 1,256 576 83 48 372 17,800 
1988 667 1,256 589 83 49 365 17,856 
1989 653 1,256 603 83 50 358 17,895 
1990 640 1,256 616 83 51 350 17,917 
1991 627 1,256 629 83 52 343 17,923 
1992 615 1,256 641 83 53 337 17,915 
1993 602 1,256 654 83 54 330 17,894 
1994 590 1,256 666 83 55 323 17,859 
1995 579 1,256 677 83 56 317 17,813 
1996 567 1,256 689 83 57 310 17,755 
1997 556 1,256 700 83 58 304 17,686 
1998 545 1,256 711 83 59 298 17,607 
1999 534 1,256 722 83 60 292 17,519 
2000 523 1,256 733 83 61 286 17,423 
2001 513 1,256 743 83 62 281 17,318 
2002 502 1,256 754 83 63 275 17,206 
2003 492 1,256 764 83 63 270 17,086 
2004 482 1,256 774 83 64 264 16,960 

Note: Slight discrepancies due to rounding. 

There is an opportunity cost to the fodder growing, as cropland 
will then diminish. Since the land used for fodder production is 
presumably of relatively poor quality, it is estimated to yield only 
about 75% of the average crop yield for the area (Shone, personal 
communication). This rorresponds to a forgone yield of about 
521 kg/ha if maize production is the crop that would have been 
grown. This opportunity cost is charged against the income from 
growing fodder. 

Aftirestatioi henefits. It is stimated that 4,000 of the 9,000 pine 
seedlings planted in 1986 will survive to the cutting age of 12 years. 
At that time they are expected to have on average volume of 0.15 
m3 each. The total harvestable volume is therefore 600 m 3 (May, 
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personal communication). 
It is assumed that local!- p'roduced fuelwood will to some extentreplace alternative sources of energy such as brushwood, dungand crop residues; there is not much replacement of imported

coal and fuelwood in this particular area. The Central Planningand Development Office (CPDO) has recently produced cstimates of substitution values for fuelwood based on consumption
shares, energy equivalents, and economic costs of substitutes(CPDO 1987). The value of I m of fuelwood was calculated tobe M28.71, 

3 
and this price is assumed to remain constant. Thus,

the 600 m harvestable in 1998 are valued at M 17,400. 

Table 8.4: Benefit summary (1986 Maloti) 

Year Maize Srwxhu Fodder Fuel Resid." CtisM* CtsS* Sum 

1985 0 0 0 0 0 0 0
1986 18,366 11,757 2,700 

0 
0 0 821 483 34,1271987 17,800 11,190 4,050 0 0 1,537 891 35,469

1988 17,856 11,188 5,400 0 0 2,237 1,297 37,9781989 17,895 11,177 6,750 0 0 2,894 1,677 40,3941990 17,917 11,158 8,100 0 0 3,511 2,035 42,7201991 17,923 11,131 Q,450 0 23,00o 2,3694,088 67,9681992 17,915 11,097 10,800 0 0 4,628 2,682 47,123
1993 17,89.1 11,056 10,80(1 0 0 5,132 2,974 47,8571994 17,859 11,009 10,800 0 0 5,603 3,247 48,5191995 17,813 10,956 10,800 0 0 6,042 3,501 49,1121996 17,755 10,897 10,80 0 0 6,450 3,738 49,6,101997 17,686 119,834 10,800 0 0 6,829 3,958 50,10t)1998 17,607 10,765 10,800 17,400 0 7,180 4,161 67,914
1999 17,519 10,692 10,800 
 0 0 7,505 4,350 50,8662000 17,423 10,614 10,800 0 

2001 
0 7,805 4,523 51,165

17,318 10,533 10,800 0 0 8,081 4,683 51,4152002 17,206 10,448 10,800 (
2003 

0 8,335 4,830 51,619
17,086 10,360 10,8(0 0 0 8,566 4,965 51,778

2004 16,960 10,269 10,800 0 0 8,778 5,087 51,895 

'Note, Resid. = residual va ite o1 buidiIgs 
Cons NI conservation benefits for maize 
Covs S = conservation henefits for sorghlum 

The opportunity cost of lost grazing areas because ofa fforestation 
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is insignificant in this case. Villagers can cut and carry grass 
while trees rnature, and when the trees are large enough to be safe 
from livestock, animals will be allowed to graze in the area. The 
spacing ol the trees is very wide to minimize interference with 
range productivity. 

Table 8.4 summarizes all the quantified project benefits. 
Other potential benefits. Intangible and unquantified benefits of 

the project include the following: 

* training received by tile Extension Agent, Conservation 
Assistant, lead farmers, and members of village committees 
involved in project-related activities; 
* potential spin-off effects from the introduction of 
improved communal management for areas not directly 
involved in the project; 
* extension of the useful lifetime of small dams because of 
less siltation; 
* improved income distribution, both among regions and 
individuals; 
* the "option value" of preventing irreversible losses of 
production capacity for the future; 
* potential for irrigation and communal gardens; 
* improved water quality (an aesthetic value, but will not 
significantly affect washing facilities or drinking water); 
• secondary community benefits (multiplier effects) of 
increased income and consumption, which are not included 
because tile bulk of these benefits will probably go to South 
Africa; 
* increased crop residues suitable for animal feed; 
• conservation benefits from up-slope tree planting. 

Results 
Table 8.5 summarizes the quantified costs and benefits and shows 
the yearly net benefits. Overall, the net present value (NPV) of 
the project - when a 5% discount rate is applied - is minus 
M125,000. This corresponds to an internal rate of return (IRR) of 
approximately 1%. 

It appears that the project will become economically more 
attractive when the expatriate personnel are supplemented by 
more domestic assistance and the project area increases, 
"diluting" the high costs of skilled personnel. 

Uncertaityand sensitivityanalyses 
Major assumptions were tested with sensitivity analysis: yield 
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patterns, FISC Project impact, price trends, discount rate and the
appropriate time horizon. Resulting changes in the IRR and NPV 
are as follows. 

Table 8.5: Benefit-cost summary (1986 Maloti) 

Year FISC Inputs CropL. CostSum Ben. Sum NetBen. 

1985 204,747 0 0 204,747 0 -204,747
1986 122,929 1,920 1,164 126,013 34,127 -91,887
1987 64,970 16,157 1,677 82,804 35,469 -47,336
1988 56,850 16,157 2,147 75,155 37,978 -37,177
1989 41,992 16,157 2,578 60,728 40,394 -20,334
1990 33,185 16,157 2,971 52,314 42,720 -9,593
1991 0 16,157 3,329 19,487 67,968 48,481
1992 0 16,157 3,654 19,811 47,123 27,311
1993 0 16,157 3,509 19,667 47,857 28,190
1994 0 16,157 3,370 19,528 48,519 28,991
1995 0 16,157 3,237 19,394 49,112 29,718
1996 0 16,157 3,109 19,266 49,640 30,374
199;' 0 16,157 2,986 19,143 50,106 30,963
1998 0 16,157 2,867 19,025 67,914 48,889
1999 0 16,157 2,754 18,911 50,866 31,954
2000 0 16,157 2,645 18,802 51,165 32,363
2001 0 16,157 2,540 18,697 51,415 32,718
2002 0 16,157 2,439 18,597 51,619 33,022
2003 0 16,157 2,343 18,500 51,778 33,277
2004 0 16,157 2,250 18,498 51,895 33,487 

Note: The FISC column shows economically adjusted project costs. The next column shows
economic input costs for the farmers, in order to sustain the higher yields. Tile Crop L.colunn shows crops lost because of expanded fodder production. The next column is the sum of all tileprevious columns. The cost sum mirus the benefit sum is the undiscounted 
net benefit (last column). 

Yield patterns. In the base case, the assumption was made that
yields in the "without-project" situation would decline by 2% 
per year as a result of continuous erosion. This assumption was
tested by assuming a decline of only 0.5% per year and, at the 
other extreme, a 5%,annual decline. The results are shown in
Table 8.6. Even at the higher level of yiel.' decline in the"without-project" scenario, the net discounted benefits from the 
project are less than zero. 
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Table 8.6: Sensitivity for yield patterns 

Decline(%yr) IRR (%) NPV (M)at5%discoutnt 

0.5 -3.2 -225,811 
2.0 1.2 -124,615 
5.0 4.5 -18,454 

FISC Project impact. In the base case, it was assumed that 50% of 
the use of fertilizer and improved seed are a direct result of the pro
ject. This assumption is tested using 0% as a minimum and 100% as 
a maximum (Table 8.7). The project NPV is still less than zero even 
at the flO ;, rate. 

Table 8.7: Sensitivity for FISC Project impact 

Inpactfactor IRR (/) NPV (M) at5% discount 

0% -4.2 -282,374 
50% 1.2 -124,615 

100% 3.1 -56,696 

Price trends. The assumption that maize and sorghum prices 
would continue their decline of about 2% per year was changed 
to (a) constant real prices and (b) a price increase of 2%per year. 
The resulting changes in IRR and NPV are shown in Table 8.8. 
Note that at a price increase of 2% per year, the project shows a 
positive NPV. 

Table 8.8: Sensitivity for price trends 

Price Change "(%/1r) IRR (%) NPV (M) at 5% discount 

-2% 1.2 -124,615 
0% 3.6 -53,151 
2% 5.9 36,025 
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Discount rates. In the base case a discount rate of 5% was used tocalculate the NPV of the project. This assumption is changed to(a) 0% and (b) 10%. The results areshown inTable8.9. Note thatata0% discount rate the NPV is positive. (Of course, since the project
has an IRR of 1%, this result is not surprising.) 

Table 8.9: Snsitivity to discount rates 

Rate("4,) NPV(M) 

0 58,665
5 -124,615

10 -200,858 

Time horizon. In the base case, a 20-year time horizon wasincorporated into the analysis. It could be argued that the probablelack of maintenance of structures and withdrawn institutional
support frorr ,heproject will result in a shorter time horizon, say,
10 years. On the other hand, it could be argued that successfuldemonstrations and solid institution building will make the projectlast for 50 years. The resulting changes in IRR and NPV are shown
in Table 8.10. Longer time horizons yield higher IRRs and NPVssince most costs occur in the initial years. If project benefits last
for 50 years, thl? NPV would be positive. 

Table 8.10: Sensitivity to time horizon 

Timenhorizon(yrs) IRR (%) NPV(M) 

10 -16.7 -283,998
20 
 1.8 -124,615

50 6.1 79,302 

Swunmaryl of se'nsitivitiyanalsis. Based on the sensitivity analysis,the discouraging results about the project's economic desirability
appear rather robust. To make a strong case against the main thrust
of our previous results, one would have to assume fairly unlikely
developments. 
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The financial analysis 

Thefarmer'sviewpoint 
In order to evaluate the impact of adopting the project's sugges

tions on the farmer, we must calculate the net return/ha for an 

average farmer and discuss the incentives for him/her to join and 

continue with ihe project. 
Actual crop yields/ha in Maphutseng for 1986 are taken from 

et al. 1987). The correct price to use
random crop samples (BojO 

or the
in the financial calculation is the price the farmer receives, 

price he or she would have paid for the crops (replacement cost). 

Project 	management has made .. e judgement that the local price 

is a few Maloti above the official price; we will therefore use the 
a

economic prices (M3S0/t for maize and M370/t for sorghum) as 

minimum estimate of the financial price. 
that some extra labour days will be

It is reasonable to assume 
needed, and marginal additional costs may be incurred for trans-

On the other hand, stover yield will 
port of inputs and crops. 

of the project input package. There is no
increase with the use 
empirical data from Maphutseng on these points and they will not 

be included here. 
Table 8.11 shows the "with-" and "without-project" costs and 

I ha of maize, from a farmer's perspective.benefits of growing 
of M470 is expected for

A net benefit in the "with-project" case 
plus iabour costs. The farmermaize on an investment of N154, 

is likely to look at this situation as one of investing an additional 

28) in costs in order to obtain an additional gross benefitM126 (154-
of M279 (624 - 345). This represents a rate of return of 121'., which 

For sorghum, the correspondingshould be attractive enough. 
are an increase in gross benefits of M370 for an

financial figures 
a 252'/0 rate of

additional investment of %1M105. This represents 

return (less additional unaccounted costs as mentioned above). 

'However, crop yields for Maphutseng in 1985-86 were ex

in Lesotho cannot hope
ceptionally high. Normally farmers 

rates of return, and their decision to 
to receive such yields and 

on longer term
adopt the programme would probably be based 

appropriate calculation for
expectations of net benefits. A more 

the farmer's expected marginal net benefit might therefore be: 

E(NB) 	 = (Y x dY x P)- dvC 

where 	Y = 13-vearaverage vield in the district
 

dY = relative increase in yield obtained in 1986 (%)
 

P = market price ofcrop
 

dvC = (absolute) increase in variable input costs.
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E(NB) =Expected marginal net benefit.For maize, the calculation becomes 
E(NB) = (694 x 0.81 X0.38) - 126 = 214 - 126 = 88For sorghum, the corresponding figures are:E(NB) = (816 X0.95 0.37) - 105 = 287 105 = 182 

Table 8.11: A farmer's comparison of 1 ha of maize "with""without" FISC Project (1985/86) 
vs. 

Without
Yield (kg/ha) With 

909 1,642
Unit price 

0.38 0.38Gross benefit 
345 624Fertilizercos, 

0Bags 63 
18Seeds 33 
8Interest foregone 48 
2 10TOTAL COSTS 

28 154
Netbenefit 

317 470 
Sources: Yield figures, Bojd el al. (1987); prices, FISC Project managementLesotho; interest rate, Central Bank of Lesotho. 

and Co-op 

The farmer's marginal returns on investments now become70% (88/126) for maize and 173% (182/105) for sorghum. Assuming
that after the initial investment in conservation structures labour
requirements are 75 days/ha with or without the project (IFAD1986), average returns per person-day increase fromM6.27, M4.23 toor by 48%. These returns appear convincing enough, butthere are a couple of important constraints: risk and credit.Theprobh'i (fisk. Cropyields are very unreliable in Lesotho. Thefarmers are quite aware of this and will (informally) calculate thechances of losing the little money they have available for investment. To calculate the breakeven point, oneassumption about the implicit labour cost, i.e., 
must also make an 

what the farmerdemands in return for effort. Assume that he or she demands M2per day (as recruitment at M2.5 has not been a problem). Withthe assumption that the farmer works 75 days/ha, the imputedlabour cost is M150. This value is added to the total input costs and 
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compared to the yield that would be needed to have crop revenue 
(yield x price) just equal to the total of labour and input costs. For 

maize, this is 800 kg (800 x 0.38 - 150 - 154 = 0); for sorghum it 

is 759 kg (759 x 0.37- 150- 131 = 0). 
Available data show that maize yields have been less than the 

oreakeven amount in 7 of the last 13 years (54'%). The correspond

ing figure for sL,.ghum is 8out of 13 years (62',). Thus, in over half 

of the years, yields would not meet the break-even criterion. 
Utilizing the project's input package certainly raises the mean 

yield above historical levels, but by how much is uncertain. The 

standard deviation of expected returns is still very large. It is 

certainly rational for farmers to adopt a cautious approach in the 

face of these risks. 
The l;rolblci offr,0dit. If the farmer co,.ld rely on a perfect credit 

market, risks might be taken care of. Good years could outweigh 
bad years, and expected average yield within the personal time 

horizon would be the guiding variable. Real interest rates are 

low (4 to 5%), but in the Maphutseng area there is no facility 

that extends credit to smallholder farmers. Apparently the 

potential demand is too small to be of interest to credit 

i,4itutions, and there may be a problem with collateral. 

Policy implications 

The indication that the project is a financially attractive but 

economically doubtful package of measures suggests that this 

is a case of "over-subsidization". If farmers could be made aware 

of the financial benefits for themselves, they should be willing to 
are riskinvest out of self-interest. The main obstacies, however, 

and credit. 
The project may be able to extend assistance in these areas 

and thereby increase the chances for long-term survival of its 

ideas. These problems could also be addressed by government 
assistance through insurance and credit schemes. 

Note 
The complete study appears as an appendix to The Economics of 

Dryland Managet'int, by Dixon, James and Sherman (London: 
wasEarthscan Publications, 1989). This shortened version 


abstracted by Regina Gregory.
 



112 Farm Practices 

References 

Bojo, J., K. Pettersson, and G. Shone (1987),
"Crop sampling in the Maphutseng and Brakfontein areas", mimeo,report no. 6 from tile SADCC Coordination Unit for Soil and Water
Conservation and Land Utilization, Maseru.

Central Planning and Development Office (1987),
"Fuelwood and poles forestry sub-project: economic analysis", mimeo
(Maseru: CPDO). b
 

Farm Improvement with Soil Conservation Project

Monthly Reports, mimeo (Mohale's Hock FISC Project).
IFAD (International Fund for Agricultural Development) (1986),Appraisal Report: Lesotho Local Initiativcs Support Project, report
0026-LE, vols Iand 2. 

no. 

Mellander, A. (1987),
"Cost-benefit analysis and soil and water conservation projects, aminor field study" (Stockholm: Stockholm School of Economics).

SIDA (Swedish International Development Authority), (1983),"Insatspromemoria (terms of reference)", mirneo, 83 10 11 (Stockholm:
SIDA). 

List of persons contacted in Lesotho 

Ms A. Bratt, FISC Project Horticulturist
 
Ms A. Dahlberg, Consultant, Social Anthropologist

MrJ. Eklof, Bureau of Statistics
 
Mr E. Karlsson, Governor of the Central Bank of Lesotho
Mr M. Masilo, Director of Conservation & Forestry
Mr M. May', Forester, Lesotho Woodlot Project
Mr E. Modise, Chief Crops Officer 
Mr M. Phakoe, Marketing Manager, Co-op Lesotho
Mr Pomela, Agronomist, Agricultural Research Division
Mr B. Rydgren, Physical Geographer, Institute of Land Use Planning
Mr G. Shone, FISC Team Leader 
Ms Takalimane, Price Office, Co-op Lesotho 
Mr H. White, Central Planning & Development Office
Mr E. Yaxley, Senior Land Use Planner, Institute of Land Use 

Planning 



Rangeland
 
Management
 

Rangelands are among the most degraded of the world's 
drylands. About 80% are suffering from serious or mod
erate degradation with mismanagemen! of grazing 
activities a leading cause. 

Grazing systems are a potentially renewable resource. 
If the stocking rate is not too high, a long-term sustained 
yield of products can be obtained. The correct balance 
between sustainability and exploitation is determined by 
both economic and environmental factors. 

Range condition is an important element - with 
appropriate land conservation and grazing manage
ment strategies, the sustainable yield can be increased. 
Conversely, if the resource is abused or allowed to 
degrade, the yield will correspondingly fall. A goal of 
long-term sustainbility may require short-term flexibil
ity in stocking rates and resource use to respond to 
environmental conditions. 

To establish economically and environmentally sound 
grazing practices, a full understanding is needed of the 
biological properties of rangeland systems. Simple 
steady-state models indicate that the same sustained 
yield may be obtained with a large or small stock of ani
mals. This has implications for the average costs of pro
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duction, in that a sustained yield of a given quantity may
be accompanied by either high or low cost conditions. 

One of the aims of rangeland rehabilitation is to raise 
the productivity of the resource, so that average costs 
can be lowered and net returns increased. This is the
theme of the study by Wilcox and Thomas (Chapter 9),
which deals with grazing management in the Kimberley
region of Australia. The underlying theoretical model 
is explained in an appendix to the Wilcox and Thomas
study, as well as in the companion book, The Ectnonics 
of DrylandManagemecnt. 

Land use rights often affect grazing practices and
their effects on land condition. Arntzen presents an
interesting case study from Botswana, showing how 
uncontrolled grazing can adversely affect both range
condition and agricultural activity. in some areas, wild
life exacerbates the problem. Botswana is experiment
ing with systems of communal fencing to regulate
cattle movement. Private fencing is also used. The
results, assessed in a benefit-cost framework, indicate 
that agricultural yields and grazing output can achieve
significant improvements. The economic assessments
 
required to demonstrate these effects are 
 relatively 
straightforward. 

The ecological dynamics of rangeland systems can 
be explored through analytical mathematical models of
varying complexity. Differential equations and optimal
control models are often used by economic theorists 
for such purposes. For an operational approach
rangeland management, however, computer simula-

to 

tion models are more widely used. One of the impor
tant tasks of rangeland managers is to identify the 
general ecological properties and dynamic behaviour 
of rangeland systems. Of particular importance is the
system's response to stochastic variables such as rain
fall. 

The risks of alternative management strategies can be 
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on the perforassessed by simulating their effects 
mance of the system. Because of the usual rich diversity 

possible outcomes, resource economists mustof 
be best managed fromdetermine how the system can 

study by Braat and an economic viewpoint. The case 

Opschoor shows how computer simulation techniques 

can be used to study grazing systems. The setting is 

Botswana, where grazing is an important dryland activ

ity. Economic variables can easily be incorporated in 
are also available to handlesuch models. Methods 

in The
economic risks and uncertainty, as explained 

Ecoiotiicsof DrylnatdMatageit.i 



9The Fitzroy Valley Regeneration Project 
in Western Australia 

D.G. Wilcox and J.F. Thomas 

Pr6cis
 
This case 
stud), examines land degradation in the Fitzroy Valleyin Western Australia. The main land use activity is grazing. Anexplanation is provided of the causesmain of land degradation. Tiletechnical and institutional mechanisms required to restorerange condition and improve land management are described. Aneconomic analysis is conducted of the consequences of degradation and the benefits of rehabilitation. A theoretical model of grazing management is presented in an appendix. 

Background 
Almost all rangelands in Australia have deteriorated following theintroduction of large numbers of European, hard-hoofed domestic animals. Prior to this, pastures were only lightly stocked byfluctuating numbers of soft-footed marsupials.This case study discusses land degradation in the Fitzroy Valley of the Kimberlev region in Western Australia. It describesthe extent and nature of land degradation, the technical andinstitutional mechanisms set up to overcome it, and the econonics of degradation and remedial measures.The Fitzrov Valley lies between south latitudes 17,' and 19-, asshown in Figure 9.1. The area has an arid to semi-arid monsoonal
climate with almost all rain falling during the summer (December
to March). The average annual rainfall in the valley is about 500am, and the mean duration of pasture growth is about 15 weeks.Tussocky, perennial grasses under a scattered cover of low trees,characterize the vegetation. Temperatures

the year, are high throughoutwith a mean of 20'C in July and 30"C in November.Additional background information on the region is found inJennings ct al. (1979, 1984).Settlement with cattle (and sheep for a time) began in 1880. Theland was rapidly colonized because the permanent waterholesalong the river and the productive pastures of the lands marginal 
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to it (the "frontage country") made the area attractive. Settlement 
was complete by 1887.Stock were concentrated along the fertile river frontages formost of the year. The effects of the heavy, continuous grazing andtrampling by many thousands of cattle were masked for a numberof years since the Country had some resilience, but a series of poorseasons in the 19 20s soon demonstrated the effects of over-use.Bolton (1954) states that "all the pastures on the river frontages hadcompletely disappeared, which was bare and almost nothing buta lot of scalded ground."

Quantitative reports of the nature and extent of the degradationin the Fitzroy Valley were also made (Speck etal. 1964). Of the totalarea of 32,486 km 2 of river plains ("frontage country"), 22%, was inbad condition, 27%, in good condition, and 51% in fair condition.Payne et al. (1979) have suggested that the stocking rate for theIrontage rangeland in bad condition is betweenunit/kmn2 zero and I cattle. In good condition, they estimated that these lands cansupport about 10.5 cattle units/kmi2.The recommended carrying capacity forarea the whole projectis 84,500 cattle units, although the presentPotentially, level is 100,000.the carrying capacity
Assuming a 

could be increased to 143,000.12% off-'take rate each year, the estimated loss of revenue incurred by not realizing the land's full potential ranges fromA$1.89 million to A$2.56 million annually. 

The present pastoral industry and its value 
All of the land in the Fitzroy ''alley is held under terminating lease
from the Crown, all leases falling 
due in 2015. Pastoralism, orranching, is regarded as a residual use for these semi-arid lands and
not a prime use. Leaseholders pay a small rental, not exceeding 30
cents/cattle 
unit area/yr, for the use of the land andenjoined are merelyto place a minimumL of water points and fences onland and theto stock it, in return for a guarantee of occupancy untilthe termination of the lease.

Until recently, leaseholders were not provided with advice thatwould encourage them to stock the land conservatively or tomanage their lierds in a sustainable manner. Ignorance ab(out thepotential of the land, the great variations in annual production,and the unrealistic expectations of a continuously high and stableproductivity have caused degradation of the frontage lands - themost accessible, best watered, and productive lands in the WestKimberley (Western Australia Department of Agriculture 1981).The perennial grasses on the frontage country have been 
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replaced by annual species in the degradation process. The 

frontage land can only be used opportunistically for about three 

months each year. 
The cattle industry in the Fitzroy Valley is primitive (i.e. largely 

confined to the pursuit and capture ot cattle annually and the 

segregation of saleable cattle from breeding and young stock). At 

the annual muster all cattle are branded and the males castrated. 

The annual off-take, about 12% of the total herd, is principally cas

trated male cattle with a lesser number of old cows. 
Present management of the country calls for sale cattle to be 

grazed on the frontage for a short period to take advantage of 

the pasture available there. The value of output from the frontage 

country in its present condition is estimated to be A$296,000 a 

year. It is assumed that all of the potential male cattle turned 

off are grazed there for 90 days and that the live-weight gain is 

0.5 kg/dav. A price of A$1.40/kg is assumed for all carcass 

meat prodluced. About 9,500 male cattle would be fattened on 

the frontage country each year, assuming a 12', turnoff of which 

two-thirds is male. After land improvement, annual revenue from 

the frontage land could be increased to A$578,000. A different 

management strategy, assuming a turnoff rate of 22%", and grazing 

for 12 months of the year, an average carcass weight of 185 kg 

and a meat price of A$1.23/kg could generate an annual revenue 

as high as AS784,000. The annual loss of revenue attributable to 

degradation of the frontage lands thus varies from A$282,000 to 

A$488,000 depending on the management strategy adopted. 

Sylsteimns view of tw Kim'erI' pastoral industry 
The rehabilitation of eroded frontage country in the Fitzroy Valley 

forms part of an integrated programme for improving the kimber

ley cattle industry (Hacker (ed.) 1982). A model of the production 

system was developed, including the major environmental influ

ences on cattle production and biological and economic influ

ences on the efficiency of converting forage to saleable product. 

Feedback loops were identified. The model was then used to gener

ate proposals for productivity improvement. The model, which 

is illustrated in Figure 9.2, may be briefly summarized under two 

headings. 
Environmnental tictois atfectig forage quantitiY and quality. The 

environmental components are rainfall, temperature, solar energy 

and land form/vegetation characteristics. The short growing sea

son in the Kimberley has a major effect on animal growth since it 

prolongs the length of time for which low quality, dry forage is the 

only food source. The high temperatures of the Kimberley, while 
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promoting luxuriant plant growth in the wet season, also produceforage not easily digested with low concentrations of nutrients.The forage is therefore inferior from an animal production point
of view. 

Figure 9.2: A conceptual model of the Kimberley cattle production 

system 

Severe range degradation is largely restricted to the small core area (20% of t(e total) of high quality land. This area is critical to theoverall productivity and economic well-being of the industry.Efficienc ofGcotrsion from forage to saleable product. The mainfactors considered were selectivity of pasture consumption by 
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animals; animal growth patterns; reproduction; deaths; pests and 
diseases that affect reproduction, growth, and hides; herd size and 
structure and its effect on turnoff; labour availability; and cattle 
handling before and during shipment. 

Animal growth patterns are closely related to seasonal pasture 
availabilitx , with up to 30",, weight loss during the dry season. Cat
tle are generally turned off Kimberley stations as lean, aged animals 
suitable for manufacturing beef. Death rates of mature animals, 
particularly cows, are thought to be high due to the poor quality of 
dry-season pastures and lack of breeding management. Estimates 
of overall death rates in the Kimberley range trom 13 to 20% - the 
highest of any cattle-producing area in Australia. 

Because of the environmental limitations imposed on the basic 
processes of growth, reproduction and death, the Wt st Kimberley 
herd contains relatively few breeding cows. Low growth rates, higi 
death rates and poor reproductive performance result in generally 
low turnoff of cattle. Turnoff percentages have ranged from 8to20o%. 

Erosion treatment programme 

icntsInstitutionalarralm e 
Legislative provisions such as the Soil and Land Conservation Act 
were just one of the factors that facilitated cc mmencement of 
the erosion treatment programme. Financial assi, tance was made 
available bv the Commonwealth (federal) goverrment as well as 
the state (provincial) government. 

Connlonwealth \,ovrmnent suqport. Following presentation of a 

report on Land Degradation (Anon 1982), the Commonwealth 
government of Australia undertook to provide funds to the states 
to assist with soil conservation and land reclamation programmes. 
The financial assistance is designed to serve as a catalyst to encour
age all sectors of the community to practice soil conservation. 
These funds, provided under the"National Soil Conservation Pro
gramme, are for programmes that satisfy a number of criteria 
including the following: 

0 land must be used within its capability, and programmes 
must be based on whole catchment or regional land manage
nment concepts; 
* all land users and the State Government must meet their soil 
cmnservation responsibilities; 
* effective co-operation and co-ordination must exist between 
all sectors of the community involved with the use of the land; 
and 
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* the whole community should adopt a land conservation 
ethic. 

These requirements indicate that the programmes must have ahigh level of community support. The Fitzroy Valley programmehas achieved such support through the Soil Conservation Districtand District Committee, which is thus seen to be central to the 
project.

The funds provided by the Commonwealth government havebeen used by the Committee to purchase fencing for those areasrequiring treatment. Although the funds provided only partiallydefray the cost of the project, the contribution has been sufficientto convince landholders that the government is prepared to share
the cost and responsibilities of land reclamation. 

The fil/d prograinni,
The fieldwork of reclamation in the Fitzroy Valley beganconcurrently with the formation of the Soil Conservation District. It has two distinct aspects: (a) involvement with contractual commitments from pastoralists, and (b) the fieldwork itself,including the research component with guidelines for adoption
of procedures.

Contractual otblations. The conditions of Commonwealth support for the project require a commitment from individuallandholders that they will contribute to the cost of the operationand will follow the prescriptive practices designed to meet theirparticular circumstances. These practices usually include theerection and maintenance of suitable fencing and the exclusion
of cattle from degraded areas for a specified period. In return,fencing materials are supplied, and the state undertakes to culti
vate and reseed the affected areas. 

Contractual arrangements were entered into by 8 of theproperties in the project during the first two years.
Treatnctits applied. Because the project initially attempted totransfer techniques from one part of the Kimberley to another,the results were not encouraging. The research programme hasattempted to address the nature of the reclamation problem,particularly in relation to soil types, their distribution, and thespecific constraints they impose on successful revegetation. Aspe,.ial "ponding" technique was developed to accommodate the

unique needs of Fitzroy Valley soils.
A wide range of indigenous and exotic grass, legume and shrubspecies has been assessed for suitability. Following treatment, 

13 
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several monitoring sites are installed and plant measurements are 

taken to provide a baseline upon which the rate of recovery may 
be judged. 

Economic evaluation of range regeneration 

Approach to evaluation 
Changes in the economic welfare of the producers of rangeland 

from the Kimberley region resulting from thecommodities 
the measure of relativeregeneration project have been taken as 

benefits. 
The term "producer" is used in its widest sense. Potentially, it 

includes not onty the individuals and companies who hold pasto

ral leases, but also station and meatworks employees. Benefits to 

producers from regeneration are assessed as the net difference 
their monetary receipts and thL- estimated opportunitybetween 

with andcosts of their participation in rangeland production, 
without regeneration. Here, opportunity cost refers to the poten

tial output forgone in an alternative employment. 
The Kimberley pastoral industry produces almost entirely for 

overseas manufacturing meat markets. The impact of range 
is sufficientlyrenabilitation on Australian consu .,ers of meat 

small to be ignored. Also, because of the specialized nature of 

the market, negative effects on meat producers in other Australian 
regions can be assumed to be negligible. 

Modelling the etfects of regemration 
The station (ranch) was adopted as an appropriate unit for the 
analysis. A simulation model was used to assess the effects of 

underlyingregeneration and improved grazing practices. The 
conceptual model is described in the Appendix to this chapter. 

Although rehabilitation is confined to specific land systems, it 

affects station operations as a whole through its effects on the aver

age cost of production. Ideally the station model should have been 
applied to each of the 13 stations in the study area to reflect individ
ual differences. However, for the purposes of this paper an aver

age, or representative, station is analysed. Only those changes in 

station performance that depend on range condition in the treated 

areas are analysed. As mentioned previously, other components 
of the overall plan for the industry are not considered here. Basic 

statistics of the "average station" are given in Table 9.1. 
A 20-year period was adopted for the analysis, since this length 

of time would be needed for completing tretment and subsequent 
adjustment of herd characteristics. Terminal-year discounted 
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Table 9.1: Representative station statistics 

Gross area 
2,498 km-1ofwhich in -good range condition 676 km 2 

- fair range condition 1,280 km 2 
-eroded country (for treatment) in bad condition 97km 2 
- other country in bad condition 445 km 2 

Estimated current carrying capacity 6,550 CU* 
Estimated current stocking level 7,700 CU 
Potential carrying capacity that would result from
the integrated programme 


11,000 CUof which -treated country 
1,000 CU- other 

10,000 CU 
Predicted stocking level assuming correct management

of treated country and current stocking level in
remaining country 

8,700 CU 
* A catle unit (CU) is an adult bullock with a live weight of4(X) kg or more. The size of a herdof mixed age and sex is derived as Herd (CU x 1.18).= 

values of continued production beyond the 2 0-year horizon wereconsidered in sensitivity testing. From the simple station model,
implications 
of improved range condition can be drawn for theeconomic prospects of the industry. Changes in range condition
affect financial and economic outcomes by their effects 
on herd
size and structure. Improved range condition leads to larger carrying capacity and higher turnoff ratios which, in turn, lowers the
average 
 cost of production. Improvements in animal condition
and herd structure are also possible, leading to an improvement in
the average price received. The station model has two subniodels - a herd submodel and an economic submodel.Herd submodel. The herd submodel provides a deterministicsimulation of herd age-sex structure. Input data are the existingnumbers of cattle in each age-sex group, age-sex specific mortality rates, net reproduction rate per mature cow, and rules forextracting turnoff of bullocks and cows. Normally in the Kimberley, bullocks are taken off at age four years, and cows at age eight 
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or nine years. The herd submodel can be used to determine the age
sex distributed turnoff required to maintain a stable stocking rate. 

The effect of a change in range condition is to change mortality 
rates and, by the size of the mature cow population, tile overall 
reproduction rate. Likely changes in mortality rates were assessed 
based on comparison with those experienced in degraded and in 
better quality rangeland. It was then assumed that, for improved 
range condition, herd size should be constrained to the level of 
safe carrying capacity, and the model was used to generate the 
increased turnoff necessary to achieve this. 

It was recognized that the economic or financial success of 
the range improvement programme would partly depend on 
the weather. This prospect opens up much scope for decision 
analysis using stochastic simulation techniques. However, the 
West Kimberley climate has been remarkably reliable. Therefore, 
in this study sensitivity analysis of climatic variation ,as not 
undertaken. 

Economic subniodcl. The economic submodel takes projections 
of herd size and male and female turnoff each year from the herd 
model, and estimates the implication for station input costs and 
returns. The submodel is economic, rather than financial, in that 
such items as taxes, interest, and rents paid are not included as 
costs, since they are actually transfers of income from the pastoral 
enterprise. As far as possibie the opportunity costs of inputs were 
entered, as distinct from market prices. 

For most inputs, the opportunity costs were valued at market 
prices (e.g. helicopter hire and freight charges), but an indirect tax 
component of input costs was deducted. This represents an 
appropriation of the income of the pastoral enterprise by govern
ment. The indirect tax component was assessed as 3% of non
labour input costs. Two inputs for which market prices may not 
reflect opportunity costs are labour costs and land rental payments. 

In the first case, wage rates in the Kimberley pastoral industry 
would appear to exceed market clearing rates. Many employees 
of pastoral enterprises have no alternative employment; thus, they 
receive an economic rent or surplus above the opportunity cost 
for working in the industry. This rent is as much a benefit to the 
employees as profit is to tile station lessee. 

In sensitivity testing, up to 25% of wages were considered as an 
economic rent to employees (i.e., the opportunity cost of labour 
was assumed to be 75%. of the actual rates). Lease rental payments 
were treated as a transfer of income out of the industry, rather 
than as compensation to the landlord (the government) for alterna
tive output forgone. This assumes that since there is no present 



126 	 RangelandMaanagetntent 

alternative use for the land resources in question, there wouldbe no opportunity cost associated with land use for pastoralism.Mining, recreation and tourism can proceed conjunctively withpastoral use and are usually focused on small areas. They are not an opportunity forgone by land use for pastoral purposes.
Annual input costs were divided into categories, according totheir different relationships to herd size: 

* labour (decreasing function of herd size);
" other costs which are a decreasing function of herd size;* costs which are an increasing function of herd size;

* 
 costs which are in fixed ratio to herd size; and 
* absolutely fixed costs. 

The cost functions, which v ere based on data in Jennings et al.(1979, 1984), with additional estimates, are as follows: 

Labour costs Cl = 	8- 0.0001 per stock unit (A$/beast)
Otherdecreasingcosts C2 = 	13.4 - 0.00029 per stock unit 

(AS/beast)Other increasing costs C3 = 2.025 + 0.00002 per stock unit 
(A$/beast)Fixed proportion costs C4 = 0.5 per stock unit (AS/beast)

Fixed costs C5 = 	0.152 (A$/beast) 

For example, for a herd size of 10,000 cattle, annual labour costswould be A$7 per beast, or A$70,000 in total. For 7,000 cattle theywould be A$7.3 per beast, or A$51, 100 in total. The cost functions
reflect the theoretical discussion in the Appendix to the extent thatincreased stocking rates following improvement of range condi
tions will be associated with falling average cost.Prices received were 	taken as A$307 per four-year-old bullockand A$150 per eight-year-old cow, 	which are the normal ages atturnoff in the Kimberiev. The market appears to have the capacityto absorb all turnoff from the West Kimberley, and based on marketforecasts, the assumption of constant real prices for cattle over theperiod to be analysed appears reasonable.

It was assumed that regeneration, including restocking, wouldtake place within the normal working programme of each property and would be accomplished within 10 years. These were
entered as year-specific cost items. 

Land improvements (treatment) included ploughing and reseeding, fencing, and water point installation. Ploughing wasestimated to cost A$48/ha. Only one-fifth of the land was 	to be 
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ploughed; thus, the cost of treating the eroded area was A$9.6/ha 
(A$48/5 = 9.6). Fencing was estimated to cost A$1,000/km, and 
water points A$30,000 each. Each water point was expected to 

for the average station to provideserve 750 cattle units. Costs 
for fencing and water points were developed and entered into 
the analysis. 

It was further assumed that stocking of the treated areas would 
be achieved at the cost of forgone 1e, (i,fc,,w,. A figure of A$150 
per animal was used. 

Results 

Results are presented for a "base case" and a "treatment case". 
Before presenting the results, a summary of the assumptions made 
about each case isrequired. 

paBst' caSt' 
In the base case, it was assumed that the current stocking rate of 
7,700 cattle units in the untreated station would be maintained. 
The stocking rate is considered to exceed stable carrying capac
ity at present; but to preserve the link with the current situation, 
this degree of overstocking was assumed to be not deleterious. To 

was run with a slightly improvedachieve this, the herd model 
calving rate as compared to best estimates of the current situa
tion. 

The assumed sales policy is to turn off cows at nine years of age 
and steers at four years, which is normal practice in the West Kim
berley. Mortality rates were held constant at current levels. These 
assumIptions yield aherd stable in size and generate aturnoff rate of 
approximately 15"o with just Under 10" being bullocks. This is 
somewhat better than the overall average at present, which is 12%. 
The range of turnoff of individual stations varies from zero to 25% in 
a given year. The integrated programme for tie West Kimberley 
herd as awhole isaimed at raising the turnoff rate to more than 20% 
(Hacker (ed.) 1982). 

Treatnw'ntcase 
It was assumed that stock will be introduced to the treated front
age areas over a 10-year period, starting in the third year. Mortality 

therates were assumed to be lower and calving rates higher on 
treated frontage country than are experienced on the remainder 
of the station. Selling policV would be aimed at culling whenever 
the herd exceeded the carrying capacity of treated country. To 
achieve this, the herd was divided into two subherds: the "treated 



frontage herd" and the "remainder herd". The result would be toincrease the station herd from 7,700 cattle units in the base caseto 8,700 cattle units by the end of the period, with th.' ccditional1,000 cattle units being equal to the estimated carrying capacity
of the treated country. Over the 20-year period, the herd size ispredicted to increase from 9,076 to 10,276.

Tile selling policy for tile "remainder herd" is assumed to lead toan equilibrium consistent with carrying capacity. Higher cullingrates, in excess of the normal takeoff rates for four-year-old steersand nine-year-old cows, were simulated only for the tile "treated 
frontage herd". 

Tile result was a turnoff rate of some 22.3, for the frontage herdby the twentieth year, which raised the overall station turnoff from14.9'. in the base case to 15'.,, in the treatment case in that y'ear.Table 9.2 shows the simulated turnoff of bullocks and cows eachv'ear, for the "residual" herd (no land treatment), the "frontage"
iherd, and the overall station herd. 

Table 9.2: Expected average station turnoff of male and female
cattle each year with and without erosion treatment 

Year No 'rosi,,n Treate,tfrontae Total after 
troltnt'ntil1co1tt crosionZ treatinent 

Male /t'llt' Malt Femalt Mahlt Fetmah' 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12-20 

775 
768 
835 
969 

1,022 
962 
942 
942 
942 
942 
942 
942 

581 
534 
494 
461 
427 
394 
367 
414 
432 
407 
401 
401 

0 
0 

13 
31 
47 
61 
76 
91 
106 
122 
137 
152 

0 
0 

12 
24 
38 
50 
63 
75 
88 

100 
113 
125 

775 
768 
848 

1,000 
1,069 
1,023 
1,013 
1,033 
1,048 
1,064 
1,079 
1,094 

581 
534 
506 
485 
581 
444 
430 
489 
520 
507 
514 
526 

Net benefits oflant treatnent 
Estimates of tile net benefit from erosion treatment, for a 7% discount rate, are given in Table 9.3. The table shows that when 



Rtgenferatiou Project in 14. Australia 129 

the regeneration project is analysed over a 20-year period at the 
7% discount rate, the net benefits to tax recipients and station 
lessees are close to zero. The internal rate of return (IRR) from 
regeneration is 6.4",.. 

Table 9.3: Summary of present value of net benefits to the average 
station from erosion treatment at 7% discount rate, evaluated over 
20 years of operation of the project (AS million at 1986 prices) 

Without WitI1 

Itern (all discounted 
ovr 21) ,wars) 

erosion 
treatnitnt 

erosion 
treatinlit Difference 

Station revenue 3.68 4.07 0.39 

Station operating costs -2.38 -2.50 -0.12 

Gross margin 1.30 1.57 0.27 

Erosion treatment and 0 -0.28 -0.28 
:.tocking costs 

Net margin 1.30 1.29 -0.01 

*., ,I L nr,' rdc ,i tt'lr!-. I uldt' 
I ILitt I 'w21 ,1 r- I It MIt IIIILt It 'Itll trtcated fI I I tg IK tii tr% d I 'I I III rtt'd I I t-t IIf A SO.12 

111lhtol 

LI ' I A$l 1 '7 nimII ,I 

Although the present value of average station revenue is 
increased by erosion treatmnt from AS3.6S million to AS4.07 
million, and operating costs increase by rather less - from 

million to .\S2.4 million - the increase in discountedA$2.38 
gross margin of AStI.27 million is not Cjuite sufficient to offset 
the discounted cost' of treatment and "purchase" of additional 
stock. A discount rate less than 6.45 is required to obtain positive 

net benefits. Such a rate is probably too low for Australia in its 

present economic condition. It has to be recognized, however, 

that the real rates of return of long-term investments in agriculture, 
mining, and manufacturing in Australia have historically been well 
within the 7' limit indicated for this erosion treatment project. 

Further benefits not taken into account here include benefits to 
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pastoral industry employees and to operators and employees of the 
Broome meatworks. 

For station employees, there would be only a small increase in any economic rents from regeneration of the frontage Country,
because labour inputs tend to be relatively stable over the range of
projected herd sizes. If the treatment programme were to employ
otherwise unproductive labour, this could make a significant
difference to the opportunity cost of the treatment and, in turn,
it would increase the social internal rate of return of the project.
However, skilled labour is required for the regeneration project
and award rates may fully reflect opportunity Costs for this group
of employees. I 

rhese results correspond to the "with treatment" situation. In the
"without treatment" situation, revenue would still be earned. If 
only the net gains of treatment are assessed, the IRR falls to around3", instead of 6.4" for the 20-year analysis. If a longer term view is
adopted, and the net benefits of a further20 years of net output from
the treated frontage country are taken into account, the IRR rises
from 6.4",, to 9.7',. Table 9.4 summarizes the estimated benefit
cost ratios for erosion treatment over a range of discount rates. By
changing any benefit or cost estimate and reading off the new
benefit-cost ratio, Table 9.4 can be used to estimate the effect on the 
I R R. 

Table 9.4: Benefit-cost ratio as a function of discount rate from 
1o to 130 

Bemwfits 
Discount Costs Benefit-cost 

rate 
(Mperi/ear) 

(a) 
20 Years 

(b) 
Incl. resid. (a) 

ratio 
(b) 

1 0.55 1.17 0.39 1.41 3.00 
3 0.43 0.78 0.35 1.23 2.23 

7 
0.34 
0.27 

0.54 
0.38 

0.31 
0.28 

1.10 
0.96 

1.74 
1.36 

9 
"l 

0.21 
0.18 

0.28 
0.22 

0.25 
0.23 

0.84 
0.78 

'.12 
0.96 

13 (i.13 0.18 0.21 0.71 0.86 
N'ote'. enc'itj,and c,, .aretinAS nllim,,. Fhy benefit-ctostrat),cminparw', benefit ieasures 
(a) and (b) to co't',. 
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Conclusions 

This study has outlined the evolution of the Fitzroy Valley 
Regeneration Project from the development of the problem of 
overgrazing and degradation to the formation of the Fitzroy Val
ley Soil Conservation Committee and government commitment to 

on theproductivity improvement. The role of erosion treatment 
frontage country was described in the context of an integrated 

programme tor productivity change in the industry. Pastoralists 

participate in the programme as contractual partners with govern

ment. 
The model used in the study examined the economic situation of 

the pastoral industry in relation to range condition, and in particu

lar, the relationship between costs of production and range condi
tion under long-term steady-state conditions. The model suggested 

that rehabilitation of degraded rangeland is likely to have three 

economic effects: first, an increase in stable carrying capac

i'y (and production capacity); second, a reduction in average 

production cost; and third, an improvement in product qualitV 

and price received. 
The Fitzroy Valley Regeneration Project was evaluated by means 

of a conventional social benefit-cost analysis, using a representa
tive station as the basic unit. It was concluded that the Regenera
tion Project would increase the carrying capacity of the study area 
from an estimated 100,00)0 cattle units at present to around 1i3,000 

cattle units, assuming no changes in stocking rate in the untreated 

country. This would lead to a modest overall improvement in the 

turnoff ratio. 
Revenues to study area stations were predicted to increase from 

around AS4.2 million/vr to A$4.6 million/yr without any treat

ment and eventually to AS5.4 million/yr following regeneration 
of frontage country. Average costs would be expected to fall, so 

total costs would rie more slowly than revenues. Thus, estimated 
gross margins of study area stations would increase from around 

A$1.3 million/'r at present to around A$2.2 million/year when 

the project's effects on herd size and structure had worked 
through. 

The IRR from erosion treatment over 20 years of operation of 

the project was calculated as 6.4',. When 40 years of improved 
. ..productivity were allowed for, the IRR rose to 

The study did not consider the regeneration project from the 

viewpoint of the individual station lessee. This would require 

a financial model taking into account the complexities of tax 

deductibility for soil conservation works and company or individual 
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income taxation, and also some knowledge of the financialcircumstances of individual properties. The benefit-cost analysisdoes, however, provide an indication of the economic benefitsand costs accruing to society from the project. The relativecontributions of the government and the private sector aarematter for financial rather than economic negotiation. 

Appendix: theoretical economic model of grazing management 

A relatively simple model is developed here of the biological andeconomic dimensions that may clarify the nature of the problemfaced and the economic factors that may be relevant to policyevaluation. Other models such as those in Harrington et ai.(1984) discuss the relationship between economic productivityand stocking rate, but not in a way which makes the- dynamics ofchange between stable range conditions and returns explicit. It isassumed that economicallY rational rangelands management willmeet the objective of ma\imizing the net economic yield from the 
resou rce. 

The analysis begins with the biology of grazing systems. In dealing with the relationship between stocking rates and rangelandcondition, it is initially asstini.d that the ratio of offtake to stockingrate is fixed. Figure 9-.3 shows a theoretical relationship betweenstocking rate and range condition, in terms of a set (or locus) ofstable states which might be established for a rangeland with given
initial vegetation characteristics.
 

The line MM represents that stocking 
 rate which cannot beexceeded while maintaining the rangeland in a stable condition.Nevertheless, ofttake in excess of NINA' is certainly possible andmay be econonically optimal in some situations. The curve RR'indicates the locus of possible stable states, in terms of range conditions, that can be achieved. Its shape suggests that stocking rates
can approach 
 the maximunl stable level with little deterioration oforiginally good rangeland. However, where rangeland con!ditioiis poor, the stable stocking rate will be quite low. Any point that
is not on RR' implies 
an unstable range condition: it may be either

improving or deteriorating.


Any point to the right of RR' 
 implies a deterioration in rangecondition, and anv point to its left implies improving range condition. For example, if the system starts at Al, and stocking rateremains constant, range condition must improve along the trajectory Al ... An until the stable position Aln is reached. Conversely,with a stocking rate such as that at yl, range condition mustdeteriorate along some trajectory yl ... yn where sooner or later 
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Figure 9.3: The relationship between stocking rate and range 
condition 

a stable state is reached. In the worst case this will occur when 
the rangeland is so badly degraded that no stock can be carried, 
at R'. Finally, trajectory P1 ... p3n illustrates that, under a strict 

interpretation of this model, improvement of degraded rangeland 

can only be initiated by a reduction in stocking rate. However, 

this assumption can legitimately be relaxed if there are rangeland 

management measures such as, for example, control of stock 

movement or reseeding that permit simultaneous improvement 

in both range condition and stocking rate, such as has been pro

posed in the Fitzroy Valley Regeneration Project. 
The economic dimensions of the problem can now be 

addressed, retaining the assumption that offtake is proportional 

to the stocking rate. Consider the average cost of production. 

Figure 9.4 shows a locus of the average costs, AA' corresponding 
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to the locus of stable states for range condition and stocking rate, 

RR'. 
asWhen range condition is good, average cost is low and falls 

output (turnoff) is increased. When range condition has deterio

rated, average cost increases; and if deterioration continues, the 

locus of average costs becomes backward-sloping. For any gven 

stable state of range condition and stocking rate, the indUttV 

short-run average cost curve - such as Cl, C2, and C3 - will pass 

through AA' and may be presumed to have positive slope. 

Producers may elect to stock at levels beyond the maximum 

sustainable yield, MNI. 13v definition, this must lead to range 

deterioration; and if production technology is fixed, the producer 

will eventually experience backward shifting short-run average 
strategy may or may not be economicallycost curves. lhis 

optimal. Also, it is clear that the maximum stable yield will be 

economically optimal only in a special case. 
When range condition is 'good (e.g. at C I), the short-run average cos': 

which is also the long-run average costcurve approximates to AA', 
curve. Producer decisions to increase or decrease stocking rate in 

response to changes in demand and prices move the rangeland to a 

new stable state and average cost of production, with minor change 

in range condition. 2v contrast, if the range is initially in a poor 
will ',e relatively steeplycondition the short-rul average cost curve 

somesloping as at C2, reflecting the fact that 	while there may be 
:rom degraded rangeland,opportunities for imlueasing offtake, even 

the scope for this is limited and short-lived. If herd size responds to 

any increase in demani, market equilibrium can be achieved only by 

erosion of producer ii C&omes via higher costs, or by raised prices and 

reduced output - in either case with further range deterioration. In 
indicator of investmentthis situation, higher prices cannot act as an 

opportunities due t, i the trend in costs and producer incomes. 

An important implication of the model is that when the 

there are powerful economic incentivesrangeland is degiaded, 
for producers to iesist reductions in stocking rates. Their need 

to maintain incom' becomes paramount, and this implies that 
allowed to fall except as an enforcedstocking rates will not be 

outcome of range leterioration. Producers find themselves in 

a low-income economic and biological trap that can only be 

escaped by means other than variation in stocking rate, at least 
on such aspects asinitially. Thus, emphasi.; needs to be placed 

stock control, and possibly cultivation techniques, as only in these 

ways can producer incomes be maintained while range condition 

improves. Thus far, the model has assumed that the ratio of turnoff 

to herd size is constant for all range conditions. This assumption, 
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however, may not hold in practice for two reasons.First, in short-term unstable states of the herd, there is an inverserelationship between turnoff and herd size. Increased turnoff isthe main means of reducing herd size. Where range condition isgood and the stocking rate is below the maximum stable level, thismechanism implies no great departuie from stability. For example,if prices fall and turnoff is reduced, herd size increases withoutserious range deterioration and there is a downwards adjustmentof the turnoff:herd size (T:H) ratio.This simply means that the constant T:H ratio assumed in themodel has to be thought of as a long-run average. With poor rangecondition, there is potential for greater instability. A price fall followed by reduced turnoff and increased stocking rate takes thesystem off its stable position and leads to further range deterioration. The T:H ratio then returns to its original value at a lowerstocking level and higher average cost. In conditions of extremedegradation, this effect may be modified, if the sum of turnoff plusdeaths is constant (i.e., if reduced turnoff is exactly compensatedby increased animal deaths).
The second cause of a variable T:H ratio results from long-termimprovement in herd characteristics, which result from the transition from degraded to good range condition. Improved reproduction, reduced mortality, improved animal hea,th, and improvedherd structure are all dependent on improved range condition.(In the West Kimberley, T:1- ratio varies from less thandegraded areas more tfhan 20', 

10% in 
in areas where range condition isgood. This trend poses very little difficulty for the model. Insteadof a consi.nt LI-I ratio, it is merely necessary to assume sometransformation of'I':I-I as a function of range condition.)
The economic model can 
be used to identify more precisely thenature of the management alternatives considered in the Regeneration Project, to move from a purely theoretical to an empirical evaluation. At the outset of tile study much of the rangeland in the Fitzroy
was degraded, and offtake and stocking rate exceeded the sustainable
level. The estimated stocking rate of 100,000 cattle units (CU) wouldbe represented by a point to the right of RR' and in the lower segr.-representing poor range condition. It was further estimated that .-

nt 
,the existing range condition in the Fitzroy, a stable state stocking ratewould be 80,000 cattle units. This could br(,.,dly be interpretedpoint on RR', still in 

as a
the lower segment. The regeneration project,plus other aspects of tile integrated programme, was designed to liftstocking rate to 140,000 cattle units on a sustainable basis under goodrange condition. This would correspond to a position on RR' in theupper region with a larger stocking rate. 

http:consi.nt
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Thus, the time rate of change of stocking rate and its implication 
for turnoff were important aspects that had to be considered in 
fhe analysis. Moreover, according to the theoretical model the 
Regeneration Project should result not only in increased stocking 
rate and T:H ratio, but it should also be accompanied by a reduc
tion in average cost per cattle unit sold. 
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A Framework for Economic Evaluation of
 

Collective Fencing in Botswana
 

J. Arntzen 

Pr6cis 

This case study deals with the problems of land degradation anddiminishing crop productivity in Botswana. The benefits andcosts of collective fencing from private and social perspectivesare discussed. Insufficient data were available to actually estimatethe present value of net benefits but the paper outlines the majorbenefit and cost categories and shows how a full economic evaluation would be carried out. The objective of studies such as thisis to encourage greater use of economic assessment techniques
within Botswana. 

Introduction 

Benefit-cost analysis (BCA) anJ other economic evaluation techniques are not widely used in Botswana. Possible explanationsare the limited implementation capacity of the government,given the large number of projects to be undertaken, and thelack of data for such evaluations. Project records of expendituresand revenues, for example, are often incomplete. The recentPlanning Officers' Manual provides a good basis for the morefrequent use of BCA and other evaluation techniques in the future.Botswana has acknowledged the need useto BCAs in order tojustify soil and water conservation projects (SADCC-SWCLUP 
1986).

This case study describes how BCA might assist the allocationof government funds for development purposes. It acddresses twospecific problems of national significance: improving productivity in dryland cropping and grazing activity, and preventing ofland degradation in agricultural areas. Collective fencing is themain land use practice examined. Data were not readily availablefrom which to measure benefits and costs, but an appropriateframework of analysis, including the major items of benefits and 
costs, is presented here. 
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The land management problem 

Land use pressure 
areas and increased spatialIncreased pressure on communal 

integration of livestock and crop production (so-called "mixed 

farming") have led to serious and widespread problems of crop 

damage by livestock and land degradation in mixed farming 

areas. Soil erosion is recognized as an important countrywide 

problem mostly associated with livestock, but theoretical calcula

tions have shown it to be an important farmland problem also. 

Unfortuaately, little is known about the exact extent of soil erosion. 

In order to reduce the level of dependence on imported food (at 

present 50 to 90%, depending on rainfall), these problems must be 

In the short run, less crop damage by livestock willaddressed. 
reduce the dependence on food imports. In the long run, soil 

to maintain the already limited productiveprotection is essential 
potential of the land. 

Alternative land use practices 
Farmers have responded to soil erosion and crop damage problems 

by erecting fences, primarily around fields. The main objective 

appears to be reduction of crop damage, but fences also provide 

opportunities for better crop and soil management. Groups of farm

ers now frequently establish a collective fence, separating grazing 

and crop land during the rainy season. 
This case study examines the case for collective (drift) fencing, 

erected by a group of farmers with government support. Such 

fencing consists oif timber poles with wire. Government aid includes 

extension support (advice, design, location) and material support 

in the form of fencing wire and equipment to clear the land 

Collective fencing has been selected for a number of reasons. 

First, fencing is the most rapidly and widely adopted form of land 

management, and government support programmes are popularly 
as well as governaccepted. Obviously, both individual farmers 

net benefits from fencing; however, no systematicment perceive 
economic evaluation exists. Second, although fencing may not 

directly influence soil conservation, it facilitates the implementa

tion of improved cultivation and grazing mainagement practices, 

including soil conservation-oriented practices. It is not always a 

sufficient condition to trigger such responses. Third, some limited 

data are available to apply BCA. 
Clear alternatives, apart from non-fencing, exist to separate graz

ing and arable land. One alternative to collective fencing is fenc-
Arable Land Developmenting of individual fields. Under the 
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Programme, farmers may apply for government assistance covering 
85% of fencing costs for a maximum of 10 ha. Individual fencing 
may be either bush fences or wire fences. The former are easier 
to construct but require more maintenance. Tile latter are more 
effective in keeping cattle out. 

In practice, collective fencing sometimes coincides with 
individual fences, mostly erected prior to the establishment of 
the collective fence. In fact, continuation of individual fences 
has the advantage of providing extra security in case cattle fail to 
be kept outside the collective fence during thle crop season. 

Botswana's agricultural sector 

Botswana is a landlocked, semi-arid country in southern Africa 
with a population of 1.1 million (see Figure 10.1). Most of the 
country's 586,00() km 2 is so-called sanhtld with low and erratic 
rain fall. Around 80",, of the population lives in the eastern hardhveld, 
where livestock and crop production are concentrated due to bet
ter rainfall and soil conditions. Borehole technology (tubewells) 
has permitted livestock production to penetrate into western 
Botswana (Cooke 1985). There is also an area of farming in the 
Okavango Delta in the northwest. Natural conditions severely 
limit the prod uctive potential of the eastern harlvl and crop 
failures are frequent. During the drought in 1987, the total crop 
production dropped to as low as 10,00) tornes, or 5' of the esti
mated national requirement. 

Rapid economic growth since Independence (I b(b) has boosted 
government revenues and the provision of public services, includ
ing agricultural support Services such as vaccinations, exten
sion services, and subsidized programmes. I lowever, the rural 
economy has not drastically changed. The mining sector has 
limited linkages with rural areas. The livestock sector has been 
the dominant rural activity for some time. Environmental condi
tions (semi-aridity, soils) and, more recently, economic condi
tions, particularly access to high prices in Luropean Economic 
Community markets, favour livestock production over crops. 

Landlist ri,,ltsand public administration 
Most land (71",,) is held under communal tenure. Only 6",, of the 
country is freehold, whereas 23! is state land. Most people rely on 
communal land for income generation to some extent. Important 
changes have occurred in the management of communal land. 

First, the traditional management structure has gradually 
declined, leading, for example, to self-allocation of fields in 
areas previously used for grazing. The outcome has been a less 
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clear distinction between grazing and cropland in so-called mixed 
farming areas, as well as the establishment of new institutions such 
as Land Boards in 1970 to allocate and manage the land resource. 
In practice, Land Boards have not vet filled the land management 
gap as anticipated under the Tribal Land Act. 

Second, tribal land use has been restricted. Under the Tribal 
Grazing Land Policy, some 10",, of tribal land has been designated
for leasehold livestock ranching, mostly by individual ranch own
ers. Plans are well advanced to establish wildlife management 
areas where land use remains communal in principle, but wildlife 
use will receive priority over agriculture. 

Third, land use pressure has rapidly increased. The human 
population has roughly doubled since 1966 and is estimated to 
grow annually by 3.3,. Similarly, livestock numbers had risen 
sharply until the start of tile 1987 drought. The country now 
holds 2.4 head of cattle and 1.3 goats/sheep per person (Minis
try of Agriculture 1985). Such increased pressure has led to 
widespread land degradation, including bush encroachment, 
soil erosion and lcali1ed desertification, and to an increase 
in conflicts between human activities, mostly livestock versus 
crops. II western Botswana, livestock competes with wildlife. 
The long-term productivity of the land and land-based human 
activities are conseLuentlv tinder threat. Legislation to curb some 
of the negative environmental effects exists but has, until now,
hardly been used. For exaMple, the Agriculture Resources Board 
has never used its prerogative tnder the Agricultural Resources 
Conservation Act to set stock limits for specific degraded areas. 

Producer bt'haiour 
Statistics on average returns to labour in different forms of produc
tion show that agricultural returns fluctuate considerably and 
that non-agricultural production is generally the most attractive, 
followed by livestock production and, finally, crop production. 

Agricultri. The ma joritv of crop producers adopt a low input
and risk evasive strategy. Around 30,, of crop farmers do not hold 
any cattle, whereas onl 35',, hold more than 20 head, responsible 
for 65",, of the production (Ministry of Agriculture 184). The most 
serious constraints are lack of draught power for those without 
enough cattle, lack of labour, and lack of implements and seeds 
(FAO 1974; Arntzen and Veenendaal 1981). Fields are large, up to 
16 ha, but they are generally under-utilized. 

Coincidence of general land pressure and Under-utilization of 
arable land results from two factors. First, agriculture receives 
implicit priority over grazing. Consequently, despite a shortage 
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of grazing areas, arable land is still allocated to agriculture even in 

grazing areas. The shortage ot land is telt least in tile agricultural 

sector. The second factor is the lm input strategy o tarmer", cou

pled with a lack of personal resources,, and occasional drought,. 

Fields are often only partly cleared e.g.. olyh i(,P'Mmathu

east of . IoCdi in Kgatlcng district), and even lessbudukwane, 
may be ploughed depending on rainfall conditions and the means 

of tile individUa armer. The cultivated land per hous.ehold is 

about 4.5 ha. Tillage practices haVe not tuhanged since the l)30s 

(except for increased use of mechaniI/ed draught power). Little 

attention is paid to soil and water conservation. 

Table 10.1: Arable land by district 

',t of* 19S I 98) !,,ofDistrict Arllh'1I 

lmd': ,hltritt PhItliunal &iultiz tel district
 

hit~lL ardhic ultlit atCll (1) ciUltiVit'd
 

14,600 (.1Ngamiland 41,h2 0.4 5.0 
0. 1 0.4 800 0.0Chobe 2,S3 L 

500 0.()Ghani ,54S ().1 1.0 
2.2 105,:00 0.7Central 325,0r 5 3L4.) 


North East 58,315 II .0 7.2 14,600 4.3
 
1.7 700 0.Kgalagadi 14,202 1 

6.9 h.4 1L,800 2.6Kgatleng 52,4()4 
137,Lb:; 3.h 16.L) 34,000 0.9Kweneng 


Southern 1 "52,420 ; IS.7 63, 100 2.3
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. 4 raullall ', ,ir ox, udm.n Irchld cuitilItIon and 1111allow land2 -n ,,d 

Although 3 to 5",, of the total land area of Botswana is suitable 

for crop production, cultivated land actually covers less than 

1. In some districts the proportion of arable land is as low 

as 0.1; but in small districts such as North East and South 
higher - 11",, and 15.5"oEast, this percentage is much 
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respectively (see Table 10.1).Total production from arable land fluctuates considerably fromyear to year. Production variations closely reflect variationsplanted area, which in turn 
in

depend on prevailing rainfall conditions (see Figure 10.2). The average productivitv has remainedstable at the very low level of approximately 250 kg/ha. Suchproductivitv levels were reported as far back as the 19 30s.Considerablle variations in productivit' xist, ranging from 167kg/ha for the small farmers 
Freehold 

to 347 kg/ha for the larger farmers.farmers achieve productivity levels of 707 kg/ha (1981).These differences reflect mainly differences in available meansand skills (cash and draught power) to adapt adequately to theadverse natural conditions. 
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Figure 10.2: Area planted and production of grain crops 
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Table 10.2: Stocking rates and carrying capacity by location (ha/ 
livestock unit) 

District Stocking rates Potentialcarrling 
capacity 

1980 1984
 

Barolong 4.2 6.6 12
 
NgwaketseSouth 8.9 15.8 16-21 
Ngwaketse North 12.9 10.0 16-21 
South East 4.1 4.0 12 
KwenengSouth 12.9 21.6 12-16 
KwenengNorth 4.1 1.2 12-16 
Kgatleng 8.3 9.0 12-16 
Mahalapye 10.8 11.1 12-16 
Palapye 5.5 6.0 16-21 
Serowe - - 12-21 
Mmadinare 6.9 7.9 12-21 
Tutume - - 12-16 
Tati 4.2 5.1 21 
Ngamiland - - 12-16 
Chobe - - 8 
Ghanzi - - 16-27 
Kgalagadi 7.0 13.5 21-27 

Sources: Carl Brothers International (1982); Ministry of Agriculture (1985); and Arntzen and 
Veenendaal (1986). 

Grazing. Most of the country is used as grazing by livestock 
and wildlife. Stocking rates of livestock exceed the calculated 
carrying capacity in most parts of the country (see Table 10.2). A 
decrease in stocking rates has occurred since the drought begin
ning in 1981, but this has probably been outweiglxod by a larger 
decrease in carrying capacity over the same period. Around 80% 
of the livestock is kept in eastern Botswana %;heremost cultiva
tion also takes place. Land pressure from populationt growth and 
increased livestock numbers has led to direct competition for land 
between agriculture and grazing (Odell 1980; Gulbrandsen 1984). 
Livestock is now kept in pure grazing areas, used by the larger 
livestock holders who can afford a borehole (Peters 1983), and in 
mixed farming areas. 

Mixed farming areas are occupied mainly by small cattle holders 
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and are more overcrowded than pure grazing areas. The Livestock 
Management Survey found average stocking rates of 13.9 ha/LSU
in pure grazing areas as opposed to 7.5 ha/LSU in mixed farming 
areas (LSU = live stock unit). Smallholders are more or less forced 
to keep their cattle in such areas to spread their labour over live
stock and crop production and to have access to cheaper water. 
As a result, they face worse grazing conditions and the likelihood 
of having to pay compensation for crop damage inflicted by their 
cattle. In Kgatleng, as many as 80% of the crop farmers face crop
damage by livestock (Opscioor 1981). Affected farmers can bring
the livestock owners involved to the "Kgotla" where the Chief 
decides on an appropriate level of compensation. 

Economic evaluation 

The three stages of economic evaluation consist of: 

* identification of different categories of benefits and costs;
* quantiication of effects leading to benefits and costs; and 
* valuation of benefits and costs. 

Table 10.3: Summary of potential benefits and costs of collective 
fencing 

Private Social 

Benefits 
Increased food production X X 
Reduced labour needs for livestock X X 
Improved grazing management X X 
Improved agricultural practices X X 
Group formation X 

Costs 
Construction of firebreak X X 
Construction of fence X X 
Maintenance x X 
Management anL!operation of the fence X X 
Adjustment of livestock watering points X X 
Reallocation of fields X X 

For this study, insufficient data were available to carry the 
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analysis through to its final stage. It was possible, however, 
to identify the various categories ot benefits and costs arid to 

Methods of valuation arepartially quantify the relevant effects. 
alo suggested. 

As usual, a distinction must be drawn between private and 
social benefits and costs A general summary of benefits and costs 
from private and public perspectives is presen' ed in Table 10.3. 

Estimationof be nfits 
One benefit is higher food production due to a reduction in crop 
damage by livestock. This leads to higher incomes, either cash or 
in kind, for the project participants (private perspective) and to 
a decrease in food imports (social perspective). Possible indirect 
benefits arising from higher incomes should be incorporated if 

they are significant. 
Available data do not allow comprehensive assessment of the 

increase in food production. Crop damage avoided depends on 

the number of affected farmers or fields, the extent of crop damage 
per farmer or field, and the efficiency of the collective fence in 
keeping livestock out during the growing season. In Central Dis

trict, 48% of the farmers experienced crop damage in 1981, mostly 
caused bv cattle (ZuffereY 1982). In Kgatleng, up to 80'!, experi
enced crop damage in recLent years (Arntzen and Opschoor 1986). 
The ex-ante situation in Central District (Zufferev 1982) showed an 
average yield of 1SO kg/ha (mostly sorghum), subdivided into 158 
kg/ha for affected farms and 370 kg/ha for unaffectd farms. 
However, the difference was statistically not significant. Other 
factors may also cause differences in productivity levels, and 
d,'oughts may alter the picture substantially. The actual efficiency 
of collective fences in terms of decrease in crop damage needs to 
be established and w*iI probably vary from case to case. 

Increased food production can be privately valued at the sav
ings from reduced food purchases and the value of sales in 
case of a production surplus. Less than 10". of crop farmers are 
self-sufficient. From 0 social perspective, valuation according to 
import prices is suggested. Although foreign exchange at present 
is not a constraint to development, the government holds the view 
that the mineral boom has caused an overvaluation of the local 

currency and that a shadow price needs to be used. 
Reduced labour requirements for herding livestock is another 

result: livestock can no longer stray far and cause crop damage. 
This is a mixed social benefit as less 1' rding could in fact lead 
to poorer livestock management, but the released labour can be 

deployed elsewhere such as in crop production or education. 



148 RangeiaidManagement 

According to the Farm Management Survey of 1984, holders ofherds of less than 20 cattle spent on average 114 days tendingtheir livestock, mostly herding and watering. Farmers' response tocollective fences in terms of labour reduction is not documentedand will require in-depth research. The private benefit of reducedlabour input in livestock herding can be valued according to theopportunity cost approach (e.g., labour returns in crop produc
tion).

Benefits max' be derived from improved grazing managementinvolving rotational grazing. Grass in the cultivation zone can beused only after harvesting. Agricultural research in Botswana hasnot been conclusive in demonstrating the benefits from rotationalgrazing on livestock performance. Ex-ante information exists onthe grazing situation (quality, and quantity) in four villages eastof Palapye in Central Distric CZufferey 1982). Any newv compari-Son should allow for the impacts of drought. Vlaluation based on average meat price and average body weight isone possibleapproach.
 
Facilitation 
 of improved practices and better management ofland and water resources may yield further benefits. Such benefits are difficult to quantify as thex, are not a necessary outcome of collective fencing alone. Other factors such as education, extension and increased incomes may also be responsible.Improved farming practices aimed at higher production can bevalued according to reduced purchases or higher sales. Thoseaimed at improved land and water management can be valuedaccording to long-term production increases or costs to achieve


similar resource improvement.

Potential benefits may also accrue from the formation of farmers' groups, wbich could also address other issues relevant toproduction and conservation, such as management of waterpoints and soil conservation. Despite strong government support, formation of such groups has been very limited in mostareas. Benefits cannot be easily quantified unless obvious spinoff effects occur in the case study area, cannor they be easily

valued. 

Estimationof costs
Data exist to estimate material and labour requirements for theconstruction and maintenance of collective fences. Collectivefences are made from wooden poles and wire. Wire, gates, andcattle grids are usually supplied by the government. Poles areobtained from trees, and labour is supplied by participants.

Costs are also incurred in constructing a 20-m firebreak to guard 
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against bush-fire damage to the fence. Equipment is mostly pro
vided by tle government and labour by the participating farmers. 

Maintenance of the firebreak and fence is the responsibility of 
participants, who pay a membership fee. During the 1987 drought, 
the government drought-rel~f programmes paid subsidies to assist 
in the maintenance of collective fences. 

An essential element in the management and operation of the 
fence is the decision as to when to move livestock out of or back 
into cultivated areas; enforcement of this decision determines 
the magnitude of reduction in crop damage. The functions of 
the management committee may lead to some operational costs, 
which will be paid from membership contributions. 

Costs may also be incurred in changing the system of livestock 
watering. Livestock uses a variety of surface 'and groundwater 
sources during the year and move around accordingly. The collec
tive fence may cut off access to some of these sources during the 
growing season, which therefore need replacement. 

Depending on the position of the fence, some fields may 
have to be resurveved and reformed, thereby creating additional 
costs. The proportion of cultivated and grazing land may also be 
changed by the fence. 

In valuing all cost components, special attention must be paid 
to the shadow price of labour. Labour costs are low, both privately 
and socially. Construction activities usually take place during win
ter when alternative forms of employment are virtually absent. The 
national economy is characterized by a high level of un- and under
employment (25", and 7',, respectively), particularly among low 
and unskilled labour. The government estimates that the shadow 
price of unskilled labor is generally 501', of the minimum wage. In 
practice, case studies show shadow costs of labour locally to 
be as low as zero. In the particular case of collective fencing, 
one may argue that labour should be valued at the government 
contribution rate, as this is adequate to induce required labour. It is 
probably impossible to value leisure and the status of employment 
(Boj6 1986). 

Material costs can be privately valued at the actual costs to 
the participants. In ,order to evaluate the impact of government 
subsidies, private costs could be calculated both inclusive and 
exclusive of government su bsidies. 

The social opportunity cost of capital is comparatively low due 
to excess litiuiditv in the countrv. The Ministry of Finance and 
Development Planning assumes an opportunity cost of capital in 
the range of 6 to 8%. 

Wood can be valued according to its opportunity cost. In 
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some areas firewood is still free, whereas in others, charges vary
between 2 and 10 thebe/kg (1 thebe = US$0.0058). 

Distributionof benefits andcosts 
Distributional aspects can be included by distinguishing catego
ries of farmers according to herd size as a proxy for wealth (e.g.,
no cattle, less than 20, 21 to 40, and over 40 cattle). Poor farmers
usually own few or no cattle, and a reduction of crop damage is 
more valuable to them than to richer farmers who are less depend
ent on crop revenues. Reduced crop damage among the poorest
farmers may be valued more highly from the social perspective, 
as social equity is one of the key objectives of development
planning. Another consideration is that the benefits of improved
grazing management accrue mainly to livestock holders. It seems 
unnecessary to make an additional distinction between project
participants and non-participants. In practice, eventually all live
stock holders join the fencing group, leaving out mainly people
without livestock. 

Benefits and costs are likely to differ regionally. Benefits such as
reduced crop damage and improvement of agricultural practices
depend to a large extent on the attitude of farmers. A recent survey
in Mogapi. a village :n Central District northeast of Palapye, illus
trates this poilt. Around 65, of farmers with fields inside the drift
fence continue to complain about crop damage by cattle, and
the same percentage for damage by goats. Management of the
collective fence can be improved in this case. Less thanl 30'N' of the
fat mers had an individual fence although this greatly reduced the
incidence of damage by cattle. Individual fences were, however, 
less effective against goats. 

Uncertaintis in thl' 1aa1 1sis 
A time horizon of 15 to 20 years is recommended for the economic 
analysis, as indirect effects may materialize only after some time,
and recurrent droughts may affect the impact of fencing on
food pioduction. Sensitivity analyses are needed to deal with
uncertainties about the accuracy of data and/or assumptions
made. In this case study, this would apply, among other things,
to tile: u" 

* extent of the reduction in crop damage; 
* extent of reduction in herding labour;
* application of improved agricultural practices, including
land management; and 
* discount rate and time horizon. 
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uncommon in Botswana, noAs benefit-cost analyses are 
has set by government.generally accepted discount rate been 

The Ministry of Finance and Development Planning considers the 
to be 6 to 8%. In practice, it mayreal opportunity costs of capital 

be best to use a range of rates (e.g., from 2 to 12%) in a sensitivity 

analysis (BojO 1986). 

Conclusions 

The previous discussion suggests it should be possible to use 
to evaluate the advantages andeconomic analytical techniques 

fencing in Botswana. This would bedisadvantages of collective 
in assessing the impact of collective fencing on fooduseful 

management. The pracproduction as well as improved land 
in view of the country'stice deserves considerable attention 

widespread land degradation and large fooL mnports. 

A full analysis of individual fencing, either alone or in conjunc
to obtain ation wi~h collective fencing, is also warranted 


of the benefits and costs to individcomprehensive assessment 
ual farmers and to the community in general. 

The approach suggested in this studxv would be helpful in 
that is currentlyevaluating the significant government support 


provided for both collective and individual fencing.
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Risks in the Botswana Range-Cattle System 

L.C. Braat and J.B. Opschoor 

Precis 

This piper presents a study of range-cattle interactions. A generic 
computer simulation model' is used to explore the risks of 
tradi.tional cattle farming in Botswana. 

Some risks such as drought are of environmental origin while 
others such as overstocking are of human origin. The essential 
management problem in attaining a sustainable range-cattle sys
tem is to match the highly variable grazing capacity of the range 
with cattle stocking rates. The situation is complicated by erratic 
rainfall, lack of accurate carrying capacity estimates, and a mix 
of cultural and economic factors. 

The simulation experiments indicate that if the present offtake 
rate (8% per year) is maintained, cattle numbers will reach a long
term average of 2.3 million, but with a 10 to 20% loss in drought 
periods. In addition, the range will be under continuous severe 
stress, which implies poor condition of the cattle. A fixed higher 
offtake rate (15% per year) lessens the stress on the range but 
reduces total offtake as compared with the 8% offtake rate. A policy 
that involves high offtake with low rainfall and lower offtake rates 
with high rainfall appears hardly more rewarding. 

Extending the grazing area by developing additional boreholes 
does allow for a larger sustainable herd. However, that part of the 
herd on the additional land will be relatively small as the potential 
carrying capacity (PCC) of this added land will be lower than the 
PCC of the present grazing land. 

Introduction 

Botswana is a landlocked country in semi-arid southern Africa 
(see Figure 11.1). In developing their economy, the people 
of Botswana have always been confronted with a number of 
tightly linked ecological and socio-economic problems. Great 
progress in coping with these problems has been achieved in the 
20 years since independence, but not all development problems 
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have yet been solved. The economic and ecological problems of 

cattle farming, which the country is expected to face in the near 

future, require an inten:ive additional effort in integrated resource 

management. 
Historically, livestock farming has been the major source of 

rural income. Because of this tradition and the lack of economic 
rates of increase of thealternatives, and because of the expected 

human population which vary between 2.75 and 3.75",, per y'ear 

(Ministry of Finance and Dev:elopment Planning 1985), livestock 
nearfarming is expected to continue to play this role in the 

future. 
This paper presents a dynamic ecological simulatioti model, 

which is used to obtain insight in the structure, risks ind long

term impacts of range and livestock management pro'.Aems, and 

to present preliminary and tentative overview assessnents of the 

feasibility of alternative management strategies. 
The study concentrates on the relationships between rainfall, 

range area, grazing capacity, and cattle herd development. Other 

factors such as competitive browsing by small stock (sheep, 
and alternativegoats), competition between wildlife and cattle, 


investment opportunities may well be relevant in evaluating the
 

uncertainties, risks, and effectiveness of management strategies.
 

Their exclusion from the present analysis follows only from the
 

limited scope of the study.
 

The management problem 

The key management problem in the range-cattle system is to 

match cattle stocking rates with the grazing capacity of the range. 

The majority of cattle (and small stock) grazes under a traditional 
unfenced range. Essentially, foodfarming regime on the open, 

and water availability can limit herd expansion in a giv\en area. 

water supplV has been the limiting factor as cattleHistorically, 
had to rely on rainfed P'ools and domi~s. Since the l)30s and 

particularly, since the mid-lQ)50s, diesel-driven boreholes (wells) 

have penetrated the eastern part of Botswana and by noW much of 

the western part. Currently, forage supply is the limiting factor. 

Hay stocking has never been part of the traditional system, so 

livestock survival and quality depend on the immediate availabil

ity of forage on the range. Control over range qualitV and thus 
livestock qualitV is rather limited. Overgrazingindirectly over 

in fact be observed in many areas, particularly in the easterncan 
districts but also around the boreholes in the west. In other parts, 

may not be visible vet but is expected to approachdeterioration 
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threshold levels eventual! v. At the same time, the growing herdhas led to an increasing stress oil water and wildlife resources.Range grazing capacity varies continuously in time and widelyin space. To some extent this variation still functions as a natuiral regulatry mechanism for cattle herd development. Themanagement situation, however, is complicated by ecologicaluncertainties such as 
for 

multi-year dry spells and food'alternativescattle such as browsing and crop residue.s, and by socioeconomic uncertainties such as commercial offtake incentives(such as beef prices and quotas) and decisions on home slaughter
during droughts.

Long-term average yearly rainftall, soil quality, slope, and e\position are instrumental in determining the potential carrying capacitv' of the range. The actual grazing capacity ingenerally differs trom a given year
the potential levels JS aC combined resultof the actual rainfall and stocking rate over the past two or threeyears. \e shall brieflv discuss the characteristics of these factorswith respect to the managemenlt problem. 

Table 11.1: Potential carrying capacity (PCC) in ten districts (ha/
LSU) 

District PCC I I iCr2i 
1. Kgalagadi 13-40 40 
2. Ghanzi 5-34 213. Southern 5-100 144. Kweneng 9-26 125. Ngamiland 2-266 10 . Central 5-46 167. Northeast 21-34 248. Kgatleng 9-209 12 .Southeast 5-12 1()10. Chobe 2-16 8 

[C ((I I flht-rtdical apprc,hli (hel Idl)77 ,7-4J tr, m. i ien .:nIdVt cnc r'ii-'CC(2ligu rt'-, cd I (I Sh . 7)M,litd ,is t rict a crigt,rgt,,I ar, pcirt{Il)78)) , ii{ " C.C ,illi Ir,,n ' c'dhtdtl ,ir,, per distritt 

Potelttillcalrrl.1', capacih.lt 
Rainfall and soil quality are the two most important factors in theestimates of potential carrying capacity (l)CC) for rangeland in 

http:capacih.lt
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Botswana. Estimates run from 100 ha required to feed one live
stock unit (LSU) in parts of tile southwest (Kgalagadi District) to 
I ha/LSU in some parts of the Chobe District in the northeast. 

The grazing capacity of the range can be calculated in two 
wa's. One method requires data on grass primary production, 
measured in tonnes per hectare per year. Given the average need 
of 2,550 kg/LSU/yr, the grazing capacity in terms of hectares 
needed per LSU can be ca!culated. The second method starts 
with the ICC as determined by Field (1977, 1978), based on aver
age rainfall, slope, and soil type. The average PCC of each district 
can then be calculated (Tabl' 11. 1). In constructing the model, a 
national average ICC of 11.5 ha/l.SU has been estimated. 

Table 11.2: Rainfall in Botswana 

Annual nenI Annuallu 
Dist rict (mi) variation(%) 

1. Kgalagadi 286 45 
2. Ghanzi 362 37 
3. Southern 377 35 
4. Kweneng 423 35 
5. Ngamiland 459 35 
6. Central 470 32 
7. Northeast 485 40 
8. Kgatleng 497 32 
9. Southeast 562 30 

10. Chobe 640 35 

Soutic. Alter Nlmintrv ol imance, and D),\vdt, prncit I['iannIg ( I, ) S)
,

Rainhzll 
Rainfall is a necessary requirement for grass biomass production. 
Average annual rainfall is low in the southwest and high in the 
northeast, and highly variable in time (see Fable 11.2). 

Rainfall data are available from 1910 onward. Analvsis of tempo
ral dynamics has generated hypotheses, about a cyclical pattern, 
with an estimated period of 16 to 20 'eazrs (Vossen 1986; Tvson 
1980). In our model we generate future rainfall data through a set 
of equations that combine a 17-year cycle with deviations from the 
long-term mean for the country. 
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Stocking rate 
The stocking rate is defined as the number of hectares available 
per head of cattle. To determine the stocking rate, the available 
grazing area and the herd size must be known. 

Table 11.3: Grazing area (km2) 

Additionalgrazing 

District 
Theoretical 

grazingarea 
Presentboreihole-

basedar'a 
area byborehole 

developmnent 

1.Kgalagadi 
2. Ghanzi 
3. Southern 
4. Kweneng 
5. Ngamiland 
6. Central 
7. Northeast 

42,500 
20,700 
25,100 
31,OOC 
51,350 

100,00() 
2,300 

7,040 
2,560 

25, 100 
22,120 
17,350 
62,400 
2,300 

700 
4,600 
-

8,900 
17,000 
26,320 

-
8. Kgatleng 7,400 7,400 -
9. Southeast 475 475 -

10. Chobe 4,750 3,520 -
NATIONAL 285,575 150,165 57,520 

Grazing area. Grazing land can be defined in two ways. From 
a theoretical point of view, all the land not in use as urban atea
(housing, industry and transportation), cropland, National Park,
Game and Forest Reserve, or Wildlife Management Area is avail
able for grazing. In practice, however, grassland is useable only
if water supplies are available to the animals within roaming dis
tance. The second method to estimate the available grazing area
is therefore based on the number of boreholes and hand-dug wells.
One borehole can "open up" about 6,400 ha of grazing land. Table
11.3 lists both the theoretical and borehole-based grazing areas. The 
difference is remarkable, especially in the western districts, and
has consequences for management options, as will be indicated
later. In this model the borehole-based grazing area has been used. 
(Grazing area will also expand by making greater use of hand
dug wells. The present estimates of hand-dug well grazing area 
development may be too low.)

Based on expected quality of deep groundwater, the authors 
have made rough estimates of potential additions to the total 
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grazing area by borehole development. These estimates are 
indicated in the last column of Table 11.3. 

Cattle numbers. Cattle herd data are available from several sources 
(see Arntzen and Veenendaal 1980). In 1966, the total national herd 
in the traditional farming system numbered around I,060,000 live
stock Units. A steady growtl, only slightly slowed by the mid- 1960s 
drought, has brought the total to a peak value of more than 2,500,000 

units in 1982, after which the early 1980s drought began to show 
effects. 

The district stocking rates. Since early times, the eastern hanzveld 
(see map in Figure 11 . I) has been more densely inhabited than the 
western sandiv'ld (an area of low and erratic rainfall). Most of the 
herd used to be held close to the settlements and water sources 
because of factors suchI as rainfall, proximity of rivers, and soil 
fertility. In colonial times all road and railway development also 
took place in the eastern part oi the country. 

Table 11.4: Cattle numbers and stocking rates in 1980 

Stckin, rates(hawlSLI) 

Districts Catth A tihod I ,ct\hl od2(0 

1.Kgalagadi 59,000 72.0 11.9 
2. Ghanzi 43,000 48.1 6.0 
3. Southern 333,000 7.5 7.5 
4. Kweneng 252,000 12.3 8.8 
5. Ngamiland 255,000 20.1 6.8 
6. Central 1,174,000 8.5 5.3 
7. Northeast 141,000 1.6 1.6 
8. Kgatleng 110,000 6.7 6.7 
9. Southeast 23,000 2.1 2.1 

10. Chobe 5,000 95.0 70.4 

Calculated with t hieretical grating area
 
Ca)dCoIL th(ierihu gra/mlig aria il,
ted with -basei-d e lSd i tihe dei) 

This has led to stocking rates that far surpassed the carrying 
capacity of the eastern range. The stocking rates listed in column 
4 (and, to a lesser extent, column 3) of Fable 11.4 illustrate this 

clearly when compared with the PCC values in Table 11.1. In 
some areas in the east, there is no grass cover left at all. These 
areas generally still support bush and tree growth, some of which 
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provide food for cattle through browsing. Browsing and cropresidues and tile density of water points (rivers, boreholes, andponds) in the eastern districts have made continuous high stock
ing rates possible. In the western sandveld, the overall density of thecattle is relatively Iow; but around the water points and villages,
stocking rates have already reached critical levels. Because ofuncertainties in grazing area and cattle herd estimates, the stocking rate is not an easily determined variable. Estimates differ withthe method chosen, which complicates management activities. 

Actual grazing capacityi
With estimates for potential carrying capacity, rainfall, and stocking rates, the actual grazing capacity per y'ear can be calculated.
The actual grazing capacity in an area (GRACAIP in the model)may differ (yearly) from tle PCC of that area because of rainfalland stocking rates. This is calculated as: 

GRACAP = [(Rainfall-factor*lCC) + (Stocking-rate
 
factor*lCC)]/2
 

'Fhe rainfall factor (RE factor), expressing the deviation from thePCC caused by the annual rainfall, may be estimated using thepotential carrying capacity at national long-term mean rainfall (setat 450 mm), 2.5 times the PCC at tile minimum rainfall (200 mam)and 67", of the ICC at maximlum rainfall (700 mm) (see DHV 1980).The rainfall factor (RF factor) in the model therefore ranges from 
.67 to 2.5. 

The stocking-rate factor (Stfact) has been estimated with a similar functional relationship. At low intensities of grazing, grassproduction is stimulated. In theory, there is a balance betweengrazing and grass production at the stocking rate that matches
the potentia! carrying capacity of the area; and where the stockingrate exceeds the actual grazing capacity, the latter is expected to
decrease. This may be because grass seedling:; are being trampled,

because the top soil has been compacted or eroded, and because
 
the seed stock has disappeared.
 

Cattle herd dyinamics
The cattle herd evelopment equations in tile simulation modelhave been based on Agricultural Statistics (Ministry of Agriculture
1980- 84) and National Development Plans data. Births and naturaldeaths (including home slaughter) are affected by the condition
of the range. Data for estimating the functional relationships
between the condition of the range (the actual grazing capacity, 
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1.5 I----------------------Input 	 Output 
5.50 1.50 

- - -,7.50 	 1.32 
9.50 1.17 

11.50 10
9821 	 13.50 0.86 

R1 -	 15.50 0.72 
17.50 0.64

193-19.50 0.58 
14 21.50 0.54 

23.50 0.52 
25.50 0.50 

0O.50 

5.0 	 (input) 250 
GRACAP 

Figure 11.2: Impact of changes in grazing capacity (GRACAP) on 
birth rate influencing factor (R1) 

GRACAP) and birth rate and death rate, respectively, were derived 
from agricultural statistics, using data from 1980and 1981 as normal 
years and 1982, 19)3, and 1984 as drought years (see Table 11.5). 

Table 11.5: National cattle herd dynamics (x 1,000) (traditional 
farms only) 

Year Cattle Births Deathzs Offtake Purchase 

1980 2,455 582 404 190 40 
1981 2,495 586 359 194 32 
1982 2,504 604 450 205 53 
1983 2,407 521 455 205 37 
1984 2,306 502 484 169 31 

Source. Ministry tit Agriculturel M -M4 

http:193-19.50
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1.50 Input Output 

5.50 0.51 
7.50 0.69 
9.50 0.85 

982 
19311.50 
-  13.50 

1.00 
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R2 ! 15.50 1.24 
17.50 1.33 
19.50 1.40 
21.50 1.44 
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Figure 11.3: Impact of changes in grazing capacity (GRACAP) on
death rate influencing factor (R2) 

In Fig-"_ 0.2, the birth rate influencing factor (RI) is 1.0 ifGRACAP equals the PCC of 11.5 ha/LSU. If the grazing capacity is extremely good (only 8 ha required per LSU), the birthrate is multiplied by 1.5. If the GRACAP is smaller than thePCC, the birth rate may drop to 50% of the equilibrium value.The reverse holds for the death rate influencing factor, R2 (see
Figure 11.3). 

The simulation model 

Model structure 
A diagram of the range-cattle model developed in this study ispresented in Figure 11.4. The diagram shows the range submodel
with grazing area (RANGE-AREA), the stocking rate (ST-rate), 
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rainfall (RainFall), and the grazing capacity (GRACAP); and thecattle submodel, with births (Births), natural deaths (includinghome slaughter) (NatDeath), commercial offtake (OffTake), andpurchase (PUrchase) determining total herd size (CATTLE).

The two submodels are linked by:
 

1. the impact of annual grazing capacity (independent variable)on birth rate (BI-rate) and death rate (ND-rate) (dependentvariables) via table functions RI and R2 (see Figures 11.2 and
11.3), respectively, and by

2. the stocking rate which affects the annual grazing capacity.The impact of the stocking rate is averaged over two years.This represents the assumption that last year's stockingrate (DEL-STrate) has an effect that lasts one extra year(ST-weighted). The influence of the stocking rate on thegrazing capacity has been explained previously. 

Rainfall, the main independent driving variable, is modelled asthe combination of the sine wave (sine) and a yearly draw from anormal distribution (erratic) with 450 mm as the mean, representing a 17-year cycle with deviations from the long-term mean for thecountry. Last year's rainfall (DELAYED-Rain) is taken for half itsvalue to represent a moisture bufferin the soil (RFF-weighted). Theeffect of rainfall on the grazing capacity has also been explained
earlier. 

Historicalsinulation 
An historical simulation has been executed, using historic rainfalldata from 1966 through 1986 as the driving input. Initial conditionsfor this test simulation were 1,060,000 cattle units in 1966, a 1977
national average PCC, and 1980-81 values forbirth, death, offtake,
and purchase rates. Range area between 1966 and the early 19 8 0sis assumed to be understocked. 

Results are shown in Figure 11.5. Even though several initialconditions are not known and the rainfall table function canonly generate historical data every other year, the simulated herddevelopment follows historical cattle data rather closely. 

Simulation for risk management 

Risks in thlefuture 
Figure 11.5 shows the rapid development of the cattle herd during 
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SIMULATED DATA FIELD DATA 

Time RainFall CATTLE RainFall CATTLE 
1966 600 1,060 600 1,060
1967 505 1,241 392
 
1968 410 
 1,434 415
1969 423 1,501 369
 
1970 
 435 1.541 438
1971 344 1,594 577 1,650
1972 253 1,590 254
1973 428 1,513 693
1974 603 1,506 600
1975 591 1,728 554 2,162
1976 580 2,008 577

1977 464 2,288 600

1978 348 2,401 323
 
1979 449 
 2,361 485
1980 550 2,344 554 2,455
1981 478 2,450 300 2,495
1982 405 2,533 406 2,5041983 356 2,519 360 2,407
1984 308 2,455 309 2.306 
1985 291 2,346 
1986 275 2,218 

1RainFall 2 GRACAP 3 ST-rate 4 CATTLE 
1 700 

21 40 
4 4.000 

2 55030 \ / \/
 
41 304 3,000

100 \1 ., 
 ",
31t20 ... , % ,.

4 2,000 4 

1250 2...... . 
% 

21. ... ........ : .... .. ......
 

4 1.000 
1
21 100 

 -.-... ..- .. ..
 .
 
4 0 1966 1971 1976 
 1981 1986
 

Figure 11.5: Historical simulation (1966-86) 
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the past 20 years. Questions such 	as "What will be the long-term 
future impact of drought periods on range and cattle?" and "What 
is the long-term sustainable cattle herd size?" have been asked by 
farmers, planners and resource managers. 

The model that has been used to mimic the history of the range
cattle system has been applied to explore its future as well. The 
only difference is the way in which the annual rainfall is calcu
lated. With data from the past and the assumption that the overall 
pattern will remain the same, future rainfall data are generated by 
the computer model. 

1CATTLE 2 ratio 3 AV-SALES 

1 3,000.00 
2 300.00 
3 400.00 

12250000 J \ % i j n2 225.00 1 ~ 	 too
It'

3 30000 V~ 	 OII 

1 1,500.00 
2 150.00 3 
3 200-00 

1 750.00 
2 75.00 2 
3 100.00 . 2 

.	 .:•:• ".:"*: :'.t ". .. .... : " .:....'... 	."" ::" ". . '... : 


1 0.0 
2 0.0 
3 	 0.0 986 2036 2086 2136 2186 

Time 

LEGEND 
1 CATTLE Total national cattle herd in traditional farming xl,000 
2 ratio Stocking rate/grazing capacity ratio Per cent 
3 AV-SALES Moving average commercial otftake xl,000 

Figure 11.6: Cattle and range development 1986-2186 with 8% 
commercial offtake per year 
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Figure 11.6 shows the results of simulating the range-cattle sys

'986 to 2186. The graphs suggest that after the drought
tem fror 
of tile e,, v to mid-1980s, ill which some of the herd was lost, the 

its growth though not indefinitely. With the 
herd will resume 

offtake rate held constant at 8", per v'ear, the herd 
commercial 
size will oscillate around an average of 2.3 million livestock units, 

reaching peaks of 2.8 million and lows of 1.8 million units. 
17-year rainfall periodi-

The oscillations driven by the assumed 
,ears of 

city imply an average decrease of the total herd in 8.5 

around 450,000 livestock units, which constitutes about 20". of tile 

total herd. The constant S"., commercial offtake leads to a 100-year 
year, with a minimum of 

of 18;,000 cattle per
offtake 


145,000 and a peak value of 21)0,000.

average 

the range and consequently the 
An indication of the stress on 

condition of the cattle is given bv the stocking rate/grazing capacity
 
Ifthere are more cat

ratio. Ifthey' match, then the ratio equals 100". 


tle on tile range than would be warrantod by the grazing capacity,
 
hungry cattle. If there are 

the ratio becomes less than 101), implyin 

few cattle on a good quality range, the ratio goes over 100 and the 

cattle have plenty of forage. In the case ofi afixed 8",, offtake rate, the 

value becomes 55', implying a range
long-term average ratio 
under continuous heavy stress. 

According to the model, these values represent the mean long
current livestock 

term carrying capacity of Botswana, given 

management systems and variation resulting from rainfall patterns 

and stocking rate impacts. 

Ma lia,'Lt'?Iwn optio) s 

The future as generated by the simulatio, s described in the previ

oIs section may not be easily acceptable to all cattle farmers in Bots-

Some farmers, especially those with small herds, may be 
wana. .. 
interested in ways to minimize the risk of losing approximately 2

0 

of their herd. In the EDL (Environment and Development Lin

kages) Project, a number of management options have been distin
53 - 57). In this paper 

guished (Arntzen and Veenendaal 1986 pp.
 

the implications of only two policies are explored.
 
an 

1. Iwrcascd o.fftak, ratc. It has been suggested that 
Polic, an effective manage

increase in commercial offtake rate may be 
a better range quality and more 

ment action to achieve both 

income for the farmers. The national average offtake rate has been 

about 8',, over the last few years. 
Assuming that a market will be available, we have explored the 

eing approximately 
consequences of 10 and 15",, offtake (the latte" 

the rate used on commercial farms), fixed for the next 200 years 
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Figure 11.7: Cattle and range development 1986-2186 with 10%commercial offtake per year 
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Figure 11.8: Cattle and range development 1986-2186 with 15%commercial offtake peryear 
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(Figures 11.7 and 11.8). The long-term average herd size drops to 
1.75 and 1.00 million, respectively, which leads to 80 and 175% 
stocking rate/grazing capacity ratios. The long-term average 
yearly offtake drops in both cases. 

1 CATTLE 2 ratio 3 AV/qALES 

1 3,000.00 
2 300.00 
3 400.00 

I I I12,250.00 irk ' /- \
2 225.00-v \v\ , n, , ; / /I' I 
3 300.00 V /\~\

\-1 1,500.00 
3 200.00 --2 150.00- "- '3- " 

1 750.00 ..

2 75 .00 .. . . .. .. .. .3 100.00 " • 2.. .......
v . : .. " .... .. ... . 
1
2 0.000
 

3 0.0 1986 2036 2086 2136 2186 
Time 

LEGEND
 
1 CATTLE Total national cattle herd in traditional farming xl.000 
2 ratio Stocking rate/grazing capacity ratio Per cent 
3 AV-SALES Moving average commercial offtake x1,000 

Figure 11.9: Cattle and range development 1986-2186 with 
average 8% (+/- 2%) offtake per year 

As an alternative to the fixed offtake rate, an "adptive" offtake 
rate policy has been tested with the model. This policy is based on 
the assumption that by extra slaughter in low rainfall years and less 
than average slaughter in high rainfall years, the range is optimally 
exploited and total avetage offtake slhould be the same or better 
than with a fixed policy. 

http:1,500.00
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1 CATTLE Total national cattle herd in traditional farming xl 000 
2 ratio Stocking rate/grazing capacity ratio Per cent 
3 AV-SALES Moving average commercial otftake xl,000 

Figure 11.10: Cattle and range development 1986-2186 with 
average 10% (+/- 2%) offtake per year 

In the simulation experiments, we have used the long-term
national average annual rainfall (about 450 mm) as the threshold 
value. If rainfall is less than 450 mm, then the "high" offtake rate is 
applied; if rainfall is more than 450 mm, then the "low" offtake rate 
is applied. Figures 11.9 and 11.10 show the results of simulating 
with an 8% average and with a 10% average. The results are not 
much different from the fixed policy.

Policy 2. Adding grazing land by borehole development. An obvious 
option to decrease overall stocking rates and increase food supply 
per head of cattle is to enlarge the grazing area available to the 

http:1,500.00
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Figure 11.11: Cattle development 1986-2186 on 57,520 km2 added 

grazing land with average potential carrying capacity of 12.5 
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Figure 11.12: Cattle development 1986-2186 on 57,520km 2 added 

grazing land with average potential carrying capacity of 13.5 
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cattle herd. Table 11.3 indicates the potential total extension of the
borehole-based grazing area (currently 150,165 kn 2).

Assuming that the best grazing land is already being used,
additional grazing land will have a lower potential carrying capac
it, fPCC). This implie:; a relatively low sustainable density of cattle 
on the added land. Since the PCC of the land that will be added is
uncertain, we have simulated two alternative developments: the
first one assuming an average PCC of 12.5 ha per LS'} (Figure
11.11); the other assuming an average PCC of 13.5 ha per LSU
(Figure 11.12). These simulations indicate that a proportionally
smaller herd can be held on the added land. 

Conclusio'ns 

The study provides an e\tended but basically simple predator
prey type simulation model including negative feedbacks. The 
model concentrates on the role of rainfall and stocking rate in
determining the quality of the range and the role of range qualit' and quantity in determining cattle herd development. It does 

not fulh, represent the details of the range-cattle system. In fact,
several factors that influence cattle survival such as competition,land loss by desertification, and substitutes for grazing are not 
included. 

Since only numbers of livestock are modelled, the quality ofthe herd has to be interpreted from the stocking rate/grazing
capacity ratio. If the ratio is less than 100,, the area is overstocked, 
meaning hungry cattle. 

The model has been developed by a combination of deductive

(mainly from ecological theory) and empirical methods. Data are

incomplete and from different 
sources. Testing of the model hasbeen limited to historical simulation. Still, the model is thought to
include the major processes and control mechanisms functioning
in the range-cattle system, is stable through realistic negative feed
back loops, and produces a relatively close fit to empirical data in 
historical simulation. 

'Fhe simulations indicate that (a) the regulatory feedback loops
built into the model !ead to a stable oscillatory bejiaviour, and
that (b) with the structure of the present model, droughts will 
cause serious losses of cattle but will not lead to a collapse of the 
national herd. 

The rapid growth of the cattle herd between 1966 and 1982 shallprobably not be continued after the drought of the early 1980s. If 
present ofttake rates are continued, then the herd will stabilize
 
at about 2.3 million LSU. Trying to maintain such a herd does 
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imply severe risks, especially for the small farmers. The range is 

to be under heavy stres;s (overstocked), implying local
calculated 

little rooom fo.-r wildlife and poor quality of great
soil degradation, 
numbers of cattle. 

Varying offtake rates are a slight improvement in terms of higher 

sustailable offtake and less stress on the range if they vary between 
not provide an

8 and t2%,. The other offtake options tested did 
policies. However,

improvement compared with fixed offtake 

market dependencies and difficulties of profitably investing rev

in order to finance purchase in 
enes from high offtake years 

risks ior those who adopt adaptivegood rainfall years may cause 

poiicies. 
tile second policy examined is that

The basic assumption of 

addition of grazing land will enlarge the basis tor cattle herd
 

The total offtake and other benefits should there
development. 

of"good quality and the
fore be greater. IIowever, lack of x%ater 

vet in use as grazsuspected quality of that part of the range not 


ing land lead to less than prop(.rtional increases in herd size and
 

offtake. 

Note 

1.The model presented here is one ofa suite of models developed in 

the context of the Environment-Developmieit Linkages Research 

Project sponsored by the Directorate-General for International 

Cooperation of the Duich Government (see Arntzen and 

Veenendaal 1986, for the final report). 
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IV 
Improvement
 

Programmes at the
 
Village/Local Level
 

Dryland areas in developing countries often pose spe
to combat drylandto those attemptingcial problems 
large regions may

Entire villages or evendegradation. 
be far along in the cycle of degradation, lead

already to 
poverty, to increased degradation,

ing to increased 
often surferso on. These areas

increased poverty, and 

from many of the problems discussed so far - declining 
In such 

crop yields, overgrazing and deforestation. 

to deal with
 

areas, an integrated programme designed 

all these issues is necessary if an\, long-lasting solutions 

are to be implemented. 
is a common characteristic of such 

Extreme poverty 
level with littlelive at subsistenceareas. Inhabitants 

other vagaries of 
cushion against droughts and or no 

survival is paraMount, even at the 
nature. Short-term 

in the future.degradationcost of increased resource 

Programmes with long-term benefits have little chance 
for futurecurrent sacrificeif they involveof success 

gains - residents feel unable to make even small sacri

of their currenL production. Combined with 
fices out 

this obstacle is the strong aversion to risk in such areas.
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Though poverty stricken areas such as these h1ave themost toficgainslti fromwh chchange, thev are often the most dif
re t heficult arelS in whiCh to implement a project SUCCOSSfUlly.t1,n to the constraints imposed by poverty andrisk aversion, otherSocial andculturl.al factors ofterimakeit difficult for Outsiders to be accepted by the comluniity.These areas require a "bottom-up" appoach as compared with the "top-down" approach so often imposedby donorgroups.


This section describes 
 two successfulimplemented by the 
programmes

Societ\, for Promotion of Wastelands Development in India. The first study is an exampIe of an in tegra ted soil a1d wa.iter conservation programme including a small-scale irrigation developmentin north India. Working Wxith programme tile Village council, thexVas able to ilprovegrazing practices and chi1nge village 
both cropping and 

IttitUdes towardnearby- protected forests, allowing increased production of fuelWod.

The second study, describes a successful programme
that focused on establishing informalcentres educationaland strengtheniing local institutions.educationial Thesecentres eventually, leddecision to a collectiveto implement a large-scale afforestationgramme. pro-Special attention was so given to equity issuesthat participants would benefitparticipated to tile degree theyin the project and benefits would not beusurped by a small group of powerful individuals. 

http:andculturl.al
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Economic and Social Change in a Small Rural
 

Community in the Degraded Lower Shivalik
 

Hill Range in North India
 

Society for Promotion of Wastelands Development 

Precis 

This study diScusses a programnwe designed to reverse the effects 

a small rural village in India and improve the 
of degradation in 
quality of life of its inhabitants. Spurred by a study of siltation in 

the project considered how a soil and water 
a nearby catchment, benefit an entire 
conservation programme could be established to 

village. a number of features 
systen devised wa, comprised ofThe 

small-scale irrigation, improved

including water harvesting ,nI 


the villagersand encouragingagricultural and grating pracdice', 

themselves to take charge of many aspects of the programme. As 

an iltegrated programme such 
the high benefit-cost ratios show, 

this can bring about profound improvemeints without unduly 
as 
high capital costs. 

Characteristics of the project area 

Locatit i 
The Shivalik hill range is situated below the H-imalayan Mountain 

range and above the Indo-Gangetic alluvial plains, e\tending into 

the Indian states of lunjab, Hlarvana, I imachal Pradesh, and Uttar 

Pradesh and covering more thaln 1I.0 maillion ha. It is fair!v densely 

populated, mostly with small rural communities. Sukhormari is a 

small village in the linjore range of the Shivaliks, 30 km from Chan

digarh. It has apopulation of about 450, all belonging to acaste cal

led GujLars. Figure 12.1 show, the location of the project area. 

is dependable at 
Trhe average anmital rainfall is' 1,137 min (') 2 niClimate

a 75) probabilitv), of which 792 mm (82',,) is received ,oi June to 
is dependable at a 75",, probability). Thecoeffi-

September (;8immo 
cient of variation is 24./ ...Monsoon rains start around the end of 

June and end by mid-September. Rainfall of long duratien z.nd high 
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intensity is a common feature of the area. Rainfall intensities as 
high as 135 mm,'hr for a 15-minute period and 105 mm/hr for a 
30-minute duration have been recorded. 

"" - I I8 

China 

.2'.-

Pakistan ,"A'Proect....Pakistan.r I,, " site : - '."l 2 

A ..-"-Sea 

/ I 

Sri 

Figure 12.1 Location of Sukhomajri Project area 

1The ia maximlum temperature is over 43TC during May' and 
J1.111ne and thle mean minimumn te~mperature is recorded in Janu.
ary. The average annual, pan evaporation: is 2,300 mm. Average 
dailV SunshiSne1 h1ours vary from 6.3 inl JulyI/August when the 
sky remains cloudv, to 9.6 in Mvay. The average wind velocity 
varies from 3.5 to 9.6 km-n/hr. 
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Since groundwater is unavailable within a reasonable depth,
there is no possibility of installing tubewells. No surface irrigation 
is available from any other area becau.;e of the terrain. 

Soils 
The soil in the agricultural watershed is generally sandy loam on 
the surface and loam in the lower layers. The soil in hilly forest 
watersheds is silty clay. In general the soils are very deep, but 
sloping lands near the foothills contain pebbles usually smaller 
than 4 cm at the surface with their quantity varying from 10 to 
15% by volume. The slope of land varies from I to 3% on good ara
ble lands and from 10 to 15% near the foothills. 

The foothill- ire sparsely vegetatrd, sustain very poor crops,
and are severely eroded. Soil erosion is severe in' the formerly 
forested areas, which have become virtua!lv devoid of vegetative 
cover, and i;,)derate to severe in agricultural watersheds. 

Land use 
The principal land use in these semi-hilly areas is rainfed agricul
ture - maize followed by wheat in the valleys and forestry on 
slopes and hilltots. Maize suffers from moisture stress due to 
frequent dry spells and early withdrawal of monsoon rains and 
prm)duces satisfactory harvests only once in five years. The lack 
of residual soil moisture after harvesting maize greatly depresses 
the yield of wheat. Agriculture is unable to provide even subsist
ence level needs of the rural community and therefore most of the 
population resorts to rearing livestock for manure, domestic fuel, 
and sale (to the plains) to ensure against crop failure. 

The cattle population per capita is virtually dCuble that in the 
plains. This large cattle population has led to overgrazing, lead
ing to poor productivity in grass cultivation (resulting in severe 
erosion) and consequently to poor condition of livestock. Women 
have to spend a great deal of time collecting grasses for fodder 
and wood for fuel and often encroach on neighbouring reserved 
forests. Efforts by the Forestry Department to protect forests by 
fencing fail despite levying of fines and threats. Overgrazing of 
vegetative cover and felling of trees have led to severe soil erosion 
resulting in frequent landslides, formation of gullies, and flash 
floods. 

Almost 50'. of the average rainfall becomes runoff fi.,m hill 
slopes that have been rendered bare (supporting only sparse vege
tation comprising scattered bushes of Adlitoda nasica, Dodan'aviscosa 
and Lantan canara).The quantity of sediment washed off annually 
is estimated at 100 to 150 tonnes/ha of catchment. 
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Pastattemptsat ruraldevelopi,.ent 
Prior to 1976 a wide variety of strategies had been tried to improve 
the economic conditions. The Forestry Department attempted to 
raise plantations on the slopes and also fenced these plantations 
to protect vegetative and timber growth. But the shortage of fod
der and fuel in Sukhomajri (and other villages in the area) was 
such that fences were repeatedly broken, and protected forest 
plantations were encroached upon so seriously by the village 
communities that this plantation development failed. Government 
extension agencies att',mpted to introduce controlled grazing and 
planting of fruit trees, but these efforts also failed to enthuse the 
village communities. 

One of the most likely reasons that these programmes failed is 
that these efforts entailed a diversion of resources from current 
consumption of a poverty-stricken village community surviving 
at subsistence level. Since no immediate, direct visible benefits 
were perceived by the villagers, extension efforts continued to 
fail. Over-exploitation of natural resources continued. 

Impetus.finrcurreiitproijct 
Chandigarh was built in the 1950s as the capital of the Indian State 
of Punjab. The city has grown rapidly; its total population was 
451,000 in 1981. A lake (Sukhna) was created in Chandigarh in 
1958 to supply water to the city population. Within 18 years, more 
than 60% of this lake filled with silt, and its depth was reduced from 
14 m to barely 4 m in 1976 despite increasingly heavy expenditures 
on desiltation. Each mons. .onbrought large quantities of silt into 
the lake. 

The problem became so acute thai surveys were undertaken 
to determine the viability of a number of alternatives to increase 
water storage for supply to the growing city. As part of these 
studies, the Central Soil and Water Conservation Research and 
Training Institute (CSWCRTI) of the Union Government Indian 
Council of Agricultural Research located in Chandigarh was 
asked to carry out a study of siltation. This Institute carried out 
a ground survey of the catchment area of the lake which revealed 
that 25% of the total catchment area located in the higher part of the 
region contributed 80 to 90% of the silt load. 

The runoff of water and silt from Sukhomajri affects agricultural 
areas below the village although it does not contribute to the 
siltation of tile Sukhna Lake in Chandigarh. However, the success 
in checking siltation in the Sukhna Lake from the lower Shivalik 
hills in neighbouring areas (by the construction of check dams 
along with plantations of Bhabbar grass, Acacia catechu, Dalbargia 
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sisso) led the Institute to consider how sirailar water and soil 
conservation could be achieved in Sukhomajri for the benefit of 
the village community. 

Table 12.1: Social and economic characteristics of Sukhomajri in 

Population Land ownership 
Total population 455 ILand owned by 

Male " 263 individuals 52.3 ha 
Female 192 Panchavat (community) 

Number of families 59 land being cultivated by 
Average size of family 8 individuals 47.7 ha 

Panchayat (community) 
Education land used for grazing 16.0 ha 
Graduate Nil 
Engineering Diploma 1 Landholding 
Matriculation 6 Average holding per 
Industrial Training family 0.88 ha 
Institute Certificate 1 Average holding per 
MiddleSchool 26 capita 0.11 ha 
People who can write 35 Families having marginal 
Illiterate 386 land holding (up to I ha 

unirrigated) 37 
Employment Families having small 
Teacher 1 land holding(I to2ha 
Army Soldiers 5 unirrigated) 20 
Fitters 2 Families having medium 
Constable I land holding (above 2 ha 
Drivers 2 unirrigated) 2 
Peons 7 
Factory workers: Cattle population 

Permanent workers 15 Bullocks 79 
Casual workers 20 Cows 14 
Daily wageearners 44 Buffalos 129 

Goats 144 
Land uEe Heifers 4 
Totalland area 120ha Buffalocalf 41 
Agricultureland 1,-Oha Total 411 
Residential land 4ha 
Waste land 16 ha Annual production in Quintals 
Area underdouble Wheat 250 
cropping 37.2ha Maize 356 
Area under single Fodder 960 
cropping 62.8 ha 
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Project description 

After a detailed survey of both the social and environmental
conditions of Sukhomajri (see Table 12.1), the Institute began
to implement a variety of water and soil conservation measures. 
These included: 

* shallow contour trenches to arrest sediment and harvest 
runoff; 
* construction of stone check dams in gully bottoms to stabi
lize gullies and store runoff water;

0 installation of an underground PVC pipe water conveyance
 
system;
 
" planting of Acacia catechu on steep slopes;
* stall feeding of cattle and protection against grazing on 
vulnerable lands; 
* protection against illicit felling of trees; and
* introduction of a variety of improved agricultural projects. 

The main features of this programme are described in the follow
ing sections. Problems encountered during implementation are 
also discussed. 

Storagedanis 
Areas similar to the project area with steep slopes, silty clay soil,
low vegetative cover, and high drainage density generally release 
on average about 40 to 50% of precipitation as runoff. Taking the 
average yearly rainfall of 1,137 mm and the consequent siltation,
evaporation, and seepage, it was calculated that 600 mm of water 
storage from each hectare of the catchment area would be poss
ible. During 1976 - 79, hree storage dams were constructed in
the Sukhomajri village. This case study evaluates the economics
of one of these structures, storage dam no. 2, since it is considered
representative of the field conditions prevailing in the area. 

After construction, conflicts arose as to who was entitled tothe stored water. The large "revenue" village in the area claimed alarge share, but this was resolved by recourse to land records that
showed the dam storage area to be Sukhomajri community land.

The amount of water that could be stored was enough for two
irrigation periods (,-15 November and 1-15 December) for wheat at
57.5 mm gross, or 37.5 mm net, irrigatinn requirement (assuming
65% irrigation efficiency). With this requirement, the mean avail
able water supply from storage dam no. 2 can irrigate about 32 
ha of the wheat crop (about 30% of the agricultural land area in the 
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village). For effective utilization of scarce water, the whole of this 
area required proper levelling and grading. After water was avail
able and land was ktvelled, improved seeds and fertilizers were 
introduced to the farmers to increase crop yields. 

Waterconveyance system 

The water was conveved to the fields by underground PVC pipes 
to minimize seepage loss. The main pipe was connected to a small 
tank from which water enters the undergrourd pipelines. Four out
lets were originally provided from the pipelines to release water at 
regular intervals, though this number was later increased to seven 
(see following section). 

Instittutionalarrangenients 
Dam no. 2, together with underground pipelines for conveyance 
(with four outlet points), was completed in 1978. A member of the 
CSWCRTI staff was posted at the village to administer the distribu
tion of water. Conflicts in.the distribution of irrigation water arose 
when the largest landowner claimed a disproportionate share. For 
the next two years disputes in distribution of water continued 
to increase, together with allegations of misuse of power (by a 
few of the larger landowning families), though these were never 
expressed openly. These disputes were compounded by the fact 
that the pipeline could irrigate only 16 ha. 

A characteristic of the Gujjar community is the important role 
women play in decision-making within the family. They are soleiy 
responsible for looking after livestock and working in the field. In 
addition, they make many of the decisions on agricultural opera
tions (such as what crops to grow). 

In a survey of women's attitudes on a variety of economic and 
social issues, including the development of the village carried out 
by an NGO, the women in the village expressed their views frankly 
about the serious deficiencies in the distribution of water and the 
performance of the staff appointed to distribute water. A further 
survey carried out by a water management expert revealed that the 
outlets provided were too few to enable equitable distribution and 
that it was feasible to extend the underground pipeline network as 
well as virtually double the number of outlets. 

This expert, together with the NGO working in this village, held 
a number of discussions with the community and the panchayiat 
(village council) and ii was in these discussions that the concept 
of a water user's association (WUA) to manage and control the 
stored water was developed. After a seiies of further discussions, 
the WUA was established along with a system in which every 
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member of the village was given an equal share of water regardlessof the land he or she owned and freedom to sell that share to others.The staff from CSWCRTI was withdrawn, and the WUA appointed
a person from the village who was then trained to carry out his functions (and to look after maintenance and operation). The pipelinesystem was extended to provide water to 32 ha, and the numberof outlet points increased to seven (from four). Fish farming wassubsequently introduced in the reservoir. 

Grazing
Before the project started, there were 144 goats which formedabout 35% of the total livestock population. Because of a reductionin open grazing and increased plantations in the hill slopes, thevillagers changed the livestock composition. By the early 1980s,
the number of goats declined to 11% of the total livestock population, and the share of "luffalo in the total livestock populationincreased from 31 to 46%. This change not only prevented opengrazing in the hilly areas but also increased milk production,thereby contributing to improved nutrition and income for the 
villagers. 

LIst' of r'serz'edfors,t
As part of the village development scheme, pressure was put onthe Forestry Department to alter its practice of auctioning theright to harvest grass in the neighbouring 120-ha reserved forest area. Prior to 1982, the Forestry Department auctioned the rightsto harvest grss to the highest bidders, generally contractors, whopaid an average rate of Rs. 300/sickle/yr. Th'e grass was thensold by the contractors to villagers at any price they were able torealize. In 1982, the Forestry Department offered the right to villagewomen. Due to the progressively improving care demonstrated byvillage women in cutting grass without destroying the roots andremoving only dried twigs, for example, the Forestry Department

waived charges for grass cutting to village widows and womenwhose husbands are employed elsewhere and are unable to remit
adequate funds to their support.

The villagers are now the protectors of the reserved forest area.The growth of both grass and timber has accelerated. Withthe increased availability of agricultural and animal materials
(especially through stall feeding and change in livestock composition), the per capita fuelwood consumption has declined fromabout 4.6 quintals in the mid-1970s to about 2.5 quintals in the 
early 1980s. 
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Othereffects 
The change that has occurred in the agricultural and allied 
productive sectors is marked. While the total land area under 
agriculture remains more or less unaltered, the annual wheat 
output has increased by 300% and the annual maize output has 
been stabilized at a slightly higher level (about 550 quintals). 
There is a threefold increase in fodder output. Milk output has 
increased by about 200 litres/day (a 25% increase). The village, 
which previously purchased 50% of its foodgrain, has become self
sufficient. 

Some families, generally owning little land, sell their shares 
of water to others for Rs. 10 to Rs. 14/hr while they pay the 
Association Rs. 8/hr. Several such families have also become 
sharecroppers of large landowning families; 12% of the agricultural 
land is now under sharecropping. 

This overall improvement in the economic position has led the 
farmers of Sukhomajri to begin taking risks in planning their future 
economic activity. Many small farmers have now started to experi
ment with alternative crops and crop combinations that might be 
more remunerative. Fruit and timber trees are being planted in field 
bunds. Mud houses have been replaced by brick houses. 

As a result of pressure from the villagers, a primary school has 
now been established in the village, and the number of children 
going to school has increased to 45, of which 25 are girls. 

Many other characteristics have vet to change. An attempt to 

Table 12.2: Total project capital costs (Rupees in 1982 prices) 

Year Year 
Ith1 0 1 

(1977) (1978) 

Basic construction work 
Earth work* 104,000 -
Foundation work 15,000 

Watershed treatment 8,000 -
Land levelling - 40,000 
Water conveyance system - 80,000 

TOTAL 127,000 120,000 

*including spillway 



186 InprovenentProgratniesat Local Level 

intr duce improved woodstoves that will further reduce fuelwood 
consumption, as well as smoke, has yet to succeed. Women com
plain that cooking in this stove takes too long, and they cannot 
spare time from looking after livestock and other chores. 

Project costs and benefits 

Capitalcosts 
The construction of the reservoir and treatment of he catchment 
airea was completed before the monsoon of 1977. Th?2 water convey
ance system was installed in 1978. At the same time, the land was
levelled partly by CSWCRTI and partly by the farmers to make it 
suitable for irrigation. The total costs are listed in Table 12.2. 

Distribution of project cost by resource categories is shown in 
Table 12.3. 

Table 12.3: Distribution of project capital costs (Rupees in 1982 
prices) 

Item 
Domnestic 
material 

Skilled 
labour 

Lnskilled 
labour 

Basic construction work 
Earth work 
Foundation work 

Watershed treatment 
Land levelling 
Water conveyance system 

i5,000 
10,200 
4,000 
8,000 

60,000 

5,000 
1,200 
-
-

4,000 

84,000 
3,600 
4,000 

32,000 
16,000 

TOTAL 97,200 10,200 139,600 

Anual operatingcosts 
Additional cost o!fwheat cultivation. Availability of irrigation requires 
more intensive labour and additional fertilizer inputs. Additional
labour and fertilizer increased from year 2 to year 4, and thereafter 
remained at this level. It is assumed to remain constant throughout
the life of the project (though further improvement in agricultural 
practices is expected).

Cost of irrigation. A supervisUr (from the village) was hired and
paid Rs. 2/hr of irrigation for 750 hours per year. in addition,
he is also given Rs. 4/hr for maintenance of pipelines, fuel, and
other matters. The full irrigation potential was realized in year 4. It 
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increased from 250 hours in year 2 to 500 hours in year 3, reaching 
750 hours in year4 and is assumed to remain constant thereafter. 

Cost of increased milk iehd. Milk yield increased because of the 
availability of better fodder and change in the composition of 
the livestock population. The costs were (a) foregoing the right 
of open grazing of animals ir,the catchment area; and (b) use 
of the fodder available from the catchnment area which, as ,m 
alternative, the villagers could have sold in the market. First-year 
increases in yield were mainly a result of the increased availabil
ity of fodder, and in the second, third, and fourth years because 
of change in livestock composition and improvement in breeds. 
Estimated increase was 20,000 litres in the second year, 40,000 in 
the third year, and 60,000 in the fourth year, remaining at that hL.vel 
thereafter. The price of milk is Rs 1/litre. 

Table 12.4: Annual operating costs (Rupees in 1982 prices) 

Year 

Item 1 2 3 4 5 6-29 30 

Additional cost of 
wheat cultivation 

Fertilizer - 2,080 4,160 6,240 6,240 6,240 6,240 
Labour - 1,040 2,080 3,120 3,120 3,120 3,120 

Costof irrigation - 1,500 3,000 4.500 4,500 4,500 4,500 

Cost of increased 
milkvield - 1,500 1,500 1,500 1,500 1,500 1,500 

Maintenance of 

reservoir 240 200 160 120 120 120 120 

TOTAL 240 6,320 10,900 15,480 15,480 15,480 15,480 

Maintetnact of reservo'ir. The reservoir (dam no. 2) requires 
desiltation every year in the suminer. The cost in the first year, 
estimated at 30 person-days, was incurred by CSWCRTI. With 
the improvement in the vegetative cover in tfhe catchment area, 
siltation has gradually been reduced and the cost declined to 25 
person-days in the second year, 20 in the third year, and 15 in 
the fourth year. Although it is expected to decline somewhat in 
subsequent years, it has been assumed to remain canstant .c15 
person-days per year. 
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Annual operating costs are shown in Table 12.4. 

0 thercos ts 
In addition to the annual operating costs in the construction year
and the subsequent three years, the director of CSWCRTI and 
four other scientists devoted their time to this project and used 
the facilities of CSWCRTI. The estimated cost of their time and 
the use of their facilities (office premises, camp set-up at village,
vehicles) are shown in Table 12.5. 

Table 12.5: Cost of CSWCRTI staff and infrastructure (Rupees, 
1982 prices) 

Year 
Item 0 1 2 3 

Staff cost of CSWCRTI 
Infrastructure 

48,000 
48,000 

48,000 
48,000 

48,000 
48,000 

48,000 
48,000 

TOTAL 96,000 96,000 96,000 96,000 

Direct beiefits (coniswimption i 
The project resulted ir. additional wheat output (5, 10 and 15 
quintals/ha in the second, third, and fourth and subsequentyears), fodder grass (at 15 t/ha from 6 ha of catchment area),
timber output (from 4,680 trees in the catchment area), a net 
increase in the value of fish in the reservoir (500 kg/yr from 
the fifth year onward), and milk from buffalos and cows. The 
net increase in tile value of fish and milk has been calculated 
by deducting the additional cost from the additional output. Tile 
cost of the fishery includes the cost of and feed for fingerlings,
and maintenance. The cost of additional milk from changing the 
livestock composition in favour of stall-fed buffalo with assured 
fodder supply at the expense of open-grazed goats includes the 
cost of additional buffalo, additional cost of feed, and the income 
forgone from goats. 

Iidirectbenefits (en'ironnental) 
The main indirect benefit arises from reduced soil erosion. The 
treatment of the catchment area by tree planting and grass cover 
and the construction of the reservoir has prevented the loss of 
topsoil estimated at 100 t/vr/ha from the sixth ,ear onward. (In 
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the first five years, the reduction in erosion is estimated at 0, 20, 
40, 60, and 80 t/yr/ha, respectively.) 

While the benefits directly accruing to farmers can be calcu
lated at market prices, the indirect benefits pose problems in 
estimation. Washing away of topsoil meant loss of nutrients from 
the area, where now trees and grasses have been planted. Though 
the actual replacement cost of topsoil has not been calculated, 
the market value of the replacement cost of nutrients has been 
estimated and taken as the benefit. (It call be argued that tile 
continuing soil erosion would have become so acute that the 
community would have had to be resettled elsewhere or other 
occupations, such as industry or services, arranged. This would 
have entailed very large financing by government.) The major 
direct and indirect benefits from the project are calculated in Table 12.6. 

Table 12.6: Project benefits (Rupees in 1982 prices) 

Years 
Iten 1 2 3 4 5-29 30 

1. Additional 
wheatoutput - 20,280 40,560 60,840 60,840 60,840 

2. Additional 

grassoutput - 1,500 1,500 1,50) 1,500 1,500 

3. Timber output - - - - - 491,400 

4. Fish output - - - - 2,500 2,500 

5. 	Increased milk 
yield - 20,000 40,000 60,000 60,000 60,000 

6. 	Reduced soil 
erosion 36,960 73,920 110,880 147,840 184,800 184,800 

OtIerbenefits 
Apart from the preceding direct and indirect benefits, other ben
efits have accrued to the inhabitants of Sukhomajri which are 
not taken into account in this study. Prior to the erection of 
check dams, the erosion from gullies was adversely affecting 
downstream agricultural crop yields. There is a distinct improve
ment in the crop yield in downstream landholdings resulting from 
this project in Sukhomajri. The farmers in Sukhomajri are now 
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experimenting with various timber trees (Eucalyptus)and fruit trees 
(Papaya)in the field bunds. 

Apart from these two benefits, which can be quantified, there 
are also several other qualitative benefits such as increased food
security, improved nutrition and living conditions, reduced 
underemployment and poverty, and increasing community
participation and social awareness. 

Table 12.7: Benefit and cost flows (Rupees in 1982 prices) 

Year 
1977 1978 1979 1980 1981


Item 0 1 2 3 4 5-29 30 

lenefits 
Add'lwheatoutput - - 20,280 40,560 60,840 60,840 60,840
Add'l grass output - 1,500 1,500 1,500 1,500 1,500 1,500Tiimberoutput - - -- - 491,400
Fishoutput - - - - 2,500 2,500
Add'l milk yield - 20,000 40,000 00,0(W 60,000 0 ,000 60,000
Reduced soilerosion - 36,960 73,921 110,880 147,840 184,800 184,8M) 

Costs 
Construction cost I 19,000 - - -

Domestic material 25,200 - - -
Skilled labour 6,200 -  - - - -
Ifired unskilled labour 87,600 - - -...
 

Watershed treatment 8,000 -  -

Domestic material 4,000 -  -

Ilived unskilhd labour 4,1)00 -  -


Land levelling - 40,000 - -

Domestic material - 8,000 - -

Fanily unskilled labour - 32,000 - -


Water conveyance ssten - 80,000 
 - -
Domestic material - 60,000 .. . . . . 
Skilled labour - 4,000 -


I fired unskilled labour - 16,000 . . .
 .Operatingco,t - 240 4,820 9,400 13,980 13,980 13,98)
Fertilizer - - 2,080 4,160 6,240 6,240 6,240
FamilI, unskilled labour - - 1,040 2,080 3,120 3,120 3,120
Hired unskilled labour  240 200 160 120 120 121
Skilled labour  - 500 1,000 1,500 1,500 1,500
Domestic material - - 1,000 2,000 3,00t 3,000 3,000

CSWCRTI cost 96,000 96,000 96,000 9 (00) -  -
Domestic material 48,000 48,000 48,000 48,000 -  -
Skilled labour 48,000 48,100 48,000 48,000 - - -

Fodder income forgone - 1,500 1,5011 1,500 1,500 1,500 1,500 
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Data oil the distribution of benefits to different income classes 
are not vet available (though with equal shares of water allotted to 
all farmers that can be used or sold, plus the additional income to 
small landowners from sharecropping, it is likely that the benefits 
are not skewed in favour of richer farmers). 

Table 12.7 provides a comprehensive summary of all the benefits 
and costs of the project considered in this study. Various elements 
are further subdivided wherever possible accordiog to the share 
appropriate to each of the resource category. 

Economic analysis 

The economic anal'sis of the Sukhomajri project has been car

ried out from the point of view of Indian society. Inputs and 

outputs have been valued at both market prices and shadow 
prices. 

Financialannluysis 
Consumption benefits of the project consist of the net addition to 
the value of output after the project, including increased crop 

(wheat) vield, grass output, and milk output after the project, as 

well as the total output of timber an 4 fih resulting from the project. 
The total direct cost represents tHI Ictual construction cost in the 
first two years and the annual operating cost including the oppor
tunity costs of forgone income from fodder. 

Table 12.8: Present value of direct financial benefits and costs 
(Rupees) for a 30-year period 

Discount Rate 
Item 120% 15% 

Present value of benefits 861,671 673,566
 
Present value offcosts 323,619 301,292
 
Net present value 538,052 372,294
 
Benefit-cost ratio 2.66 2.2,'
 

Table 12.8 presents the present values of direct consumption 
benefits (items 1, 2, 3, 4, and 5 in Table 12.7) and direct costs 
(items 7, 8, 9, 10, and 11 in Table 12.7) at two discount rates, 12 
and 15"/,, for a 30-year period. 
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Table 12.9: Present financial values of total benefits (direct andindirect) and total costs (direct and indirect) (Rupees) for a 30-year
period 

Discount RateItem 12% 15% 

Present value of benefits 2,053,811 1,626,039
Present value ofcosts 662.228 623,457
Net present value 1,391,583 1,002,582
Benefit-cost ratio 3.10 2.61 

In .able 12.9 we hlav attempted to show the present values 
when indirect benefits anci costs are included. 

Tables 12.8 and 12.9 indicate high financial benefit-cost ratios for
the Sukhornajri project, even at a 15% discount rate. 
Social benefit-cost analysis 

We h,.e adopted the accounting ratios shown in Table 12.10developed by the Planning Commission for estimating social costs 
and social benefits. 

Table 12.11 shows the results of the analysis using the account
ing ratios shown in Table 12.10. These can be compared with
the data presented in Table 12.9. The social benffit-cost ratios 
are higher than the financial benefit-cost ratios, indicating theenhanced desirability of the project from the social viewpoint.

The environmental benefit that accrues to society from reduced
erosion is in itself sufficient to justify investment in this project:
at a 15% discount rate, the net present value from reduced erosion 
comes to about Rs. 952,000, which is much higher than the entire 
social cost of the project of about Rs. 469,000.

In the Sukhomajri village, investment in the storage of water and
prevention of siltition (which was found feasible) has led to rapid
acceptance of improved techniques in agricultural practices, live
stock practices and supplemental activities in fish farming. Just as important and possibly of great significance for the future is
the reduction in risk aversion among the villagers, leading them
to experiment with relatively new ideas such as *iew crops and 
new crop rotation, and planting of fruit and timber trees on field 
bunds. 

There has also been a reduction in illiteracy (though so far not 
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very substantial) and significant increases in tile number of chil
dren attending high school. The success in Sukhomajri has also 
led neighbouring villages to adopt similar systems. 

It is also evident, however, that this change occurred in some

'Fable 12.10: Accounting ratios* for various items 

Labour
 
Rural hired unskilled labour (in Haryana) 0.94 
Rural family labour (in Sukhomajri) 0.40 
Rural skilled labour 1.00 

Non-traded commodities 
Construction (material & machinery) 0.52 
Infrastructure (office machinery) 0.37 

Traded commodities 
Pipelines 1.00 
Fertilizer 1.00 
Wheat 1.00 
Milk 1.00 
Fish 1.00 
Tree 1.00 
Grass 1.00 

"Accoutting ratios A, = PS,/I'M,, where 
I'S, = Social price and I'M, = Market price 

Note: The accounting ratios for items 1, 4, 5, 6, and 7 are developed by the Planning 
Commission and ummarized in Lal 1980). The other accounting ratios are estimated based 
on the Planning Commission's methodology. 

Table 12.11: Present social values of total benefits and costs 
(Rupees) for a 30-year period 

Discoimt Rate 
Item 12010 15% 

Present value of social benefits 2,053,811 1,626,039 
Present value of social costs 479,386 469,072 
Net present values 1,556,425 1,156,967 
Benefit-cost ratio 4.13 3.47 
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what fortuitous circumstances - investigations on how to check 
siltation in the reservoirs supplying water to the growing city
of Chandigarh, 30 km from Sukhomajri, led to the initiation of
this project. In addition, village co-operation was eased because 
Sukhomajri is a purely cohesive community (all Gujjars) with no 
significant landlessness problem.

A wide variety of measures previously introduced to improve
economic and social conditions failed to enthuse the villag
ers, since they entailed diversion of resources from immediate 
consumption in a community surviving at subsistence level, 
although they could provide substantial benefits in the longerterm. In these circumstances, the catalyst was in providing irriga
tion water through check dams that could be erected quickly
and inexpensively. A disappointing feature was the relatively low
contribution of the village inhabitants for farm labour (Rs. 36,000 
out of a total cost of Rs. 139,600 for unskilled labour).

Can this success, limited though it is, be replicated readily in
other degraded areas? The estimate of the amount of degraded land 
in India is 12.9 million ha of arid and semi-arid land, 7.2 million ha 
of saline and alkaline lands, and 74 million ha of water eroded area.
There is also about 30 million ha of degraded forest area. Clearly
the techniques of rehabilitation will be different for each type of 
land. 

In virtually all these areas, however, the problem will be to devise 
a strategy that does not entail any immediate significant drain or
diversion of resources from current consumption when large
numbers of people live at bare subsistence levels. Another impor
tant factor is to avoid the need for injection of unduly large capital
resources from elsewhere in a capital-short economy. In addition,
community participation must be promoted by both government
and voluntary organizations, and arrangements devised that will 
prevent conflict between different classes of beneficiaries. 
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Dryland Management Options in 

Wastelands Development: 
Jawaja Block, Rajasthan 

Society for Promotion of Wastelands Development 

Precis 

Like many other dryland areas, the land near the villages dis
cussed in this study suffered from increasing degrad.,tion due to 
overgrazing and deforestation. Past development efforts had aided 
small groups within the area, but the benefits of these programmes
tended to be usurped by a small group of powerful individuals. 

This study describes a successful development programme that 
focused its efforts on establishing informal educational centres 
where villagers could come together to discuss potential solutions 
to the problems they faced. The result was a large-scale afforesta
tion programme, adopted by consensus from the villagers, that 
included a variety of safeguards to ensure equitable distribution 
of benefits. 

The high benefit-cost ratios of this programme show that social 
forestry schemes such as this can bring about substantial improve
ments in village life. 

Introduction 

The Aravalli Hills extend about 692 km from Palanpur in the 
Indian State of Gujarat to the State of Haryana and the Union 
Territory of Dolhi in the northeast. This range bounds the main 
watershed of the Indian State of Rajasthan. At a few places,
the hills are discontinuous with gaps. LANDSAT imagery has 
shown that in the absence of adequate afforestation, these gaps
act as "windows" through which the desert sand drifts toward 
the fertile areas of Jaipur, Ajmer and Sikar districts of Rajasthan 
State. 

The Aravallis divide Rajasthan into two parts - the arid lands to 
the west covering about two-thirds of the State and the semi-arid 
lands to the east. The Aravallis cover only about 20% of the State 
but influence the ecology of about two-thirds of its area. 

More than half the area of Rajasthan (35 million ha) has already
become wasteland, and the degradation of other areas continues. 
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Large-scale degradation of land has led to serious fuelwood short
ages, particularly affecting women and Lhildren, and fuel scar
city has become a much more serious danger than food scarcity. 
Decreased production due to ,rosion has affected the availability 
of fodder for cattle The composition of the livestock population 
is becoming increasingly skewed in favour of hardy breeds like 
goats, threatening to further intensify degradation and expand tile 
desertification process. 

Decreasing productivity of land has led to expansion of agricul
ture to marginal areas. Cropping on such marginal lands is result
ing in extensive degradation and exacerbating the poverty of the 
area's inhabitants. The result of all these factors is the creation of 
what are known as "ecological refugees" and the existence of non
migrant communities who must face regular drought and floods. 

Description of project area 

This case study deals with the area administratively known as 
the Jawaja Block. This block is among the poorest in the Ajmer 
district in Rajasthan. It consists of 198 villages and hamlets with a 
population of about 100,000. Most of the villages fall between the 
two ridges of the Aravallis which converge just beyond the Jawaja 
village. The southern part of the Jawaja Block has undulating ter
rain and very little arable land. 

The total area of the Jawaja Block is 58,500 ha, of which 24,800 
ha are agricultural, some 24,000 ha are barren and uncultivable, 
2,400 ha are non-agricultural, and 7,300 ha are, owned and con
vrolled by the Forestry Department. The large part of the block 
indicated as agricultural land gives a misleading picture of the 
agricultural conditions since nich of the area is prone to either 
drought or floods. The undulating terrain is devoid of grasses and 
other vegetation and contributes to this situation. 

The miniluml temperature in winter months ranges from PC 
to 3"C, and the maximum temperature in summer months ranges 
from 43"C to 461C. Average annual rainfall is 500 mam. and the 
variation in annual precipitation ranges from 150 to 1,001 mm. 
Average evaporation is usually higher than the rainfall. 

In stuch circumstances, irrigation facilities normally would be 
able to contribute significantlv to an improvement in the overall 
condition bv' increasing agricultural output, improving land use 
and checking erosion. However, what little irrigation exists is from 
tanks and open wells. When rains fail, whih occurs frequently, 
70 to 80";, of these tanks and wells become dry. There is also a 
small number of electrical pump-sets for water lifting. As a result, 
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even those lands that are classified as irrigated are subject to the 
vagaries of nature. The condition of unirrigated land is even worse: 
there have been at least two recent occasions - 1975 and 1981 
when the rains were so heavy that the entire area was flooded 
because of the "U" shape of the valley.

Extremes of temperature also adversely affect crops. The most 
recent example is severe frost, leading to a drastic reduction in 
the yield of wheat and near total failure of the gram (legume) 
crop. A number of nurseries were affected by severe heat in the 
absence of tree cover which normally provides protection against 
hot winds. 

In addition to the harsh natural conditions of the area, a size
able livestock population of poor quality adds to the pressure on 
degraded land. The total livestock population (including goats
and sheep) exceeds 100,000. Few farmers are able to grow fodder 
in their fields to feed cattle, and the practice of open grazing is 
widespread. 

With the steady increase in the cattle population, the effect on 
natural vegetation has been clearly disastrous. Most hills are now 
totally devoid of any vegetation, and the few surviving trees are 
heavily lopped or cut altogether to meet fodder and fuel needs. 
The cumulative effect on the soil, which is moderately alkaline 
and calcareous, is that the organic matter content is now negli
gible. 

Urban-rurallinks 
Beawar is the main city of the arez with a population of about 
60,000. It serves as the main market centre for inputs and outputs
of the neighbouring villages including those in the Jawaja Block. 
Though it lies within the boundary of the Jawaja Block, it has its 
own municipality and is not under the administrative control of 
the Jawaja Block Committee. The city is the official administrative 
headquarters for three contiguous blocks (including the Jawaja 
Block).

The city and the surrounding rural areas are closely linked. 
The head (Pradhan) of the Jawaja Block is a member of several 
city conmnittees which are concerned with market activities in 
Beawar. Villagers buy in Beawar what is not available at the vil
lage level - stock shortages at the village level of even essential 
commodities are not uncommon. Beawar also provides a place
for villagers to sell their own produce.

The city attracts job seekers from the surrounding villages. It 
also acts as a major loading and unloading centre for road trans
port traffic on the Delhi-Ahmedabad-Bombay National Highway. 
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It has a large number of industrial enterprises, shops, and mandis 
(wholesale commodities merchandising centres). 

As the administrative headquarters in the area, Beawar becomes 
the focal point for state and central governance for the judiciary, 
revenue, education, post and telegraphs and so on. Officials 
administering such schemes as the Drought Prone Area Pro
gramme are also located in Beawar. 

There is a strong link between traders in the city and traders in 
the villages who also act as moneylenders. The moneylender in 
the village and the larger, more prosperous farmers have strong 
links with tradcrs-cum-moneylenders in the city. These links are 
reinforced by itinerant agents who are often employees or seni
employees of the city traders-cume-moneylenders and who visit vil
lages regularly. The Beawar city traders-cur-moneylenders have 
close links with merchants who control various commodities 
in larger cities (including metropolitan cities). This channel of 
commodity and money flows keeps the urban-rural terms of trade 
in the former's favour; especially adversely affected are small farm
ers,village craftspeople, and labourers. 

Social organization 
In the Jawaja Block, the Rawats, a relatively high caste commu
nity, are the largest landowning farming community. The Rawats 
also trade and lend money. All the heads of the village commit
tees are large landowners, at least in a relative sense. They have 
landholdings between 4 and 10 ha, as compared to the average 
landholding in the area which is as low as 0.4 ha. 

The political and economic leadership in the area is comprised 
of large farmers, large farmers-cum-moneylenders-cun-traders, 
and traders/merchants-cume-moneylenders. Such leaders derive 
power by direct or indirect control of finance and marketing 
of agricultural inputs, as well as agricultural produce and the 
manufactures of village artisans. 

Control is exercised in several ways. Loans extended by money
lenders are linked to the purchase of products in advance or after 
the harvest. With respect to handlooms, loans are often in the 
form of raw materials linked to the collection of the finished 
products, with the handloom weaver being paid a low wage. The 
more independent handloom artisans attempt to sell their output 
directly to the villagers and, to the extent they are able to do so, 
get a better price. The village market is small, however, and the 
markets outside the villages are controlled by moneylenders who 
purchase and sell through linked traderr. :n Beawar. 

Co-operatives for marketing of essential commodities (such as 
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fertilizers, kerosene, cloth) and also for providing credit have
proved ineffective so far and have failed to modify the long
established network of political and economic linkages. To date,the governmental administrative system too has failed to make any
significant progress in these relationships. 

Dcc'lopmn'nt acitiZitiesin the Block 
The implementation of most government policies and programmes
depends on Block administration. The organization at the Block
level consists of the Block Development Officer (BDO) and his
subordinates. The Block Development Officer is usually a mem
ber of the official state services and, in a sense, is on "loan" to theBlock Committee (PanchMaIat Samiti) as the Chief Executive Officer
for Block-level action. Fie acts as Secretary to the Block Committee
(Samiti). The Block headquarters, which is located in the Jawaja
village, has four or five extension officers working under the BDO
to implement government schemes and projects in the Block and
to supervise village-level workers, headmasters, and teachers in the 
primary schools. 

The Block activities conducted by the Block Committee are
limited bv its small budget. Generally, major Block activities are
those that are determined at the district level, and these invariably
represent state or national schemes. Though in these cases the
Block Committee has little say in determining policy, it attempts to
exert its power through implementing these policies (which is the
responsibility of the BDO and his staff) and by exercising control

of organizations such as agricultural co-operatives.


The village head (SarpaitJh) implements government schemes

and strives to appear to be the decision-maker in the village. This
role is particularly important 
 with respect to low-cost housing
for weaker sections, land redistribution, Drought Prone AreaProgrammes (DPAP) for the development of pastures, subsidy
schemes and, more recently, the Integrated Rural Development
Programme (IRDP) and tle National Rural Employment Programme (NREP). The village head is anxious to demonstrate
that he controls all beneficial inputs, irrespective of the supply
source of the inputs (from government or non-government agen
cies). 

The Block has set targets in relation to all the major government
programmes, such as the quantity of fertilizers to be distributed,
family planning, number of houses to be provided for specified
weaker sections, and number of nev animal husbandry units to be
introduced. The Jawaja Block was initially classified as an animal
husbandry area since agriculture was sparse and unreliable, but 
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this animal husbandry effort was confined to a relatively ineffec
tive artificial insemination programme for cows and tile introduc
tion of Russian Merino sheep for cross-breeding. 

In 1975, however, the Ajmer district was included in a major 
agricultural scheme in this part of Rajasthan, and consequently 
Jawaja was reclassified as an agricultural area. All the exten
sion officers, except one education extension officer, were then 
instructed to concentrate on agriculture, as were the village-level 
workers (VLWs). However, since their experience in the Jawaja 
Block in the previous 10 years was confined to animal husbandry, 
their knowledge of agricultural practices appropriate to the condi
tions of the Block was highly inadequate. This lack of knowledge, 
combined with budgetary constraints, was detrimental to effec
tive supervision by Block officials and contributed to a decline in 
their influence, with a corresponding increase in the influence of 
the local economic-cume-political power structure. 

In 1975, the Indian Institute of Management at Ahmedabad, 
with a research grant from the Indian Council of Social Science 
Research, decided to undertake an innovative experiment in the 
educational system to make it a vehicle of change in rural areas. 
Jawaja Block %as selected for this experiment. The problems were 
approached by initiating activities to develop local skills and 
thereafter to use such activities to derive educational value for 
village schoolchildren. Three items that need specific mention are 
handlooms, leather and tomato products. All three were initiated 
by attempting to improve local skills with the assistance of scien
tists and technologists from national scientific and technological 
institutions. Modifications in technology, in transfer of techni
cal product design, in marketing, and in credit systems were 
deliberately introduced. 

In the early stages, extension work with the village commu
nity was initiated by independent volunteers from outside, but 
slowly and deliberately local village teachers were encouraged to 
participate and extend the work. Those teachers who showed a 
greater degree of initiative eventually' formed a core group within 
the educational system, and have since come to be known as 
the Jawaja Project Group. The State Department of Education 
fully supported the approach of the Institute of Management 
and released two teachers from their routine duties to act as 
co-ordinators of this project. 

Handloom weavers and leather workers became relatively or
ganized over a period of time. However, the tomato growers failed 
to organize because tomato growing included many farmers 
spatially distributed over a wide geographical area, who could 
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not hold their own against the market dominance of the city 
traders. 

It also became evident, however, that the partial success 
achieved in handloom and leather activities did not have much 
impact on the rest of the Block residents. Direct outside interven
tion played a limited role in the widespread development of the 
area, and it became apparent that a much deeper u'derstanding
of the issues affecting the social and economic life of the people 
was essential. This then became the objective of the experimental 
area. 

To attempt to have a broader impact on the community, infor
mal educational centres were set up in which the teacher was to 
be elected by the villagers. Classes were not for imparting literacy
but essentially for serving as a forum to discuss various issues that
affect the day-to-day life of the village commlunitV. Acceptance of 
this concept took almost four years, and the teachers who formed 
the core group played a crucial role in finally gaining community
acceptance. The informal educational centres (now 20) graduallY
led to collective decision-making by the commu nities. 

Those decisions that were within the physical and monetary lim
its of the community were implemented iimmediately. This c'ollec
tive emphasis also put pressure on government functionaries,
albeit gradually, to do their job more effectively. Discussions 
in informal educational centres soon focused oi the shortage
of fuelwood, fodder and food, and the causes of such scarcity.
The villagers gradually realized that without a proper nurturing
of the immediate environment, such shortages would continue 
indefinitely. Unless steps were taken to restore the ecology of 
the area, current residents and future generations would never 
be better off. In their own way the villagers began t,) understand 
that afforestation of hills, field boundaries, and comm., jands was 
the only way to restore the ecology of the area. 

The SPWD project 

Attempts were made to afforest homesteads, schools, and field 
boundaries by procuring seedlings from the Forestry Depart
ment. Two of the 26 village communities took the initiative in 
protecting their hills by completely banning tree felling. Children 
were encouraged to collect seeds from the remaining trees and 
dibble them on barren hillsides. Enthusiasl was high among
the poorest, but the results on the ground were far too inad
equate and scattered. At this stage, the Society tor Promotion 
of Wastelands Development (SPWD), a non-profit making, 
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non-governmental organization, joined with the Jawaja Project 
Group (JPG) in this task. 

After a careful study of the history and socio-economic condi
tions of the area, SPWD and JPG decided to adopt the following 
strategy: 

* to remove obstacles to afforestation activities in order to 
sustain a high level of enthusiasm; 
* while the initiative and action at the village level would 
remain with the local informal educational centres, teach
ers and local people, the organizers would introduce more 
scientific methods; 
* the development of the natural resource base would be 
accompanied by the development of a proper social manage
ment of resources to ensure equitable distribution of the pro
gramme benefits. 

In their analysis of the rather slow progress of afforestation 
and reclamation activities, the Jawaja Project Group identified 
the main constraint to be the unavailability of seedlings of the 
preferred species at easily accessible locations. It was therefore 
decided to develop a network of decentralized nurseries, each 
of which would grow the saplings demanded by the people 
and would cover three or four surrounding villages to mini
mize transportation. Other elements of the SPWD-jPG programme 
were: 

* encouraging communities to protect hills by banning tree
 
fellings;
 
• organizing schoolchildren for collecting, sorting, treating,
 
and dibbling of seeds on hills; and
 
* grafting of ber (Zizyphus mauritania) trees to obtain high 
yields of fruits and fodder. 

Equity consideratins 
In developing these activities, SPWD and JPG were conscious of 
the all-too-familiar history of eventual usurpation of the gains from 
development by a few powerful persons. Therefore, a deliberate 
attempt was made from the outset to develop systems in which 
conflicting intere,;ts could be resolved in a way that en!Aured 
social and legal protection of the rights of the poor to common 
natural resourccs. Thit, was achieved by adopting a work ethic, 
along with technological and educational intervention consisting 
of the following. 



204 Improventetit Programntesat Local Level 

Direct wage benefits. Disadvantaged groups in activities such as 
nursery raising were given direct wage benefits. Since the wage
benefit s were only slightly higher than those otherwise available 
in the area and such enlploynent did not alter the availability of 
labour in the region, no conflict arose. 

In-kind incentives. Availability of free inputs (like saplings) was 
linked to contribution of manual labour. Only those persons who 
had dug pits for planting saplings received them. This kind of 
arrangement did not have much attraction for the richer villag
ers; when they did participate in the programme, the same terms 
applied to them as the rest of the community.

Speci,'; selection. Species were selected so that their produce
(mostly fuelwood) was not individuallv marketable and did not 
require cash expenditure on fertilizers, irrigation and protection.
I' lost individuals could plant only a certain number of trees on 
their pri ate lands and the yield from these would be only slightly
higher than their individual needs. The surplus would be too 
small to justify the cost of transportation to the nearest market 
since fuelwood is not traded in the villages. Therefore, the only
alternatives were for all residents to pool and market their surplus 
or to grow just enough trees to fulfil their consumption needs. 

Forest;,'antations.Development of plantations on common lands,
however, did provide sufficient marketable surplus, and there 
were genuine fears that such plantations would ultimately help
only the villagers well entrenched in the existing ecoIomic
political structure. Before plantations were raised on village com
mon lands, a consensus was established within the community
for equitable distribution for the use of the trees. Such consensus 
decision,3 were subsequently legitimized by the village councils. 
Therefore, both socially and legally, the disadvantaged groups 
were made to feel more secure. 

Different systems emerged in different villages. In some villages,
the entire community planted the village commons and agreed to 
share the produce equally among the households under the guid
ance of village councils, whereas other village councils appointed
security guards to protect the plantations. In some villages the 
common land was equally distributed among the households, and 
the responsibility of planting, protecting and using the land rested 
with each household. In other villages, plantation on common 
lands was carried out by children, but village councils adopted 
resolutions for equal sharing of the produce.

Similar systems emerged for proL'ace from protected hills. 
Grafted ber trees belonged to individuals, and therefore so did 
the benefits. 
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In villages where no consensus emerged, intensive education 
through formal and informal channels continues, and the actaal 
work could be initiated only on private lands and not on common 
lands. Overall summary results are shown in Table 13.1. 

Table 13.1: Summary results 

Activity 1984 1985 

(Year0) (Year 1) 
Number of nurseries 18 30 
Saplings planted 200,000 300,000 

Number of villages 75 125 

Number of people involved in 
tree planting 2,023 5,797 

Number of saplings that survived 
(estimated) 100,000 150,000 

Area protected by community action (ha) 50 100 

Area dibbled by seeds by 
schoolchildren (ha) 10 30 

Number of grafted trees - 2,000 

Economic analysis 

The programme is on-going. This paper evaluates the work done 
in 1984 and 1985 and the streams of costs and benefits expected 
to flow over 20 years. 

Costs 
Table 13.2 shows the benefit-cost flows in constant (1984) market 
prices. All the cost elements have been subdivided accoraing 
to resource category: D, domestic good; I, imported good; L, 
unskilled labour; and S, skilled labour. Except for skilled labour, 
pesticides, and a substantial portion of domestic material, the cost 
items consist of non-cash goods and senices. For cash goods and 
services, actual market prices have been taken into account; for 
non-cash goods and services, estimated market prices have been 
used. 
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Table 13.2: Benefit - cost flows in Rupees at constant (1984) market 
prices 

Item 0 1 2 
Year 

3 4 5 6to20 

Be!nefits 
A. Productivity gains

I. Treeoutput 
2. Fruit output 

-
-

-
-

-
500 

-
2,000 

90,000 230,000 270,000 
3,000 4,000 4,000 

B. Cost-savinggains 
3. Unskilledfamilylabour 
4. Reducedsoilerosion 

-

-
-

11,760 
-

44,520 
-

77,280 
262,160 670,490 699,500 
110,040 142,800 163,800 

Costs 
5. Training 425 1,990 - - - - -

D. Domestic material 400 1,590 . . . . . 

6. 
S. Skilled labour 

Nursery cost 
25 400 

57,200 102,396 
. 
. 

. 
. 

. 

. 
. 
. 

. 

. 
D. Domesticmaterial 12,090 24,906 . . . . . 
1. Insecticide 460 590 . . . . . 

. Skilled labour 39,250 67,400 . . . . . 
D. Non-cashdomestic 

material 5,400 9,500 . . . . . 
7. Plantationcost 106,470 153,045 . . . . . 

I. Insecticide 400 545 . . . . . 
L. Unskilledfamilylabour 100,000 150,000 . . . . . 

8. 
D. Domesticmaterial 

Seed Dibbling 
6,070 
3,000 

2,500 
16,500 

. 

. 
. 
. 

. 

. 
. 
. 

. 

. 
J. Non-cash domestic 

material 2,000 11,000 . . . . . 
L. Unskilled familylabour 1,000 5,500 . . . . . 

9. Grafting - 182 . . . . . 
S. Skilled labour 

10. Extensioncost 
D. Domestic material 

-
29,900 

3,950 

182 
39,975 
9,454 

. 
30,521 

-

. 
30,521 

-

. 
30,521 

-

. 
-

. 
_ 

S. Skilled labour 
S. Voluntaryskilled labour 

11. Annualoperationscost 
L. Unskilledfamilvlabour 
T. Tree income forgone 

12. Management cost 
S. Skilled labour 
D. Domestic material 

20,950 17,521 
5,000K13,000 

64,000 134,000 
60,000 122,000 

4,000 12,000 
19,100 17,771 
12,000 13,090 
7.100 4,681 

17,521 
13,000 
89,000 
77,000 
12,000 
6,198 
4,363 
1,835 

17,521 
13,000 
59,000 
47,000 
12,000 
6,198 
4,363 
1,835 

17,521 
13,000 
14,00 
2,00 

12,000 
6,198 
4,363 
1,835 

-

-

14,000 
2,000 

12,000 
-
-
-

-

-

14,000 
2,000 

12,000 
-
-
-

Note: 
D = domestic good 

= imported good 
L = unskilled labour 
S skilled labour 
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The cost items 5 through 9 are based on the actual outflows 
incurred in the first two years. Cost items 10, 11, and 12 have been 
estimated for future v'ears on the following basis. 

Extcnsio'z cost. This consists of the actual salary of a senior 
teacher who works as the project co-ordinator, plus the nomi
nal cost of 18 teachers who are in charge of their respective 
informal educational centres. It is estimated that their services 
will be required until year 4 (i.e., until the first harvesting of the 
plantation). Costs under this heading also include the estimated 
salary of a forester who trained nursery growers for 10 days in the 
first year and 15 days i, the second year. Estimated costs of office 
and other facilities f.or *:efirst two years have been also taken into 
account. 

AnMnal t)'t'er tinsg cost. This comprises cost of maintenance of 
plantations and grafted trees, as well as tree income forgone 
because of a ban on tree felling in protected areas. The surviving 
saplings need soil working and weeding, which is estimated to 
require three person-days of labour for every 100 plants until the 
first harvest (year 4). The maintenance of grafted trees requires 
more intensive labour and is estimated at 10 person-days per 100 
grafts from year 2 onward. 

It is estimated that in the present degraded condition, people 
could not have harvested more than 2 quintals of wood from I 
la. This represents the income they have to forgo in the protected 
area. 

,ihut'nic'tcost. This consists of the cost of SPWD staff time and 
facilities for the first four years. 

Bt'n'.fits 

Benefits listed in Table 13.2 are in two categories: direct benefits 
and indirect benefits. 

Direct benefits. Direct benefits or productivity gains accrue in the 
following forms: 

0 fuelwood from plantations estimated at 2 kg/tree/yr from 
y'ear 5 onward. Harvesting of the 100,000 surviving trees planted 
in year 0 will be done in year 4, and the additional 150,000 sur
viving tiees from the planting in year I will be harvested from 
year 5 onward; 
* fuelwood from th- protected area estimated at 0.5 t/ha/vr 
(50 ha protected from year 0 will begin yielding fuelwood in year 
4, and 100 ha protected from year I will begin yielding fuelwood 
in year 5); 
0 fuelwood from the area dibbled with seeds at I kg/tree 
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from year 6 onward (estimated surviving saplings 100,000); and
0 fruit output from grafted ber trees estimated at 0.25 kg/tree
in year 2, 1 kg/tree in year 3, 1.5 kg/tree in year 4, and 2 
kg/tree from year 5 onward. 

Indirectbenefits orcost-savindggains.The availability of fuelwood at 
the doorsteps of the people from year 4 onward will result in saving
family labour currently used for collecting firewood from distant 
areas. It is estimated that at present about seven person-days are 
spent to collect 60 kg of fuelwood. At this rate, the resultant saving
in labour will be about 26,216 person-days in year 4, 67,049 person
days in year5, and 69,950 person-days per year from year6 onward. 

Indirect benefits from reduced soil erosion are estimated assum
ing a5% reduction in year 1; 10, 15. 20, and 2 % in years 2, 3, 4, and 
5, respectively; and a levelling off at 30% from year 6 onward. 
Before the project began, the soil erosion rate was estimated at 
8 t/ha. The total area brought under tree cover because of the project
is about 390 ha. Though the actual replacement cost of topsoil is 
difficult to calculate, the market value of the replacement cost of 
nutrients has been estimated as acost-saving benefit. 

Both a financial analysis and a social benefit-cost analysis of the 
Jawaja Project have been carried out. Inputs and outputs have 
been valued at market prices and, where necessary, at shadow 
prices in the SBCA. 

Table 13.3: Present financial value of direct benefits and costs (in
Rupees) for a 20-year period 

DiscountRate(%)
Item 12 15 

Present value of benefits 1,252,670 98,712
Present value ofcosts 683,548 666,452
Netpresentvalue 569,122 302,260
Benefit-cost ratio 1.83 1.45 

Financialanalysis
Total benefits and costs (direct and indirect) have been valued 
at constant market prices. Consumption benefits of the project
represent the net addition to the value of output after the project;
it consists of the fuelwood output from the plantation and fruit 
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output from the grafted ber trees. Total direct cost represents 
the actual opportunity and construction costs which occurred 
in the first two years and the annual operating cost. Table 13.3 
presents the present values of direct benefits (items 1 and 2 in 
Table 13.2) and direct costs (items 6, 7, 8, 9, and II in Table 13.2) 
at two discount rates- 12 and 15%. 

In Table 13.4, an attempt has been made to show the present 
values of total benefits (items 1 to 4 in Table 13.2) and total costs 

Table 13.4: Present financial value of total (direct and indirect) 
benefits and costs for a 20-year period (in Rupees) 

DiscountRate (M) 
12 15Item 

Present value ofbenefits 5,388,216 4,193,308 
958,518 919,871Present value of costs 

Net presentvalue 4,429,698 3,273,437 
5.62 4.56Benefit-cost ratios 

Table 13.5: Accounting ratios for various items 

Accounting ratio*Item 
(Ai) 

Labour 
1.001. Skilledlabour 
0.402. Unskilled family labour 

Non-traded commodities 
0.503. Non-cash domestic material 
0.374. Infrastructure 

Traded commodities 
1.005. Tree 
1.006. Fruit 
1.007. Domestic material (cash) 
1.008. Insecticide 

' Accounting ratios (A,) = PS,/PM,, where PS, =Social Price and PM, Market Price 
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(items 5 to 12 in Table 13.2). The data in Table 13.4 indicate highbenefit-cost ratios for the Jawaja Project for the 2 0-year period, even 
at a 15% discount rate. 

Social benefit-cost anal/sis
The accounting ratios shown in Table 13.5, developed by the Plan
ning Commission for estimating of social costs and benefits, have
been adopted in this SBCA to derive shadow prices. 

Table 13.6: Present social value of total (direct and indirect)
benefits and costs (in Rupees) for a 20-year period 

DiscountRate (%)Item 12 15 

Present value ofsocial benefit 3,437,898 2,681,771
Present value of social cost 642,122 601,438
Net present value 2,795,776 2,080,333
Benefit-cost ratio 5.35 4.45 

Table 13.6 shows the present values of total benefits and costs,valued at the appropriate shadow prices, for a 2 0-year period. Theresults indicate the desirability of the project from a social viewpoint. It can be shown that the environmental benefit that accrues tosociety in reduced soil erosion is itself sufficient to justify investment in this project: at a 15% discount rate, the net present value

from reduced erosion comes to about Rs. 707,000, which is higher

than the entire social cost of the project of about Rs. 601,000.


In the foregoing analysis, benefits and costs were calculated

in imputed monetary terms. In there willreality, probably be no transactions in the commodities resulting from this project.
However, it ensures the availability of fuelwood and grasses atthe doorsteps of the people, especially the poorer residents. The
ecological regeneration, along with the increased quality of life
and increased energy security, are further benefits.

Clearly the relative success that his been achieved originates
largely from the strict control on distribution of meagre mon
etary inputs to those in greatest need, together with reconciling
such a distribution system with the cultural ethos of the area.The development of consensus for distributing user rights from 
common resources was and continues to be crucial. Although 
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provisions for the supply of inputs exist in current government 
schemes, many aspects of the scheme have to be worked out in 
the community. The Jawaja experience indicates that this commu
nity participation in promoting development strategy is crucial for 
rehabilitation projects. 



V
 
Environmental
 

Management at the
 
Regional Level
 

Perhaps the most important characteristic of dryland 
degradation is that it typically occurs on a large 
geographic scale. The damage inflicted by each individ
ual land operator may, in itself, appear to be minor, 
but collectively such impacts may have a devastating 
effect on the natural resource base. A broad approach 
to resource management is thus required. 

While it is important to understand the economic 
behaviour of individual land users, policy should be 
directed toward an integrated environmental manage
ment system. The "externalities" of individual producers 
should be "internalized", and the system managed as if 
it were the responsibility of a single owner or operator. 
In this way, the net socio-economic benefits of the inte
grated system can be maximized. 

Incentives or other public assistance measures may 
be required to fulfil this objective. Funding agencies also 
need to be aware that feasibility studies for investments 
in land conservation or rehabilitation should extend 

a- -V. J 6A # 4.'.-
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beyond the boundaries of individual farms and tracts
of land. Improvement programmes may have to be
implemented on a regional scale to reap significant 
gains.

The two case studies presented in this section illus
trate these general principles clearly. Both deal with
problems that occur on a regional scale. Tile study by
Dumsday and Oram is concerned with the effects of
farming systems on dryland salinity. Climatic, geomor
phic and hydrologic factors significantly affect the 
response of the natural resource system. The study
by Thomas focuses on the catchment as the system
to be managed and assesses land use options within the 
catchment in relation to river saiii il . 

The wide range of management alternatives and their 
environmental and economic effects are explored in 
both case studies by means of linear programming
and simulation models. The Dumsdav and Oram study 
uses these techniques to estimate the impact of salinity
restrictions on farm income and to provide guidelines 
on public incentives to farmers. The Thomas study 
uses linear programming, combined with benefit-cost 
analysis, to optimize land use within the catchment. 
These techniques may be widely used by economic 
planners to jointly achieve economic development
and environmental protection at the regional level. The 
Ecoinoijcsof DrllaidMiaDNane',ntgives a full description 
of the methods. 
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Economics of Dryland Salinity Control
 

in the Murray River Basin, Northern Victoria
 
(Australia)
 

R.G. Dumsday and D.A. Oram 

Pr6cis 

This study addresses the problem of drvland salinity in Northern 
Victoria, Australia. Two areas were selected for the analysis: Axe 
Creek, used mainly for grazing; and Kamarooka, used primarily for 
cropping. The study gives a detailed explanation of the causes and 
processes of dryland salinity. Climate, geomorphology and land 
use are important factors. The problem should be addressed on 
a regional scale. Tile focus of this study is an on-farm analysis of 
the relationships between land use practices, farm income and 
salinity control. The technique used in the study is simulation 
modelling, combined with linear programming. 

The results indicate that salinity can bc reduced at little cost or 
even with some gain to farmers by modifving farming systens. 
Significant gains in farm income and reduction of salinity appear 
to be achievable, especially if forestry-based activities are intro
duced. Such practices would also yield important off-site benefits. 
Government assistance may, however, be required to encourage 
widespread adoption of forestry and agroforestry. 

Introduction 

About 35% of the total land area in Australia is affeced by some 
form of soil degradation. It has been estimated that about 16,090 
km 2 of land in tile non-arid zone of Australia is affected by irrigation 
salting and 324,090 km 2 affected by natural and human-induced 
dryland salting. About 400 km 2 in Victoria suffer a significant loss 
in productivity from drvland salting, with at least an equal area 
believed to be affected by incipient salting. 

Salinity represents a threat to agricultural productivity, the qual
ity of water supplies, and to the natural environment. Analysis is 
required to determine the "best" strategies to control salinity, their 
costs and anticipated benefits. 

This case study presents the findings of a farm-level study con
ducted as part of a joint project that examined local and regional 
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implications of drvland salinity. The project was designed to 
provide insights into the private and social costs of soil and 
stream salinity emanating from drvland agriculture in that part
of the Murray River Basin located in Victoria, and to evaluate 
the eConomiC impact of alternative land management strategies 
designed to control the problem. 

More specifically, the study is aimed at providing information 
on the trade-off between deep percolation of water and farm 
income through a model that simulates daily water balances 
for farming systems, in combination with linear programming 
models of representative farms. An additional function was to 
review the government policies available to promote environmen
tal conservation and to recommend policy options. The options
reviewed included direct controls, taxes and subsidies. 

The problem of salinity 

Salinity1 tproCt'ss4s 

The basic cause of drvland salting in this study is increased 
infiltration and percolation of rainwater, resulting from reduced 
evapotranspiration due to clearing of forests and their replace
ment with shallow-rooted pastures and crops. The extra water 
percolating through the soil profile after clearing, although only 
a small fraction of the annual rainfall, causes saline groundwater 
to rise. \here this groundwater emerges at low points, such as 
valley floors and gully drainage lines, vegetative cover is denuded 
and e'ventually soil salting occurs. Not only"v is the discharging
groundwater saline, but it is further concentrated by evaporation, 
leaving highly saline bare patches that occur regularly across the 
landscape. 

In many areas of Victoria the groundwater is highly saline, and 
this is exacerbated by the leaching of salts from the soil profile 
to the groundwater. The situation most often found in dryland 
areas of north central Victoria is vertical movement through soils 
of low permeability. Where impermeable layers are encountered, 
perched watertables may form, in many cases leading to hillside 
seepage salting. Watertables may also rise due to the indirect 
effects of increasing groundwater pressures, particularly the 
impedance of normal subsurface drainage through shallow aqui
fers. 

GetjologicaIlandgt'oophiier;icinfluences 
The occurrence of drvland salting in Victoria, although widely dis
persed, is related to specific geological and geomorphic situations 
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and climatic history. Geological effects include geologicai structure 
and the chemical nature of the soil-forming materials. 

Geomorphic factors are controlled by soil structure and the 
processes of erosion and deposition. Three geomorphic regions 
are involved in soil salting in Victoria: 

Region 1 - the central uplands of the Great Dividing Range, 
mainly pastoral; 
Region 2 - the northern riverine plain, mainly cropping; and 
Region 3 - the northwestern ridged plain, mainly cropping. 

The uplands are the principal intake areas for the main aquifers 
beneath the plains and are therefore important in determining the 
occurrence and severity of salting in more than one region while 
also influencing the salinity of stream flows. 

The transition zone between the uplands and the plains is 
particularly subject to salting, especially on the flats at the break 
of slope. 

In the ridged, flat terrain of the Mallee (Region 3), salting occur
rences are closely related to the geomorphic complexities of the 
area. 

Climatic Cfi'cts 
Long-term changes in climate, operating over periods of geologi
cal time, have had a profound effect on groundwater regimes. 
Climatic fluctuations over the past 30 years do not appear to be 
the main factor in drvland salting in Victoria, although they would 
tend to modify the general upward trend of the groundwater 
level. The absence of salting in forests suggests that medium
term changes are ineffective in altering the hydrological balance 
sufficiently to produce salinity. In cleared areas, the effect of 
seasonal changes is more obvious. Abnormally wet years resu!t in 
sudden expansion of salt-affected areas, but rarely do they contract 
in the intervening dry periods. 

The Mediterranean-tvpe climate of Victoria contributes to the 
volume of water percolating to the groundwater. In the cool, 
wet winters, potential evapotranspiration is less than rainfaH, and 
water is stored in the soil for use in the hot, dry summer months. 
There is the potential in tis situation for significant movement of 
water through the soil if an imbalance arises between the amount 
of water stored in winter and actual use throughout the year. 

Land usc 
The specific land use conducted in a cleared area also plays an 
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important role in deep percolation of water and the incidence
of dryland salting. The type of pasture, whether shallow-rooted
annuals or more deeply rooted perennials, and the extent of
grazing directly affect the accession of water and salt to the 
groundwater.

A comparison of -djacent catchments near Bendigo has shown 
a distinct trend toward increasing water storage at depth from
forest to pasture and then to cropland. Compaction of the soil
surface by grazing animals promotes runoff of water, thus restrict
ing infiltration and producing lower soil moisture levels with a
reduction in leaching of salts into the groundwater (Tunstall and
Walker 1975). Cultivation procedures designed to limit excess
runoff water and to increase soil moisture are also likely to
increase groundwater ,iecharge. Any action that promotes infiltra
tion, such as deep contour ploughing and improvement of soil 
structure, may intensify this effect. 

Options for salinity management 

Salinity management is synonnmous with water management, asit is a change in the hydrological balance. There are four categor
ies of technical strategies for controlling salinity in irrigation and
dryland systems: reforestation/agroforestry, agronomic, farm 
management and engineering.

Varying importance is placed on each category as a method
of control, depending on whether irrigation or dryland salting is
considered. For example, engineering wor;,s are important to the
control of irrigation salinity but appear to have little potential in 
dryland areas. 

A major obstacle to controlling dryland salinity is the lack of
control over the source of water entering the system, namely
rainfall. 

However, since percentage of rainfall reaching the ground
water as recharge is less than 10%, possible alleviation strategies
would only need to produce minor changes in the existing
hydrological balance to be effective. 

The removal of groundwater by pumping and subsurface drain
age, which is an important method of control in irrigation areas,
tends to be impractical for dryland salinity management. First,
there is the high cost of imilementation, particularly for tile
drainage, due to the extensive nature of dryland farming. Sec
ond, soils are generally impermeable, which prevents the lateral 
movement of water necessary for the removal of large amounts ofgroundwater. Pumping of groundwater may be economical if high 
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water-yielding aquifers are present (Shaw 1982), although this 
situation would still involve relatively high costs. Third, salting 
occurrences are widely scattered in drvland farming, often 
restricting the application of expensive engineering solutions to 
localized sites. 

Regional rccharge sotu lions 
Recharge solutions can basically be considered as preventive 
measures and aim to reduce deep percolation to the gro Andwater 
over large areas of land by the increased and more efficient use of 
soil water supplied by rainfall. This tends to be more difficult to 
achieve under cropping rotations than for grazing systems due 
to the low salt tolerance of crops, particularly wheat, and the 
practice of fallowing that allows infiltration of water and encour
ages salt movement to the soil surface. The available recharge 
control mechanisms have been divided into the four categories 
listed previous!'. 

Rc~ti~rcst(ationiag'roftin'stry. Trees are considered an important 
control measure due to their high water use throughout the 
year, including summer when )ther plants die or are harvested 
(Morris ct al. 1981 ). They are also important since tree removal is 
considered to be the basic cause of soil salting in the study area. 

With regard to recharge control, measumements from catch
ments have shown that Wnder total forest cover, recharge is negli
gible. The effectiveness of retoresting small areas (e.g. fencelines) 
or the forested areas needed for permanent control of salinity is 
uncertain, depending on the rate of water use bv trees and the 
increase in groundwater recharge because of previous clearing 
(Morris ct al. 1981). It has been estimated that 3 to 10', of total 
catchment area would need to be reforested, with the larger value 
corresponding to high rainfall areas. Other estimates ringe from 
10". to 40'%, or higher. Williamson ( 1078) suggests that for a catch
ment with a rainfall of 1,200 mm/vr, 31" should remain ;:orested. 

Agromic. The principal agronomic means of controlling 
recharge is the use of high water uptake plant,;. In cropping 
and grazing areas using shallow-rooted annual pasture, a satisfac
tory solution may be the introduction of perennial, deep-rooted 
plant species 'uch as alfalfa (.\hIcdicago saliva), (Peck 1978; Shaw 
1982). Plant breeding research may be necessary to develop 
plants with improved rooting depths and potential transpiration 
rates if currently available species are unable to control recharge 
effectively. 

Farm managnemnt. Recharge control may be achieved through im
plementing -ppropriate crop or pasture management. According 
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to Peck (1978), grazing of livestock should be regulated to maintain 
high transpiration rates; high stocking rates tend to restrict pasture
growth and therefore limit transpiration. 

For cropping systems, possible recharge control methods 
include introducing intensive or continuous cropping, reducing
the number of cultivations and, more important, decreasing the 
length of fallow (Shaw 1982). Direct drilling largely, or completely, 
removes the need for fallowing and may provide a suitable avenue 
for recharge control. 

Minimum tillage techniques o' er cost savings from reduced 
machinery maintenance, lalour requirements, and fuel and oil 
use, although there are added costs to consider for chemical 
weed control. More intensive cropping can create problems of 
declining soil fertility and greater soil acid;ty. Under continuous 
cropping rotations, complete reliance on herbicides could poss
ibly lead to a spiral of resistant weeds more persistent herbicides 
anrd, ultimately, residue problems in soils. More research is needed 
on such problems. 

EuIn'imri,,i,,. Engineering control measures include surface 
water diversion, surface drainage, and interception banks to 
prevent water from reaching saline areas (Peck 1978; Shaw 1982).
These measures may reduce tile ne.:i for extensive reforestation 
or similar treatments that lower the economic productivity of 
recharge areas. Intercepted water tends to have lower salinity
levels than water drained from salted lar d. 

More exotic approaches such as pipelines to the sea, deep aqui
fer injection and solar distillation have becn suggested, but they 
are not vet cost effective (Shaw 1982) and depend on the presence 
of high-yielding aquifers. 

Local dischar, 1' stt is
 
These strategies are aimed at the direct treatment (reclamation) 
of saline areas and in tile past have tended to be tile main sub
jects of research into salinity control (Colclough 1973; Conacher 
and Murray 1973; Matheson 1968; Wagner 1957). Reclamation is 
generally restricted to surface treatlent that reduces evaporation
and encourages leaching by improved infiltration of rainwater 
(Morris et al. 1981), but these iire on IVshort-term measures and are 
unlikely to be successful without silultaneous implementation of 
recharge control strategies. 

Treatment includes the establishment of vegetative co-ver, 
usually high salt uptake and salt-tolerant planits that assist iii soil 
desalinization and in increasing productivity. Salt-tolerant plants
that have proved successful include salt bu]shes (Atriplhx spp.), 
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saltwater couch (Paspaluinvaginatum), tallwheat grass (Agropyron 
clongatum), and puccinellia (Puccinellia ciliata), (Morris et al. 1981). 
These plants can be replaced with preferred species as so Isalinity 
levels decline. Trees are normally established ol the perimeter of 

the saline area, or upsiope from it, to lower the water table in the 
immediate vicinity, facilitating treatment of the site. 

The overall success of vegetative treatment depends on a 

number of factors including the depth of the water table, its 

salinity (since many plants, particularly trees, draw directly 
on groundwater), and whether movement of water to the dis

charge point is vertical or lateral. Management techniques that 

can assist in establishing plant cover include the use of soil 
conditioners (e.g., gypsum), deep ripping, fencing to control 
grazing, mulching and fertilization, and vermin control (Morris 

et al. 1981; Shaw 1982). Leaching of salts by applied water is 

generally uneconomic in dryland situations, as is artificial drain

age that often only succeeo:s in transferring the problem elsewhere 
(Peck 1978). 

A novel approach suggested by Oostenveld (1977) involves 
encouraging evaporation of saline water so that salt accumulation 
is confined to a small area, allowing the remaining salt patch to be 
revegetated. 

Economic analysis of management options 

M'anage'nentsyste'Ils fr salinity1 control 
A management system designed to control salinity needs to 

incorporate both recharge and discharge control. Discharge 
treatment alone is only a short-term, localized remedy. It has 
no influence on outbreaks of new saline areas and is unlikely to 

succeed if the cause of salting - recharge of groundwater - is not 
siraultaneously treated. 

The actual choice of a land management system requires an 

economic evaluation of the available options. Solutions to the 

salinity problem should involve regional land use changes, with 

the o;jective of partly restoring the original water balance, and 

treatment of affected sites. Long-term reclamation measures aim 

to increase water use on a catchment basis. It is a.;o important 

to know the impact on income at the individual farm level of 

alternate strategies aimed at increasing water use to control the 

salinity problem. 
It appears that reforestation and agroforestry are two of the 

most effective measures for permanent salinity control, but their 

implementation would require the planting of trees on land that 
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is not already salinized. In many cases this would involve highlyproductive ,.gricultural land, and :he returns from forestry areoften less than those from extensive agriculture. Returns fromreforestation could be greatly improved if high-value tree crops
such as "jojoba" were used. 

Entire catchment reforestation might achieve total controlrecharge with flow-on benefits by preventing future salinization
of 

and the gradual reclamation of currentlv salted iand, but it is byno means clear that complete removal of the salinity problemis economically desirable or physically possible. Furthermore,
the magnitude of groundwater recharge involved in the dr'landsalinity problem appears to be only a small fraction of annual rainfall, suggesting that major alteration of the present hydrologicalbalance, as might be achieved under reforestation, may not be 
necessary.

Changes might include tree planting in less productive areas(e.g., f,ncelines, high recharge ridges), modified cultivation procedures and the introduction of deeper rooted plant species thatcould maintain or even improve upon present agricultural produc
tion and economic returns while achieving a satisfactory level of 
salinity control. 

A ramua',k f'or ,iIliyiis
A useful framework for the economic analy sis of salinity manage
meint options is a simulation model combined with linear programming. The simulation model used in this study is an extension ofthe model developed by Dumsdav (1973) for cropping systems in
northern New South Wales and soiuthern Qtueensland. The model
has been modified to incorporate the rotational characteristics

of Victorian wheat production, including annual and perennial
 
pasture, and alfalfa.
 

It was not possible 
to quantify the effects of different farming
systems for spatial and temporal incidence of dryland salting andits effect on productivity and stream water Cjuality. It is suggested,
however, that becauSe deLep percolation of water bev'nd the root zone is the main iactor contributing to groundwater recharge,qUantificdtion of relationships between farming systems and deep
percolation provides a useful surrogate measure of the costs and
benefits of controlling salting.

After including physical information (e.g., soil characteristics,
climate and managellent strategies) on the selected areas, thesimulation model estimates the amount of water percolating
through the soil to the groundwater and the productivity of the 
svstems (i.e., crop yield, pasture yield and stocking rates). 
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Although tile water use and profitability of farm management 
practices are already important in reality, there is a strong need 
to evaluate alternative practices principally aimed at increasing 
water use and restricting deep percolation. 

The results from the simulation model are incorporated in linear 
programming models to determine, within certain economic and 
physical constraints, the most profitable farm management strat
egy for a specific study area. Figure 14.1 summarizes the relation
ships between the simulation and linear programming models. 

The amount of water percolating through to the groundwater 
for each farm activity is related to a deep percolation constraint. 
As the constraint is progressively tightened (i.e., as less water is 
allowed to percolate through the soil), those activities employ
ing greater water use became more attracti -e than those that 
are geared toward water conservation, as is the case for many 
current farming systems. Such analysis enables qtuantification of 
the trade-off between farm income and reduction in accessions to 
the water table. 

Selection of studiy areas 
Two specific areas were chosen in the Murray River Basin of 
Victoria (see Figure 14.2), representing two classes of landi.rm 
and farming system: 

1. the Axe Creek area in the Campaspe catchment southeast of 
Bendigo, representing the upper slopes of the Great Divide, 
devoted primarily to grazing; and 

2. 	 the Kamarooka area in the Loddon catchment north of 
Bendigo, devoted primarily to cropping. 

These areas were chosen for several reasons. First, there is a 
diversity of land use between them due to variation in environ
ment. Second, both areas are severely affected by salting because 
of deforestation. Third, due to the salting situation in these areas, 
several studies lave been conducted by the Soil Conservation 
Authority of Victoria and an extensive body of data has been 
collected and analysed. 

A 	further reason for choosing Axe Creek for study is that the 
excess deep percolation causing the soil sa!ting prob!c.n is prob
ably largely due to the limited root growth of the pasture species 
present. This situation provides an opportunity to examine the 
effect of root depth on accessions to the water table and, therefore, 
soil salting and stream salinity. 

http:landi.rm
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Figure 14.2: Study area, Murray River, Victoria 

Axe Creek: grazing 

Grazing, mainly by sheep, is the principal agricultural enterprise 
in this area. Less than 5%of the land is cropped. 

Enviromient. The Axe Creek subcatchment has about 8,500 ha, 

primarily grassland and forest. It receives rainfall of about 500 
mm/yr and has relatively shallow, slightly weathered soils. Three 
geomorphological classes were defined and examined: the upper 
slopes, lower slopes and valley floor. 
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The climatic regime is uniform over the classes; thus, the majorvariable factors, due to the geonorphological differences, are soiltype and soil depth. The physical characteristics of each soil typeand the climatic data used in tile study are described in Oram and 
Dumsday (1984).

Farning slstens. The predominant agricultural enterprise in tile
catchment is livestock production, based mainly annual pason 
ture and small areas of c.rcnnid pasture. Native forest occupies
a large proportion of the steeper slopes at the head of the catchment. The initial farming systems run in the simulation model were determined from a combination of pasture type, location in
the catchment (slope class), and total soil depth.

Annual pasture was not examined below a total root depth of0.5 m and perennial pasture below 1.25 m, since these wereconsidered the limits to their rooting depths. The total soil depth
progressively increased for alfalfa as slope decreased, up to a limit
 
of 2.0 m.
 

For each slope class, 
 the base farming system in simulation
analyses was annual pasture at a total root depth of 0.5 m. Other
farming systems were treated as alternatives to the base system,
varying with respect to total soil depth and the type of pasture.

The important simulation outputs from each system were pasture

production and deep percolation.


hnpact Of salting. At Axe Creek the average annual recharge to
the groundwater over the entire catchment is around 10 mm.
Recharge does not occur over the whole catchment, so the likely
value would be higher than 10 mm for the actual areas of recharge.
The resulting increase in salinity levels and rise in groundwater

have caused both salinization of water supplies and soil salting. Ofthe 8,500 ha in the catchment, about 40 ha are already affected to some degree by soil salting. Stream drainage from the catchmentis through Axe Creek, which flows ir to the Campaspe River. Theannual salt discharge from Axe Creek is about 15,000 t/yr. Damsand storage wells in the catchment are also affected by rising
saline groundwater. 

Kaiarooka:cropping
This area has mixed grazing and cropping, with 20 to 25% under 
crop.

Environnient. Kamarooka is situated in the transition zonebetween the northern slopes of the Great Divide and the riverineplains. It lies in the subcatchment of Bendigo Creek, which forms 
part of the catchment of the Loddon River. The approximate area 
of Kamarooka is 2,100 ha. 
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Kamarooka has a rainfall of about 420 mm with deep, heavy red 
duplex soils that are more weathered than those at Axe Creek. 

Geomorphically, the area consists of relativ',y uniform and g":' 
tIe slopes. The general environment at Kamarooka is less variable 
than at Axe Creek, particularly soil depth where the heavier, 
deeper B horizons tend to average 1.5 m. As at A\e Creek, the 
A horizon is normally 0.1 m deep and, for simulation purposes, 
several subsoil horizons were combined into one B horizon. The 
physical characteristics of each horizon are described in Oram 
and Dumsday (1984). 

Soil nmanagement. Consideration must be given to soil manage
ment at Kamarooka, as it has an important impact on wheat 
production and the control of recharge. Soil management for 
wheat production in Victoria has been referred to e\tensively 
(Roonev 0t al. 1966; TluoheV t al. 1972; Sims 1977), although 
researci has primarily been-directed toward the problem of soil 
erosion rather than soil salting (Adamson 1978; Garvin t al. 1979). 

Several factors are important in a conventional wheat rotation 
system involving pasture (Storrier 1975; Clarke and Russell 1977; 
Sims 1977): the sequence of wheat and pasture phases; the number 
of wheat crops: the length and type of pasture phase; and cultiva
tion practices, particularly the length of fallow. A pasture that 
contains legumes supplies nitrogen to the following wheat crop 
(Storrier 1969) and is responsible for rebuilding soil structure 
and generally improving soil condition. Pasture also assists crop 
production 6y interrupting the life cycle of cereal pests (e.g., 
cereal cyst nematode). This role may be fulfilled in sonic cases 
by grain legumIes such as lupins (Gladstones 1975). 

At Kamarooka the wheat crop following a pasture phase is 
normally preceded by almost a year of fallow in order to con
serve moisture. Replacing part of the fallow phase with pasture 
may produce benefits through recharge control since more than 
60% of rain falls between May and October. Benefits from increased 
grazing capacity may also be achieved (Cannell 198 1). 

Decreases in fallow length form the basis of conservation tillage 
systems. Conservation tillage was developed primarily for erosion 
control, although the practice is also suited to the control of soil 
water levels. The extreme case of conservation tillage involves 
direct drilling of crop seed, obviating the need for cultivation 
(McNeil 1982). 

Farming sy stcns. The main crop rotation at Kamarooka is a 
four-year rotation comprising wheat/wheat/annual pasture/an
nual pasture. The rotation is based on conventional tillage with 
a long fallow phase before the first wheat crop. For simulation 
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purposes, cultivation was assumed to commence in August ofthe year preceding the first crop, and in April preceding the
second crop. Crop sowing date is dictated by weather condi
tions and may range from May to July. The base sowing date was assumed to be June for both wheat crops in the rotation. A range of sowing dates was simulated, although they were not con
trolled by weather conditions as each sowing date was exposed tothe same climatic environment. Observations were made of the
influence of sowing date on simulated deep percolation and crop
production. 

Two important management strategies could be adopted to con
trol salting while retaining the essential characteristics of the pres
ent (base) rotation system. These are a decrease in fal!ow length
before the first wheat crop, and the introduction of deep-rooted
perennial pasture species to replace the shallow-rooted annual pas
tures in the base system. In the simulation experiments, the fallow
length preceding the first crop was reduced by eight months so
that fallowing commenced in April, as for the second crop.

The alternative pasture species incorporated in the short fallow
rotations were perennial pasture and alfalfa. Various combinations 
of fallow length, pasture types, and sowing dates were analysed
in sinmlation experiments. Total soil depth was assumed to be 
constant at 1.5 m under all rotation systems. The effective rooting
depth of each component in the rotations was assumed to be 0.5 m
for annual pasture, 1.25 m for perennial pastures, 1.5 m for alfalfa, 
and 1.0 m for wheat.
 

Impact of,slti,,.The average annual recharge at Kamarooka has

been estimated to be in thU order of 10 to 30 mm (Jenkins and
Dvson 1983). Of the 2, 100 ha, some 390 ha are severely affected
b\' salt. Surface waters and groundwaters are also affected, with 
some dam supplies registering salinities as high as seawater. In the
general area which includes Kamarooka, at least 10,000 ha have

saline groundwater within 2 m of the soil surface.
 

Apart from the obvious loss of production from severe salting,
wheat production in many areas has declined steadily over the 
years due to increased incipient salting. The effect of soil salting
is to reduce farm income not only through the lost value of produc
tion, but also through increased operational costs resulting from
the treatment of severe salting to prevent the potential secondary
problem of soil erosion. 

Geomorphological conditions are responsible for a closed aqui
fer recharge-clischarge system operating at Kamarooka, controlled 
by groundwater movemient through the bedrock from the ridges
to the plains (Jenkin 1980). The closed system is caused by an 



Salinity Control inVictoria, Australia 229 

impedance of subsurface drainage such that subsurface water 
movement is extremely slow tJenkin and Dyson 1983) and by the 
absence of any surface drainage through creeks or channels. 
Consequently, most of the water infiltrating into the soil profile 
is either used by vegetation or, once reaching the groundwater, 
evaporates from salinized areas where the groundwater intersects 
the soil surface at discharge points. 

Table 14.1: Marginal costs of reducing deep percolation in a 
grazing area (upper slopes of Axe Creek catchment) 

Sylstenl* Area Averag'apinimal 
reduction 

Marginal 
cost 

(O%) (mmz) (A$/,nni) 

A,a 
B,b 
C 

Annual P. (BASE) 
Annual P. 
Perennial P. 

100 
72 
72 

(27.1)** 
3.5 

10.4 
-1.13 

0.07 
D Perennial P. 33 13.3 1.75 

Alfalfa 55 

E 
Native vegn 
Perennial P. 

12 
9 16.5 2.35 

Alfalfa 63 

F 
Native vegn 
Alfafa 

28 
42 21.1 2.94 

G 
Native vegn 
Perennial P. 

58 
12 24.2 5.46 

Alfalfa 5 

H 
Native vegn 
Nativevegn 

83 
100 27.1 6.76 

c Agroforestry 
Perennial P. 

71 
11 

22.7 -0.57 

Alfalfa 18 
d Agroforestry 83 24.2 0.50 

Perennial P. 12 
Alfalfa 5 

e Agroforestry 100 27.1 2.84 

* Upper-case letters: selection from modified systems only 
Lower-case letters: forestry-based systems also available (discount rate = 10%) 
Annual deep percolation under base system 
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The closed system also constitutes a geomorphological contrastto Axe Creek, where an "open" system allows removal of water
through both surface and subsurface drainage. 

H 

_4 G 

r,. 

F 
0 20 

E 
.-A* D 

b e 

4 8 12 16 20 24 28 
Reduction in deep percolation (mm/yr) 

Figure 14.3: Total private costs of reducing deep percolation ongrazing area (upper slopes of Axe Creek catchment) 

Results of economic analysis 

Results for the systems analysed in the grazing and croppingareas are summarized below. A more detailed discussion
earlier results is provided by Oram and Dumsday (1984) and

of 

Dumsday et al. (1985). The discussion first canvasses the existing 
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possibilities for reducing salinity problems while maintaining, or 
increasing, private net benefits derived from agricultural produc
tion. The discussion then turns to consideration of the options that 
are available to governments for reducing salinity levels beyond 
those found to be profitable by farmers. 

Results for Axe Creek 
Results of simulations for various farming systems on the tipper 
slopes of the Axe Creek catchment are shown in Table 14.1 and Fig
ure 14.3. The farming systems consist of those excluding forestry 
and agroforestryv (identiiied by upper case letters) and systems that 
include forestry-based activities (identified by lower case letters). 
A 10% discount rate is used for forestry activities. 

Figure 14.3 plots the cost of salinitY control, measured as a loss 
of farm income, against the reduction in deep percolation. The 
marginal costs of moving from one farming system to another, 
measured in AS of forgone income per mm reduction in percola
tion per hectare per year, are shown in Table 14.1. These costs 
indicate the rate of tax or subsidy that would be needed to induce 
shifts in land use, either with or without forestry-based activities. 

For the base case at point A, with all land used for annual pas
ture, average annual net benefits (farm income) are A$59/ha. 
The estimated annual deep percolation is 27 mam. By shifting to 
the farming system represented by point 13, farm income can 
actually be increased while sinultaneously reducing the level 
of deep percolation. The increase in farm income shows up in 
Table 14.1 and Figure 14.3 as a negative cost, hence "benefit" with 
respect to the base case at A. Without forestry and agroforestry, 
any further reductions in deep percolation result in a decrease in 
farm income. Beyond point C, the costs of reducing percolation 
escalate rapidly. 

The introduction of forestry-based activities generally leads to an 
improvement in farm income and a reduction in deep percolation. 
The best result from a private perspective occurc at c, where 71'%, 
of the land area is allocated to agroforestry, 11% to perennial pas
ture, and 18% to alfalfa. Deep percolation is reduced by 22.7 mrm. 
If system e were adopted, deep percolation could b~e stopped 
completely, accompanied by a 10",,, increase in farm income over 
point A. There should be no need to offer incentives to persuade 
farmers to move from System a (base system) to Svstem c, the 
profit maximizing system. Of course, farmer decisions could be 
based on factors besides income, such as personal preferences 
and their attitude to risk. However, a tax (or subsidy) of at least 
A$2.84/mm deep percolation (reduction) per year would be 
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required to persuade farmers to move from System c to System e. 

Table 14.2: Marginal costs of reducing deep percolation in a 
cropping area (Kamarooka) 

System * Area Averageannual Marginal 
reduction cost 

(%) (mm) (A$/nm) 

A,a WL/WS/A/A 100 (18.7)** 
(BASE) 

Bb WS/WS/A/A/ 39 14.0 -0.73 
WS/WS/L/L 61 

C,c WS/WS/P/P 39 16.4 1.50 
WS/WS/L/L 61 

D,d WS/WS/L/L 100 16.9 13.50 
E WS/WS/L/L 76 17.3 44.00 

Alfalfa 24 
F WS/WS/L/L 35 18.1 46.70 

Alfalfa 65 
G Alfalfa 100 18.7 49.70 

e WS/WS/L/L 62 17.6 32.35 
Agroforestry 38 

f WS/WS/L/L 37 18.0 38.82 
Agroforestry 52 
Alfalfa 11 

g WS/WS/L/L 25 18.2 40.80 
Agroforestry 58 
Alfalfa 17 

h Agroforestry 65 18.7 41.00 
Alfalfa 35 

* 	 Upper-case letters: selection from modified systems only
Iower-case letters: forestry-based systems also available (discount rate = 10%)
Rotations: WL - wheat, long fallow; WS - wheat, short fallow: A - annual pasture;
P - perennial pasture; L - alfalfa 
Annual deep percolation inder base system 

The costs of reducing deep percolation were also estimated for 
the grazing systems on the lower slopes and valley floor of Axe 
Creek. On the lower slopes, the costs were similar to those on the 
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upper slopes. Reduction of deep percolation by using only modi
fied systems resulted in rapidly increasing costs to the operator. 
On the valley floor, modified systems were able to reduce deep 
percolation to almost zero while simultaneously increasing farm 
income, althougn systems employing agroforestry continued to 
maximize profits for reductions greater than 50%. 

G 
80 

h 

60
 

F
 

0 
0 

0 -~ 

!) f 

a cropping area (Kamarooka) 

Resultsfor Kaaarooka 

Results for Kamarooka are given in Table 14.2 and Figure 14.4. The 
management systems are identified in Table 14.2. For the base 
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system in the cropping area, average net revenue was A$139/ha and 
average annual deep percolation was estimated to be 19 mm. A
maximum increase in farm income of 7"', was obtained by moving
from System A to System B, resulting in a reduction in deep percola
tion of 14 mm (75',). The maximum possible reduction, without 
incurring increasing costs to the operator in con iparison to the pre
sent system, was 16.9 mm or 90'!, under System D. Further reduc
tion in deep percolation implied rapidly increasing costs. For exam
ple, to eliminate deep percolation, it would be necessary to imple
ment a tax or subsidy of A49.70/mm to move farmers from System
D to System G, allocating all land to alfalfa. Marginal costs are given 
in Table 14.2. 

In contrast to the grazing areas, the inclusion of agroforestry did 
not increase farm income relative to the modified systems, except
for reductions in deep percolation greater than 90". Even with a 
100 , reduction, the difference in income between S, tems G and
h was only 13',, of base income. The cost curves with ano without 
agroforestry are alnmiost identical. 

Signficalict' f rt'sults 
Information on the potential benefits from moving to profit
maximizing systems should be useful in extension programmes to 
help farmers and their advisors to assess more easily the managerial
options available to control salinity. Such information also pro
vides an indication of the research and extension resources that 
could profitably be allocated to persuade farmers of the deleter
ious on-sitL and external effects of present farming systems and to 
overcome any obstacles to the adoption of better systems. It should 
be note(i that the results of the study appearing in Tables 14.1 and 
14.2 nAke no allowance for the off-site benefits or costs of salinity
controt. There are also some important qualifications with regard

to the forestry-based activities that require further discussion.
 

Evait, tion offi retr- as(cd acti[,itit's
Based -n the preceding evaluations, it appears that the introduc
tion of forestry and agroforestry to control dryland salinity offers 
greater economic incentives to private landowners than those 
obtained from modifying existing farming systems. In addition,
greater sncial benefits are likely to be generated by forestry-based 
systems due to the ability of forestry (not necessarily agroforestry)
to eliminate recharge to the groundwater. However, it is far from 
certain that forestry and agroforestry would return the equivalent
incomes that is assumed in this studN , under field conditions, since 
gross margin estimates were based on a number of assumptions 
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that may not apply in the study area. For instance, the productivity 
estimates of the forestry-based systems used in this analysis were 
based on a study conducted near Ballarat in central Victoria, 
where average annual rainfall is 600 to 670 mrn, so the actual 
returns from agroforestry in the grazing zone are likely to be 
markedly less than those assumed. In the cropping zone it is 
doubtful that the agroforestry system would be economically 
viable. Still, the method of analysis used in the study gives an 
indication of the minimum returns required by such systems, for 
them to compete profitably with traditional farming systems. 

Table 14.3: Average public outlays (A$/halyr) for subsidy based 
on reduction in deep percolation (DP) 

NoZoning" Senti-zoing" Zoning" Targeting" 
(I) (A) 

Excluding forestry- 51.0 0.95 30.7 16.1 8.1 
based systems 
Average annual DP 
reduced from 
13.3mmto 3.1 8.20 3.1 3.1 3.1 

Including forestry- 9.0 4.9 4.3 3.5 
tased systems 

Average annual DP 
reduced from 
2.6mm to 0.8 0.8 0.8 0.8 

'Uniform subsidy of A$5/mm reduction in deep percolation 

"Subsidy' based on the marginal costs for Kamarooka and the representative locality in 
Axe Creek (lower slopes) that achieves the same reduction as the uniform subsidy (in 
these localities) 

I = initial subsidy 
A = Adjustment of the initial subsidy to achieve the same reducho as the uniform 

subsidy in all localities when forestry-based systems are includeo, ,isadjustment 
is unnecessary) 

'Subsidy based on the marginal costs at eah of the 4 localities (3 Axe Creek zones and 
Kamarooka) 
dSubsidy tailored to the schedule of the marginal costs of Dl' reduction at each locality 

Even with the apparent superiority of the forestry-based systems, 
there is likely to be greater farmer opposition to their introduction 
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which could largely be avoided if modified farming systems 
were employed. First, the introduction of forestry-based systems
implies major changes to traditional forms of farming that have 
provided farmers with consistent income for many years. Sec
ond, associated with this factor is the considerable risk involved 
in establishing and maintaining a viable forestry system. Third,
substantial capital expenditure is required to establish forestry.
Fourth, the returns are not immediate and assumptions concern
ing discount rates are critical to the outcome of analyses.

For these reasons, added incentives might be required to per
suade farmers to move from current practices to forestry-based
systems. On the other hand, modifications to existing farming
systems are capable of significantly reducing deep percolation
while increasing income (up to a point), without requiring major
managerial changes. The possibility of achieving salinity control 
by persuading farmers to employ modified systems is more promnis
ing than could be expected from frestrv and agroforestry.

To encourage farmers to reducL salinity beyond profit-maximiz
ing levels would require government intervention other than
merely providing information and advice. Table 14.3 shows
the public outlays required for several policy options based on 
subsidizing reductions in deep percolation. These options vary
from a uniform subsidy offered to farmers in the study area (no
zoning), to the targeting of funds by maiching the subsidy to the
marginal costs of deep percolation reduction for each location.
The procedure for dctermining subsidies per mm of deep percola
tion reduction may be similarly applied to subsidies based on adop
tion of approved management practices, or to taxes imposed per 
mm of deep percolation remaining. 

Conc!usions and policy implications 

The results from this study indicate that there is scope for
significantly alleviating the problem of dry'and salinity in both
cropping and grazing regions through relatively minor changes
in existing farming systems, involving modification of fallowing
practices and introduction of deeper rooted perennial grasses and 
legumes.

At low real discount rates (less than 10%), reforestation and
agroforestry appear to be more profitable approaches for control
ling dryland salinity, but require drastic changes to current farm
ing systems with a large capital investment and a higher level of
risk. This suggests that additional incentives would be required to
persuade farmers to move from current practices to forestry-based 
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systems. The adoption of these systems may only be required in 
limited areas where existing productivity is low. 

In situations where the introduction of modified systems leads 
to increased farm income and reduced salinity, society should 
benefit from efforts to improve tile availability of knowledge and 
thereby increase the rate at which the improved systems are 
adopted by agricultural producers. This action is likely to be 
particularly effective where the causes and effects of dryland 
salinity are confined to land under the control of one individual 
or firm. 

Because of the non-point nature of salinity, it is almost impossible 
to determine accurately the external damage caused by certain 
land use practices. Without this information, it may be argued 
on legal and equity grounds that a farmer should not be forced 
to incur the full costs of alleviating a problem that cannot be 
directly linked to his actions. This, combined with the likely 
resistance of farming groups to taxes, suggests that policies based 
on subsidizing appropriate land uses rather than taxing unsuitable 
practices may be politically more acceptable. 

The suggestion that farmers are currently opting for a farming 
system that is sub-optimal in terms of their net income warrants 
cioser examination. The authors believe that realistic assumptions 
have been made concerning price relationships and input-output 
coefficients, but the results are vet to be extensivelv tested under 
field conditions. Technical difficulties in establishing and manag
ing the suggested farming systems may need to be overcome 
before widespread adoption can be expected. 

The role of native vegetation in controlling dryland salinity 
was not directly examined in the modelling approach. How
ever, where the introduction of modified farming systems over 
an entire catchment area is unable to achieve a desired level of 
deep percolation reduction, the model is capable of determining 
the area required to be left under native forest to satisfy the 
deep percolation constraint. Such information could be used to 
develop the suggestion by Hodge (1982) that governments impose 
transferable quotas on the extent to which operators are permitted 
to clear their land. 

It is possible to extend the modelling approach to any location, 
including irrigation areas where salinity is a problem or is likely to 
develop, provided site-specific environmental and geographical 
data are available. The general relationships incorporated in the 
model, such as the daily water balance and the relationships 
between water use and production, should remain useful in 
most cases. The main requirement at this stage is to expand the 
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model to enable a more diverse range of crops and pastures to be 
examined. 

It is clear that discriminating between areas prone to salin
ity problems and the targeting of government funds may have 
substantial impacts on the private costs of adopting approved
management practices and the public expenditure required to 
finance salinity control policies. The costs of administering these 
approaches have yet to be estimated. However, the analysis pro
vides a useful guide to the public finances that could be profitably
directed toward educating farmers on appropriate strategies, as 
well as establishing an effective zoning system on which to base 
policy initiatives. 
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Regional Land Use Planning: The Murray
 

River Catchment of Western Australia
 

J.F. Thomas 

Precis 

This case study was conducted from 1973 to 1980 by a 
multidisciplinary team drawn from the Commonwealth Scientific 
and Industrial Research Organization (CSIRO), tile Western Aus
tralia (WA) Forests Department and the WA Department of 
Agriculture. 

The economic analysis that was performed in the study is 
reported here. File presentation begins with a brief description of 
relevant Australian and Western Australian salinity and conserva
tion issues. Issues of multiple-use planning faced in the Murrav 
River catchment, Western Australia, are described. The methodol
ogy of the case study is outlined, followed by a brief summary of 
results and sensitivity tests. The main technique used is linear 
programming combined with benefit-cost analysis. Following a 
discussion of the limitations of the work and its local impact, 
the paper concludes by drawing some comparisons between 
the thrust of the case stud' and recommendations made by the 
Advisory Committee on the Sahel. 

Background 

Australiancontext 
In Australia, dryland farming is synonymous with the wheat-sheep 
zone, an area that normally receives between 300 and 700 mm of 
rainfall per year. Between 1950 and 1975, large areas of natural 
vegetation were cleared for dryland farming. Replacement of 
perennial native vegetation by cropping and by ley farming 
systems (i.e., used temporarily for hay and grazing) reduced 
the evapotranspirational demand for water and increased the 
recharge to regional groundwater systems. Saline aquifers were 
mobilized, and this in turn led to "secondary" salinization of land 
and streams. 

A recent review (Peck et al. 1983) indicated that some 4,620 km 2 

of dryland agriculture in Australia was affected by secondary 
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salinization and in some areas streamflow was brackish or saline. 
It was estimated that damage and abatement costs associated 
with land and water salinity in Australia averaged some A$93 
million/yr (at 1982 prices) in the decade 1971 -81. 

116-
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Figure 15.1: Location of Murray catchment, Western Australia 

Concern has also been expressed over the planning of land 
use to allow preservation of indigenous ecosystems. In general, 
the Australian fauna is not well k,.own and many species await 
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description, particularly among the lower vertebrates and inver
tebrates. Leigh (1981) lists 2,206 species of Australian plants as 
being rare or threatened, with 46%, occurring in Western Australia. 
Relatively little attention has so far been given to the working out of 
regional economic development plans that assess the alternatives 
for realizing conservation objectives. Leigh et al. (1983) suggest 
a series of co-ordinated strategies based on national pairks and 
reserves. The implications of such a system of conservation for 
regional economic development have vet to be assessed. 
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Figure 15.2: Stream salinity distribution 

Case study setting 
In Western Australia, clearing of perennial deep-rooted natural 
iegetation for dryland agriculture - mainly production of shallow
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rooted cereal crops and grazing land for sheep  has led to prob
lems of waterlogging and salinization of agricultural land and
has rendered some major rivers useless for urban water supply 
or irrigation.

A belt of Uncleared eucalVpt forest, some 350 km long and 30 kmwide, runs parallel to the coast at the western edge of the plateau
that rises 30 km east of the coast and stretches some 600 km inland.
This area produces virtually all the region's fresh surface runoff.The forested area is ecologically adapted for survival through
long rainless periods, fire and extremely low nutrient levels. Inits natural state it is a resilient environment but once disturbed itbecomes fragile, and not easil' managed. It contains ecosystems
that are unique to the region and provides numerous recreational 
amenities. 

The Upland soils of the forest are rich in bauLxite, which has beenmined since I904 to provide raw material for an alti minunm refining
industry. TFhus, there are many pressures that management andplanning of the forested area have to take into account, includ
ing its uise tor I:auxite mining, timber production, water resource 
protection, conservation needs and recreation. 

The Mlurray River catchment sotH of Perth (see Figure 15.1)
was selected for this study as a typical example of these inter
related resource lanagement problemns.

In considering water development options, the quality ofMurray water is a serious concernll, as is the potential for conflict
between alternative Lses Of the catchmIent's resources. The most
obvious conflict was between agricultural production in the uppercatchment and water quality at favourable dam sites downstream
(see Figure 15.2). Also, in the forested, !ower catchment, timber
production and bauxite mining could affect runoff, salinity and
conservation values. The Murray is one of the few remaining wild
and scenic rivers in the southwest of Western Australia. Canoeists,
picnickers and campers are attracted to the river. Damming the
Murray therefore could affect its use as a recreational resource. 

Methodology 

The analysis presented in this case study was conducted between1973 and 1980 bv a multidisciplinary team from the CSIRO
(Commonwealth Scientific and Industrial Research Organiza
tion), together with the Western Australian Forests Department
(now Conservation and Land Management) and the WA Depart
ment of Agriculture. Full documentation of the study is available
in other published works (Bennett and Thomas 1982; Thomas et 
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al. 1985). 
As the issue of water resource development would have a strong 

bearing on the need for change in land use, the analysis began by 
identifying major options for water development. These were: 

* no water development; 
* development through two dams (an upper dam for diverting 
saline inflows from the agricultural areas and a lower dam to 
collect fresh run-off from the forested area); 
* development through a single dam (if necessary with land 
use modifications to reduce salinity); 
* single dam with desalting plants using the reverse-osmosis 
process; and 
* limited development of fresh tributaries. 

The r ext task was to identify the economically optimal pattern 
of land use for each water development option. Since the options 
differeJ in their costs and benefits, which are partly a function of 
land allocation, the problem was to select land uses that yielded 
a iocal optimum considering both tle land use and the water 
development benefits and costs. Finally, discounted net benefits 
are compared for all water development options, including the 
option of no water development. 

A mathematical economic model was designed to allocate land 
uses based on physical, biological and eco1nomic properties for 
the various scenarios of water planning. The catchnent was 
divided into zones and all probable land use activities were 
considered for each zone. A computer program based on linear 
programming was written to account for all combinations of the 
activities in the zones. The task was to assess the economic value 
of each activity in each zone and to work out the most efficient mix 
of activities according to the various water development options. 

Within each water development option, streamflow and salin
ity were allowed to vary as functions of the land use allocation. 
The economic value of the optimized solution was determined 
from the sum of the costs and benefits of the land use itself, 
and the effects the land use had on recreation, water quality 
and water quantity. In total the model considered 41 zones, 
II land use activities per zone, and 4 economic values per 
zone: recreation, water quality, water quantity, and land use 
values. 

In applying the model, constraints were used to specify areas 
for certain activities (e.g., the conservation reserves), or the area of 
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Figure 15.3: Flow diagram of the model used 
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reservoir for a given water development scheme. In some applica
tions, constraints such as the level of river salinity or the rate of 
bauxite mining as a function of refinery capacities, were also used 
to govern yields from land uses, recreation, water or salt. It was 
assumed that the physical quantity of output responds linearly to 
change in area allocated to an activity, and that the regional price 
of the output remains constant. A flow diagram for the model is 
shown in Figure 15.3. 

Formally, the model may be expressed: 

Max v = YX,:ikb,ka,-c 
where v = net project benefits 
bzik = net discounted benefits, received in form k, of 

allocating one ha of land to activity i in zone z of 
the ca'. hinent 

k = 1...,4 indexes land use, recreation, water quantity, 
and salt flow, resp:ectively 

azi = area of land in zone z allocated to activity i, 
c = fixed costs of water resource development 

The sum of the net benefits thus involves the aggregation of 
the net land use benefits, the net water quantity benefits, the net 
water quality benefits, and the net recreation benefits, each of 
which is expressed as a net present value. The objective function 
is consistent with the criterion of economic efficiency, which 
seeks to maximize net project benefits, and then to choose 
between optimally designed projects. The sensitivity of solutions 
to changes in the discount rate was investigated, and different 
land assignments were obtained by varying either the objective 
funciion, constraints or values of coefficients. The following 
sections briefly describe how land within the catchment area 
was divided into zones, the land uses that were considered, and 
how estimates of physical and economic effects of each land use 
in each zone were determined. 

Zonation 
Geographical zones within the Murray catchment area were ana
lysed based on variation in rainfall, topography, soil structure and 
current land use (McArthur et al. 1977). These factors combine to 
influence both the economic returns that can be earned from the 
land by its various possible uses, and the rate of discharge of salt 
and water into the streams. The zones divided the catchment into 
relatively homogeneous areas for mining, forestry, agriculture, 
recreational activities, and water and salt yields. For example, land
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form units divided the lateritic uplands, the only zone containing
mineable bauxite, from the swampy uplands containing abundant 
flora and fauna, and from the slopes and valley floors that form 
productive agricultural lands. 

Land uses 
The land uses considered in the study were as follows: 

* flora and fauna reserves; 
* national parks; 
* eucalyptus hardwoed forestry; 
* plantation forests (Pinus pinasterand P. radiata);
* bauxite mining (followed by forestry, agriculture or"roaded" subcatchments); 

* agriculture; 
* agroforestry (a combination of agriculture and forestry
currently being investigated as a method of overcoming salt 
movement);
0 plantations along streamlines (an alternative to agroforestry 
as a method of overcoming salt movement);
* water runoff enhancement (by sealing part of the land sur
face, i.e., "roading"), 
* water storage (i.e., reservoirs are considered a land use as 
they involve the flooding of land); and 
* desalination plants (which occupy a nominal area of land 
but have a cost-schedule and associated negative water and salt 
yields). 

In running the model, the number of activities was varied from 
just the two currently dominant land uses (eucalypt forest and 
cereals/sheep farming) up to the preceding full list of activities. 
The plantations, agroforestry and streamline plantations were 
assumed to reduce salinity, although the extent to which they 
can do so on a sustained basis is still a matter of speculation.
Nevertheless, research in the late 1970s indicated that plantations 
of eucalypts would achieve much higher rates of evaporation per
unit land area than agricultural crops (Greenwood et al. 1985).
More recent work has focused on new crops (e.g., grain lupins),
which also produce favourable effects on regional groundwater 
recharge. 

Water and salt iields 
Water yields of the component geomorphological surfaces of the 
catchment were estimated by comparing measured water yields 
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in, or adjacent to, the Murray River. Graphs were then drawn 
relating water yield from similar surfaces to changes in rainfall. 
These estimates ranged from 4,000 m3/ha/yr for the wetter west
ern valley surfaces to a negligible 20 m3/ha/vr for the dry eastern 
,,plands. Variations in water yield from land use changes were 
then developed by comparing measured yields from forested and 
cleared land. Similar calculations were performed with respect to 
salt yields. 

Vahlation ofcosts and llenc'fits
 
In determining the economic value of each activity in each zone,
 
four separate effects were considered:
 

* the producer surpluses of the activities in each zone (i.e., 
the net benefits to entrepreneurs in profits and to employees in 
wages, calculated above an opportunity-cost baseline); 
* the effect each activity had on recreational values in mon
etary terms (e.g., the effect bauxite mining would have on 
recreation in each zone can be valued by estimating visitor 
numbers at present and in the future and assigning economic 
value to these visits, using variants of the travel cost approach); 
* the effect each activity hlad on overall water production 
and how much this would be worth in consumer's surplus 
aggregated over the life of the project; and 
* the effect each activity had on salt flow from each zone 
(and hence the economic costs incurred by water consumers 
based on an estimate of the damage function for salinity). 

Results 

Land use and waterquality, 
To illustrate the effect of land use on streamflow and salinity, 
the model was first run with just two land uses: agriculture and 
eucalypt forest. No economic valuations were used. Instead, 
agriculture was given an index of 1.0 per hectare allocated, and 
eucalypt forest an index of zero. The model was then run a large 
number of times at varying levels of salinity constraint %hile, in 
turn, maximizing and minimizing cleared area. 

The results suggest that there is considerable scope for 
manipulating land use in order to achieve salinity targets over 
most of the range of possible salinity levels. The minimum salinity 
that can be achieved is 380 mg/I NaCI, and for this the entire 
catchment must be forested (see Figure 15.4). The present situa
tion of the catchment within the feasible solution space is also 
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shown. These results relate to the expected average salinity and 
assume linear relations between land allocation and the yields of 
water and salt. 
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Figure 15.4: Solution space in terms of salinity and percentage 
clearing 

In this catchment the release of salt from agricultural land far
exceeds that associated with any possible amount of bauxite min
ing, even if mining contributes substantially to the spread of jar
rah dieback disease, although this would probably not be true in 
some other local catchments in which there is little agricultural
clearing. Thus, measures to improve water quality by choice of 
land use must concentrate on agricultural land. 

Initial land allocation 
Next, the "direct" net present values of land uses were used in
the objective function. In the absence of water resource develop
ment, little change in land use was suggested by the model. In
other words, current land use was close to the economically"optimal" allocation if recreation and water benefits and salt costs 
were ignored. A small area of some 40 km 2 was reallocated from
agriculture to pine plantations, and a constraint based on refinery
capacity allowed 200 km 2 of forest to be mined for bauxite. This 
very stable result was obtained because, according to the activ
ity budgets, it would not pay to clear any more forested land for
agriculture, while reforestation of agricultural land was limited 
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to the small areas recommended for pines. Table 15.1 shows that 
the value of the bauxite mining activity is large, but the refining 
capacity constraint keeps the allocated area small. 

15.1: Land allocation in absence of water developmentTable 
compared with existing land use 

Optimalallocation 
Existing with no water 

land resourcedevelopment 
use andno reserves 

Areas (km 2 X 10):
Agriculture 347 343
Forestry 306 300 

10
Reserves 

20Bauxite mining* 

TOTAL 663 663 

Aquastatistics 
Streamflow (10' m3/yr) 318 328 
Salinity (mgfl NaC1) 1,219 1,230 

Net annual values (A$ x 106)** 

Agriculture 5.14 5.07 
Forestry 2.10 2.10 
Bauxite mining* (followed by 

23.12agriculture) 
TOTAL 7.24 30.29 

* Area of bauxite mining was constrained to be les than or equal to 200 km 2 , this figure 

representing an upper limit in line with refinery production plan
**Net annual values were calculated by expressing the net disco..nted value of the benefits 

minus costs over 120 years (using a 7",, discount rate) as an annuity (at 7%, discount rate 

over 50 years). 

At the time the study was performed, public sector investment 
in softwood plantations was planned to be located outside the 
Murray catchment. Policies have since been changed. This and 
movements in relative commodity prices make it likely that larger 

of pine plantations and some agroforestry would now beareas 
Also,selected, even if water and salt yields were valued at zero. 

in the low rainfall zones, increasing attention has recently Leen 
paid to the economic benefit-, of planting salt-tolerant forage and 
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crops that use greater amounts of water. These trends in what isbeing perceived as optimal planning for farm management mightconceivably change the optimal enterprise budgets assumed in
the study. 

Addition of recreational valuesThe Murray catchment contains a great variety of landscapes withrecreational potential. In order to include the benefits of recreation in the weighting of land uses, an estimate was made of theconsumer surplus from recreation for each possible land use in azone. This was based on a site-specific evaluation of willingness topay, using the travel cost method. Some variants were also investigated. The method estimates the likely number of visits at each ofa range of hypothetical entrance charges and imputes the excessof willingness to pay over actual entrance charge payments (ofzero). From recent studies (Bishop and Heberlein 1979) we knowthat the method yields rough estimates of true willingness to pay,but can be subject to substantial errcr. Nevertheless, relative tothe other benefits from land uses in the catchment, the likely errorin recreational benefit estimates would not appear to be serious.Finally it was assumed that a sixfold growth in recreational visitswould take place during the planning timescale.In the absence of water resource development, inclusion ofrecreational values had two effects on the land allocation. First,national parks were selected for some 420 km 2 within the valleywhich had relatively low net present values for forestry. Second,a similar area of lan'd in another part of the catchment was transferred from forest to agricultural use. 

Providin ir conIs('r'ation objectits
Another major land use conflict in the catchment is between
economic development and the conservation of flora and fauna.
At the commencement Of the study, an attempt was made to delineate sufficiently large reserves to achieve the ideal of covering the
full range of ecosvstems. It soon became obvious that this was no
longer feasible, p_'articularly 
 in the eastern part of the catchmentwhere the alienation and clearing of land has already progressedtoo far. However, reserves proposed by the WA Forests Department were incorporate(: as constraints on land allocation. Noattempt was made to estimate option or existence values for these 

areas.
The costs of introducing conservation reserves were calculatedas the change in net present values of other land uses. In theabsence of water resource development, the reserves excised 480 
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km 2 from hardwood forestry and 170 km 2 from national parks. 
The new optimal location for mining was slightly farther inland 
and away from the aluminum refinery, in an area thought to have 
greater potential for raising salinity. The annual cost of proposed 
conservation areas expressed as an annuity over 50 years was 
A$1.7 million at 1976 prices. Of this figure, A$l million would 
be incurred in forestry (reduced logging), A$0.5 million in net 
recreational benefits, and A$0.2 million would be borne by the 
mining industry for additional transport costs. The study con
cluded that the resulting addition to mining costs is not only small 
compared with the value of the bauxite, but may well be exceeded 
by the value of recreation alone. It was therefore concluded that 
taking advantage of the potential mobility of mining should be an 
important principle of efficient land use management in this and 
similar catchiments. 

No account is taken in this calculation of the costs (if any) 
that would result from the "sterilization" (non-use) of some baux
ite deposits in the land allocated for conservation reserves. At 
planned capacity levels, however, alumina production would not 
be affected within the next 50 years. The preservation decision 
would be reversible if a sufficiently profitable aluminum industry 
still existed when local bauxite became scarce, and if the benefits 
from extraction were then considered to exceed the value placed 
on continued conservation. 

Water rcsou rce develtlopmnt 
Although the Mirray River catchment contained a gazetted
"water reserve" and was on the list of possible future development 
sources, it was not considered likely to be developed before the 
year 2000. Reduction of salinity itself would reclaim a large water 
resource. The Murray could yield about 250 million m3/yr, which 
is more than the hills reservoirs supply to either Perth or to coastal 
irrigation areas at present. Figure 15.5 shox he potential yields as 
a function of land use. 

Economic justification for changes in land use that reduce salin
ity was sought by analysis of net benefits from water resource 
development a.d land us,? in the catchment at various scales 
and at alternative salinity levels. Thus, salinity was regarded as 
being reversible by vegetation change. The costs, which would 
fall mainly upon farmers, would depend on the efficacy of the 
particular changes. 

The costs of producing water from the catchment were assessed 
as the opportunity costs of labour and capital needed to construct 
and operate dams, pipelines and pump stations. Each scheme was 
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Water yields from the Murray depend on the amount of the catchment covered by forest 
which evaporates water allyear, as opposed to annual crops and pastures which only 
evaporate water during the wet winter and spring seasons The more forest there is, the 
less water yield. 
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Figure 15.5: Water yields in the Murray catchment under different 
scenarios 
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then viewed ir. terms of an optimal allocation of land uses and 
the resulting levels of streamflow and salinity. It was then poss
ib*,e to examine the optimal pattern of land use under each water 
resource development as compared with a "no water development" 
alternative. 

(a) (b) 
Pessimistic assumption about land Optimistic assumption about land 
use/water quality interactions* use/water quality interactions' 

Agriculture 
' " ' ' '.. .. _ .............. Reservoirs
 

A A A 
A o.ests- AAA A Miin araolchanges it refinery

*.' -, capacity changes 
.~* Flora and fauna 

.. " -. V'' -- 'reserves are htr.d~at this allocation 
National Parks 

*The "optimistic assumption is that himted tree planting in agroforestly schemes 
would be effective in reducing salt flow from agftculurll areas the pessimistic, 
assumption is that it is not possible to nd land management schemes which achieve 
this. other than full reforestation of agricultural areas 

To meet the salinity standard Agroforestry replaces roiney 
nearly all the agricultural land losing olantamons Annual 
has to be planted to value ohthe catchments 
plantations which lose money products rises to $31 million 
Annual value of the catchment Dam supplies the same 
products falls to $25 million amount of water at the same 
Darn supplies, on average, quality standard 
177 million cubic metres of 
water per year to Perth at 500 
mg L ' Total Dissolved Solids 

Figure 15.6: One dam with land uses designed to meet the World 
Health Organization's standard of 500 mg/1 total dissolved solids 
(TDSs): pie charts show land allocation 

Given the estimated values of water and salinity damage used in 
the study, the net social benefits of schemes involving extensive 
reforestation in agricultural areas or physical desalination would 
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be either small or negative. Since agricultural income exceeded 
damages from salinity, the result was that little agricultural land 
was reassigned and resulting salinity of around 1,200 mg/I total 
dissolved salts (IDS) was much higher than would be acceptable 
to water suppliers.

The efficienc' of possible new forms of land use designed
to improve water qualitV, such as agroforestrv and streamline 
plantations, was also investigated. In these anIalyses, consider
able reductions in salt Ilows were assumed to be achieved with 
olyk' moderate inlpacts Ol farm incomn1e. As a result, agroforestry
and streamline plantations were selected by'the model, and water 
resource development becael 'connliicall ' viable. 

Figure 15.Ishows that assumptiols concerning the effects of 
land use on salinity have a protfou rd impalct On the optimum 
m i\ Of' 1and uses. \Vith l optimistic assu mption on the ability
ot agrotorestry to reduce salinity, the net annual value of the 
catchient's products rise, by more than 2(",,. Nevertheless, even 
tinder this scenario, it did not appear worthwhile to reduce salinity
to the level recommended by water authorities (500 mag/I). The 
economiicaiV "optimal" salinit' level, given the abatement costs,
seemed to lie in the range of 7(0 to )()mg/I 1'1)5.

Changes likely to improve the prospects for water development
and vegetative salinit c controt inlthis catch men t include: 

* higher regional price for water;
 
* 
 higher price for sOftwoO1ls relative to agricultural crops;
* improved technical efficiency of agroforestry production;
* viability of alternative grain crops; andt. 'ussibl 1 ,

0 reduced use of subterranean clover pastures.
 

Water resource development would contlict with in-stream uses 
of the natural river valley. In-stream recreational values could,
however, be partly maintained by flow regulation downstream 
of dams, while reservoir-oriented recreation wMuld increase. The
stud' shows that under certain conditions net benefits would be 
insufficient to justity*water development, a result that would no 
doubt please users of the natural valley. Catchment-,,cale optimiza
tion would alwas need to be used as an input to broader scale 
assessments in considering statewide strategies for water develop
merit and environmental protection. 

Impacts of variation of economic parameters 

Given the number of land use options and externalities being 
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considered, it is obvious that differing net benefit estimates could 
be generated for each land and water development plan by simple, 
vet plausible, variation of data values. This process, often referred 
to as "sensitivity analysis", in fact became a major learning activ
it'. What emerged from this is that the solution surface, far from 
having prominent peak, or troughs (indicating a few very good 
or very bad solutions) in fact had gentle contours (indicating that 
solutions can be found for which there are small differences in net 
benefits but radically different land assignments). 

In such Situations, economic maoimizalon will not give a clear 
lead as to which plan is "best", thOuI'h it,an yield a set of plans, 
each producing a similar overall net present value. Three aspects 
which might be of general interest are outlined below. 

An intereting re, .ilt, which mav possibly be connter-intuitive, 
was that the area ot torest retained in the catchment was at a iaxi
mum when the real discount rate was ",.At higher discount rates
clearingz, for agriculture was less attractiVe than retaining forest, 

while at lower discount rates net agricultural benefits e\ceeded 
net hrestrv beleits for an increasing ntimlbe'r Ot tOnies. 

The m11oLel yielded t'le usuclI (clId eCOllnolical) cOlnclusion that 
if growth in regi'1i,1l de.- and were m',derate, thus leading to 
considerable lags before full utili/ation of large schitnies, small
scale water resource de,veloplents would be preferable. 

There vas acritical level of damag;e cost per unit salinity at which 
large-scale reforestation and consetolent improvement in waiter 
quality yielded larger net benefits than agricultural production. 

Limitations of the analysis 

The practical limitations of t!,, modelling eercise mainly lie in 
restrictions on information. .iuch of tile nahsiS had to rel, on 
critical issUImptiOns cind sensitivi ty analysis: 

,* e\ternal benefit and costs were linear functions of land use 
activities; 
* the "problem" cOuld be moulded into the linear programming 
framework without total distortion of real conditions; 
* water and salt yields were linearly related to the area each 
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land use occupied in a zone;
 
" stream salinity was reversible by planting trees;
 
" zones were sufficiently homogeneous to be treated as
entities; 
* orchards and other minor land uses could be ignored;
' there was no need to separate water yield into surface flows, 
varying according to season;
* water was yielded directly irom each zone to the river 
when, in fact, it may flow across two or three other zones 
before entering; 
0 edge effects (e.g., spread of dieback around bauxite pits, or
agricultural vermin spread from wooded areas or the aesthetic 
delights of a mixed landscape) could be ignored;
* market prices for catchment products would remain in the 
same ratios to each other;

* 
 yields of prouucts, water, salt and recreation would be as 
specified and that risk and uncertainty could be ignored; and
0 land use budget!, were reasonable even though some 
involved the estimation of growth rates for eucalypt planta
tions in areas where there was no experience of them, much 
less their commercial costs. 

It should also be realized that market-based valuations, or
approximations to them, might not be acceptable to interested
 
parties. The legitimacy of the study could be questioned if the

ethical or distributionai assumptions'were inappropriate.


Benefit-cost analysis is best viewed as a starting point for discus
sions on the ethicai positions in the study. The role of benefit-cost 
analysis in helping society or the government to discover (or
change) its values should be emphasized as much as its normative,
prescriptive nature. The technique provides a means of weighing 
up (not weighting) options, which are often obscurely related to 
familiar yardsticks of value. The strength of this study lies in the 
attempt to estimate a salinity damage function and willingness to 
pay for recreation in the- catchment, highlighting the economic 
importance of unpriced natural resource outputs. 

Practical implications of the study 

The case study was only one input to the political, administrative 
aid community consideration of land use planning in the region.
Some emerging policy directions in Western Australia are, how
ever, consistent with the study conclusions. For example: 
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e Large-scale water resource development is no longer seen 
as an imminent possibility in tile Murray catchment, by virtue 
of the costs of water quality improvement and development. 
0 Greater attention is being paid to the economic possibil
ities - from an agricultural, silVicultural, and water quality 

perspective - of forest management, agroforestry and modified 

cropping systems in this and other river basins (Treloar 1984; 

Malajczuk et al. 1984; Garland ctal. 1984; Grieg and Devonshire 
1981; Dumsdav 1983; Sewell ci al. 1985). 
• Interdepartmental liaison with the mining industr, has 

been much improved, and prospective mining plans within 
the mining lease areas are now subject to scrutiny and review. 
0 A larger area of land in the Murray catchment is now allo
cated for conservation and recreational use. 
0 Governmental authorities have been given greater powers 

to influence agricultural land use practices, and there has been 
greater financial support for community groups concerned 
with tree establishment and soil conservation in farming areas. 
0 Benefit-cost analysis within a regional environmental 
impact procedure has been mandated for all further propo
sals for release of new land for agriculture (McFadden et al. 

1984). 

An African comparison 

Although the case study'covers a semi-arid to humid region, which 

currently enjoys a high income level, it has some features that 

may be relevant to planning in other regions where there is 

rapid transition from subhumid to semi-arid conditions, or where 

development of dryland agriculture is liable to affect regional 
groundwater systems. To illustrate this, some comparisons are 

dr-,n with seiected conclusions of the Advisory Committee on 
the West African Sahel (1983). 

An early concern in this case 'studv was with landform and 

vegetation" mapping as a basis for land use planning. This may be 

compared with the Advisory Committee's recommendation (p. 

45) for "the definition and identification of ecological provinces 
as they constitute the basic physical units for analysis and 

rehab itation " he links a-nong land use, water reL;ources 
and soil conservation are stressed in both cases. 

The Advisory Committee also makes a number of recommenda
tions for improving project assessment and design. In criticizing 

donor-assisted irrigation projects in sub-Saharan Africa, they 

conclude (p. 47), "Although many of the projects have been 
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preceded by seemingly exhaustive studies, the studies reveallittle appreciation of the complex inierrelationships among soil,water, vegetation, and other constituent elements of the riverbasin system." The case study methodology reported here recognizes such effects, dhough possibly in asimplistic way.The potential of natural resaurces to yield multiple benefits isalso a common .oncern of the two studies. It is now recognized- whether in Western Australia or the West African Sahel - that"the" natural resource base yields many different commodities andservices. Economists think of this mutltiplicity as sets of demandand supply functions that may be interrelated. Emergence ofa supply scarcity for one commodity (either through demandgrowth or resource failure) creates problems and opportunitiesfor natural resource rehabilitation. In Western Australia, regionaldemand for fresh vater provides economic justification for effortsto reduce stream salinity in some catchment areas; the changingmix of natural hardwood and softwood plantation forestry, whichhas rest, lted from :'rowth in timber demand and hardwood supply constraints, provides opportunities for influencing regional
groundwater recharge; and farm adjustment and diversificationoffer opportunities for soil conservation Thus, from thie perspective of this study it would seem that rectification of fuelwood shortages in Sahelian areas ought to be economically cnsisuent with(rather than prejudicial to) dryland and rangeland improvement.

The Advisory Committee foUund that, "While donors spendsubstantial sums of mnoney on plantation projects which oftenfail, tile rehabilitation and conservation of natural forests standscosts very little and provides multiple benefits." An integrated
economic approach should not fail to id,.nty the comparative

advantage of such indigeinous forest manage'me,;t. !n Western

Australia, fresh water is a principal economic benefit derived from
indigenous forest. The Advisory Committei 
 recommended (p. 48)that "Sahilian gov'ernments and regionally-active donors cooper
ate in d'veloping new mutltiple-use forest management strategiesthat permit both the conservation and incri'ased utilization of for
est resources," calling for "species trials to identify economicallyattractive, high yielding, drought resistant, mUlti-purpose trees."From e\perience in this study, imputation of scarcity values forunpriced natural resource outputs is a major step forwardcoping with the problem of multiple 

in 
uses of natural resources.

Unpriced goods are prominent in the constImption patterns oflow-income arid and semi-arid areas as well as in more affluent 
areas. Water, fuel and sometimes shelter are obvious examples.
Greater attention to the means available for estimation of relative 
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scarcity, and the recognition of these scarcity values in planning, 
are essential. 

Distributional issues entered this case study to the limited extent 
that shadow prices based on perceived opportunity costs were 
used for mining and forestry labour. Also, the assumption of 
equal marginal utility of income between producer and consumer 
groups is implicit in the analysis. Such assumptions are often said 
to destroy the case for using benefit-cost analysis in low-income 
countries or in tho-e with heavily skewed income distribution, 
situations common in many parts of Africa. The work of Helmers 
(1979) is pathbreaking in extending benefit-cost anal,,sis to include 
income distribution ( .Jectives. Helmers's distributional weights 
could be incorporated within a case study methodology such as 
this. 

Finally, it should be recognized that the social and political 
consensus often leaves enormous scope for consideration of 
radical alternatives for resource use. In Australia and elsewhere, 
project analysis has frequently paid insufficient attention to 
economic and environmental realities. Such realities increase 
rather than diminish the need for economic analysis of resource 
management options, particularly in drvland regions. 
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VI
 
Damage Cost Studies
 

Land degradation imposes costs on a wide range of 
resource users. Farmers and pastoralists see ieduced 
productivity and others notice the effects of changes 
in water quality and quantity. The studies in this section 
view the problem from a socio-economic perspective 
that includes on-site as well as off-site effects within a 
social welfare framework. 

Land and water are the principal resources involved, 
and resource degradation results in some or all of the 
following effects: reduced yields, vegetation degrada
tion, soil acidity, salinity, sedimentation and changed 
water quality. Reduced air quality from dust and sand
storms is another consequence of the problem. By 
estimating the extent of these effects and the monetary 
costs involved, damage cost studies highlight the sever
ity of the problem and identify important areas for 
government attention and intervention. 

The three case studies in this section illustrate tile 
application of damage cost analysis at regional and 
national levels. The first case by Sinden, Sutas and 
Yapp provides estimates of selected damage costs from 
various states in Australia. Though this paper does not 
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attempt to provide a comprehensive estimate of all 
the costs of land degradation, it does give an order 
of magnitude estimate of the losses associated with 
various forms of land degradation in selected regions. 
It also examines the level of expenditures allocated by 
the government to combat these problems. 

In the second study, Sinden takes a closer look at the 
costs of soil degradation in one part of the state of New 
South Wales, Australia. This stud, examines expected 
benefits and costs from undertaking soil conservation 
measures suggested by the Soil Conservation Service of 
New South Wales. Soil conservation to avoid losses in 
wheat production is clearly justified by the analysis. 

In the Canadian study by Girt, both on-f-irm and off
farm costs ar, estimated. Wind and water erosion are 
shown to be the largest sources of damage in most areas 
of Canada. The study indicates that the magnitude of 
damages associated with land degradation may have 
substantial effects on national income and -'eed to be 
prevented at the earliest possible stage. 
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Damage Costs of Land Degradation:
 

an Australian Perspective
 

J.A. Sinden, A.R. Sutas and T.P. Yapp 

Pr~cis 

Australia has extensive areas of dryland degradation. This paper 
examines the economic costs of land degradation, the so-called 
"damage costs", and the potential benefits (abatement costs 
avoided) to be derived from damage prevention and the rehabilita
tion of degraded areas. 

Land degradation is seen as a complex interaction of soil, 
water and cultural practices. Major costs are associated with 
soil loss, sedimentation, decreased water quality and salinization. 
In New South Wales, annual expenditures on soil conservation 
and rehabilitation are but a fraction of estimated annual losses. 

Introduction 

Land degradation refers to a reduction in the quality of land 
that diminishes its usefulness to people. It is evidenced by
reduced productivity, increased risks in land use, loss af genetic 
resources, and reduction in amenity or aesthetic values. 

The basic physical and biological processes by which land 
degradation occurs are relatively well understood. Less well under
stood are the social, economic and political factors that determine 
how land is used. Although infrequent events such as droughts 
or heavy rains may trigger extensive damage, inappropriate land 
management or use of land beyond its capability frequently creates 
the conditions leading trc degradation. 

Indeed, land degradation rarely results from a single cause, but 
more often is the result of a combination of predisposing factors; 
complex interrelationships exist between cause and effect. For 
example, tree decline, itself a form of vegetation degradation, may
result in soil erosion and salinity as well as affect the hydrologic
cycle. On the other hand, soil erosion or salinity may cause tree 
decline. Figure 16.1 provides a simplified picture of some of the 
major linkages between different aspects of land degradation, and 
Table 16.1 further illustrates the complexity of the cause-and-effect 
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Salinity 

Seamentme ation 
a 

Figure 16.1: A simplified representation of some of the major
pathways and the inter-relationships of land degradation 
relationships involved. 

To appreciate the complexity ,rd dimensions of land degrada
tion, it is useful to follow the processes as they occur within a 
catchment. Whatever its size or !ocation, a catchment is a com
plete physiographic and hydrologic entity in which nature has 
packaged the inter-related problems of water, land, and people 
(Jackson 1982; Easter, Dixon, and Hufschmidt 1986).

Water is perhaps the most important natural agent in the process
of land degradation. Water is usually the medium in which soil is
moved downstream, creating off-site effects such as deposition of
sediment, altered runoff patterns, streambank erosion, and dam
age within downstream ecosystems.

Land degradation within the upper catchment may impose
extensive off-site costs as water passes downstream through towns
and cities, dams, rivers, estuaries -nJ then out to sea. Estuaries 
are highly susceptible to the effects of land degradation. Since
the majority of the Australian population resides near the coast, 



Australian Landt Degradatiol: 267 

the value of estuaries for recreation and as highly productive 
biologic zones means that the off-site effects of land degradation 
could involve very large costs. 

Table 16.1: Consequences of the effects of land degradation 

Increased Decrased Soil degrada
runoff Soil loss Sedimentation Waher quality tion andsalinity 

Lower 	 Decreased Reduced Reduced Reduced land 
infiltration 	 valueof stream-flow valueofwater productivity 
rates land capacity resources and capability 

Increased Sedimentation Reduced Need for Decreased 
streamflow water storage water waterquality 

capacity of treatment 
dams, lakes, prior to use 
etc. 

Higherand Reduced Destroy Destruction Destroy 
earlier stream water estuaries, offaunaand native flora 
flooddis- quality fauna, flora flora habitat habitat 
charge peaks and habitat 

Streambank 	 Export of Sediment Decreased Vegetation 
erosion 	 nutrients damage to recreational degradation 

and other roads, valueand 
matter culverts, amerities 

drains, etc. 
Greater Damage to Reduced Eutrophication Alterrunoff 
soil loss structures, navigation characteristics 
potential e.g., roads potential 

and houses capability 
Altered Reduced land Destruction Reduced 
saline capab:litv, of crops, etc. aesthetic 
regimes for values 
estuaries 

Transport of 
organic material 
from land surface 
to water bodies 

Principlesof damagecost estimation 
Monetary damage estimates are one useful tool in the development 
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and implementation of environmental policy. However, they
should not be regarded as an exclusive or perfect tool. Monetary 
damage estimates are useful in organizing and summarizing
information on environmental effects that can facilitate better 
decision-making. Moreover, such estimates may remain useful 
even when they are not precise, and their use should be encour
aged (Maler and!Wyzga 1976). 

Analysis of damage costs can be useful to identify the underly
ing causes of degradation, the significance of degradation, and 
alternative responses that may be made by land managers and 
policymakers. 

Broad-scale, aggregate estimates inform policvmakers, analysts
and advisers of the economic dimensions of land degradation. 
By increasing awareness of the actual costs of degradation, they 
may play a useful role in helping to establish where government 
action is warranted in strengthening the political will to act, and 
in identifying the scale of resource commitment required. 

On a regional or local level, damage cost estimates can help
decision-makers determine priorities in selecting programmes and 
projects and in on-going management. 

The level at which information on damage costs is to be 
employed, and the purpose for which it is intended, will influence 
the collection, presentation, and interpretation of data. Important
considerations in any' study of damage costs include identifying 
the costs of obtaining'and using information, establishing appropri
ate boundaries for the analysis, and choosing an appropriate time 
frame. 

Because of the complex physical and economic relationships 
involved in land degradation, successful damage cost estimation 
requires inputs from several disciplines. Application of the econo
mist's analytical tools requires information on the physical dam
age relationships. 

Damage costs may be broadly classified as resulting from either 
on-site or off-site effects of degradation. On-site costs include th 
direct loss of production due, for example, to changes in soil q,,,l
ity or quantity, and to increased costs of production incurred at 
the site of degradation. Off-site costs are those that occur or are 
experienced away from the site of the action causing degrada
tion. 

Off-site costs are nearly always externalities. They include, for 
example, off-site productivity losses, damages to public infrastruc
ture, impaired aesthetics, ecological losses and increased haz
ards. Mcst on-site and some off-site effects can be measured and 
valued with relative ease, but some off-site effects are very difficult 
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to measure and even more difficult to value in monetary terms. 
Recent thinking on the problem of valuation is summarized in 
Sinden and Worrell (1979), Hufschmidt et al. (1983), and Dixon 
and Hufschmidt (1986). 

A further distinction can be drawn between damage costs that 
are readily recognized in the short term and others that are of a 
lon ger term nature and may not become apparent until a critical 
threshcld level of degradation is passed. 

A distinction is drawn between financial analysis and economic 
analysis. Financial analysis refers to monetary costs and ben
efits as perceived by an individual decision-maker or business 
entity. Economic analysis includes financial analysis but is much 
broader. It recognizes that not all costs and benefits are limited to 
the decision-maker, and that many costs and benefits are not read
ilv expressed in monetary terms. Thus, economic analysis of land 
degradation encompasses consideration of both private and social 
costs and benefits, including priced and unpriced effects. Within 
this framework, estimates of damage costs would ideally capture 
the social opportunity costs of current land use management and 
policy decisions. 

The measurement ot dawae costs can be undertaken in a 
number of ways. For example, the oii-farni costs of soil degrada
tion can be measured by loss of productivity, reduced land value 
(market value), and rehabilitation costs. The approach taken in a 
particular instance will depend largely on what data are available 
and on the purpose for which the estimate is made. Estimates may 
also involve different degrees of complexity and completeness. 

Damage estimates based on rehabilitation costs may attract 
attention to the results of past land use policies and land manage
ment. However, such estimates tend to be static and backward 
looking. The total quantity of rehabilitation will almost inevitably 
exceed the amount of rehabilitation that is feasible and economic 
to undertake. Estimates of total necessary rehabilitation costs may 
do little to direct resources to soil conservation at the expense of 
other activities, and are of little help in making decisions about 
changing land use or allocating resources. 

A more usefl approach to measurement of damage costs from 
a dynamic, decision-oriented point of view is based on the opportu
nity cost concept, which is central to an economic analysis of 
land degradation. Land resources are scarce and can generally 
be put to alternative uses. The opportunity cost of choosing a 
particular use is the valuc placed on forgone benefits from the best 
alternative use. Taking this approach, the central question is what 
costs, in the form of forgone production or amenity benefits, are 
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being incurrni' from current land management practices?do these '.,st_ ompare with 
How 

current benefits derived and withtile costs of further damage prevention or restoration? Theseterms can establish whether in fect the existing level or rate ofland degradation constitutes a "problem" in economic terms.In the context of on-farm co';ts of soil degradation, both theproductivity 
the 

loss and land value approaches ar- coonsistent withopportunity cost approach. The two methods will yielddifferent results, primarily from market imrerfections including information deficiencies and unpriced effects, and from 
non-p duCtty damages whichvaluies. are captured in market land 

The Australian situation 

Ov'ri'etwotf Iuatnc tos estiniat ;s
Within Australia, few broad-scale economic studies of landdegradation c,-'e been attempted. Differences in criteria, methods and anal'sis niake it difficult to compare results of thosethat ha11. been undertaken. Therefore, it is also difficult to gainan Understanding of the overall economic significance of land 
degradation.

One indicator of the seriousnv,.s Of the problem as perceived bygovernments is the level of resources devoted soilto conservation. Total LA penditIIre for all states was AS68.8 m in 1984 - 85,of which New Sotuth \ales accounted for AS39.9 m (58"',). Incontrast, a Commonwealth-State collaborative study conductedin 1975-77 (Department of Environment, Housing Cimand 

worknitV CeTlopme'nt lQ78) concluded 
 that tile cost of requiredworks\%-as AS75 i (in 1'975 dollars), or about 10 times the actualannual iev'ul of government expenditure on soil (onservation

10 years later.
 

These large estimates are based 
on the rehabilitation cost concept, assuming reversal of all identified degradation. The\' provideno information on benefits forgone because of degradation, norhow much e\penditure on rehabilitati.on may be justified in terms
of generating net benefits to society.

The most reliable estimates of actual damage cosis are probablythose for regiora! production losses assOciated with salinization ofagricultural land. In addition, isolated estimates exist for the costsof various off-site effects such as the increased costs of maintainingroads or the quality of municipal water supplies (see Upstill and 
Yapp 1987, and Table 16.2).

The scarcity of economic data is partially because for many 

http:rehabilitati.on
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years resource managers were primarily concerned with unravel
ling the technical secrets of the unique Australian environment. 
Only recently the economic causes and consequences of land 
degradation and the potential contributions of an economic 
approach have begun to receive significant recognition (see 
Chisholm and Dumsday 1987). 

Table 16.2: Illustrative Australian costs for selected aspects of 
land degradation 

Anniialcost 	 Description 

AS15rn(1983) 	 Cost to Victoria of hunan-induced 

salinity 

A$5-10 n Cost to South Australia because of 
(1983) Victoria's salinity 

A$94 ni C )st of lost 'I oduction in Western 
Australia due to land degradation 

A$7.5 n Cost for repair of damage to road 
(average surfaces, removal of waterbournt-
1980-81 and sediment, and other erosion damage 
1982-83) (figure covers 4&6 of New South 

Wales municipal and shire councils) 

A$40 m (1985) 	 Total costs to South Australia because 
of salinity 

A$40,000 Cost of keeping sand off roads in 
(1982) Jerramungup district, Western 

Australia 

A$1-2/ha 	 Costs of siltation and erosion of 
roads per hectare of cultivation 
in the Darling Downs 

A$1-2Iha 	 Costs of sediment in streams and 
darns per ha of cultivation in 
the Darling Downs 

A$4.40/ha 	 External cost of salinity from 
further clearing of Victoria's 
Loddon catchnent 

Note: i = million 

Sonrce 

Read altd 

Associates(1984) 

Read and 
Associates (1984) 

Robertson 
(1984) 

Soil Conserva
tion Service of 
New South 
Wales 

Easdown and 
King (1985) 

Carderand 
Humphrey 
(1983) 

Alcock (1980) 

Alcock (1980) 

Grieg and 
Devonshire 
(1981) 
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Many estimates of land degradation costs in Australia amount
to little more than educated guesses. Accurate assessment often
is not possible because of inadequate physical and economic data,
but in many cases, as mentioned previously, pinpoint accuracy isnot necessary for the estimates to be useful, provided their limita
tions are kept in mind. 

PolIyfranu'work 
Australia has a federal system of government with legislative
authority divided between the Commonwealth and the states.Most decisions on environmental protection, nature conserva
tion, land use, and land management in the states are primarily
the responsibility of state governments.

The Commonwealth government, however, is capable of
achieving an indirect but substantial effect landon use and 
management through Its monetar\, and fiscal policies, particularly
those related to trade and taxation. The most direct roles forCommonwealth go'.ernment involvement are in the provisiOn ofdirect financial assistance to the states and the co-ordination of 
Commonwealth and state actions. 

Most of the state government organizations responsible for the
management of natural resources were established at a time when
natural resource systems were less well understood. The resulting
structures consist of a number of -,gencies, each with responsibil
ity for a single resource issue (i.e., soil, water, forest or land).
Similar divisions of responsibility are evident at the Common
wealth level. le fragmentation and division of responsibilities
 
cause difficulties in co-ordination of resource management, 
both
within and between states. Junor and Watkins (1987) deal with
 
these issues in some detail.
 

In a 1984 report on land 
 use policy in Australia, the SenateStanding Committe,- on Science, Technology and the Environ
ment stated that the natural resources humans seek to develop or
 use always occur in, and form part of. ecological and environmen
tal systems which are not independent but interrelated; changes
introduced to one resource can have repercussions on many others. The committee considered that a lack of co-ordination was
evident, leading to duplication of effort within tgncies, unco
ordinated information on which to base land use decisions, andinconsistency in methods of management. Because degradation
is a complex, multidisciplinary problem, the existing structure
of management agencies not tois able achieve the necessary
interrelationships and co-ordination. 

Where states have mutual interests in areas of similar land use 
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and land type (e.g., arid lands) and where natural resource issues 
cross state boundaries (e.g., River Murray), obvious benefits call 
be gained from co-ordination and co-operation by applying similar 
land management techniques, sharing technical information, 
and setting mutually beneficial standards of natural resource 
management. 

In order to effectively address land degradation issues, an 
adequate statutory framework must be supported by a politica! 
and departmental will to mo-e away' from a predominantly correc
tive approach to land degradation control and to ,lopt instead 
long-sighted, multidisciplinary preventive actions 

Apparently some areas of government are starting to realize the 
importance of such an approach, as evidenced by the formal 
adoption of a state policv on Total Catchment Management b' 
the New South Wales government in 1987. lowever, this type 
of action only establishes a foundation and must be followed by 
appropriate legislative and financial backing to be effective. 

Land degradation in New South Wales 

Within New South Wales, agriculture is the main land use that 
causes land degradation, but almost all land uses may be consid
ered as contributing to degradation in some degree. In New South 
Wales, as elsewhere, there is growing realization that conservation 
of the land resource is vital in areas such as mining, urban and 
coastal environments, and infrastructure development. Although 
tile distribution of damage costs is poorly recognized, both on-site 
and off-site effects call be shown to result in large economic 
losses. 

Because of incomplete data on land degradation costs within 
New South Wales, no total estimate of damages can be made. 
However, an indication of the statewide expenditure in relation 
to combating degradation can be determined by selecting certain 
indicators of land degradation and collating the annual costs in 
relation to tile land areas involved. 

Within New South Wales, tile following amounts were spent 
annually by state government departments and authorities in tile 
mid-1980s (data extracted from relevant Annual Reports): 

A$m 
Soil Conservation Service 
Soil conservation 22.4 
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Public Works Departmeit 
Floodplain management 6.5 
Beach improvement 3.3
River management 3.6
Coastal protection 2.5 

Maritime Services Board 
Dredging ports and harbours 1.5 approx 

Water Resources Commission 
Urban flood mitigation 2.6
Floodplain and river management 5.6
Murray Valley salinity 3.8 

Department of Main Roads 
Road restoration - natural disaster 1.2 approx. 

Local Government 
Sediment damage 16.5 

Further costs arise from activities such as water treatment works
for urban and industrial uses and erosion control in relation to
forestry and infrastructure development. The major forms of land
degi adation of concern in New South Wales are as follows. 

Vegetation degradation
Vegetation degradation is an often forgotten aspect of land
degradation. Examples of vegetation degradation occurring on a
large scaie within New South Wales include: 

Tree decline. Since European settlement of Australia some 200 
years ago, 45 to 50% of the forests and woodlands have been 
remow d. The removal of trees as a precursor to agricultural
develop-nent was necessary; however, in many areas of New
South Wales, overclearing as well as clearing of land unsuitable 
to agriculture has occurred. The removal of trees contributes to
salinity, wind erosion and water erosion. 

Bitou bush. Bitou bush (Chrysanthemoides monilifera) was intro
duced from South Africa to assist in the stabilization of coastal
dunes. However, it has become a problem because it excludes
native species and does not satisfactorily stabilize dunes. Recent
figures indicate that 21% 1,400 kin) of the New South Wales coastline
is now dominated by Bitou bush. Control has been estimated to 
cost A$1,800/ha/yr for the first three years and A$300/ha/yr
for maintenance in subsequent years (Wickham and Stanley 1984). 
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The cost of eradication and re-establishment of alternative perma

nent vegetation would cost about A$5,000/ha. 

Soil erosion 
A Comnninwealth-state collaborative study for New South Wales 

found that in 1975, more than 90" of the state's grazing and 

cropping land required treatment for land degradation with either 

control works or land management practices. The total 
erosion 

works was estimated to be A$331 
cost of implementing these 

At current prices, this figure would be 
million in 1975 prices. 

to theThese estimates are subject
approximately' AS78L) million. 

qualifications mentioned earlier.
 

A number of other indicators of soil erosion costs are available.
 
quality resulting

Studies of decreases in wheat yield and wheat 
carried out at the Soil Conservation Ser

from sheet erosion were 

vice of New South Wales Gunnedah Research Centre from 1957 
mean 

to 1960. Results indicated that following a soil loss of 75 am, 

was 9.5"., while protein content declined by
wheat yield decline 
21.5,, (Junor 1984). When 150 mm of soil was removed, the mean 

yield was 29.1'' and for protein, 24.2". More 
decline of whtvat 
recent trials conducted by the Soil Conservation Service from 1980 

to 1984 resulted in crop yield losses of 39",, in 1980 and II", in 1981 

im. In 1984-85 the New South Wales 
following a soil loss of 30 

wheat harvest was valued at AS1 ,079 million. The potential cost ot 

declines in wheat yields is therefore very large. 

Soil aciditil 
It is estimated that 2 million hectares of lightly textured soils within 

by soil acidity (Bromfieldare affectedeastern Australia already 

1985). The cost to completely neutralize the acidity with the use 

or a total cost of AS160 million.
of lime is approximately ASSO/ha, 

Bromfield also considers that. if not addressed, the problem area 

increase to 7 million hectares within 20 years, resulting in 
could 

a remedial cost of AS5b0 million.
 

Saliity 
In New South Wales, agriculture is the major human factor contri

buting to salinization. In 1982, a working party (Standing Committee 

on Soil Conservation Working Party on Dryland Salting in Australia 

1982) estimated that 920,t00 ha of the state were affected by saline 

scalding (primarily within the arid/semi-arid western region), and 

ha were affected by saline seepage (primarily occurs within 
4,OU( 

of saline seepage andeconomic coststhe eastern area). Some 


scalding were also estimated and are shown in Table 16.3.
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Table 16.3: Economic cost of saline scalding and saline seepage 
in New South Wales, 1982 

Econoniccost Saline scalding Saline seepage 
(AS million) (AS million) 

Decline in capital value 3.7 2.0 
Decline in annual productivity 2.0 0.4 
Cost of restoration 1.5 0.5 

,o.c' Staanding Cit(nt in tt'c on cul (-onservation Working Party on Drvland Salting in 
Au.tralia (l4t,2) 

Table 16.4: Estimated average annual costs (1982 prices) resulting 
from salinity in Australia for 1971-81 ($A million) 

Typeofcost 

Damage from salinity 
of watersupplies 

Damage from dr'land 
salinization 

Damage from irrigation 
soil salinity 

Abatement of salinity 
in water supplies 

Abatement of land 
salinization 

Research and 
monitoring 

Total cavnage and 
abatement costs 

ilIdUstrl/and 

commerce 

33 

-

-

-

-

-

33 

Agriculture Governwent TOTAL 

3 - 36 

22 - 22 

6 - 6 

- 13 13 

1 9 10 

- 6 6 

32 28 93
 

',ow. I epartm n, ,of Re.urces and Energy (1483) 
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Salinization of irrigated lands is also significant within New 
South Wales. Although the area under irrigation is small, 
the potential productivity of these areas is high. Within the 
Riverina/Murrumbidgee Irrigation Area, salinity is a major 
cause of reduced productivity, but figures are not available. 
However, farther down the Murray River, loss of value of fruit 
production due to salinity of irrigation water within the South 
Australia Riverland in 1978 - 79 was A$4.3 million (1982 prices), 
(Department of Resources and Energy 1983). 

Within New South Wales, salinity is a relatively minor problem 
compared with other states. Estimated average annual damage 
and abatement costs arising from land and water salinity within 
New South Wales from 1971 to 1981 were less than 5% of the 
national total of A$93 million. Of the A$93 million annual cost, 
about two-thirds were damage to production and one-third abate
ment costs. The total cost was shared almost equally by the 
government, agricultural and household-industry-commerce sec
tors (Table 16.4). 

Sedimnentation 
Sedimentation rates within New South Wales are considered low 
compared with world standards; however, sedimentation still 
causes serious damage. The following sedimentation damage 
costs have been estimated within New South Wales: 

0 A survey of local governments, with a 46"%, reply, has indi
cated that an average of A$7.6 million was spent annually 
on removal of wind- and waterborne sediment from roads and 
culverts, repair of damage to council facilities, and repair of 
sediment damage to road surfaces (Morse and Outhet 1984). 
Extrapolated to cover all local government areas, this annual 
repair bill would amount to A$16.5 million. 
* Lake Macquarie near Newcastle is currently losing 10 to 
20 	 ha/yr from sedimentation. Based on estimated sediment 
oadings, the cost of removing such sediment would be 
A$637,500/yr (Morse and Outhet 1984). The impact of 
sediment upon ecological values of the natural environ
ment, as well as upon aesthetic and recreational values of 
aquatic environments, can also be significant. Although data 
on the actual economic losses are not available, the effects 
of sediment upon estuarine fish nursery areas, freshwater fish 
habitats, recreationally important areas, and other significant 
resources have been documented. 
0 The impacts of land degradation, especially sedimentation, 
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are currently causing concern within the state's estuaries, from
which more than A$30 million of fisherics products are har
vested annually. The impact of sedimentation on navigation
channels and ports and harbours is also noted; however, clear
estimates of the costs involved are not available. A$1.3 million 
was spent in 1981 - 1982 on dredging operations by the Maritime
Services Board as part of their port management operations
(Maritime Services Board of New South Wales 1982). 

Water qualii
The impacts of land degradation upon water quality are also many
and v.'*ied. The transport and retention of erosion products andsalt by watercourses and water bodies are well known. The
characteristics of , natural water body always reflect the
characteristics of its catchment. Thus, when a catchment
becomes degraded, so does tile quality of its runoff water. 

Mining operations often expose overburden and leave wastes tothe effects of weathering, with subsequent release and transport of
heavy metals to aquatic environments. Fhe effects upon aquatic
biota are usually detrimental. Rehabilitation at Captains Flat Mine 
near Canberra has coat A$3 million and was carried out to reduce
the flow and accumulation of heavy metals into Canberra's Lake 
Burley Griffin. 

Conclusions and recommendations 

This paper has sought to determine an order of magnitude for
various costs attributable to land degradation in answer to thequestion, "Is land degradation a serious problem in Australia?" 
Some conclusions can now be drawn. 

1. Available estimates of damage costs are incomplete. Incon
sistencies arise because of differences in conceptual bases,
methodologies, and study objectives.

2. 	Notwithstanding point 1,the picture that emerges is of wide
spreau losses due to both on-site and off-site effects of land 
degradation. 

3. Notable losses include on-site losses of agricultural productiv
ity due to soil erosion, soil degradation, and salinity and
increased off-site costs of repairing siltation and erosion dam. 
age, and impaired water quality.

4. 	Estimates of opportunity costs are often quite high as com
pared with current levels of government expenditure on 
combative measures. 
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5. An analysis of the degradation processes suggests that politi

cal responses need to adopt more preventive, inultidisciplin

ary, cross-resource approaches to land degradation. 
focus on developing co

6. One possible approach would 
for each of the principal typesordinated national policies 

of land use, bringing together the resources and expertise of 

common value held throughout the states. 

7. Given that most of the physical processes of land degradation 

are now fairly well understood and that technical solutions 

for a wide range of problems have been developed, it is neces

sary to focus on providing policy frameworks and incentives 

for improved land management. 
strong case for devoting resources to developing8. There is a 

and applying economic techniques to the assessment of the 
of land degradation. This will 

causes and consequences 
to the level of fundingassist policy decisions in relation 

p-ogrammeswhich is justified, and in targeting combative 
for greatest effectiveness. 
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The Costs of Soil Degradation on the
 

Northwest Slopes of New South Wales,
 
Australia 

J.A. Sinden 

Precis 

Estimates of the value of damages associated with dryland degrada
tion are a key ingredient in determining the benefits of preventing
damage and restoring land productivity. !n this paper, a systems
modelling approach is used to estimate the on-farm costs andbenefits of a soil conservation programme in New South Wales.
 

Using a representative sample of farms in the area, 
 the studyestimates the regional costs and benefits of a soil conservation 
programrae in terms of its effect on agricultural incomes. The
results show that, over a 16-year period, such a programme would 
generate net benefits of more than A$100 million, for a benefit-cost 
ratio of 1.90. 

Introduction 

This study estimates tie costs of soil degradation in the six shires 
of the northwest slopes of New South Wales using basic datafrom an intensive survey of 50 farms in one of the shires. The 
concept of well-conserved land as defined by the Soil Conserva
tion Service (SCS) of New South Wales is taken as the technical 
standard implic t in the recommendations for conservation works 
in tarm plans. 

This region occupies some 22,311 km 2 and slopes from the New 
England Tableland in the east to the plains in the west. The steep
hills and narrow valleys of the east are extensively grazed, while
mixed f.irming occurs on the long slopes and shallow valleys in
the west of the region. Average rainfall varies from 800 mm in the 
east to 200 mm in the west, and regional wheat yields average 1.5
t/ha. Since the survey area tends to be representative of the mixed
farming area on the lower slopes of the region, the survey results 
are scaled up for the region.

The costs of soil degradation are measured in the following 
ways: 
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1. loss of agricultural ot, put; 
2. loss of annual agricultural income; 

3. loss of long-term agricultural income; 

4. 	 total cost o, the soil conservation works necessary to meet the 

standard; increasedthe necessary works as 
5. 	total revenue from 


agricultural income;
 
6. net revenue of the necessary works; and 

7. the benefit-cost ratio of these works. 

Indicators 1 through 3 refer to the total amount of degradation 

at its current levels. Indicators 4 through 7 refer to the optimal 

quantity of restoration as defined in the next section. 

Methodology 

hegeneral approach theused
The concepts of systems modelling were to estimate 

may be expressedThe general procedurecosts of degradation. 
in the following simple flow chart: 

Objective Select conservation programmes and practices that 

efficiency givei inputs of
maximize economic 

labour, managementnatural resources, capital, 

andI technology. 

Physical Estimate physical changes in flows of goods and 

and changes in the condition of natural 
ser ices,Changes 

resources that follow restoration, or further degra

dation. In this step, physical damage functions are 

derived.
I 

Changes in Calcilatethe values of benefits and costs of specific 

Benefits restoration programmes from the physical changes 

and Costs and from financial data. Values of damage func

tions are derived from physical functions. 

Identih and execute the most efficient programmes
Decision 


and practices.
 

The procedure may be summarized in a simple Natural Resource 

Damage Loss Equation, or NARDLE: 

Expressed in ternis ofdegradation: 
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Cost of Physical decrease x Valueofa unit
degradation in output change in output 
Expressed in ternis of restoration:Valueof = Physicalincrease x Valueofaunitrestoration in output change in output 

The general procedure and these specific NARDLEstested in Sinden were(1984)
Wales. 

with data for the whole of New SouthIt is now applied, with more detailed data, to one regionof the state. 

Data colh'ctionFarm data were collected as part of ainfluence larger study to analyse theof soil conservation and land condition on both landvalue and wheat production in Manilla Shire, New South Wales.Between December 1979 and October 1985, 70 properties in themixed farming part of the shire were sold. Fifty of these were surveyed through interviews with buyers, and datafor each fromn maps and 
,vere collected

from officers of the Soil Conservation
Service (SCS).Farm planning is one of the services provided by the SCS. At therequest of the owner, the SCS sets out its expert recommendationsfor various soil conservation works and land management practices on a farm plan. The works are tile best practicableconservation and, as a whole, provide tile ninliluml 

means of 
to conserve requirementsthe soil and mitigate erosion to acceptable levels asperceived by the Service. In Manilla Shire, tile main reconlmendations are for physiical conservation works.The SCS advises that the
whole and, 

plan should be implementedwhen as afarmers undertake the works at all, they tendto complete the whole plan. Farmers do not appear tooptimal economic plan seek tilefor their property. Intherefore, the plan is a technical optimumIL 
an economic sense,


that is implemented on
an all-or-nothing basis.
In the present study,

mated 

tile optimal amount of restoration is estion a regional basis. It is calculatedproperties bv identifying thosefor which total revenue
total per farm plan exceeds thecosts for that plan. The optimal quantity of investmentthe investment required for alt works on 

is 
only"those farms wherethe revenues from the plan exceed the costs.Partly because of this all-or-nothing/whole-farnl

tion, implenientaand partly because of restoration to a commonoptimum implicit in the farm plan, total 
technical 

revenues from restoration 
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are highest or, the most degraded properties. Costs of restoration 
are, of course, highest on these properties also. 

Estimation of he degradation/outpuitrelationship 
Output is defined as wheat production in tonnes per hectare (W) 
over all the hectares of the purchased property. A simple produc
tion function to relate output to degradation would therefore be: 

W = f (land condition) M1) 

This model would imply that labour, capital, managemert and 
technology are all constant. 

Two variables are specified for land concition: "PCAR", the 
arable percentage of each proFerty; and "CCOST" equal to the 
cost per hectare of the conservation works recommended by the 
SCS in the farm plan. CCOST serves as a proxy for land degradation 
since the greater the degree of degradation, the greater will be the 
cost of conservation works. CCOST is measured as total costs per 
property divided by property area. 

Smaller properties permit more careful management so the size 
of the property in hectares (SIZE) is incladed as a proxy for inten
sity of management. The more detailed production function is 
therefore: 

IV = f(PCAR, CCOST, SIZE) (2) 

Available crop production technology can reasonably be 
considered constant so the main omissions from equation (2) 
are labour and capital. 

Following theorctiUl expectations of diminishing returns to all 
factors of trroduction, all explanatory variables were transformed 
to naturi logarithms. The following production function was then 
estimated. 

W = 0.279 + 0.484 Ln(PCAR) - 0. 124 Ln(CCOST) 
(4.7) (1.3) 

- 0.122 Ln(SIZE) (3) 
(1.6) 

n =50 
R 2 = 0.394 
R2 
= 0.355 
F = 9.983 for 3, 46 degrees of freedom 
t-statistics are in parentheses. 

With PCAR and SIZE in linear form, the estimated model is: 
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W 	= 0.532 + 0.016 PCAR -- 0. 104 Ln(CCOST) - 0.0003 SIZE (4) 
(5.8) (1.3) (1.6)
 

n = 50
 
R2 
= 0.532
 
R2 = 0.502
 
F = 17.4 for 3, 46 degrees of freedom
 

All independent variables in both equations (3) and (4) are 
significant at 10% or better. The damage costs are calculated from 
equation (3) because of its conceptual superiority and because 
a coefficient of determination of 0.394 is an acceptable level of 
explanation of variation in W. Higher levels would be welcome,
but for a cross-section of fa,'ms where variations can be expected
due to factors of biology, capital and labour, the ability of a model 
to explain 39.4'., of the variation is a re il achievement. Further, 
damage costs estimated from equation (4) are only some20% higher
than those estimated from equation (3). 

litt'ret tationof the f,,lage/outIiut model 
The general procedure for deriving changes in output from 
changes in land condition is now illustrated. The step3 in this 
process are as follows: 

1. The preferred production function is first ;implifivd.
The mean values of Ln(PCAR) and Ln(SIZE) are inserted into 
equation (3):
W = 0.279 + 0.484 (4.019) - 0.12 1 ILn(CCOST) - 0.122 (5.437) 

= 0.279 + 1.945 -- 0.124 Ln(CCOST) - 0.663
 
= 1.561 - 0.124 Ln(CCOST)
 

2. 	 The mean value of Ln(CCOST) is 3.953, corresponding to a 
cost of A$52/ha. At the mean, therefore: 
W= 1.561 - 0.124(3.953) 

= 	1.561 - 0.490 
= 	 1.071 

The output from land of mean size, arability and condition is 
therefore 1.071 t/ha.

3. 	 If all the recommended conservation works had been under
taken, or if the land were already in "optimal" condition, 
CCOST would be ASO. The natural logarithm of 0 is minus 
infinity, a value that often complicates arithmetic. For 
convenience, let this desired level of land condition be 
denoted by a cost of $l/ha. The output from land in this 
desired condition is therefore: 
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W =1.561 - 0.124 Ln (1) 
t.561 - 0.124 (0) 

= 1.561 
4. 	If the A$52 of works is undertaken (the mean cost of conserva

tion works per hectare), the increase in wheat yield oil this 

kind of property is therefore: 
(1.561 - 1.071) = 0.490 t/ha 

5. 	Because entire farm plans are undertaken and CCOST is 

of the entire plan, the increase in W can
the pro-rata cost 

from the coefficient on
in fact also be calculated directly 

For tie mean CCOST of A$52,
Ln(CCOST) in equation (3). 

the increase is (0.124 x
and its natural logarithm of (3.953), 

3.953) or 0.490 t/ha. 
The increases in annual yield per hectare were therefore cal

culated in this manner from the value of CCOST and equation 

The per hectare values of CCOST and these increases are
(3). 
sbown for 12 of the 50 farms in Table 1.7.1. The farms are listed 

in order of increasing CCOST; only the first five, last five and 

two farms near the middle are detailed. 

Table 17.1: Calculation of the marginal costs of restoration 

(1) (2) (3) (4) (5) (6) (7) 
Yield increase(tonnes) 

Farm 
no. 

Purchased CCOST 
area(Ia) (A$Iha) 

Ln 
(CCOST) 

per 
ia 

per 
fari Cioiilative 

1 
2 
3 
4 
5 

272 
92 
54 

113 
91 

10 
10 
10 
11 
11 

2.30 
2.30 
2.30 
2.40 
2.40 

0.285 
0.285 
0.285 
0.298 
0.298 

78 
26 
15 
34 
27 

78 
104 
119 
153 
180 

23 
24 

41 
40 

50 
55 

3.91 
4.01 

0.485 
0.497 

20 
20 

3,988 
4,008 

46 
47 
48 
49 
50 

130 
518 

80 
430 

53 

137 
140 
142 
157 
190 

4.91 
4.94 
4.96 
5.06 
5.25 

0.609 
0.613 
0.615 
0.627 
0.651 

79 
318 

49 
270 

35 

8,105 
8,423 
8,472 
8,742 
8,777 
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Calculation ofZth' rezenutes andcosts ofrestorationThe damage/output model is now combined with basic surveydata to calculate the revenues, costs, and net revenues of restoration. Revenues are considered first: 

1. The annual yield increases per hectare are calculated asexplained in the previous section and inserted in column 5
of Table 17.1.2. The yield increases for the whole farm are simply the perhectare figures (column 5) times farm area (column 2).3. The soil conservation works will provide a flow of benefitsover time, but the flow will not start immediately. Following
local practice, it was assumed that: 

" the works are undertaken equally over years I and 2;" no yield increases are obtained in years 1and 2;* yieids build up with one-third of tihe increase in year 3,two-thirds in year 4, and all from year 5 onward; and* there is a 14-year flow of increases (starting in year 3);thus, increases are obtained up to year 16. 

4. The regional gross margin, or farm gate net income, fromwheat is A$70/ha at a yield of 1.5 t/ha. The gross marginper tonne is therefore A$47 (70/1.5).5. The present value of the total increase in revenue is calculated as $47/t times the discounted flow of yield increasesover years 3 to 16. A discount rate of 5% per year is used. Totalincreased revenues for the 12 farms are listed in column 3 of
Table 17.2. 

The present values of costs were calculated as follows: 

1. Following local practice, it was assumed that* the recommended works would be undertaken equally
in years I and 2: and
* maintenance is necessary every tive years (years 6 and11) at one-half of the original total cost.2. The present value of this flow was obtained by discounting at5/.
 

3. The total costs for each farm are shown in column 4 of Table17.2, as present values per hectare.4. The net revenues of column 5,Table 17.2, are simply revenuesminus their respective costs. The flow of costs and revenuesis depicted diagrammatically in Figure 17.1. 
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Table 17.2: Revenues and costs of restoration 

(1) (2) (3) (4) (5) 
Farm CCOST Total n'venue Total costs Net reveend' 
no. (A$/ha) (A$Iha) (A$/ha) (A$/ha) 

1 10 103.7 16.0 87.7 
2 10 103.7 16.0 87.7
 
3 10 103.7 16.0 87.7
 
4 11 108.4 17.5 90.9
 
5 11 108.4 17.5 90.9
 

23 50 176.4 79.8 96.6 
24 55 180.8 87.3 93.5 

46 137 221.5 218.5 30.0 
47 140 223.1 223.3 -0.2 
48 142 223.7 226.5 -2.8 
49 157 228.1 250.4 -22.3 
50 190 236.8 303.1 -66.3 

Note
 

a = Net revenues rise to a ma\inuml (at a CCOST of A$27 per 11)because total revenues 
are a !ogarithmic function of CCOST (rising at a tecreasing rate) and total costs are an 
arithnetic fu nction of CCOST. 

The per hectare data were converted to per farm data by 
multiplying by farm SIZE. Then the per farm data were combined 
to give the following aggregate information for all 50 farms: 

Present value of aggregate costs A$1,808,457 
Present value of aggregate revenues A$3,193,973 
Net present value (aggregate net revenues) A$1,385,516 

Results 

Estimationofdamage costs for ManillaShire 
The total possible increase in yield from the 17,681 ha of the 50 
study properties is 8,777 t/yr (Table 17.1) - 46% of estimated 
1984 - 85 total production. Associated increased revenues are 
A$3,193,973. The present value of aggregate costs to obtain this 
increase is A$1,808,457. Of this, the initial investment in works in 
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years 1and 2 is A$1,133,663. 

$ 

Years 

Figure 17.1: The flow of revenues and costs over time 

Perhaps more interesting than these totals for restoration of all 
land are the results for the optimal amount of conservation works,
because rarely is restoration of all degradation in the social inter
est. The optimal quantity of works, here defined as works only on 
those properties for which it is economically efficient to complete
all the recommended works, is determined in the usual way by
comparing revenues and costs. 

Total revenues from implementing the farm plan exceed total 
costs for 46 of the 50 properties (Table 17.2). The optimal increase
in output from these 46 farms is 8,105 t/yr. The aggregate costs
of the recommended works for these farms is A$1,551,304, with an 
aggregate revenue of A$2,949,938, and an aggregate net revenue of 
A$1,398,634 - all as present values. 

The benefit-cost ratio of this treatment is: 
2,949,938

j 304= 1.901,551,304 
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Estimation of dainage costsfor the northwest slopes region 
Manilla Shire is one of six shires comprising the northwest slopes 
of New South Wales. The areas of these shires are as follows: 

Barraba 	 3,075 km 2 

Bingara 	 2,389 
Inverell 	 8,623 
Manilla 	 2,245 
Nundle 	 1,593 
Parry
 

22,311
 

The survey of 50 farms in Manilla was representative of the area 
of mixed farming which covers some 64% of the shire. Since this 
shire tends to be representative of all six, we take this survey to be 
representatil 2of64% of the total area of the region. The total area of 
the purchases is 17,681 ha. Thus, to represent the region, the shire 
results can be scaled up by: 

((2,231,100 x 0.64)/17,681) or 80.8 

Using this scaling factor of 80.8, we obtain the following regional 
indicators of the severity of tile degradation problem and the 
economic potential for soil conservation to restore land condition. 

1. Total ann'ual opportunity cost, as lost wheat yield because 
land is currently "degraded" 709,182 tonnes 

2. 	Total annual opportunity cost, as lost annual revenue 19,182 
x A$47 gross margin per tonne) A$33._ million 

3. 	Total long-term opportunity cost, as the present value of lost 
long-term revenue (A$3,193,973 x 80.8) A$258.1 million 

4. Total costs of restoration (present value of installation and 
maintenance costs) A$125.3 million 

5. Total revenue of restoration (present value of 16-year stream 
of annual revenue at optimal level of restoration) 

A$238.4 million 
6. 	Net revenue of restoration (5 -4) (present value) 

A$113.1 million 
7. Benefit-cost ratio of restoration 	 1.90 

Indicators I through 3 refer to the total amount of degradation 
at its current levels. Indicators 4 through 7 reflect only those farms 
for which the present value of revenues from implementing the 
farm plan exceeds the present value of costs. 



292 Damtage Cost Studies 

Discussion 

Reliabilityof the results 
The gross margins, prices, costs and yield increases for the study
region would seem to be representative of the whole region. The 
use of study area data for the region, therefore, should not be a 
major source of bias. 

The on-farm revenues from soil conservation will be underesti
mated slightly because there will be increases in hay sales and 
livestock output, associated with the increase in wheat output.
There will also be off-farm benefits through less silting and gullying 
of roads and rivers. 

This "with project" analysis incorporates increased yields and 
assumes constant yields at the existing levels for the implicit "with
out project" situation. More likely, yields will decline without the
project and so the project's true benefits are underestimated. 

So far the analysis appears to be underestimating net revenues. 
However, a restoration programme of the scale envisaged may
require a net addition to SCS staff and equipment of perhaps 
some 15%. The works themselves will reduce the available crop 
area slightly but probably by an insignificant amount. 

The net effect of these sources of error would seem to be to
underestimate true benefits to farmers and to society. In any
event, the potential net revenue (of A113.1 m) is sufficiently
large that a major decrease in revenue (or increase in cost) would
be necessary before restoration loses its overall attractiveness. 

Dimninishingreturns to soil conservation effort 
The possibility of diminishing returns to conservation expendi
tures can be examined from the cross-sectional analysis of Tables 
17.1 and 17.2. Following the normal presumptions of such analy
ses, the different CCOST expenditures that occur on different 
farms can be considered as different levels of expenditure on
the representative property. On this representative property,
therefore, the first $10 investment returns a yield increase of
0.285 t/ha (Farm 1, column 5 of Table 17.1), or an average of
0.0285 t/ha/AS1. The first $50 returns a total increase of 0.485 
t/ha (Farm 23), or 0.0097/t/ha/A$1, while an investment of
A$190 returns 0.651, or 0.0034/t/ha/AS1. The decline in aver
age increase per A$l indicates diminishing marginal increases per
ASI invested, as would be expected. 
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Land Degradation Costs in Canada:
 

a Recent Assessment
 

J.Gir'. 

Precis 

Canada has a large land area devoted to dryland agriculture and 
faces major land degradation problems from soil erosion, acidity
and salinization. This paper examines the magnitude of the prob
lems and the economic costs of present levels of degradation; it 
also makes projections of these costs for 1984 to 2008. 

Even if the private and social costs of land degradation are 
known, it may not be economically efficient to prevent it in all areas. 
Government policies have a key role to play 'n helping to improve
the situation. One goal is the sustainable use of agricultural so-' 
and water resouices in both the ecological and economic sense. 

Introduction 

During the past several years, the Canadian Department of Agricul
ture has commissioned or completed studies to assess physical and 
economic aspects of agricultural land degradation across Canada. 
Although these studies covered humid as well as dryland areas, this 
report focuses on conclusions from the dryland areas. 

Two fundamental questions relate to soil degradation and pub
lic policy. First, how many resources can we realistically recom
mend that the public and private sectors put toward addressing
this issue? Second, what policies unintentionally foster the spread
of soil degradation and wiat positive adjustments can be made by 
way of modifying them or introducing new ones? 

Knowing that topsoil is disappearing at a rate of X tonnes/hec
tare/year (t/ha/yr) does not help very much - at best it provides 
an ordinal ranking of problems. In order to manage the problem 
adequately, additional information is required: 

1. the financial impact of degradation on farm profits;
2. the economic impact of degradation on total economy; 
3. the reversibility of the degradation; and 
4. the likely changes in 1 to 3 through time and between differ

ent cropping or production systems. 



Table 18.1: Methodologies employecz 

Prairieregoion 

Physical input i) Salinity  soil surveys 
- subjective risk assessments 

by soil scientists at scale of 
1:2.5 million 

ii) Erosion subjective risk assessment 
bv soil scientists at scale of 
1:2.5 million 

Yield assessment Consultations with scientists who have 
recently completed experiments relating 
degradation and declines in wheat, 
barley, and canola yields regarding 
expected yield reductions by risk class in on
farm situations. Only small grains covered. 

Cost calculation Use of census data on land use and 
current crop prices to infer revenue 
reductions for census divisions, 

Assessment of reversi- Not made. Probably limited on the farm. 
bility on and off farm 
Costs of reversal Not assessed 

Off-farm costs Not assessed 
Expected rate of Crude but forecasts for 10 and 25 vears 
degradation made. 

Eastern Canadaand BC 

Base data - 2700 soil landscape units 
i) soil erosion estimated by USLE; 
ii) wind erosion by USDA 

Wind Erosion Equation; 
iii) compaction - susceptibility of soils by five classes; 
iv) acification - sensitivity of soil base status to 

exchangeable bases at the surface. 

Structured regional meetings of scientists, farm advisers, 
concerned farmei s to establish consensus of yield losses 
associated with specific regions of known degradation risk.
 
A1 major crops covered. EL
 

Use of census data on land use and current crop prices plus
 
consensus estimates of in .reased fertilizer expenditures to Es
 
infer revenue reductions for census enumeration areas.
 

Not made. As iong as some soil depth retained may be
 
possibilities. _"
 

Not assessed. "
 
Some crude attempts made...
 
Crude estimate of current (i.e., 5 yr) trend made by panels; ,
 
however, more refined predictions can be made if forecasts
 
of future production shifts can be provided.
 

Ca 
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If this information can be linked with estimated costs of
implementing remedial or preventive measures, it will form a 
base for addressing land management from economican as
well as a commercial approach (i.e., from bodL a public and 
a private perspective). Moreover, it will provide a Cramework 
for integrating environmental and developmental issues, and for
addressing the intergenerational distribution of the benefits and 
costs of degradation. This approach will help to make the notion 
of sustainable use of agricultural soil and water resources viable in 
both the ecological and economic senses. 

Fable 18.1 presents a brief description of the methodologies used
in the various studies carried out in the Prairie Region, Eastern 
Canada and British Columbia. The key points about this set of 
methodologies are as follows: 

LSoils landscape 

Degradatiojn
risk models 

Economic 
sesen 

L,-nd use ajnd 

far'm informationm 

Figure 18.1: System to assess the economic impact of degradation 

1. They are designed to reflect the state of knowledge of soil 
scientists and practicing agriculturalists in an integrated way. 
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2. 	They require two geographically consistent databases (see 
Figure 18.1): 

* the costs and revenues of agricultural production; 
* a soils landscape base from which information on soil, 
climate, and weather characteristics can be integrated 
with land use information to provide estimates of soil 
degradation risk. This can be piovided through combina
tions of soil surveys, agricultural censuses, remote sensing 
databases, site investigations and extension service feed
back. 

3. 	The analysis should be conducted at the smallest feasible 
geographic scale of analysis; it is relatively simple to aggre
gate up to larger units, but quite difficult to disaggregate. 

4. 	The weakest area is not likely to be either of the databases, but 
rather the means of inferring degradation risk and planning 
accordingly. For Canada at least, this may be a higher priority 
than national on-ground surveys of actual states of degrada
tion and associated economic impacts. Some surveys, of 
course, will still be necessary to confirm estimates of risk 
and understanding of causal processes. 

Prairie agriculture 

Only 7% of Canada's total area is in farmland, and less than 70/. of 
the farmland has been improved during the past decade. Most 
undeveloped lands for cropping lie in areas that are marginal 
in terms of economic returns and access to markets, or are 
physically too vulnerable to degradation for agricultural use. 
In the Prairie Region (Canada's most extensive dryland farming 
region), there has been some rece.it expansion in cropland area 
due to both relatively attractive forecasts for grain on world mar
kets in the mifl-1970s and economic pressures favouring a growth 
in the size of the farm unit. 

Farmers in the Prairies practise large-scale drvland agriculture. 
Table 18.2 shows selected data for prairie agriculture. About 22 mil
lion ha are seeded in annual crops each year and another 8 or 9 mil
lion ha are summer-fallowed. Wheat is the major crop. Cropping 
is subject to the vagaries of weather and other environmental 
challenges (such as grasshoppers), as well as world grain prices, 
cash-flow problems associated with expansions in farm operations 
inthe late 1970s, subsequent escalations in credit costs, and the 
market realities of the 1980s. Until recently, farmers have been 
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Table 18.2: Selected statistics on Prairieagricultural production 

Land use 1983 
- seeded cropland 22 million ha 
- summer-fallow 9 million ha 

Crop production (average annual production 1979-83) 
-39 million tonnes small grains 
-wheat 20 million tones 
- barley 11 million tonnes 
- canola 2 million tonnes 
- 70% of national grain cash receipts 
- two-thirds of total Prairie farm cash receipts 

Livestock Froduction 
- one-third of national livestock receipts 
- in 1983, 2.5 million beef cows, 2.6 million pigs 

Per tfrrm statistics 
Manitoba Saskatchewan Alberta 

No. of farms 1976 32,052 70,674 60,959 
1981 29,413 67,082 57,939 

Average size 1976 240 ha 374 ha 331 ha 
1981 263 ha 394 ha 348ha 

Net farm income 1976 $6,203 $10,685 $ 7,354 
(full-time farms) 1981 $8,021 $16,330 $11,516 
(Canadian$) 

able to maintain or slightly increase yields despite the declining 
natural fertility of the soil by using more artificial inputs and 
improved varieties with greater yield potential. As a result, input 
costs are increasing at a faster rate than market revenues. The large 
number of livestock in the region are fed grain or graze on extensive 
rangeland. Forage production is not an economically viable altena
tive use for much of the grain-growing land. As the statistics in 
Table 18.2 show, from 1976 to 1981 the number of Prairie farms 
decreased, while average farm size and net farm income increased. 

Grain land is predominantly used for spring-sown crops 
although fall-sown wheat is beginning to make significant inroads. 
Soils are frequently dry and are vulnerable to erosion in areas with 
moderate to steep slopes. Excessive tillage and summer-fallowing 
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to build up soil moisture reserves and control weeds exacerbate 
the erosion problem. The time it takes Prairie soils to rebound from 
damages caused by wind and water erosion is long - too long, per
haps, to be considered reversible Under conventional methods of 
economic assessment. 

In addition, some Prairie farmers have to contend with increas
ing salinity. Some 6 to 8 million ha of soils in the Prairie Region are 
naturally saline, but it is estimated that another 2 million ha are 
undergoing so-called "secondary salinization", either as a conse
quence of drvland farming practices or from poorly understood 
fluctuations in the hydrologic regime. 

Prairie farming practices have also consumed soil organic mat
ter, bringing level; down to4) to 50"o of the levels found less than 80 
years ago. The important question is whether, given present prac
tices, soil organic matter levels will stabilize at a new equilibrium 
level that is high enough to maintain acceptable soil structure and 
water-holding capacity. 

Table 18.3: Estimated on-farm costs of soil degradation, 1984 (in 
Canadian 5m) 

Water Wind Agric. 

Trosion erosion Salinitil otmipaction Acidificat ion GDP1983 

British 
Columbia 17-24 2 - 6-12 583 

Prairies 4(,8 t - 10-15 49 4,843 

Ontario 69--157 1-8 - 71 * 2,689 

Quebec 5-17 2 - 30-99 * 1,285 

Atlantic 21-29 1 - 18 352 
Canada 125-200 9,752 

'Not Lt.mnated 
1. [he combiled cOt't ot water and wind erosion. 

National impacts 

In 1984, the Canadian Department of Agriculture identified the 
sustainability and enhancement of the natural resource base as 
a priority strategic issue for the agricultural sector. In that same 
year, the results of a parliamentary inquiry by the Standing Senate 
C:ommittee on Agriculture, Fisheries and Forestry was published. 



300 DamnageCost Studies 

This study, Soil at Risk (Canada 1984), found that Canada was
facing a serious agricultural crisis in all regions. The report
stated that Canada risked permanently losing a large portion of
its agricultural capability if a major commitment to conserving
the soil is not made by all leveis of government and by all Cana
dians. i 

National on-farm impacts from the Department of Agriculture's
studies are summarized in Table 18.3. As rough guide,a net
incomes from farming account for 40 to 50% of the gross domestic
product (GDP). However, it must be stressed that on-farm impacts 
are more serious than these figures imply for a substantial propor
tion of the farm population (Girt 1986). In high risk areas, it is
estimated that many farmers either .ave had their net returns
from fav:ming reduced by 50'% or more, or have been forced to
increase the size of their operation because of land degradation.
This expansion has probably increased the rate of soil degradation 
as more fragile or marginal soils are brought under cultivation. 

Another major aspect of national impacts are the off-farm
effects. One crude estimate for Ontario shows that the off-farm 

Table 18.4: Estimated annual off-farm costs of agricultural land 
degradation in Ontario (Canadian $m) 

Attributedlotalcosts '%, Agricuilture's
1984 tuagriculture share (1984) 

Dredging sediment 
from harbours 9.3 85 7.9 
Sediment damage to 
inland lakes, reservoirs, 
channels 3.3 85 2.8 
Water treatment costs 0.5 85 0.4 
Sediment removal from 
road 3.8 50 2.0 
Sediment removal from 
municipal drains 7.5 50 3.8 
Recreational fisheries 
losses 87.4 85 74.3 
TOTAL 111.8 91.2 
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costs are 60% of the or-farn costs (see Table 18.4). This is a lower 
percentage than found in recent US studies, but Canada has a 
lower population dene,itv and less infrastructure. Nevertheless, 
it is equivalent to about CN $10/ha under significant risk of 
degradation. This, plus the costs to the farmers -as a conse
quence of continuing on-farm effects, forms the public cost of 
degradation, or the economic basis of public support for on farm 
soil degradation control and prevention measures. Unfortunately, 
much uncertainty exists about future rates of degradation Under 
existing or preventive crop production systems. 

Regionally, some of the impacts of degradation on farm income 
are very considerable as most of the degradation occurs on only 
20'! of the cropland. Problems are very localized and to some extent 
crop specific. This points to tile need for quite site-specific solu
tions as well as broader policy adjustments to allow the econolic 
system to reflect public costs of degradation and public benefits 
of more sustainable on-farm practices. To make this transition 
from macro to micro effects, some researchers are using the 
same databases used to estimate macro-level impacts to exam
ine expected net returns through time for individual farmers in 
specific degradation risk areas from different types of crop produc
tion systems (Secharan 't al. 1986). This work can be used not only 
to advise farmers on production practices, but also to investigate 
how public costs of degradation and tile public benefits of more 
sustainable practices can be linked. Based on this analysis, new 
management systems can be devised to support a switch to a more 
sustainable production system, while simu,ltaneously reducing 
the national economic impact of soil degradation. This theme is 
explored in more detail in Girt (1986). 

Although estimates of the current impact of soi degradation on 
agriculture provide an indication of the magnitude of the pr,,'-' m 
and the effect of years of uncontrolled degradation, they should 
not be used as a basis for funding future programmes to control 
and rehabilitate it. Funding decisions need to be based on the 
expected economic returns from proposed programmes. A proxy 
for this is the expected costs of turther incremental degradation 
(costs that could be in part avoided), assuming that most of the 
damage which has occurred is to all intents irreversible over most 
planning horizons. 

Estimates of the likely impacts of soil degradation on farming 
were made for the 25-year period, 198.1 to 2008 (Table 18.5). These 
projections are based on 1984 prices and reflect the best judge
ments by the scientists involved in the study. Expected yield losses 
were then applied to the increments in soil degradation, leading to 
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Table 18.5: Prairies - 1984 to 2008 projections for annual degrada
tion costs (Canadian $m) 

Wind ant watererosion Salinity Acidification 

1984 
2008 
Change 
Percent change 

468 
558 
110 
23 

105 
128 
23 
36 

49 
132 
97 

198 

Table 18.6: Net present value of predicted costs of Prairie soil 
degradation, 1984 to 2008 (Canadian $m) 

Discount Wind andwater 
rate erosion Salinity Acidification 

Total on-farm costs 
1 12,828 2,911 2,272 
5 6,990 1,606 1,060 

10 4,502 1,034 683 

Incremental costs 
1 90 24 83 
5 52 14 50 

10 34 9 32 

an estimate of tile degradation costs in 2008 if no changes in land 
use occur. 

The net present value of all the annual impacts of degradation for 
the 1984 to 2008 period is substantial (see Table 18.6), and the net 
present value of the increments in degradation give a more realis
tic picture of what may be possible for degradation control (of
course, assuming 100% success in programming and ignoring any
off-farm effects). In the case of acidification, assuming an adequate
supply of lime at competitive prices, it may be possible to aim for 
total rather than incremental reversal. There is still considerable 
uncertainty on salinity reversal. 
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Conclusions 

Two conclusions can be drawn from this assessment. First, where 
soil degradation is occurring, it will be worth spending resources 
to stop it. These are areas where total expenditures will be less than 
the damages from soil degradation without rehabilitation tech

niques. Second, and more important, prevention is the only cure. 
must be viewed as part of agriculturalDegradation prevention 

development, not an add-on at a later date. 
In the past two years, progress has been made toward clearly 

public and private costs of soil degradationarticulating tile 
within the agricultural sector. A priority is to define whatnow 
is technically and economically feasible for degradation control. 

Information on yields and returns from different production prac
astices inder different environmental circumstances is needed, 

well as a more detailed estimation of the off-farm costs of degrada

tion. Research into ahernatives to arrest or prevent degradation is 

obviously a high priority and should be focused on areas of high 

degradaition risk that ha. e been identified. Finally, there is a need 

for more work on policy instruments and policy development 
include market and price mechanismspriorities. These might 

that will encourage farmers to make the production decisions 

that they, as individuals, and society both want. 
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Macro/Global Studies
 

Policymakers are unlikely to respond to calls for correc
tive action in dryland areas unless the benefits of public 
policy are demonstrated. Many national governments 
and international agencies still may not be convinced 
that the problem of drvland degradation is a serious 
one, or even have the means to assess the extent of 
the problem and the rate at which it might be grow
ing. In the 1984 review of the Plan of Action to Com
bat Desertification, The United Nations Environment 
Programme (UNEP) attempted to derive some figures 
that would underline the full dimensions of the prob
lem. Rough calculations suggested that, on a global 
scale, $26 billion of potential output was being lost 
each year from dryland degradation and that an annual 
investment of $4.5 billion over a 20-year period could 
prcvent these losses. However, the reliability of these 
estimates has been widely questioned. There is a nee'4 

for more data systems and analytical techniques that 
provide quantitative information on the economics of 
dryland degradation at national and international levels. 

The case studies presented here give two quite differ
ent approaches to these problems. The Botswana case 
study by Gilbert exemplifies a new method to quantify 
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changes in environmental conditions known as natural 
resource accounting. Designed to be applied mainly 
at the national level, natural resource accounts repre
sent an extension of the System of National Accounts 
established by the United Nations in the late 1960s to 
identify changes in macro-economic variables. Natural 
resource accounts are intended to measure stocks and 
flows of key environmental and ecological resources. 
The underlying concepts are explained more fully in 
Pit,Econtomiics of Drylaiid Alaiagemni t. 

The case study by Gigengack et al. demonstrates the 
application of systems analysis modelling to the prob
lem of dryland degradation at the global level. Their 
model deals with relationships among key variables 
and regions, and endeavours to trace the effects of 
changes in economic activities and government poli
cies on dryland areas. An important feature of such 
a model s its ability to identify system feedbacks and 
simulate changes over time. 
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Natural Resource Accounting:
 

A Case Study of Botswana
 

A. Gilbert 

Precis 

Natural resource accountF (NRAs) are one way to explicitly 
incorporate environmental and resource information into an 

of 	 the systemaccounting framework. Based on the concept 
of national accounts that monitors monetary flows, the natural 

resource stocksresource accounts are designed to measure 
and flows. In this case, the use of NRA is illustrated by data 
from Botswana. NRAs are composed of three interacting sets 

andof 	 accounts: Stock Accounts, Resource User Accounts, 
andSocio-Economic Accounts. Since NRAs are data-intensive 

expensive to construct, care must be taken to develop accounts 
that are issue driven and can be integrated with other decision and 
policy analysis tools. 

Introduction 

Natural resource accounting (NRA) may be defined as a methodol
ogy for presenting environmental, resource and economic 
information. Its aim parallels and extends that of national income 
accounting (i.e., to provide an information framework suitable for 
analysing the performance of economic-environmental systems). 
This analysis is facilitated by: 

* 	 consistency in the presentation of diverse data; 
formation of a basis for a conceptual economic-environmen" 

tal framework;
 
* 
 provision of a common basis to facilitate discussion and the 
interchange of ideas; and 
* 	 description of the status quo. 

A variety of approaches to NRA have been 	developed. These 
Braat et al. (1987),are 	reviewed in Gilbert and Hafkamp (1986), 

and in Gilbert and James (1988). Gilbert and Hafkamp (1986) 
outline a NRA framework developed within the design for a 
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larger modelling and information system called IRENE (see alsoRoberts, Hafkamp ct al. 1987). This case study elaborates further on this accounting framework using drylands issues in Botswanaand assesses the value of natural resource accounts in drylands 
management.

This study constructs a set of natural forresource accountsBotswana using information and data derived primarily fromArntzen and Veenendaal (1986). The next section describesthe accounting framework and discusses use of the resultingaccounts. Drylands issues in Botswana are then discussed, followed by a preliminary set of accounts. In cases where data arenot easily available, dummy numbers have been used; these areclearly indicated. The last section provides criteria for evaluation,
a preliminary evaluation, and suggestions for further work. 

The resource accounting framework 

This NRA framework is modularized and consists of the following 
sets of accounts: 

9 Stock Accounts, describing the quantity and quality of
natural resource stocks in physical units;
• Resource User Accounts, describing the use of thesestocks within the economic-environmental interface in a mix
ture of physical and monetary units; and
* Socio-Economic Accounts, describing the movement ofraw materials into the economy and other benefits fromenvironmental use by human-oriented activities predominantly
in monetary units. 

The Resource User Accounts provide a bridge or link betweenthe Stock and Socio-Economic Accounts (see Figure 19.1). Eachof these accounts consists of sets of subaccounts, which are
 
described in subsequent sections.
 

All accounts 
 present information in the form of a "balance"where elements that contribute to (cause/input) or that derivefrom (effect/output) a particular production function aredocumented. Production functions are thebehind generationof all commodities used directly and indirectly by society; thesecommodities include natural resource stocks, ' raw materialsderived from these stocks, and environmental services, whichinclude resource and environmental quality. The Socio-Economic
Accounts are similar to the transactions matrix in traditionalinput-output analysis, where the inputs to and outputs from 
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STOCK ACCOUNTS 

land suitability and carrying 
capacityy 

- air quality 
- water quantity and quality 

ecosstems quantity and 
quality 

- species quantity and quality 

RESOURCE USER 
ACCOUNTS 

- stocks 
- activity inputs 
- policy 
-activity outputs 
_ a impact 

Figure 19.1: Links between stock, resource user and socio
economic accounts 

each economic sector are documented. The Stock Accounts 
and Resource User Accounts adopt a different approach, largely 
because of the diversity of units and their non-additivity'. 

Here the subaccounts have a common structure based on 
summary tables." These tables present aggregated information 

in the form of "characters" - key inputs to and outputs from a 

particular production function. Characters are usually but not 

always numerical and may not use the same unit of measurement. Consequently, the relationship between inputs and outputs 
or cause and effect - the production function -is implicit. 
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A central suinmary table provides an overview of a particular 
resource or resource user, which can be disaggregated in three 
directions. In the horizontal direction, disaggregation involves 
a breakdown of the subaccount (e.g., livestock into intensive and 
extensive livestock rearing) and presentation of summary tables 
for each of these groups. In the vertical direction, disaggregation
involves presenting summary tables for smaller areas. In the third 
direction, disaggregation involves detailing til' individual characters 
contained in the summary table. These characters may also be 
indicators, and so this disaggregation facilitates the presentation
of all data used in their calculation. These disaggregations are 
illustrated in the following example. 

Forestry constitutes a subaccount within the Resource User 
Accounts. The central summary table would present the follow
ing: 

* inputs to forestry (e.g., effort, investment, quotas, stocks); 
* outputs (e.g., harvest, income, value added); and 
* information for all administrative areas - states or prov
inces, but also nations if accounts are being constructed at a 
continental or multinational level. 

In the horizontal disaggregation, information for each commer
cial species (or group of species, such as hardwoods or broad
leaved species) would be provided. In the vertical disaggregation, 
information for a selection of areas constituting a region would be 
provided. In the third disaggregation, each character is taken in 
turn and detail provided. For effort, this would involve detailing 
factors such as labour, logging techniques (selective logging, 
clear felling) and fuel use. A given table in a resource user 
subaccount is then defined and identified by three elements: 
species, region and character. 

Pit Stock Accounts 
The Stock Accounts are comprised of land, air, water, ecosys
tem and "component" subaccounts. Both quantity and quality
of resource stocks and flows are addressed bv a cause-and
effect approach. Minerals and energy would also constitute a 
subaccount, but the development of this accountiig framework 
to date has not included nonrenewable resources. 

The stock dynamics of the water and component subaccounts 
are documented using the following equation: 

S + I + N = C + E + M + S 
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where So = stockatbeginningoftimeperiod; 
I = imports (e.g., immigration or incoming flow of water); 
N = natural gain (e.g., growth, natality, run-off from 

rainfall); 
C = consumption 
E = exports (e.g., to other aquatic systems); 
M = natural loss (e.g., mortality, evaporation); 
S, = stockatendoftimeperiod 

For water, only freshwater stocks are consideret, distinguishing 
between ground and surface waters. "Component" species of 
interest include those exploited commercially such as livestock, 
fish and forests, although wildlife and pest species may also be 
included. The quality aspect of the Water and Air Subaccounts 
take into account natural and human-made emissions into water 
bodies (causes) and the resulting water quality (effects). 

The Land Subaccounts combine quantity and quality issues by 
documenting land suitability and carrying capacity. Land suitabil
ity is defined according to characteristics such as chemical 
composition of soil, rainfall and topography. Existing and past 
land use also help to define land capability. Carrying capacity 
pertains only to grazers, and results from a combination of soil 
capability, plant cover and pasture quality. These latter aspects 
are also dealt with in the Ecosystem Subaccounts. 

The Ecosystem Subaccounts describe the biotic structure of 
ecosystems and address both quantity and quality issues. Quan
tities of ecosystems are measured in terms of land area covered by 
the various vegetational units (e.g., shrub savanna, tree savanna, 
semi-arid shrub savanna, grass savanna, aquatic grasslands, dry 
deciduous forest, riparian forest, or woodland). 

The Resource User Accounts 
The Resource User Accounts are comprised of fisheries, live
stock, crops, forestry, conservation, recreation (including tour
ism), water storage, urban and transport, and waste disposal 
subaccounts. Mining would constitute an additional subaccount 
but is not considered here. These users are largely consumptive, 
except for conservation and, to a variable extent, recreation. 

These accounts adopt a simple "input-output" approach. Five 
categories of inputs are identified: 

* stock, of primary resource (e.g., species) and land 
dedicated to that resource user; 
* effort, subdivided into labour, fuel use, technology and 
equipment; 
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* infrastructure, subdivided into transport and storage;
• investment; and 
* government policy. 

Outputs are yield, income, value added, and environmental
impact. This last character consists of two elements: current stateof the environment resulting from use of that resource and futurestate of the environment. Both are aggregate, probably synthetic,
indicators, with all the imperfections this implies.

Stock and yield are measured in physical units and are derivedfrom the Component Subaccounts. Investment, income, andvalue added are derived from tle 'Conomic Subaccounts 
are measured in monetary uits. Government policy 

and 
and tilemore demographic elements of effort taken fromare the Social

Subaccounts and use a mixture of units. 

The S(icio-IiConnioM ACcounts 
The Socio-Economic Accounts consist of three separate modules.The first is the [Economic Subaccou nts, which are a modified version of tile national accounts. Modifications include: 

* adjustment of sectoral definitions so that all of the above 
resource users are explicitl*v documented;
9 more detailed ild explicit specification of expenditureswithin sectors Such as waste disposal (and pollution control), conservation and recreation, particu larl' with regard toincentives, subsidies, and other investments into resource and
environmental systems; and
 
* 
 docu mentation of income distribution. 

The second module is-the Social Subaccounts providing
demographic information. The emphasis 
 is on interactions
between the population and the environment, providing information on employment in the 
 resource using sectors; tourism,recreational and leisure patterns in developed countries; andurban and rural population growth in developing countries. Social
class information nay also be included.

The third module is PolicVthe SubaccounIIts, which containinformation on current enviroimeital and resource policy.
Considerable work is being undertaken on modifyingnational accounts to accommodate resource 

the 
and enviro 1lnlentalelements (e.g., Peskin 19h81; Repetto 1986, and reviewed in Gilbertand Hafkamrp 1986; and Gilbert and James 1988). The next review

of the System of National Accounts probably will examine some 
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of the suggested modifications for more explicit documentation 
of natural resources and environmental services. 

List, of atuiralr('sourteea'ccOai its 

Natural resource accounts (NRAs) are useful in four particular 
areas: database, monitoring, conflict resolution, and integration. 

Database. A comprehensive database lies behind the summary 
tables. Data availability is a major constraint to constructing natu
ral resource accounts, despite large efforts directed toward the 
collection of environmental and economic statistics. An impor
tant role of the resource accounts is to identify data deficiencies 
and to provide some indication as to priorities in data collection. A 
second constraint is identifying key variables, since this requires 
intimate understanding of the system involved. 

are,\lonItorl'1. Resource accolnts, like incom1e accounts, 

intended to be constructed on a regular basis. Since the data 
ac ,,,u ,m.ii t in 

n ust b e co llected le gu la rl1, th e JC k,',nts 

function. Such time series are essential in the identification and 
evalulation ot trends. 

Conflict rIM'.,hltlonl. . lanagement, whether of the economy, natu

ral resources, or the environment, is multi-objective and requires 
resolutim ot conflicts between competing objectives. Manage
ment is also multidisciplinary, since no single discipline can 
provide both accurate alld comlprehe:mive information. NRAs, 
by providing a wide range of information and representing a diver
sity of disciplines and interest groups, can assist managers in the 
broader context Of multi-objective analysis, ot resource issues. 

A special problenm area in natural resource mlanagement occurs 
where there is competition between different users tor a resource, 
or where one resource user adversely affects another resource or 
resource user. Such cross-resource issues art difficult to manage 
because of the traditional, sectoral divisions in resource manage
ment. These competing interests are often resolved according to 
which manager has the greatest negotiating power, rather than 
which interest ha, the gieatest benefit. 

lnthratiop. Integration pertains to interaction between accounts 
and other management tools. The greatest potential for effective 
interaction is in simulation models. Simulation models consist of 
equation.s describing essential production functions aid relation
ships, and are used to estimate the future effects of select 
lanagement inputs. Resource accounts call help overcome 
two constraints in simulation modelling: our knowledge of the 
production ftlnctions in the economic-environmental interface, 
and standaidi/ation of data presentation and collection. Not only 
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can models make use of the data contained in the accounts andthe information that accounts implicitly supply, but models in 
can generate estimates of future accounts.turn Model output isthen in a faniliar format, and so the results can be communicated 

to managers. Given that the accounting structure is understood,
this greater consistency, between data, information, model inputs
and outputs encourages more effective communication at various
levels of management, and between management and the develop
ment of management tools. 

Resource management issues in Botswana 

Ecological and economic problems in Botswana are closelylinked, as they are in most developing countries where a
large proportion of population isthe directly dependent onthe land for basic survival. Braat (1986) maie the following
general observations on Botswana, which serve to indicate this 
economic-environniental linkage: 

* population growth is expected to continue at 2.75 to 3.75% 
per year;
0 mining and secondary industries are not an important
source of employment, and the potential for further industrial 
development is limited,
* livestock farming las traditionall, been the major source of
food and income, and its role is not expected to change in the 
future; 
• livestock survival and quality depend on rangeland quality, 
over which there is only limited control;
* growing population and herd sizes are increasing the
demands placed on rangelands and other natural resources,
threatening both their quantity and quality; and 
* an erratic rainfall pattern aggravates this situation. 

Specific problem areas identified by Arntzen and Veenendaal
(1986) are land degradation, competition for land and water, and 
water pollution. 

Land degradation
L.and degradation comprises all processes that cause deforesta
tion, the encroachment of bush on grasslands, soil erosion,
and ultimately desertification. The economic activities affected include livestock and crop production, wildlife, and wood 
consumption. 
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Overgrazing, combined with the effects of drought, causes 
range degradation throughout the country, but the total area 
of affected land and the intensity are as vet unknown. Only a 
small part of the livestock is managed in fenced, commercial 
farms; most animals graze and browse over aa open, unfenced 
range. Control over the range and over livestock quality is limited. 
Stock numbers have increased rapidly over the past 20 years for 
technological and economic reasons. Consequently, areas under 
livestock production have expanded, and stocking rates now 

exceed carrying capacity throughout most of tile country. 
Crop production is not a major economic activity in Botswana 

- arable land constitutes only about I",, IIowever, it isof land area. 
practised by most rural households and, until recently, Botswana 
was self-sufficient in food production. Crop production is a major 
cause of erosion (both gully and sheet), which may affect future 
production. Bush clearing and de-stuniping, winter ploughing, 
bare fallowing, and large field siZes further enhance erosion. 

Areas used by wildlife are also suffering from dcgradation, 
due to increased populations, less land available for wildlife, 
and drought effects, as well as increased activity of harvester 
termites. 

Wood collection is a primary cause of deforestation, and when 
it occurs on hillsides, gully erosion can result. Simultaneous 
overgrazing and deforestation can exacerbate land degradation 
problems. 

In the livestock sector, land degradation first affects cattle 
through higher mortality rates and lower birth rates. Conversely, 
goats - a species that does relatively well in degraded areas - tend 
to increase. The effects of land degradation are felt most by the 
smaller cattle Owners who keep their cattle in congested mixed 
farming areas and have limited access to boreholes in grazing 
areas. 

In the crop production sector, degradation is associated with 
soil erosion and reduced soil fertility, reduced rainfall infiltration 
into the soil, and difficulties in Working the land due to the 
formation of gullies. Erosion may be enhanced by runoff from 
overgrazing and deforestation in adjacent areas 

Overgra>'ed wildlife areas probably encourage migration of wild
life into other areas, including those Used by people. Where migra
tion is not possible, a reduction in numbers as well as species will 
occu r. 

Conpetitionfo.rland 
onLand degradation is often the result of increased pressure 
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land. However, competition for land does not necessarily causedegradation, and so can be considered as a separate issue. Arntzenand Veenendaal (1986) discuss three main forms of competition,
namely: 

* competition between cattle and wildlife;

* 
 competition between livestock and crop production; and
* competition around large settlements. 

Competition between cattle and wildlife occurs mainly in westand north Botswana, where grazing activities have penetrated into areas that were previously occupied by hunter-gatherers and wildlife. Wildlife survival is threatened, particularly during droughts.The gains to the livestock sector are not proportional to the expansion of grazing area, since the expansion is usually into areas of
lower carrying capacity. The sustainable producti'ity of wildlifeand cattle in these marginal areas has not vet been compared.

The encroachment of cropland into grazing land results directlyfrom the expansion of cultivated areas and the trend toward mixedfarming. Institutional regulations do not delineate mixed farming
and grazing, and treat grazing claims as subordinate to arable
claims. Consequently, land available for grazing is decreasing.
This contributes to tie drive toward exclusive rights in grazing
areas, confinement of smaller herds to mixed farming areas, and
expansion toward the iiorth and west. 

The number of large settlements i; increasing, as is the percentage of the population living in them. This is causing increased
competition for environmental resources between urban and adja
cent areas. One impact of this is local depletion of resources such as wood and thatching grass. Another is the loss of cropland
and rangeland through residential and infrastructure develop
ments. 

Pressureon water rcsource's 
Water is an obvious constraint to human activities in drylands.
The major consumers of water in Botswana are livestock andirrigation, although mining is also an important user. The mainwater problem in Botswana is to satisfy the increasing demand in 
a sustainable and affordable manner. Water pollution does not vet
affect water supply, but may in the future.

The effects of water shortages are partly known. Residential
developments and economic activities have been hampered bywater shortages, mainly in the southeast. Expansion of the live
stock sector is dependent on suitable locations for new boreholes. 
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Darns are often unsatisfactory forms of water storage since the), 
tend to dry up during droughts, as well as taking tip land and 
influencing vegetation and land use downstream. 

All of these issues may be broken down and the elements 
grouped into the three categories used in the accounting 

framework (i.e., environmental stocks, resource use, and socio

economics). Figures 19.2 and 19.3 show a breakdown of issues 

within the first two categories. The socio-econornic elements 

of major interest are alread' represented in the resource user 

accounts, and so this category is not expai:ded. Links between 
elements are indicated in these figures. 

Natural resource accounts for Botswana 

This section combines the accounting frame%%ork outlined earlier 
with the issues described to produce a preliminary set of stock 

and resource user accounts for Botswana. Data availability and 

consistency are variable, so in some places dumnmy numbers have 

been used. Such instances and the sources of data in general are 

clearly indicated. Readers are strongly recommended to refer 
to the original documnents before using dat' from the following 

tables. Arntzen and Veenendaal (1986) is the major source of data 

and information. 
Botswana is divided into ten administrative regions, coded as 

follows: 

Southern Sn
 
South-East SE
 
Kweneng Kw
 
Kgatleng Kg
 
Central Cl
 
North-East NE
 
Ngamiland Nd
 
Chobe Ch
 
Ghanzi Gh
 
Kgalagadi Ki
 

Three main resource stocks are of interest; land, water and 
resource users or sectors are livestock,ecosystems. The main 

crops, wildlife and settlements. Summary tables for selected 

stocks and resource users, and their disaggregations, are dis

cussed in the following sections. 
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Table 19.1: Summary table - Land Subaccounts 

Character Sn SE KUw Kg C1 NE Nd Ch Gh Ki Botswana 

TOTAL AREA
 
('000ki 2) 27 i 38 8 148 5 109 21 118 110 585 

SOIL CAPABILITY (%)'
Class l 
Class2 
Class3 
Classn 

15 
17 
38 
0 

39 24 
39 27 
13 26 
0 0 

29 
15 
9 
5 

31 
37 
25 
3 

39 
14 
15 
16 

30 
12 
28 
12 

26 
8 

55 
19 

34 
24 
5 

10 

24 
11 
15 
2 

25 
28 
49 
1 

LAND USE (,) 2 

Communal 
Cultivated 
Traditionallivestock 

Commercial 
Ranchlivestock 

Wildlife Management 
Parks/Reserves 
Unzoned 

70 
6 

63 
20 
19 
9 
0 
0 

100 
16 
84 
0 
0 
0 
0 
0 

54 
4 

49 
22 
21 
17 
7 
0 

98 
7 

81 
0 
0 
0 
2 
0 

40 
2 

38 
14 
14 
4 
3 

43 

100 29 19 
11 0 0 
89 29 19 
0 7 14 
0 7 14 
0 15 0 
0 5 67 
0 34 0 

24 
0 

24 
0 
0 

19 
56 
0 

27 
0 

27 
14 
14 
24 
24 
11 

35 
1 

34 
10 
10 
15 
19 
20 

ENVIRONMENTAL QUALITY 2 

Rangeland degradation
Extensive xx xx xx x xx x x x x xIntensive x x xx x x xDesertification x x xx x x 

LAND SUITABILITY(Y,)'
Urban 1 2 1 3 0 1 0 0 0 0 0Intensiveagriculture 5 9 3 6 1 2 1 1 1 1 1Extensiveagriculture 20 45 36 19 15 22 5 5 2 0 18
Classm 0 0 0 5 0 3 5 1 75 95 55 

POTENTIAL CARRYING CAPACITY (ha/LSU) 3 

14 12 12 12 16 24 12 10 21 40 

Data are totally fictitious.
2. Arntzen and Veenendaal ( 1986); livestock figures are fictitious.3. Braat (1986) and derived from Field (1978); note that carry'- capacity is greatest whenthis variable is lowest; LSU = livestock unit. " r 
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The Stock Accounts 
Land Subaccounts. Tabke 19.1 presents a summ-ary table for the 
Land Subaccounts, in which land suitability for various uses 
is addressed. Land suitability classes (e.g., most suitable for 
urban use, extensive agriculture, intensive agriculture, cultiva
tion, forestry, recreation or conservation) are defined in terms 
of soil capability, existing land use and environmental quality. 
Soil capability addresses soil fertility and combines soil and 
geological characteristics with climatic features. Existing land 
use can constrain land suitability (e.g., urban development 
removes arable land from cultivation, reservation of land for 
wildlife precltles livestock activities, and forests can inhibit 
cultivation). Envirmnmental quality relates primarily to rangeland 
degradation through overstocking. 

Carrying capacity is a particular aspect of land suitability. 
Theoretical carrying capacitV can be calculated under assump
tions of average rainfall and ma' also be adjusted for evaporation, 
soil topography and vegetation type. Stocking rates that exceed 
the actual carrying capacity lead to rangeland degradation, low
ering carrying capacity and reducing the land suitability for graz
ing. 

Disaggregation of this summary taole permits detailing of each 
character. The classes of soil capability and land suitability 
are based on quantitative information. Disaggregation permits 
presentation of this quantitative information. 

Water SIdbaccouts. Water resource, of interest are fresh (surface
and ground) water and only in terms of quantity, not quality. A 

subaccounts summary table would present tile dynamics of all 
fresh water stocks using tile equation presented earlier. There 
is, however, inadequate knowledge of groundwater reserves and 
their rate of recharge in particular. Information on surface water 
stocks, runoff and water use are not available for each region and 
are not necessarily comprehensive. 

Ecosilst'im Sullaccouitts. Tile Ecosystem Subaccou nts begin with 
identifying the area covered by each of the nine major vegetation 
types (see Arnt/en and Veenendaal 1986). Distribution of vegeta
tion is typically presented in map rather than tabular form, and 
rarely on a regional basis; further effort is needed to construct a 
summary table for this subaccount. 

Disaggregation in the Ecosystem Subaccounts provides detail 
on each vegetation unit and its grazers (drawn from the Compo
nent Subaccounts). Time series of this information signal changes 
in community structure, as occurs with ,angeland degradation. 
Of prime importance here is any change in the nutritional status 
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of rangelands, bush encroachment, and the links between vegeta
tion, grazers and carrying capacity.

Component Suldaccounts. The dynamics of crop, wood and grazing 

Table 19.2a: Cattle Subaccount - summary table 1981 

Charater Sn SE Kw' Kg CI NE Nd Ch Gh Ki Botswana 

Stock t -0 
Birth 

333 23 252 110 1,174 141 255 
74 6 53 27 283 34 80 

5 
1 

43 
12 

59 
11 

2,395 
581 

Purchase 8 1 2 1 10 3 5 0 1 2 33 

Off-take 20 2 16 8 94 9 36 0 6 5 194 
HomeSlaughter 3 1 1 1 7 4 2 1 1 1 19 
Death 43 5 23 14 155 21 61 1 9 8 340 
STOCKt=I 349 23 267 115 1,212 144 242 5 40 58 2,460 

Table 19.2b: A time series of stock dynamics - Botswana 

Character 1980 1981 1982 1983 1984 

Stock 2,367 2,395 2,460 2,462 2,360 
(100) (101) (194) (104) (100)

Birth 582 581 604 521 502 
(100) (100) (104) (90) (86) 

Purchase 41 33 53 37 31 
(100) (75) (129) (90) (76)
 

Off-take 190 194 205 205 169 
(100) (102) (108) (108) (89)


HomeSlaughter 27 25 3919 26 
(100) (70) (93) (96) (144)

Death 388 340 425 429 445 
(100) (87) (110) (111) (115)

Stock (t=1) 2,395 2,460 2,462 2,360 2,240 
(101) (104) (104) (100) (95)
 

Note: 
Based on Braat (1986); all numbers not in brackets x 1,000. 
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ing species are important. Data on cattle are available and pres
ented here. Information on wood resources and their dynamics 
are presented in Arntzen and Veenendaal (1986). Table 19.2a pres
ents a summary table for cattle and Table 19.2b a time series of this 
information, both based ol Braat (1986) and the equation presented 
in the second section. Numbers in brackets are an index, with 1980 
as the base year. This permits a quick examination of trends in the 
variables. For example, the effects of the 1983 - 84 drought can be 
seen by increased death rates and decreased birth rates. 

Disaggregation and detailing of each character in Fable 19.2a 
would yield tables presenting the following data. 

* stocking rates per management system - such as ranch, 
communal and cattlepost - compared with estimates of carry
ing capacity,; 
* calving rates, with comparisons between herd si, es and 
stock management systems; 
0 age, weight and destination of off-take (e.g., local consump
tion or export); and 
• mortality rates and comparisons as for calving rates. 

Table 19.3: Cattle productivity - communal, cattlepost and ranch 
systems 

Character Unit Ranch Counnual Cattlepost 

Stocking rates 
Total 
Cow 

ha/LSU 
ha/cow 

11.6 
26.7 

6.0 
12.2 

Calving 
Mortality 
Weaningrate 
Weight 

12 months calf 
12 months calf/ha/yr 
12 months calf/cow/year 
Post-weaning gain 
18 month calf/cow/year 

% 
% 
%) 

kg 
kg 
kg 
kg 
kg 

74.0 
8.5 

67.7 

200.0 
5.0 

135.4 
105.9 
195.8 

50.0 
12.0 
44.4 

132.5 
4.8 

58.3 

47.3 
10.2 
42.5 

123.5 

52.5 
89.7 
90.6 

Source: Arntzen and \'eendaal (1986). 
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Table 19.4: Livestock Subaccounts - summary table, time series 
Character Unit 1971 1976 1981 1984 
STOCKSCattleGrazingland

'000ha 258 263 263Smallstock 263
Stockingrate '000 2,092'000 1,391 2,862 2,395 2,3601,820 761 1,105EFFORT ha/LSURuralpopulation 
1-10 7.611-20 9.3

1000 528 
 791I
11-0 
 113.0 5.0 3.2.5

41-60 3.9Cattle herdsize 9.9 8.5% 7.626.0 24.9 17.141-60 16.4 

17.0 12.4 11.6>100 11.4
16.0 16.5 14.0 15.311-20 23.0 33.827.7 16.7 45.423.2 45.02 . 

41-60 
11-20 

No. Farms 24.611.2 25.0% 24.3>100 26.8 32.2 25.5 20.79.5 23.810.0
6.5 8.3 9.5No. Ranches 7.8 8.0
3.4 8.2 9.2INVESTMENT 8.1 

Cattle 
purchased
 

INFRASTRUCTURE 

'000Auctions 33 31

Co-operatives 

Agents no
 

noAbattoirs 
no 

GOVERNMENT POLICYLivestock no
Development

Veterinar/ Programmes
senricesBorehole Control 


x x
FF-TAV7-------KE 
x xLocalconsumption 


Lolc %ofherd
u 9.0 10.4 8.0'000 10.740.0 50.0 35.8NETINCOME 46.9
 
'000 
 156.5 212.0 205.0Current prices Pula 169.0Constant prices (197 8)
Co,AGRIC. INCOME 
 298.3 159.1 246.2298.3 550.5 503.5Current 

ConstantENVIRONMENTAL 
IMPACT 87.7 84.7 101.9 

Carrying capacity 
87.7 84.5 104.6 

indicator 
index 1.0 0.98 0.95Source: Based on Arntzen and Veenendaal (1986) and Braat (1986), but with some invention. 

0.83 
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Th2se data are collected and available in agricultural statistics. 
The quality issues associated with cattle are stock productiv

ity, rangeland degradation and the endangered, conservation, 
or pest status of species. Table 10.3 presents stock productiv
ity from three livestock management systems. Information on 
rangeland quality and degradation is presented in the Ecosystem
Subaccounts, but the specific link with livestock and stocking 
rates is to be made and d-ocumen'. here. 

Resource Us'r Accouplts
Resource users or sectors include livestock, crops, wildlife and 
settlements. Information in the summary tables is presented in 
a diversity of units and, in some cases, the same information is 
presenteL in more than one unit. Information also overlaps with 
both the Stock Accounts and the Socio-Economic Accounts. 
Disaggregation of the summary table and detailing of each charac
ter specifies these overlaps and linkages. 

Liestock Subaccouits. There is insu fficlent information in 
Arntzen and Veenendaal (1986) to present a summary table 
with a regional breakdown. Table 19.4 presents a time series 
of a summary table at the national level. Numbers are based 
on data presented in Arntzen and Veenendaal (!986) and 
Braat (1986), but required various "adjustments". The table 
is intended to be indicative only but shows that the livestock 
sector has been growing in herd size, number of large farms,
number of small farms, and income. The number of cattle has 
varied since 1971. 

CropSubaccowuits. A similar table could b, devised for agricultural 
crop production. In this table a character of prime interest is 
"Effort". Detailing of this character should provide data on house
hold participation in crop production, the mixture of livestock and 
cropping activities, and farming practices, particularly the use of 
draught power, seasonal labour, implements and seeds. 

Links with other sectors are also of interest and should be 
detailed. These links are use of crop residues as fodder, crop
damage by livestock, encroachment on grazing land, competition
for water, and the impact on wood supply through the clearing of 
land and the need for fencing. 

Wildlife Subaccouiits. The emphasis of the Wildlife Subaccount is 
on wildlife utilization, which falls into three categories: tourism,
recreational hunting and subsistence hunting. The regional break
dowi, used in previous accounts is not appropriate here, since 
these activities occur in select areas that may overlap regional boun
daries. Table 19.5 is an attempt at a summary table. There is 
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Table 19.5: Wildlife Subaccounts - summary table 

Character Ki 
(south& 
central) 

Ki 
(north 
&east) 

O
Nd 

kavango 
Delta 

North Tuli Botswana 

STOCKS ('000) 
Hartebeests 
Wildebeest 
Eland 

293 
262 

13 
21 
2 

14 

Springbok 
Elephant 

44 
4 

EFFORT 
No. hunters 

subsistence 
recreational 

Licences 
No. tourists 

rooms 
Employment 

84 
8,136 14,551 

52 27 

10-20,000 
1-2,000 

6,491 

230 

GOVERNMENT POLICY - QUOT
Hartebeest 
Wildebeest 
Eland 
Springbok 
Elephant 

A 
14,177 
14,108 
1,290 
3,615 

0 

WILDLIFE KILLS 
Hartebeest 0 
Wildebeest 
Eland 
Springbok 
Elephant 

244 
14 
6 

Poaching 13% 
Gamemeat 670tonnes 

large animals 
small animals 

16,000 
28,000 

INCOME 
government sector ('000 Pula) 
private sector value added 

348 
11,850 

Source: Data based on Arntzen and Veenendaal (1986). 
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a wide range of data to construct such a table, but its consistency 
is even poorer than that of previous summary tables. 

Environmental impact is a particular problem. It is difficult to 
separaie tile impacts of direct wildlife use from other human activ
ities (e.g., the expansion of grazing, fragmentation of grazing areas 
and migration routes, reduced access to water) and from droughts 
and habitat changes. However, detailing of these various impacts
provides a more comprehensive and potentially integrated view of 
the state of the environment. 

StttlemeWnts ,u,,coouuts. The sector "Settlements" corresponds 
to households, secondary and terti irv industry, and inclUdes 
infrastructure such as dals. Its consumption of liatural resources 
has led to the following resource issues: sterilization of land, 
conflicts in water demand, and wood consumption for energy. 
Limited information is available, and almost none at a regional 
level. 
The Settlements Subaccounts show the movement of raw materi

als into the economy and households and \waste materials back 
into the environment. 

Cm:stralltlts 
The major constraint in these accou nts, as indicated by the 
preceding tables, is data. Arntzen and Veenendaal (1986) suimnra
rize and present only key data, indicating a wealth of data is avail
able. However, this abuidance does not extend across all issues. 

Responsibilities for data collection in most Lountries is segre
gated along traditional sectoral lines, resulting in: 

* irregular and iinsvstematic d,ta collection; 
* absence of complette setS of data for anoneear; 
* collection of data at varying spatial levels; 
* absence of data adequately describing the multidisciplin
arv nature of resource and environmental issues; and 
* absence of data adequately describing cross-sectoral or 
cross-resource issues. 

[:or Botswana, further development of the accounts with access 
to more data and inl co-operation with government authorities is 
needed to further expand the accounting structure and permit a 
more thorough evaluation. 

Evaluation and recommendations 

The Natural Resource Accounting framework discussed here was 
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originally developed in the context of renewable resource manage
ment at the European level (Gilbert and Hafkamp 1986). 

Development of these accounts is proceeding cautiously for 
two reasons: first, to ensure that the accounts are issue-driven 
and directed toward furthering our understanding of resource 
and environmental systems; second, to evaluate this benefit 
continuously and compare it to the cost of construction. 

Accounts are data-intensive and expensive to construct, and 
the benefits to be gained from their use must outweigh the costs. 
These benefits can be enhanced if the accounts focus on key vari
ables and relationships, monitoring trends in environmental and 
economic functions; if the accounting framework is internally 
consistent; and if the accounts can interact with other tools used 
in decision and policy analysis. 

In addition, specific policy and management issues should be 
addressed or documented by the accounts. The following give an 
indication of such issues: 

* stock depletion and enhancement; 
* rates of resource use, particularly by economic sectors; 
o control of resource characteristics such as age composi
tion, carrying capacity, species compositions, ore grades, and 
sterilization of reserves; 
0 locational aspects of resources such as which resources 
should be used first, and where; 
* temporal aspects such as rates of use over time, optimal 
turnover, or rotational times; 
* substitution of resources in both production and consump
tion; 
* conservation and/or recycling of materials and energy; 
* international trade in natural resources and raw materials; 
* pollution and other environmental impacts at regio~ial,
 
national, and international levels; and
 
0 effects of fiscal instruments and policies on the natural
 
resource base.
 

Integration with other tools used in management promises to be 
a major advantage of natural resource accounts. The next step in 
development and evaluation of this approach to natural resource 
accounting is tco work directly with data generators, data analysts, 
and data users in the countries involved. This could also be com
bined with modellers and other researchers developing tools for 
policy analysis. 
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Global Modelling of Dryland Degradation
 

A.R. Gigengack, C.J. Jepma, D. MacRae and F. Poldy 

Precis 

This case study examines dryland degradation as an international 
problem. It maintains that land degradation assessment should 
include economic, social, ecological, and political factors. A 
detailed discussion is presented of the work carried out by the 
United Nations Environment Programme (UNEP) to assess the 
global costs of desertification, and the limitations of the UNEP 
approach are outlined. The use of global models is then explained. 
A brief description of the SARUM-AREAM global model is pro
vided, including extensions of the model to study' the effects of 
economic policies in developed countries on gross output, land 
use and land condition in Africa. The policies simulated include 
trade liberalization, trade restrictions, and trade preferences for 
African food exports, as well as various kinds of development
assistance programmes. Sample results are presented. The model 
is at the pilot stage, and information generated is essentially qualita
tive. Further work will be requii'ed to improve the empirical founda
tions of the model before it is used for quantitative analysis. 

Introduction 

UNEP has stressed that "desertification is a world problem, not 
merely by reason of its scale and urgency but also through the 
univerality of its impacts and causes, which extenc far beyond 
the drvlands more directly affected. Shared consequences
include loss of the productive resource base; loss of valuable 
genetic resources; disruption of hydrological cycles; increase of 
atmospheric dust; loss of markets; threat to global security due to 
unrest and strife resulting from social and political breakdown. 
This globality of impact is a clear example of global interdepend
ence and thus calls for worldwide co-operation and joint actions" 
(UNEP 1984). 

Although it is clear that environmental conditions may be 
influenced directly and indirectly through all kinds of policy 



decisions, there has been only limited analysis of the relationship 
between policies and the environment, particularly at the global 
level (Bruckmann 1982; Leontief 1986a). Most analyses have been 
undertaken at the local, regional or national level. In addition, 
manv analyses fail to account for the close connections amnong 
population, resources and the environment (Sachs and Levy 1985; 
Leontief I986b; WCED 1987). 

The role of international factors in causing drvland degradation 
can be illustrated by considering the problems of overgrazing and 
agricultural production in Third World countries. Because of 
population growth and a scarcity of grazing land, nomads may be 
forced to let their herds graze en the fallow fields of drvland farm
ers. With a deteriorating exchange ratio between agricultural prod
ucts and imported industrial goods, farmers themseles ma' be 
forced to overcultivate the land, as well as moving onto marginal 
land previously used for grazing. A process of land degradation is 
thus initiated, leading to accelerated soil erosion and intensifying 
the problem of land shortage. The process will be exacerbated if 
nomads attempt to improve their economic position by increasing 
the number of cattle. 

International factors may inhibit a reversal of this process. 
Limited export pro,,pects for meat may preclude rapid destocking 
dur'ig times of drought. Attempts to improve export prospects for 
agr 'ultural products may not improve the situation, especially 
if the emphasis is on cash cropping. Such policies can lead to 
'annexation" of land by those using it for production bound for 
the international agricultural market. 

In the Sahel countries, the exchange ratio between the tropical 
agricultural export products (geneially comprising almost all of 
their exports) and the necessary goods imported from the rest of 
the world (energy, fertilizer and machinery) appears to have an 
important impact on land use. Because these countries need a cer
tain amount of foreign exchange (or barter equivalent) to finance 
their imports, a declining ratio generally leads to a policy to pro
mote the cultivation of export products and increase the land area 
for commercial cropping by the market sector. The commercial 
export sector, often foreign-owned, requires the best available soils 
and, with the productivity attainable from modern agricultural 
techniques, it is able to pay for the best land. The result is thai 
local farmers and nomads are increasingly "marginalized", being 
forced to use land of even lower quality, which is overexploited 
and eventually r;'duced to desert-like conditions. 

Price and exchange rate policies and drought subsidies may 
be less effective in counteracting the problem than envisaged. 
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Price policies are often neutralized by the effects of "black mar
ket" exchange rates rather than the official rates. Official price
movements may not be a proper allocative mechanism at the
subsistence level. Drought subsidies may also be an ineffective 
policy instrument, e.g., in cases where cattle are retained dur
ing drought periods to maximize drought-relief payments. After 
a drought, high stocking levels may still be maintained because
farmers expect to get a high price; thus, the recovery rate of the 
land is severely constrained. 

The problem of farmers and nomads overusing rangelands
might be solved locally if it were possible for them to find
other ways of making a living rather than moving onto lands
with lower productivity. Food needs could be met from imports
bought with income earned in new economic activities. In fact,
the pro:ess of finding alternative occupations to agriculture has
been occurring in North America and Europe for the past two 
centuries. The use of land by the agricultural sector cannot be
considered independently from developments in all other sectors 
of the national economy, which in turn cannot be considered 
independently from de\ elopments in the rest of the world. 

Estimation of global damage and rehabilitation costs 

UNEP is the only organization that has attempted to assess the 
global economic implications of desertification and its control.
In 1981, UNEP expressed the view that "by various criteria,
desertifica:ion control could reasonably hope to receive between 
10 and 5',, of such additional resources as max' become available 
to meet developmental, environmental and otier financial needs 
of the international community."

This assessment was based on the assumptions that 600 to 700 
million people depend on desertification-prone areas for their liveli
hood, about 13'), of world croplands is prone to desertification,
and the rangeland areas prone to desertification represent 252, of
the world's rangelands and produce 10", of the world's livestock 
products. 

In another important endeavour, a group of high-level special
ists in international financing convened by the Executive Direc
tor of UNEP attempted to identify current expenditures on 
desertification control, and put forward a financial plan outlining
the costs of a programme to stop further desertification. This
plan was designed to meet a minimum requirement of halting
the spread of desertification and to provide further financial 
backing to the UN Plan of Action to Combat Desertification 
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(PACD). The group attempted to calculate the costs involved in 
stopping further desertification by determining the amount of land 
degraded and the restoration costs for several categories of land. 
Tile estimated costs of restoring land damaged by desertification 

ranged from US$1.5 to US$4 billion/yr, measured in 1980 dollars. 
It is interesting to note that the ratio Of annual agricultt,,dl produc

tion forgone to the annual costs required to stop the des: ification 

process during a 20-year interval is roughly 10 to 1. 
The UNEP estimate of control costs was, in fact, somewhat 

limited. It covered the costs of corrective measures for desertified 

land in arid and semi-arid regions only, and excluded costs of 

developing new lands for agriculturaf production. Tile finan

cial plan for desertification control, furthermore, was restricted 

to developing countries where GDP per capita is less than 

USS1,000/vr, and 0nV in relation to irrigated lands, rangelands 

and rainfed croplands. RIoughly half of the desertified land area of 

the world was thus left out of consideration in the financial plan. 

An even more restricted variant of the control plan was devised, 

reluiring funding of US$1.3 billion/yr, in which attention was 

paid only to lands yielding zero or negative net returns. 
Total costs involved in the plan were split according to the type 

of land. 'File c'-,ts of taking the necessary corrective measures for 

irrigated land and restoring it to a condition of optimum productiv

itv were assumed to be, on the average, US$750/ha, with a vari

ation between US$5((00 and USS1,200. These figures were based 

on information from the World Bank, the Inter-American Develop

ment Bank, the F,.,od and Agriculture Organization (FAQ), and 

other experts and referred to situations where tile drainage and 
leaching were needed but no pu,mping would be required. For the 

total relevant a.'ea of irrigated land, this implied costs ranging from 

U556.2 to US5 19.5 billion, with a mean estimate of US$12.3 billion. 

With total co,ts spread over 20 years, the mean annuall costs were 
US$600 milli )n. 

FEstimatin the costs of desertification control in rangeland areas 

was a more complicated issue, if only because the area of affected 

rangelands is ;o vast. It was considered that only about one-fourth 

of all desertified rangeland area could be turned into land with 

positive economic returns. In the UNElI estimate of restoration 

costs for these -angelands, it was assumed that at least 50' of the 
because of its significance forrelevant areas si '.Uld be restored 

large population groups, especially in the least developed parts 

of the world. Based on this assumption, the annual restoration 

costs were estimated to vary between US$361 million and US$1.4 

billion, with a mean value of about US$900 million. The figures 



334 Macro/GlobalStudies 

on restoration costs per hectare were derived from consultations
with FAO, the World Bank, and United Nations Development Pro
gramme (UNDP) staff, and independent experts.

The third category of land dealt with in the UNEP plan
was rainfed cropland, with an estimated affectedarea bydesertification of 100 million ha. It was assumed that about 70%
of this area could be recovered with positive net economic returns
at a cost of US$200-450/ha. Annual restoration costs varied from 
US$680 million to US$1.5 billion. 

The UNEP plan was completed by estimating the costs to stabilize moving sand dunes in critical areas. The critical area of mov
ing sand dunes was put at some 4.1 million ha, half of which was
covered by the plan. The total costs involved in sand dune fixation
in these areas were estimated at US$450 million/yr.

An analysis conducted bv UNEP on spending by the World
Bank, FAO, UNESCO, UNEP and USAID indicated that the greatest proportion of desertification funding was directed to projects
that had only an indirect link with desertification, such as theconstruction of infrastructure or agricultural support, rather thanland improvement. Although on paper the actual expenditures
from bilateral and multilateral donoi agencies on desertification
projects came close to what was required according to UN
estimates (some US$10 billion in 1978-83), only about 10% of this 
amount was spent on actual field control of the problem. 

Use of a global model 

The cast'forglobal imodelling
It is legitimate to ask whether the UNEP approach satisfactorily

deals with the basic causes of the desertification problem. As
long as the economic processes which cause 
land over-use are
not clearly analysed and understood, there is a 
 risk that antidesertification programmes will concentrate on symptoms rather
than root causes. This consequently increases the chances 
 that
restoration programmes will help only in the short and medium 
term, without curing the problem in the long run. 

The authors of this case study suggest that a more effectix - way
of analysing the problem is to use a global model that accounts for
major economic linkages and simulat..s the impacts of diffe~ent 
combinations of policy instruments. 

The model must be global in scope, and should distinguish vari
ous regions in the world, and preferably also basic sectors within
the world economy. Furthermore, the model should be able tc deal
with "non-economic" issues like population growth, the depletion 
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of natural resources, and land degradation processes in the vari
ous regions. The land degradation processes should be linked 
with economic processes and potential policy instruments. It is 
the authors' belief that, given the present state of the art, there is 
sufficient economic insight to deal with the desertification pro
cess by means of a global modelling approach. 

The cost of different policy packages can be assessed by 
comparing their ultimate outcomes. Policymakers are not 
interested in costs alone, but also in resulting benefits, because 
only then can they judge whether incurring the costs is worth
while. It also call le argued that costs involved in anv economic 
programme should not simply be expressed in money terms, 
because the welfare implications of raising the funds to pay 
for the programme will differ depending on how and where the 
funds are raised. It makes Luite a difference whether the funds 
are obtained by increasing import tariffs of affected developing 
countries, or by increased development aid :rom regular donors, 
even if the amount of money involved is thc same. Some effects 
of policies, .,,udi as impacts on land condition, might be more 
usefullv measured in physical, rather than monetary, units. 

Every set of policy instruments can be analysed in terms of 
opportunity costs, by assessing the effects of allocating the sale 
resources in alternative ways, S.,uch as on controlling popula
tion, increasing agricult, ral productivit*V, stimulating local food 
processing, or improving the standard of education. All these 
measure. may, directly or indirectly, have some impact on the 
process ot land degradation. 

Descriptioni SOthcA -AR FA.RLI I zcorld Piodel 
Simulation results presented here were obtained from a variant 
of the SARUM-AREAM global model. The results should not be 
considered final, but should be viewed as an illustration of tile 
general approach. 

SARUNI-AREAM is an extension of SARUM, which stands for 
the Systens Analvsis Research Unit Model. SARUM was construc
ted by a special research group within the UK's Departments cf 
the Ervironment and Transport. Started in 1'472, it was part ot 
a project aimed at exploring the usefulness of world computer 
modelling for goveri'nent policymaking. The modtl was coin
pleted in 1476, and later used in modified form by the Organi/a
tion for Economic Co-operation and Development'- (OI-CD's) 
"INTERFUTURES" project (OECD P479). Since then, it has been 
used by various universities and government departments for both 
research and demonstration p.:rposes. In particular, it was used 
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Table 20.1: SARUM regionalization 

EURCOM - Europe (Communist)
 
Albania, Bulgaria, Czechoslovakia, German Democratic Republic,
 
Hungary, Mongolia, Poland, Rumania, Soviet Union
 

WANA - West Asia and NorthernAfrica
 
Algeria, United Arab Emirates, Bahrain, Egypt, Iran, Iraq, Israel,
 
Jordan, Kuwait, Lebanon, Libya, Morocco, Oman, Qatar, Saudi
 
Arabia, Sudan, Syria, Tunisia, Yemen
 

NORAM - North America
 
United States, Canada
 

AUS - Australia 

NZ - New Zealand 

CHINA - China 

LACARB - Latin Americaand the Caribbean 
All of South and Central America 

AFRICA - Africa
 
Africa except for certain northern countries included in WANA
 

EUR - Europe (Western)
 
Belgium, Denmark, France, West Germany, Ireland, Italy, Luxem
burg, Netherlands, England, Malta, Switzerland, Austria, Cyprus,
 
Finland, Greece, Iceland, Norway, Portugal, Spain, Sweden, Tur
key, Yugoslavia
 

JAPAN -Japan
 

ESEA - East andSoutheastAsia
 
Hong Kong, Indonesia, Kampuchea, North Korea, South Korea,
 
Laos, Malaysia, Philippines, Singapore, Taiwan, Thailand, Vichiam
 

SASIA - South Asia
 
Afghanistan, Bangladesh, Bhutan, Brunei, India, Macao, Nepal,
 
Maldive Islands, Pakistan, Sri Lanka
 

in the Australian Resources and Environmental Assessment
 
Model (AREAM) project by Australia's Department of Arts, Herit
age and Environment to assess environmental issues within Aus
tralia. The AREAM project added a post-processing stage to the
 
use of SARUM, which coupled the output of SARUM to a 
more 
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The model used in this
detailed model (Mula and Parker 1979). 

use of the post-processing capability,case study does not make 
relying instead on the basic SARUM model as described elsewhere 

(DAHE 1986; Gigengack et al. 1985; SARU 1976, 1978). 

Table 20.2: SARUM cammodity disaggregation 

MACHIN - Capital equipment, traded 

SITC section 7, excluding passenger cars 

CONSTR - Construction 

OMANUF - Oilier,amutfictures, traded, fintal demand good 

SITC sections 5 through 9, excluding capital goods and chemicals 

for agriculture 

ENERGY - Priinaril energy, traded, final demand good
 

SITC section 3, excluding refined petroleum products
 

MINRAL - Ore extraction, traded
 

SITC divisions 27 and 28
 

Other flow limited natural products, traded, final demand good
OFLNP -

SITC sections 1through 4
 

SERVIS - Services, fiial demandgood 

FOOD - Agricult,rl food production, traded, final demand good
 

SITC section 0
 

LAND - Developnmen t ofarable land 

IRRIG - Irrigation
 

Fertilizers and other chemicals for agriculture, traded

FERTIL -

SITC division 56
 

SARUM divides the world into twelve regions (see Table 20.1) 

based mainly on geographic and economic development cri
or industries

teria. Each of the regions contains eleven sectors, 

(see Table 20.2). Of these commodities, eight are traded. The 

trading links, together with aid transfers, form the interconnec
of each 

tions between the regions. Decisions on how much 
for exam

commodity to consume, produce, import, and export, 

of income, production capacity and 
ple, are functions prices, 

and can be further influenced by
political/cultural aspects, 

of theand income distribution. The form
population growth 
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functions that relate these variables are largely rooted in neoclassical economic theory. For example, the demand for commodities classified as "final demand goods" are partly a function ofEngel curves together with income and prices. The demand forcommodities that serve as intermediate inputs for productiveactivities is codetermined by current production levels, a set ofinput/output tables, prices, and profit-seeking behaviour. 

Llse of SAR LIM for scenarisContrary to the better known macro-econometric models, amodel such SARUM is not intended toas produce forecastsof specific variables. Central to any analysis using SARUM isthe use of scenarios to embody alternative assumptions aboutthe way future trends may develop. These trendspopulation growth, can representclima'te, trade, technological progress, andalso certain policy decisions. The time interval that a simulationcovers typically exceeds 15 to 20 years. Over such a period,many of the initial relationships can be significantly altered.For example, the decisions by private individuals can changeas they become aware of a certain policy, and governmentscan 
to changes in observed

adjust their behaviour in response
international economic and/or political relations. In each casethe reactions are motivated by opportunities to take advantage ofthe new policy, or to counteract or compensate for its expected
effects.

This secondary and tertiary bebehaviour must taken intoconsideration from the outset of scenario design. The need forthese "coupled" assumptions becomes greater as the timespanincreases. In practice, the presence of such adaptive behaviourcan be reflected by altering the time paths of major scenario variables at regular intervals or by including a larger set of variables in
the scenario design, especially during the later time intervals.
This case study is essentially a
given do not fully 
pilot study. The illustrationsreflect the richness that scenarioa can andshould contain. A practical application of the modelinvolve many wouldmore detailed assumptions than those presented

here.
A distinction is made between environmental stress and environmental impact (Mula and Parker 1979). The former refers to existingconditions which are active sources of "strain" on the environment.For instance, return flows from irrigated agriculture may place anenvironmental stress on a river system by contributing to salinitylevels. A steady-state condition in the river may, however, bereached within normal tolerance levels. An environmental 
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impact results from a change in environmental stress that leads to a 

major change in the steady-state. For example, salinity may reach 

such high levels that it causes irreversible damage to vegetation and 

aquatic ecosystems. such 	 changes arewhich underlie
The 	different stress levels 

technical) factors and/or the 
caused by exogenous (policy or 

resource 
of new endogenous relationships, such as 

workings 
degradation processes. For the model to be accurate, it is vital that 

these assumptions and relationships be specified realistically. 

XRS<OXRS>O 

XcWSsite ubsistence 

o tando i sst 

Coria ommercial XCW
 
cropland
 

trangelandnds o nte s 
subsistence land) if a shortage of the Subsistence commodity exists; 

cRoa$verted to 


negative otherwise
 

XSC Transformation rate for subsistence land to commercial agricultural land
 

XRW 	 Trasformation rate for rangeandtoastenela 

XRW 	 Degradation rate for rangeland to wastland, depends on the amount of rangeland 

vegetation cover 

capital
Degradation rate for subsistence cropland to wasteland, depends on 

XSW 
intensity of production in subsistence land 

XCN 	 Degradation rate for commercial cropland to wasteland 

in the 
Land types and transformation rates used 

Figure 20.1: 

model
 

Mklodelling land degradation study are 
Results from land degradation modelling in this case 
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restricted to Africa, south of the Sahara. Four types of land areidentified: 

* rangeland, featuring mainly grazing and fuelwood collec
tion;t subsistence agricultural land, used mainly for rainfedcropping;
* commercial agricultural land, including irrigated agriculture; and
 
0 wasteland.
 

The model attempts to reflect the fact that land degradation ispartly a consequence of the interaction among people (commercial farmers, "subsistence" farmers, nomads), economics (pricesof agricultural output, wages,restrictions on 
costs of land development, tradeagricultural produce), and technology (especiallyits application in the agricultural and land development sectors).Degradation processes and the transformation of one type ofland into another govern the relationships between the variousland types (see Figure 20. 1). Wasteland consists of the cumulativesum of degraded land from each of the other three land types. Inits present form, the model doesof wasteland. not allow for the reclamationThe various mechanisms at work can nowdescribed in greater detail. 

be 
For rangeland,

through 
it is assumed that the subsistence population,its grazing

demand 
and firewood gathering activities, exerts aon existing vegetation cover. This harvesting, which isassumed to be proportional to the size of the subsistence population, is countered by a vegetation growth function dependent onrainfall. The net result of these two flows implies a vegetation density per unit area. The rate at which rangeland is transformed into
wasteland is, in turn, a function of this vegetation cover.
The subsistence land is used for "subsistence agriculture",which is distinguished from commercial agriculture in that itdoes not employ large-scale, capital-intensive irrigation. It is largely
rainfed, and does not make use of chemical fertilizers or pesticides
in significant quantity. The subsistence land produces a subsistence commodity (a cheap foodstuff), the amount of which isdetermined as the minimum of actual yield and harvesting capacity. Associated with the subsistence sector ispopulation, the size of which can 

a fraction of the 
vary according to employmentopportunities in other sectors. The model can simulate diferentrates of population flow among the various sectors. Movement toor from the subsistence sector, for example, can be one-way or 
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two-way, rapid or slow, depending on scenario assumptions. 
A relationship exists between the amount of rangeland and the 

amount of land available for subsistence agriculture. They can 
be transformed depending oil the shortage of the subsistence 
commodity. As this shortage rises, a tendency exists to convert 
rangeland to subsistence land, and vice versa. In addition, subsist
ence land can degrade directly to wasteland. This degradation 
rate is dependent on the amount of "capital" invested in the 
subsistence sector - terraces, windbreaks and earth works, for 
example. As the level of such conservation measures falls, the 
rate of subsistence land degradation rises. 

Commercial cropland is distinguished by capital-intensive irriga
tion works and the use of chemical pesticides and fertilizers. The 
amount of land available to the commercial agriculture sector 
can be increased by upgrading subsistence land. It is assumed 
that rangeland wil not be directly connected to commercial 
cropland. Consequentlv, subsistence land is subject to relatively 
severe pressure from degradation, commercialization, and poss
ible transformation to rangeland. In this model, the commercial 
agriculture sector is constrained by the amount of subsistence 
land available. If the conversion of rangeland to subsistence land 
is low, it acts as a bottleneck, limiting commercial agricultural 
output. 

Results 

Scenariotesigns 
The additional features incorporated in the model permit the 
construction of detailed scenarios for land and agricultural sec
tors in Africa. Simulation results were obtained for gross output 
(identified in the model by GSPS) and for the areas of different 
land types. Two regions, North America and Western Europe, 
serve as proxies for developed countries interacting with Africa. 
The simulations wvere carried out for 27 years, using 1973 as the 
base \ear. 

The results presented here indicate the kinds of alternative 
"future-" that the model seeks to address. File first set, the "main 
scenarios", are simple first steps in designing alternative policy 
assumptions, whereas the secondary scenarios are intended to 
supplement the first by focusing on the behavioural response of 
the model to parameter changes. 

Main scenarios 
The main scenarios consist of the following: 
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I.Base run with standard assumptions and no explicit change
in policies or parameters.

2. 	Across-the-board trade liberalization, in which all countries 
allow trade barriers on all commodities to begin falling after 
five years.

3. 	Across-the-board trade restrictions, in which all countries 
begin to raise existing trade barriers after 10 years.

4. Development assistanc, to comme:cial agriculture in Africa, in
which net aid equaling 0.002% of total income in North 
America and Europe is diverted to capital investment in 
Africa's agricultural sector. 

5. Development assistance to 	 Africa, spread across general
investment and consumer expenditure: 50'%, of the aid is
directed to investment and 50'%to consumption, maintaining 
existing proportions.

6. Development assistance to Africa, directed to the industrial 
sector: 25% to capital equipment, 25'", to construction, and 
50',%to other manufactures. 

7. Development assistance to all agriculture in Africa, as well as 
to consumer expenditure: the commercial and subsistence 
sectors each receive 25%, and 50%,is allocated according to 
existing consumer expenditure patterns. 

For scenarios 5, 6 and 7, tile amount of development assistance
is 	assumed to be 0.001% of total income in the two developed 
regions. 

Secondary scenarios 
The secondary scenarios reflect different assumptions about !and 
conversion and degradation. One group of secondary scenarios 
comprises the following: 

8. Higher conversion rate of rangeland to subsistence land. 
9-10. Higher degradation rate of rangeland to wasteland. 
11. 	 Higher degradation rate of subsistence land to wasteland. 

Another set of secondary scenarios reflects possible responses
by the developed countries to worsening conditions in Africa, by
adjusting trade policies. These scenarios are identified as: 

12-14. 	 Developed country trade policies favouring Africa's food 
exports. 
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Scenarios 12-14 are designed to show the effects of lowering 
trade barriers on African food exports by the developed countries. 
This policy will soon have adverse economic impacts on national 
income and on the agricultural sectors of the developed coun
tries. A reaction is assumed to set in. A reversal of the food export 
concessions to Africa is considered to be politically infeasible. 
Instead, the developed countries respond by raising trade barriers 
on manufactured imports from Africa. This has negligible impact, 
as Africa's trade in manufactured products with the developed 
countries is small. The adverse economic impacts continue in 
the developed countries, until eventually their governments are 
forced into beggar-thy-neighbour tactics, raising trade barriers on 
all imports of food and manufactured products. 
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Figure 20.2: Effects of trade policies on gross output in Africa 
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Model results 
Since lack of space rules out presentation of all the simulation 
results, only a few samples can be given.

Figure 20.2 shows the effects of trade liberalization (TL1) and
trade restrictions (TB1) on gross output in Africa (GSPS) relative 
to a base run. Trade liberalization leads to an increase in output,
and trade restrictions to a decrease. These results are for main 
scenarios 1, 2, and 3 described oreviously. 
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Figure 20.3: Effect of development assistance to agricultural sector 
on gross output in Africa 

The effects of development assistance on gross output in Africa 
are shown in Figures 20.3 and 20.4. Scenario 4 is indicated by the
time path DA 1. Other variants of development assistance are repre
sented bv DA2, DA3, and DA4, which correspond to scenarios 5,
6, and 7 respectively. An example of the effects of development
assistance policies on the conversion rate of subsistence land to 
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commercial cropland (XSC) is given in Figure 20.5. Figure 20.6 
shows the effects on usable land area. 

100 

90 

0
0

70 

50
 

1973 
 1978 1983 1988 1993 1998
 

o Base run 

O DA2 Development assistance to general investment and consumer expenditure 

' DA3 Development assistance to indu;, ial sectors 

* DA4 Development assistance to all agriculture and consumer expenditure 

Figure 20.4: Effect of development assistance on gross output in 
Africa 

Secondary scenarios 12, 13, and 14 are presented in Figure 20.7. 
The corresponding time paths are DESIa, DESib, and DESic. The 
effects are shown only in terms of gross output for Africa, but 
simulation results were obtained for additional variables, includ
ing land areas and land condition. 

Conclusions 

The modelling exercise conducted for this case study has demon
strated that it is possible to assess the effects of general economic 
policies on land degradation. Tn - simulations, at this stage, pro
duce essentially qualitative information. Further work is required 
to improve the database and fit the model to actual conditions. 
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With better quantitative information, new insights could be 
gained. 
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* DA4 Development assistance to all agriculture and consumer expenditure 

Figure 20.5: Effect of development assistance on transformation 
rate of subsistence land to commercial agricultural land in Africa 

The results nevertheless suggest certain interesting conclu
sions. As is evident from the trade liberalization and trade prefer
ence scenarios, economic growth in Africa will tend to rise and
fall in parallel with movements in general world trade. Also,
contrary to popular opinion, Africa stands to gain more from an
expansion of its industrial base than from agricultural support. Aid 
to agriculture delivers only short-term gains.

With respect to the dynamics of land degradation, the simula
tions suggest that increased world trade will lead to lower loss 
rates for undeveloped land in Africa, with slightly higher loss 
of developed land through commercial agriculture. Increased 
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participation by Africa in world trade would benefit the subsist
ence population. Large increases in commercial agriculture, how
ever, would be detrimental to the subsistence population, which 
would be forced to survive on an ever diminishing area of available 
subsistence land. 
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A DA4 Developmentassistancetoallagricultureandconsumerexpenditure 

Figure 20.6: Effect of development assistance on usable land area 
in Africa 

By simulating different rates of degradation, it was possible 
to demonstrate that Africa's economic performance is affected 
strongly by a rapid loss of subsistence land. Degradation of 
rangeland also has significant economic impacts, but less than 
those related to subsistence agriculture. The same can be said 
about reductions in total land area. 

Tenuous though these conclusions may be, the results bear a 
strong resemblance to trends in Africa over the past 20 years. 
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