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PREFACE 

The Tropical Renewable Resources program (TRRP) at The Ohio State 
University has an integrated, mlrltidisciplinary capability to identify, analyze, and 
iesolve important renewable resouace issues in developing countric. 7RRB is a 
ccnsortium of biological, physical, and social scientists representing sixteen academic 
departnents or units at OSU. The primary concern is with the deterioration of 
renewable resources and the resulting threat to human well-being in many developing 

Members of this consortium represent a wide range of experience in research, 
teaching, and extension of results on the management of renewable resources in 
several developing countries, including the Dominican Republic, Costa Rica, Brazil, 
Thailand, the Philippines, India, Kenya, Ghana, and Nigeria. Current issues and areas 
of concern include soil erosion and sedimentation control, reservoir management, 
aquaculture, fuelwood/biornass energy production and end-use conversion, solar 
ponds, and household use o'f energy. 

The original impetus andi support for the idea of a Tropical Renewable Resources 
Program at OSU was provided by the United States Agency for International 
Development (USAID) Title XI1 strengthening grant program. Funds from this 
program in 1980 facilitated some initial multidisciplinary work by a few faculty 
members on renewable resource issues in the Dominican Republic. The program also 
led to the identification of several other OSU faculty with related experience and 
interests. This larger group was successful in sp r ing  some "seed money" from tbe 
OSU Graduate School in June 1982 for developing a multidisciplinary research 
program and securing additiqnal funding support. ' 

The OSU seed money as' qel! as, 8 stpall grant from the Nationai Science 
Foundation, the Interamerican Development Bank, and additional strengthening 
grant funds from USAID provided support for several studies of renewable energy 
options in selected Third World countries. These analyses have utilized major 
concepts from several disciplines represented in the TRRP group. In addition, 
interaction of the research scientibzs in informal seminars, teaching an interdisciplinary 
graduate seminar, and as members of multidisciplinary research teams has provided 
for some modification and integration of key disciplinary concepts. This book 

nt 



attempts to present both the results of the research conducted by TR'RP members and 
the integrative insights as they relate to renewabls energy inventory/use char- 
acteristics, feasibili:~ analysis, and implementation strztegies in a sample of seven 
developing countries. 
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Region Totnl 

Afr~ca 55 
Nezr f i s t  and 

North Africa 
Asia Pacific 3 1 
Latin America 26 

Total 112 



CHAPTER 1. 
OVERVIEW OF RENEWABLE ENERGY 

IN DEVELOPING COUNTRIES 

f 
1 The growth of interest . . .  . .  . . 

lNTRODUCT!ON 

: in the development of renewable energy resources in 
4 aeveloplng countnes nas been prompted by increased international prices ofgas and 
i .. ,- .. . . . 

,een 1972 and 1984) and the rapid depletion of fuelwood 
. * . I .  .. - . . - I . - - .~--  . . otl (ItVelO!d lncrease b e t ~  

3 supplies in these countries. laole 1.1 summanzes me regons ana popiauons 
1 involved in fuelwood deficits and shows that by the year 2000 almost 2.4 billion 

people in the developing world will be in acute deficit 

! T A R L F  1 1 

'The table indicates the total population and the population with a prtdominant rural type of energy 
consumption (total population less urban centen o y  IOO.OO!'l inhabjen~); :hex o!e the estimated 
populations living in the areas undu the identified fuelwood stuatibns. 

j Sourre This table is a revision of Table 2 of the Final Report of Ihe Technical Panel on Fuelwood and 
Charcoal. Food and Agriculture Organization, Rome, Italy 1981. 

! 

While the petroleum crisis may still make some headlines, for more than one-third 
1 of the world's population the real energy crisis is a daily searct to find firewood for 

cocking. Thesearch for wood was once an easy task, but receding forests now make it 
a day's labor in many areas. The total forest area in developing countries exceed one 
billion hectares. However, if the current rate of depletion continues and if reforestation 
efforts are not expanded, this stock of forest resources will disappear within 60 years 

! 
1 



(World Bank 1978). World Bank (1980) estimates also show that the gap between 
current forest replanting and projected demand by the year 2000 for domestic 
cooking and heating is fivefold in the less developed countries (LDCs) as a group and 
fifteenfold in ATrican LDCs. 

Forests play a significant role in economic development. They have an important 
influence on the environment and provide innumerable products of vital use to man. 
The ecological usefulness of forests includes their beneficial effect on water catchment 
areas, where they have a regu!atory influence on stream flows. They also protect soils 
fr;om ercisfon'and prevenr-silting of dams and canals. They have pronounced 
microclimatic effects oibnefit to humansand livestock, providea habitat for wildife, 
and are.attractive places for recreation. Forest products are used extensively in most 
societib. They provide food, fuel, fiber, and building materials and industrial 
products such as gums, resins, oils, transmission poles, newsprint and other papers, 
packaging materials, textiles, and clothing. Thus, they provide many resources for the 
development .of other sectors. 

Almost four-fifths of all the wood annually extracted from the forests in tropical 
countries is used for fuelwood and charcoal; the rest is used for construction materials 
and lumber for export. According to Eckholm (1976), depletion from these uses plus 
the accelerating degradation of woodland from slash and buin agriculture and wocd 
gathering frequently leads to poverty and underdevelopment. This depletion produces 
nearly irreversible consequences in terms of soil erosion. Consequences of soil 
depletion are increasingly severe flooding, creeping deserts, and overall deterioration 
in the productive capabilities of agricultural lands. Though the pattern varies slightly 
by biogeographic region and population density, the trends are unmistakable for the 
developing world. In many areas, deforestation has resulted in the burning of 
agricultural residues and dried livestock dung for heating and cooking, thereby 
depriving the soil of nutrients and impairing soil structure. 

Now that fossil energy is no lorzger cheap, its cost and supply merit the considera- 
tion by managers and development planners traditionally given the classical factors of 
production-land, labor, and capital. The World Bank (1980) argues that this 
consideration applies not only to forms of energy that are traded internationally, but 
also to energy produced and consumed domestically and to traditional as well as 
commercial fuels. The prices, availability, and consumption levels of all forms of 
energy nre inextricably interrelated. Thus, a comprehensive plan will include 
strategies to expand the sources of supply, reduce dependence on imported, 
ncnrenewable fossil fuels, and make energy use more eficient. 

Energy consumption in the developing countries is a relatively small part of the 
world total but has been growing rapidly as is shown in Table 1.2. During the 25 years 
preceding the oil price increases *;I; 1973, the relatiomhip between annual gross 
national product (GNP) growth and energy demand in developi~g countries was 
about 1:1.3. This ratio dropped with the oil price increases after 1973, but energy 
continues to be a critical factor in the economic development process. 



TABLE 1.2 

World Commercial Energy Consumption, 1975-1990 
(Mllllon Barrels a Day of Oil Equlvalent) 

Average Ann-1 Growth (percent) 
1975 1WO 1% 1990 1-74 1975-80 1980-90 

122.1 137.8 166.0 2015 5.0% 
13.9 16.7 223 30.6 6.9 

S o m a  Data underlying World Developmew Report 1980, Table 2. pp. 11-67; Worid Development 
Reporr, 1978. Table 19, p.20; UN. WorldEnergvSupplies, 1950-74, UN Statistical PapersSeries J. NO. 19 
(New York: UN Department of International Economic and Social Affairs, 1974). 

The foregoing issues are summarized in a World Bank (1980) energy classification 
of developing countries shown in Table 1.3. Countries are classified according to their 
degree of dependence on oil imports and the severity of !heir fuelwod problem. The 
countries underlined in Table 1.3 (Egypt, India, Ghana, Barbados Costa Rica, the 
Dominican Republic, and the Philippines) provide a reasonably representative 
sample for the case applications of the inventory/use characteristics, feasibility, and 
implementation sections of this bok. 

RENEWABLE AND NONRENEWABLE USE FORECASTS 

Worldwatch Institute in Washington, D.C., has developed estimates of fitture 
worldwide energy consumption of both nonrenewab1.es aod renewables. Table 1.4 
presents the Worldwatch forecasts for world energy consumption from 1980 through 
2000. Renewable were 16.5 percent of worldwidc: energy consumption in 1980 and 
are projected to be 23.9 perce-it by 2000. Of the nonrenewables, onty coal and nuclear 
power are projected to increase as a percentage of worldwide energy consumption by 
2000; coal from 28.9 to 37.3 percent and nuclear power from 2.2 to4.8 percent 
Petroleum is forecast to decline in absolute t;rms, Ghile natural gas is projected to show 

a .  . ,  
a slight increase in absolute terms and a d e c r h  in $rEentage of worldwide energy 
consumption from 16.6 to 12.2 percent (Brown and Shaw 1982). 

Table 1.5 presents a breakdown of the Worldwatch projections of the renewable 
energy subset worldwide. With the exception of crop residues and cow dung, aU of the 
renewabie energy subsets show absolute growth by the year 2000. Wood remains the 
number one renewable energy source throughout the forecast peiod, but declines as a 
percentage of total renewables from 56.2 percent in 1980 to 45.1 percent by 2008. 
Hydroelectric power maintains second place at a constant 33 percent of worldwide 



TABLE 1.3 
An Energy Classification of Developing Countries * .  

Oi l  Importing Developlng Countdes' Net Oi l  Exporting Developing Countries 
.. 

Nel Oi l  lmporls 
As % Commercial 
Energy kmnnda OPEC Members Non-OPEC 

ARGENTINA CHILE ALBANIA Bahamas : Mauritius 
BARBADOS- Nicaragua 

SYRIAN ARAB 
GUATEMALA Suriname 

UNITED A RAE TRINIDAD AND Guyana Uruguay 
EMIRATES TOBAGO Ivory Coast 

VENEZUELA TUNISIA Jamaica 
Jordan 
Malta 

Countries with 
Aclunl or Poten- 
llnl Fuelwood 

ECUADOR ANGOLA - INDIA BANGLADESH AFGHANISTAN Benin Mauritania 
INDONESIA BURMA Viet Nam, Botswana Burundi Bhutan MOROCCO 
NIGERIA CHINA Zimbabwe Mozambique GHANA CAMEROON Nepal 

CONGO. PA KISTA N Mslawi Cape Verde Is. Niger 
PEOPLE'S REP. Zambia Rwanda Central African PHILLIPINES 

EGYPT - Rep. Sao Tome and 
ZAIRE Chad Principe 

Comoros Senegal 
El Salvador Sierra Leone 
Eq. Guinea Solomon Is. 

TABLE 1.3 



TABLE 1.3 

An Energy Claseification of Developing Countries 

Net Oil Elporting Developing Countries Oil Importing Developing Countriest 

Net Oil l~nports 
As 8 Commercial 
Energy Demand* OPEC Member: Non-OPEC 0-25% 26.50% 53-752 76-100% 

Ethiopia Somal~a 

Population 
(In Millions) 

Countries shown In ITALlCSitre 011 and/or gas produlers. Table baxd on UN Ithrld L n e r ~ ~ ,  SIU~IAI~CA 1978 (except Tor Bhutan. Botswana, Lcuotho and 
Swaz~land whose position In the'Tablc ~sesl~mated)and s~affestrmatesoCCuelwod s~tuat~on Popula~ion data from lVurldDe~~elupnren~Hepur~, 1980roundd 
to nearest 5 million. 
lExclud~ngc~~untries wlth 1978 percaplta ONPabove53000andcountrles w~th popular~onsoflcss than0.5 million thatare not mcmberso(\he World Bank 
:imports 1978 
'Coun~ries uere placed IR th~scategocy IC  mated annual consumption ~~Cluclwood could not he sustalncd through the year 2000. without damage to the 
ecology.at a levelof0.75 m' per capita u here income per head (in 1978) was below $300. Calling llnearly to0 50 mJal S600andzeroatS900. Manycountries 
not included in this group have or w ~ l l  have luelwood problerns In local area, 

~ambia. The Sri Lanka 
Grenada Sudan 
Gu~nca Swaziland 
Gu~nea-Bissau Tanzan~a 
Haiti THAILAND 
Honduras Togo 
Kampuchea. Dem.Uganda 
Kenya Uppr  Volta 
Lao PDR Western Samoa 
Lesotho Yemen Arab Rep. 
L~ber~a Yemen PDR 
Madagascar 
Maldives 
Mali 

Source: Energy in the Developing Countries. World Bank. August 1980. 



! TABLE 1.4 

Natural Renew- 

.- . 
i 28.9 35.8 16.6 2.2 16.5 

1985 MMTCE 3,831 3.810 1.850 445 2,055 11.992 
1990 MMTCE 4.660 3.712 1.900 645 2,404 13.321 

. World.Cms.umpti~n of Energy, Nonrenewable and Renewable, 
. 1980, with Projections to 2000 
' , 

Coal Petroleum Gas Nuclear ables Total 

Percent or Milllon Metric Tons Coal Equivalent (MMTCE)' 
MMTCE. 3.149 3.908 1.807 244 1.806 ! 0.914 

MMTCE 5.145 3526 1.875 720 2,949 14,215 
MMTCE 5.680 3322 1.850 730 3.635 15.217 

'Electricity from all counes calculated in terms of coal required to produce equ~valcnt amount. 

Sourre: B:own and Shaw. Washington. DC, March 1982. 

TABLE 1.5 

World Consumption of Energy from Renewable Sources, 1980, 
with Projections to 2000 

Million Metric Tons Coal Equivalent1 
1980 1980 1985 1990 1995 2000 2000 

Wood 56.24 1.015 1.100 1.220 1.410 1.640 45.1% 
Hyd:oclecaic 33.2 600 710 850 1.020 1.200 33.0 
Wind 0.2 3 5 17 90 200 5 5  
Crop Residues 5.5 100 110 110 100 100 2.8 
Waste-Methane 0 2  4 10 30 53 9 0 2 5  
Waste-Electric Steam 0.6 10 12 15 20 25 0.7 
Geothermal 0.7 13 27 52 87 140 3.9 
Energy Crops 0.2 3 16 30 45 55 1.5 
Solar Collectors 0.06 1 5 18 49 100 2.8 
Cow Dung 3 2  57 60 60 55 45 12  
Photovoltaic 0 0 0 2 20 40 1.1 
TOTAL 1.806 2.055 2.404 2.949 3,635 ! 

'Electricity from all sources calculated in terms of coal required to produce equivalent amount. 

Source: Brown and Shaw. Washington DC. March 1982. 



renewable energy consumption throughout the forecast period. The remaining forms 
of renewable energy are each less than six percent of worldwide renewable energy 
consumption and by 2000 are projected to rank in the following order: wind 
geothermal, crop residues and solar collectors methane from wastes, energy crops, 
cow dung, photovoltaics and electricity and steam from wastes (Brown and Shaw 
1982). Some major limitatiorrs of these forecasts and attempts to alter their outcomes 
include the following: the difficulty of estimating yields and heating value of standing 
biomass (particularly in subtropical dry forest regions); seedling survival and growth 
rates of fuelwood plantations; the end use of energy in rural households (particularly 
fuelwood); and the growth potential of unconventional alternative renewable energy 
sources, such as solar ponds. These issues are dealt with in Pan I of this book. 

From the foregoing forecasts, the rank (measured by million metiic tons of coal 
equivalents by the ycar 2000) of the top ten alternative energy sources showing 
absolute gains from 1480 to 2000 is as follows coal, natural gas, wood, hydroelectric, 
nuclear, wind, geothermal, crop residues and solar collectors, methane from wastes, 
and energy crops. These alternative energy sources would in turn appear to be the 
logical focw of future feasibility analysis. The following section attempts to sketch out 
some key conceptual and measurement issues if proper feasibility analysis of these 
options is to occur, particularly the comparison of renewable and nonrenewable 

I energy options. 

i FEASIBILITY ANALYSIS 

i MEASURING COSTS AND BENEFITS 

i What passes for "economic" analysis of various energy alternatives varies widely 
and can be placed on a continuum. One end, or "accounting stance," includes 
engineering-type cost and financial analysis utilizing current market or administered 
prices of inputs and outputs. At the other end, one finds income distribution analysis, 
including consideration of both weighted and unweighted income distribution 
impacts. In between liea series of adjustmentsor shadow pricing methods to account 
for full opportunity cost, willingngs to pay, elasticity of supply and demand, 
unemployed factors, externalities, economic surplus, and overvalued currency 
considerations. f 

Margolis (1969) suggests why private market prices may not reflect full social 
benefits or costs: - . .  . .  

There are many cases where exchange occurs without money passing hands; where 
sxchangcs occur hut they are not freely entered into; where exchangesareso constrained 
by institutional rules that it would be dubious to infer that the terms were satisfactory; 
and where imperfections in the conditions of exchange would lead us to conclude that 
the price ratios do not reflect appropriate social judgment5 about values. Eiich of these 
cases gives rise to deficiencies in the use of existing price data as the basis for evaluation 
of inputs or outputs.(p. 534) 

:g 
f 
1 
4 
F 
r; 



Generating cost estimates from engineering data and basing estimates of future 
revenues on current market prices can be misleading, particularly if one is concerned 
with societal costs and benefits. These "costs*' generally do not represent full 
opportunity costs or highest-use valueof all factors of production, such as the value of 
a farmer's time during the busy,fall harvest season which must be set aside for 
collection 6f crop residue for energy. Alternatively, financial or market wages may 
overstate labor msts of a proposed fuelwood plantation or coal mine in an area of 
high under- or unemployment. These costs may also omit major technological 
externalities such as soil and nutrient loss from complete removal of crop residue or 
reductions in water pollutionfrom sanitary landfill leachates resulting hom recycling 
of solid waste. "Revenues" may also be overstated, particularly in those cases where 
local currency is overvalued (which is the case in most developing countries) or where 
a relatively inelastic demand exists for the end productCs). Economists frequently use 
shadow exchange rates to adjust for overvaluation of local currencies and the Bruno 
Criterion can be used to evaluate the foreign exchange saved or ear~cd by alternative 
energy projeds (Ward 1976). This is particularly relevant in evaluating :enewable 
energy options in many developing countries. Frequently, these countries are heavily 
dependent on export earnings or foreign exchange from food, fiber, and forestry crops 
which may compete with bioenergy crops for land. 

Leftwich (1966) lists the major factors increasing elasticity (price responsiveness) 
of demand for energy and other end products: the availability of good substitutes, 
large numbers of uses, high price of the commodity relative to consumers' incomes, 
and whether the price established is toward the upper (elastic) or lower (inelastic) end 
of the demand curve. If a particular energy product or by-product has no close 
substitutes and/or few end uses, current market prices based on a relatively small 
output of the product will probably grossly overstate the revenues from a future 
expanded level of production. 

Gittinger (1982) argues for distinguishing between finzncial and economic analysis 
where financial analysis refers to net returns to private equity capital based on market 
or administered prices. Financial analysis also treats taxes as a cost and subsidies as a 
return. interest paid to outside suppliers of money or capital is a cost, while any 
imputed interest on equity capital is a part of the return to equity capital. By contrast, 
Gittinger sees economic analysis as concerned with net economic retcrns to the whole 
society, frequently based on shadow prices to adjust for market or administered price 
imperfections. In economic analysis, taxes and subsidies are treated as transfer 
payments; that is, taxes are part of the total benefit of a project to society and subsidies 
are a societal cost. 

This financial versus economic distinction is important, but the complementarity of 
these analytical approaches is equally relevant. Financial analysis provides informa- 
tion on the profitability of a given enterprise (e.g., combustion of crop residues for 
energy) to individual entrepreneurs or investors and thus gives an indication of the 



analysis attempts to determine profitability from a societal standpoint, taking into 
consideration externalities or environmental costs, pricing of under- or unemployed 
factors, currency evaluation, and so on. The appropriateness of these analytical 
alternatives depends on the question one is asking. Figure 1.1 provides a simplified 
schematic comparison of these alternative approaches. 

FIGURE 1.1 Financial and econoaI@ efflclency analysis. 

Financial Analysis Economic Analysis 

Focus. Net ret l~rns to equity capital 
Pr~ces: Market or admin~stered (May 

assume that markets are 
perfect or that administered 
prices have compensated for 
~mperfect~ons.) 
Cost of production 
Source of revenue 

Taxes: 
Su bs~dles: 
Purpose(s): 

Net r e h n s  to society 
May require shadow pnces" 
e.g.. monopoly in  markets, 
external effects, un- or under- 
employed factors. ove~z lued  
currency. 
Part of total soc~etal benefits 
Part of total societal cost 

Measure of prof~tability to Measure "prof~tability" or net 
~ n d ~ v ~ d u a l  investors economic returns to society 
lndlcation of Incentive to adopt Determ~ne if government in- 
or implement vestment is justified on 

economic efficiency basis 
Income Can be measured in net returns Is not considered in economic 
D~str~bution: to indiv~dual factors of produc- efficiency analysis (Can be 

tion such as land, labor and l o n e  as separate analysis or as 
capital weighted efficiency analysis.) 

Generally speaking, it is relatively straightforward to assign values to the cost and 
benefit streams in financial analysis; market prices suffice. However, this is sub- 
stantially more difficult in full social analysis. Social costs and benefits must include 
valuation of all aspects of projeas, including those wpich do not normG:y have a 
readily discernible market value. It is easy to imagine how difficult, and controversial, 
is the quantification of such factors as the social value of endwgered species; the social 
value of scenic, archaeological, $5 historjca! re$ou:cp; or the social costs of visual, 
noise. or air pollution, or traFc congestion. Resource economists have developed a 
myriad of methods and models to deal with this problem. However, the science-or 
art-of assessing these values is 1,ot as welldeveloped, nor as widely accepted as are 
the shadow pricing techniques for more obvious market imperfections which were 
discussed previously. 

Once all cost and benefit streams have been given their appropriate prices or 
shadow values, one must decide on an appropriate rate of discount or time value and a 
criterion for evaluating and ranking the economic efficiency of alternative projects or 
programs. A long-standing controversy otl the appropriate discount rate centers 



primarily on those who support various private opportunity cost versus social time 
preference measures. For example, future costs or uncertainty associated with nuclear 
waste disposal may be either overlooked or heavily discounted, particularly under a - 
private opportunity cost of capital comparison with an energy tree farm characterized 
by a several year delayin its,benefU stream. Baumol(1969) has written a classic article 
dealing with the discount rate controversy. 

The alternaiive efficiency criteria include (1) the ratio of benefits to costs, (2) the 
net present value, (3) the internal rate of return, (4) the payout period, and several 
other lesser known criteria related to optimal time phasing of projects, and the 
optimal utilization of scarce foreign exchange. Several authors, including Dasgupta 
and Pearce ( 1978). Gittinger (1982), and Ward (1976) have explored this difficult 
issue in depth. Tax primari dikerences in rank of a choice set of energy or other 
projects related to the foregoing alternative criteria are due to the following: 

1. The nature of future benefit and cost streams (e.g.. "bunching" of benefitsor costs 
early or late in the time horizon). 

2. The ratio of future operating costs to initial capital outlay. 
3. The nature of the capital or budget constraint (e.g., user charges to cover the 

future operation costs and capital outlay). 

Several ofthe foregoing cost-benefit analysis techniques will be applied in Part I1 to 
renewable energy cases on fuelwood, ethanol from sugar cane, and hydroelectric 
power in Ghana. the Caribbean Basin, and the Dominican Republic, respectively. 

INCOME DISTRIBUTION 

Analysis should also be concerned with the equity impacts of alternative energy 
strategies. An ongoing debate in Brazil involves the use ofsugar cane or cassava for the 
product'm of ethanol for mixing with gasoline. Sugar cane is grown primarily on 
large plantations, while cassava is grown in nominally depressed areas throughout 
Brazil. Promotion of one crop over the other will have important income distribution 
impacts that need to be estimated and reported to decision makers. The comparison of 
pf:!p versus fuelwood options in the Ghana Subri Forest case in Part I1 also have 
impwrtant income distribution implications because of differences in the labor 
intensity of these options. 

Economists use several alternative methods for handling income distribution 
impacts including: 

1. Explicit weighting of net benefits by income class, group, or region. 
2. Provision of alternative weighting functions and their distributional conse- 

quences to decision makers. 
3. Estimation of nonweighted net be1i:Sts by income class, group, or region. 
4. A constrained maximum or mjnimum targets approach which maximizes 

economic efficiency subject to an incotne constraint or vice versa. 



Ed-stein (1958) first suggested the explicit weighting of net benefits by income 
class based on past resource allocation and tax decisions. Haveman (1 965) developed 
one of the first applications of Eckstein's approach by utilizing the margcal effective 
tax rates on personal income as an estimate of the value or margina! utility of a dollar 
of net benefits to various income groups affected by a U.S. Corps of Engineers water 
project. We~brod (1968) applied the other half of Eckstein's approach by utilizing 
past expenditure data on Corps of Engineers water resource projects to solve for the 
implicit weights given to net benefits received by different income classes. 

An early example of providing alternative net benefit weighting functions and their 
distribution consequences was developed by McGuire (1969). The alternative 
functions are essentially estimates of the marginal utility of a dollar of net benefits to 
various income groups affected by 2 given project or program. Value judgments are 
required to formulate the alternative functions, but the decision on which function to 
choose is left to the decision maker@). The estimation of nonweighted net benefits by 
income class (approach 3) eliminates the need for the analyst to make any value 
judgment on distribution weights. 

The alternative of constrained maximum or minimum targets usually involves 
establishing a minimum acceptable distribution of net benefits to a designated low 
income class orgroup which must be met by each project or program in the choiceset. 
For example, one might include fuelwood projects in a choice set for further 
evaluation only if at least one-half of each projea's benefits accrue to the poorest 
one-third of the residents in the target area. The task is to pick the most efficient 
project or to rank the projects (meeting the minimum disrribution constraint) on the 
basis of their economic efficiency; that is, benefit-cost ratio or internal rate of return. 

Figure 1.2 summarizes some of the advantages and disadvantages of these 
alternative approaches for handling income distribution in the analysis of various 
projects or programs. including biological and other energy options. Key considera- 
tions in selecting an approach include: .. .. 

1. Data availability on income by income class with and without the projects. 
2. Existence of a representative government, including yxpenditure decisions and 

personal income tax rates from which to derive equity weights 
3. The ability to specify and maintai? distribution constraints for high target 

efficiency of projects. .. . . .. .. 

ENERGY ACCOUNTING AND THEORY OF VALUE 

Some methodological disagreement exists between most economists and the 
majority of physical and biological scientists involved in the analysis of energy 
systems. The controversy is based pimarily on quite different methods of accounting 
for or assigning values to energy inputs and outputs. The physical and biological 
science approach assigns an energy value in British thermal units (Btu's) or 
kilocalories to both direct and indirect energy inputs and outputs ic comparing the 



FIGURE 1.2 Income dl8trlbuflon enaly818. 
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energy efficiency of alternative systems. This methodology is predicated primarily on 
the concern for the finite nature of fossil fuels (upon which industrialized societies 
have become heavily dependent) and their rates of deplttion. Renborg (1979), a 
Swedish agricultural. economist, summarizes the development of this methodological 
approach in the w e  of agricultural biomass. 

Advocates for the foregoing method of energy accounting essentially distrust the 
measure of relative value provided by prices formed in markets or even by legislative 
intervention in markets (political shadow priang or administered prices) fcr that 
matter. Renborg (1979) cites quotes from Slesser and Hannon to illustrate. According 
to Slesser, "energy analysts believe that it makes sense to measure the cost of things 
done, not in money, which is after all no more than a highly sophisticated value 
judgment, but in terms of thermodynamic potential" (Slesser 1975, p.170). Hannon 

.*;i;i,s& -'*. . 
,?, .. ,< " 
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making value judgments on be made explicit by 
distr~bution weights dectstonmakers 

regton 
Separate dlstrtbution 
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parttctpants are a requ~red target efficiency due to dif- 
outcome of project ficulty of spectfying and 

enforcing constraints) 

Less demandtng data Requtres monitoring of 
requirements projects to stay on target 



expresses a similar view by stating "in the long run we must adopt energy as a 
standard of value and perhaps even afford legal rights" (Hannon 1975, p.101). 

Economists may see some similarities between this "energy theory of value" and 
the historical labor theory of value. The latter appeared in Adam Smith's Wealth of 
Nations in 1776, but has generally been attniuted to Karl Marx. 

Samuelson (1964) argues that the important lesson to be learned fiom a simple 
labor theory of value is that "it will lead to incorrect and inefficient use of both labor 
and non-labor resources in even the most perfect socialist society. So long as any 
economic resource is limited in quantity, i.e., scarce rather than free [market 
economies will and] socialist planners must give it a price and charge a rent for its 
use." 

Criticism of a simple "energy theory of value" does not mean that it is without 
utility or that market or politically determined economic measures of energy value are 
without fault. Energy analysis is useful in describing the flow of energy resources 

! 

i (particularly finite) through a system; the energy flow and ecosystem analysis of a 
South Indian village in Chapter 9 is a case in point. Market and even politically 

4 determined prices for energy may understate such factors as technological 
! 
i 

externalities, national security, and considerations for future generations which may 
require shadow pricing by the analyst. However, a simple energy theory of value does 

i not explicitly consider these factors either. In fact, it does not contain any other 
consumer preference than saving finite energy. Webb and Pearce (1975) point out 

t that this introduces the idea that energy is the most important constraint on economic 
? 

1 activity. Thus. policies or options with low energy input may have high total resource 
costs. 

i 
a 
i 

i ENVIRONMENTAL IMPACT STATEMENTS 
f 
I 

The environmental impact statement (EIS) h& been primarily associated with 

i increased environmental awareness in developed countries. For example, such 

V statements have been required on most natural resource related projects in the United 

1 States under the auspices of organizations such as the U.S.tEnvironmenta1 Protection 

i Agency. The EIS is intended as a supplement to the typical cost-benefit analysis for 
1 projects that have potential environmenrzl impacts. 

1 The increasing evidence of environmentrd deterioration .ir. many developing 
countries has prompted the evolution of environmental laws and assessment 

1 procedures in several of these countries. The seriousness of the situation is described in 

i the following quote from a recent USAID publication (1979): 
: 

The critical environmental resources of developing countries are today subject to 
1 ,  stresses of unprecedented magnitude.. the health, nutrition and general well-being of the 
i -  poor majority are directly dependent on the integrity and productivity of these 

resources (p. 1 ) 
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Eckholm (1976) in analyses done for the U.N. Environment Program reached 
similar conclusions on the state of the natural environment in the developing world. 
For example, it is es!imated that desenification from deforestation is claiming an area 
the size of the state of ~ksachLsetts &ch year. 

Gross estimates of the damaie caused by deforestation can be misleading, 
particularly when, deforestation on hillsides is a major contributing factor to massive 
destruction of watersheds throughout a country. For example, a recently completed 
Country Environmental Profile (CEP) ofthe Dominican Republic by JRB Associates 
( 1981 ) estimats soil erosion rates to average 300 metric tons/hectare/ year in most 
of the nation's watershed$. The resulting sedimentation is filling up the nation's water 
reservoirs. The useful lives of very costly hydroelectric facilities have already been cut 
to less than half by siltation. In addition, siltation damage to hydroelectric facilities 
often results in lower-than-planned power output levels and frequent power outages. 

Thus, increasing numbers of developing countries have evolved national agencies 
for the protection of their environments. Environmental impact asmsment is one of 
the roles many of these agencies will play in the future so tha: the impacts of 
energy-related projects such as the Aswan High Dam in Egypt, discussed in Part 11, 
can be accurately foreseen and appropriately incorporated into engineering and 
adminisrrative plans for the projects. 

IMPLEMENTATION OF 
RENEWABLE ENERGY SYSTEMS 

Even when the technical and economic analysis of alternative energy systems is 
reasonably comprehensive, major constraints to implementation may still exist. For 
example, the immediate response to the deforestation problem has been to propose 
establishmen: of agroforestry schemes on eroded lands and/or energy forests on large 
expanses of marginal lands unsuited for agriculture. However, implementation of the 
reforestation concept has not been that simple. Thomson (1981) highlights some 
legal, political, and social impediments to reforestation as follows: 

1. Land tenure, tree tenure and associated residential patterns which may dis- 
courage wood production and affect the ease with which trees are protected. 

2. The enforceability of property rights in land, which influences the decision to 
invest in slow-maturing crops like trees. 

3. The enforceability of property rights in trees, which influences damage claims 
when protection iails. 

4. The collecti-~e action capabilities at the local level, given distribution of political 
authority there and in overriding regimes. 

Bromlcy (1985) suggests that the problem of implementing development in the 
newly independent tropical countries is one of structure, not low incomes, incorrect 
prices, badly functioning markets, or lassitude. Structure refers to the institutional 



arrangements that define the choice sets (opportunity sets) within which individuals 
and groups go about the daily business of making a living, gathering firewood, etc. In 
many cases, colonialism superimposed alien institutional arrangements on top of 
traditional structures. Bromley argues that, upon receiving independence, many new 
nation-states were arbitrary como~idations of tribes, clans, and other ethnic entities 
under some European concept ofstatehood; this left people who had noexperience in 
modern governance to fend for themselves. !mplementation of renewable energy 
projects is complicated by this colonial legacy. 

Part I11 of this book has four chapters devoted to anthropological, political, social, 
and environmenr-,: education perspectives on the problems of implementing 
renewable energy projects. The projects involve agroforestry in the Philippines, 
deforestation in Costa Rica, and soil conservation and sustainable fuelwood 
production in the Dominican Republic and Barbados. The delineation of property 
rights, political competition arid patronage, degree ofcentralization, and role of local 
farmer organizations are some of the issues discussed. 
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CHAPTER 2. 
BIOMASS INVENTORY METHODS 
FOR THE DRY FORESTS OF THE 

DOMINICAN REPUBLIC 

Gregg Maxfield 
Joseph Kasile 

INTRODUCPIOSli 

The subtropical dry forests of the Dominican Republic have long served as the 
most important fuclwood source for the rural poor of the nation. These forests are 
now being considered by the Dominican government as a supplemental energy 
source for the country. Comprising approximately 5,905 square kilometers or 12 
percent of the nation's land area (Jennings and Ferreiras 1979). the subtropical dry 
forests could possibly represent a total of 3 0 0 ~ 1 0 ' ~  British thermal units (Btu's) of 
available energy to the Dominican Republic, equivalent to 52 million barrels of oil. 
As a first step toward establishing sound management practices and policies for the 
nation's dry forests. it is necessary to adopt a forest inventory methodology that will 
assess the total above ground forest biomass, the biomass usable for fuelwood, and the 
potential energy of the usable biomass. Such an inventory is the first step and serves as 
the data base upon which a sound. sustainable biomass energy management plan can 
be developed and implemented. 

The vast majority of the biomass regression equations reported to date are for 
predicting green and dry weights of tree components (leaves, branches, stems, and/or 
roots) for single-stem broadleaf or conifer species in the temperate regions. Very few 
biomass studies have been conducted in the subtropical dry forests, and no regression 
equations have been developed that predict the biomass weight of the species found 
within these dry forest ecosystems. This is where the scarcity'of fuelwood is most 
acute. and the utilization of the tree~om.panegts aboye ground is most common. 

The term subfropica! dry foresf refers to the ecological classification system of 
Holdridge which according to Hartshorn et al. (198i) climatically defines these areas 
as having 500-1000 millimeters of rainfall annually and a mean biotemperature of 
18-24OC. The potential evapotranspiration (PET) ratio of the dry forests is between 

Gregg Maxfield is a riaturalist in the Ohio Department of Natural Resources. Joseph 
Kasile is a professor in the School of Natural Resources at the Ohio State University. 



2.0 and 1.0. The subtropical dry forests of the Dominican Republic are typical of 
subtropical dry forests throughout the world. Although forest species may not be 
identical, growth form and ecologic dynamics will be similar for all subtropical dry 
forests. In the Dominican Republic, these dry regions are found primarily on the xeric 
sites in the nodhwestern and southwestern regions of the country (Figure 2.1). These 
dry conditions are caused by the rain shadows occurring on the leeward side of the 
major mountain ranges, which have a northwest to southeast orientation 

FIGURE 2.1 Holdridge life zones of the Dominican Republic. 

I LIFE ZONES -- 
Subtropml Thorn Woodland Subtropical Lower Montane 

Moist Forest 

SUBTROPICAL DRY FOREST Subtropical Lower Montane 
Wet Forest 

Subtropical Moist Forest 

0 Subtropical Lower Montane 
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Subtropical Wet Forest Subtropical Montane 
Wet Forest a Subtropical Rain Forest 

Source Hamhorn. et al. 1981. 



Thesubtropical dry forestsof the Dominican Republicare inhospitable. There are 
high temperatures during most of the year, a lack of available surface water. scarcity 
of shade due to the feathery leaf structurd of the trees, and an abundance of wasp nests 
and long-thorned cacti (Jennings and Ferreiras 1979). 

The natural vegetation of the dry forests consists of a mixture of "sclerophyll" 
broad-leaved trees and cacti that form a relatively low, single-stratum forest with a 
mean height of 6-8 meters. Many trees are leguminous and respond to the available 
water in the soil (Hartshorn et al. 1981). Some of theslow-growing species such as 
Guayacan (Guaiacum offiinale) and Tabacuelo (Picfetia spinifolia), (Bentances 
1983) have extremely dense and heavy wood with specific gravities over 1.0, making 
them excellent sources of fuelwood and charcoal. 

Forestry personnel working in the dry forests of the Dominican Republic suggest 
that the species disiribution within these regions is strongly influenced by the degree of 
human intervention (in the form of fuelwood gathering) and overgrazing by goats and 
cows that has taken place (Arand et al. 1983). In regions considered to be "highly 
intervened," invnsive species that have thorns and regenerate primarily in coppice 
form after being cut predominate. such as Prosopis jul1j70ra Acadia macracanfha. 
and Acacia forruosa Two cactus species commonly found in these areas are 
Cephalocerus polygonus and Opunria moniliformis. This type of vegetation often 
occurs along the sides of roads or major footpath? which are the most accessible areas 
for gathering firewood and for livestock grazing. In  the less accessible and less 
intervened areas, species such as Acacia scleroxyla and Cassia emarginata are more 
abundant. Bursera simaruba and Phyllosrylon brasiliensir are tree species not 
commonly used as firewood or for making charcoal; therefore, they are locally 
abundant ~5roughout the dry forests. 

PROJECT AREA . _. .. 
This project was conducted within the boundaries of an 850 hectare subtropical 

dry forest in northwestern Dominican Republic that serves as the experimental forest 
for the Woodfuel Research and Development Program. It is Igcated west of the city of 
Mao, province of Valverde. and has the geographical coordinates of 19O 3 1'-19O 34' 
N latitude and 71' 05'-71° 08' W longitude. 

The mean annual rainfall in Mao i: apprqximately .7$0 millimeters, with the 
maximum rainfall occurring in April. Typica!ly each year has two dry periods, 
(December-March and July-August) and two rainy periods (March-June and 
August-December). The average annual temperature for the region is 27.2OC, with 
August being the hottest 'month and January the coldest. The annual. evapo- 
transpiration occurring in the area is estimated to be 1700 millimeters resulting in a 
moisture deficit of approximately 960 millimeters. 

The soils in the experimental region are sedimentary, alluvial, calcareous, and 
highly alkaline (pH of 7.5-8.2) consisting of silt loams with combinations of clay 
(CENDA 1983). 



MATERIALS AND METHODS 

The field and laboratory data for the energy biomass equation and inventory 
system development were collected fiom June-September 1984. Sample trees were 
selected, either in randomly allacated sample plots or individually, throughout the 
850 hectare experimental dry forest in Mao. The twenty species found in the 
northwestern's~btro~ical dry forest of the Dominican Republic that are considered 
important for firewood or charcoal making, and/or are abundant in the forest were 
sampled. The common, scientific. and family names of the twenty species are listed in 

To  collaborate with researchprojects of the Woodfuel Research and Development 
Program. two-thirds (370 stems) of the field data was collected in ten randomly 
allocated circular plots within a 300-hectare section of the experimental forest. This 
area had previously been designated as native dry forest (Mercedes et al. 1984) and 
had been subject to relatively recent human and animal intervention. Each sample 
plot was concentric, having a smaller 200-square meter (m2) subplot (radiss = 7.98 
meters) within a larger plot of 600-square meters (radius = 13.82 meters). 

All trees of the twenty species of interest within the limits of the sample subplots 
having at least one diameter at breast height (DBH) of its multiple stems greater than 
or equal to 4.0 centimeters were measured for area biomass calculations. 

To develop the regression equations, measurements on a minimum of twenty trees 
over a wide range of diameters per species were required. In those cases where less 
than twenty trees of a particular species were measured in the smaller subplots, trees 
of these species that fell within the limits of the 600 m2 plot and had a diameter greater 
than or equal to 4.0 centimeters at 1.3 meters a b v e  ground level were measured. 
These data were kept separate from the 200 m2 subplot data and used for individual 
tree regression development but not for the area biomass calculations. 

Upon completion of sampling trees within the ten sample plots, additional 
sampling was conducted on those species that hadless than the minimum twenty trees 
or were lacking certain diameter classes. One hundred eighty-six stems (one-third of 
the total data collected) were selected in this manner. These data were kept separate 
from the 200 m2 data and used only for individual tree calculations. All sample trees 
had the following measurements taken: 

1. Diameter at 0.5 meters above ground level recorded to the nearest 0.1 
centimeter. This diameter is referred to as "diameter at knee height" (DKH). 

2. Diameter at 1.3 meters above the root collar recorded to the nearest 0.1 
centimeter (DBH). 

3. Crown diameter (CD) recorded to the nearest 0.1 meter. This variable was 
measwed with a metric tape before felling the tree. The average of two 
measurements, one in the north-south and the other in the east-west direction, 
was recorded on the tally sheet. In all directions the outer edge of the crown was 
considered to be the last green leaf. 



TABLE 2.1 

Common, Scientific, and Family Names of Species included in 
the Biomass Study of the Dry Forest of Mao, Dominican Republic 

Common Name Scientific Name Family Name 

Almgcigo Bursera simaruba Burseraceae 

Aroma Acacia macracantha Mimosaceae 

Baitoa Phyllostylon &iiliensis Ulmaceae 

Bayahonda Acacia tortuosa Mimosaceae 

Aruc6n - Cassia emarginata Caesalpiniaceae 

C a f e t b  Palicourea alpin? Rubiaceae 

Cambhn Prosopis julif lora Mimosaceae 

Candel'on Acacia scleroxyla Mimosaceae 

Crguamo Krugiodendron ferreum Rhamnaceae 

Cinazo Pithecellobium circinale Mimosaceae 

Frijol Capparis spp. Capparidaceae 

Guaconejo Amirys spp. Rutaceae 

Guatapanal Caesalpinia coriaria Caesalpiniaceae 

~uayac 'an Guaiacum off icinale .. .. Zygophyllaceae 

Mostazo Capparis flexuosa Capparidaceae 

Quina Exostema caribaeum Rubiaceae 

Sangretoro Maytenus buxifolia Cglastraceae 

Tabacuelo Pictetia spinifolia - . . . . Fabaceae 

Trejo Rheynosia uncinata Fabaceae 

Uvero Coccoloba Ieoganensis Pol ygonaceae 



made from thc point on the stem previously marked at 0.5 meters to the last green 
leaf on the crown and then 0.5 metcrs was added. 

5. Green weight of the total live biomass (GWT) above ground, recorded to  the 
nearest point. . . . , - 

6. Green weight of the total cvc udble biomass (GWU) recorded to the nearest 
pound. This is all the aerial of'the tree having a diameter greater than or 
equal to 2.5 c,mtimctcrs. This minimum diamcter is generally considered by the 
Dominican forestry pc:wnnel to be thc smallest diameter used by the local 
people for firewood or for making charcoal. 

A circular spring scale. yas.used to measure the green weight of the trees cut in the 
field. The scale was hung from a portable metal tripod. A collapsible 1.5 meter by 1.5 
meter square platform to hold the biomass was then hung with nylon ropes from a 
hook on the bottom of the scale. 

Distinctions wcre made between: 

all living aerial portions of the tree (GWT) and 
all living woody parts of thc tree with a diameter greater than 2.5 centimeters 
(GWU). 

Subsamples were taken from three trees ofscvcntcen ofthe spccies and two trees of 
two of the spccics for determination of moisture content and heat of combustion of 
each spccics. Three subsamples (apprcximately 2.5-centimeter thick disks) were 
randomly cut with a hand saw from the stem and large branches from each tree. No 
subsamples were taken for the species Rheynosia unciplafa due to its scarceness in the 
field; it was not included in the biomass study. 

Standard methods for moisture content determination were used for all species. 
The green weight of each subsample in grams was determined within two to five 
hours after bcing cut from the sample trees. The subsamples were placed in an oven at 
10SO st 5OC for forty-eight hours after which the oven-dry weights were recorded to 
the nearest 0.1 gram. 

The moisture content (MC) of each subsample, based on oven-dry weight, was 
calculated using the formula: 

(1 ) MC (%) = green weight (gm)-ovendry  weight (gm) 
ovendry weight (gm) 

in addition to  the moisture content, a ratio estimator of the oven-dry weight of a 
subsample to its green weight, Q, was also calculated for each species so  that field 
weights wuld be easily converted to dry weights: 



(2) Q = oven-dry weight (gm) 

green weight (gm) 

Two of the subsamples that were used to determine a species' moisture content 
were raodomly selected (from different trees) for determining the gross and net heats 
of combusrion of the species in Btu's per pound. Each subsample, including bark, was 
ground on a Wiley mill using a #20 mesh screen (2 mm diameter holes) and placed in 
a sealed glass container. Two pellets of approximately 0.5 grams in weight were made 
from each pulverized sample. The gross heats of combustion at 14 percent (assumed 
equivalent to air dried) and at field moisture contents, and the net heat of combustion 
of the sample in British thermal units per pound (Btdlb.) were determined usin3 a 
Parr adiabatic bomb calorimeter. 

The formula for determining the gross heat of combustion for each pellet is as 
follows 

where: 

Hg = gross heat olcombustion in Btu/lb. 
t = temperature change from when combustion begins to its highest point in 

degrees Centigrade (OC). 
W = energy equivalent of the calorimeter in calories per degree centigrade 

previously found using benzoic acid standard. 
el = correction in calories for heat of formation of nitricacid (HN03). This equals 

the milliliters of standard alkali solution (0.0725N sodium carbonate) used in 
acid titration. 

e2 = correction in calories for heat of combustion of fuse wire. This equals 2.3 
times the length in centimeters of the fuse wire consumed in firing. 

m = mass of sample in grams. 
(Parr Instrument Company 1960) 

I 

The net heat of combustion of each subsample was obtained by using the following 
formula: 0 

where: 

Hn = net heat of combustion in Btdlb. 
Hg = goss heat of combustion in Btdlb. 



MC = moisture content of subsample expressed in decimal form. (Panshin and 
DeZeeuw 1970) 

Area biomass and potential energy estimates were made using only the data that 
were recorded within the ten 200 m2 sample plots. The heating content for a species 
was determined by multiplying t@t sgecies:average heat of combustion value at a 
specified moisture content by its biomas? weight. 

t 

RESULTS AND DISCUSSION 

Tables 2.2-2.8 summarize the biomass, moisture contents, and energy equivalents 
of the twenty species considered in ihe subtropical dry forest region that served as the 
project area. 

For each species, the average dimensions measured for the trees in the field as well 
as the number of stems and average basal area per hectare are shown in Table 2.2. 

The first two columns of Table 2.2 shows the number of stems that were measured 
at 0.5 and 1.3 meters above ground level, respectively. The comparison of these two 
columns gives an indication of those species whose stems may be more likely to fork 
between 0.5 and 1.3 meters. 

For the twenty species combined, approximately 1300 stems per hectare have a 
DBH greater than or equal to 4.0 centimeters. Figure: 2.2 shows that nearly half of 
these stems have a DKH that falls in the4-6 centimeter range. The high bequency of 
small-stemmed trees per hectare illustrates the typical configuration of the dry land 
forests of this region. The mean DKH of all stems measured in the sample plot was 7.8 
centimeters. The largest DKH measured was 34.0 centimeters for a single-stemmed 
Bursera simaruba 

?he  mean height of all the stems measured in the sample plots was 6.0 meters. 
Figure 2.3 illustrates that more than 60 percent of the stems measured had total 
heights between 5 and 7 metss, indicating the relatively low canopy of the dry land 
forests. The tallest tree measured was the same Bursera simaruba mentioned 
previously with a total height of 10.5 meters. 

The total basal area at 0.5 and 1.3 meters above ground level for the twenty species 
is 7.6 and 6.4 square meters (mz), respectively, of which approximately 60 percent is 
amounted for in two species not commonly used as firewood or for making charcoal, 
Bursera simaruba and Phyllostylon brasiliensis. As seen in TaMe 2.2, the basal area of 
the former species is contained in a relatively few number of large stems while that of 
the laner is made of many smaller stems. If the species Acacia scleroxyla is added to 
Bursera simaruba and Phyllostyln brasiliensis, over 75 percent of the biomass in the 
experimental region is included. 

The 6.4 m2 of basal area at 1.3 meters above ground level for stems of the twenty 
species having at least one DBH greater than or equal to 4.0 centimeters cannot be 
directly compared, but is relatively similar to the 9.42 m2 of basal area for stems of 30 



Per Hectare 
m d a t  DKH - DBH , Hgt , No.of 
0.5 1.3 range DKH range DBH rmge stems DK BA DWBA 

cm. cm. em. cm. m. .LQrn )) m2 % 

BurY1. - 
20 20 3.5-34.0 15.5 4.5-32.0 l I . 6  3.1-10.5 7.0 1W 2.30 30.1 2.W 32.0 

ACXta - 
nucraunrtu 3 4 5.4-14.7 9.0 4.9-10.9 7.2 5.5-7.2 6.6 15 0.12 1.6 0.10 1.6 

Ph Ilmt l m  
0 I 3 - 8 5  7.1 3 1 7 . 4  9 4 . 1 6  6 .  520 2.34 30.6 L.13 21.7 

ACICIa - 
tormom 1 I 6.8 6.1 5.5 5.5 6.5 6.5 5 0.02 0.3 0.01 0.2 - 
Crul. - 
emmlnta 11 11 4.1-11.6 6.3 4.1-10.5 5.9 5.5-6.6 6.0 55 0.19 2.5 0.16 2.5 

Palmrea 
15 18 4.8-12.6 6.2 4.0-10.3 5.1 4.4-6.6 5.3 75 0 1.1 0.11 1.7 

12 12 4.5-1>.0 6.1 b.2-10.9 5.9 4.2-8.0 6.1 60 0.25 3.3 0.11 2.8 

ACacI. 
x x y l a  25 33 U.7-28.1 9.3 0.0-20.1 7.7 4.7-9.8 6.4 125 1.15 5 .0  1.03 16.1 

Kru rodmdmn 
2 2 5 0 - 5 7  5.4 6 -  4 7  4 . 7 .  4.1 10 0.02 0.3 0.02 0.3 

PichecelloblUm 
crrcanrle 10 10 4.1-8.1 5.6 0.1-6.1 5.2 5.7-6.5 6.1 50 0.05 0.7 0.W 0.6 

w W p p .  2 b 12-0-13.0 12.5 7.6-10.5 9.0 4.9-5.6 5.3 10 0.12 1.6 0.13 2.0 

7 9 4 9 . 9  6.8 8 . 4  5.1 - 6 . 4  5.0 35 0 1.1 0.12 1.9 

Cw~lv ln ia  
corrana 3 b 9.2-12.5 10.1 8.3-10.3 9.0 4.7-6.4 5.3 15 0.14 1.1 0.13 2.0 - 
Gwircum 
ofircin)e 13 15 6.8-1.3 6.3 3.5-7.2 0.9 3.2-5.5 3.9 65 0.19 2.5 0.16 2.2 - 
Cappull , .. .. 
Ilexuou 5 6 0.3-6.9 5.3 3.0-5.44.5 3.1-6.1 5.0 25 0.05 0.6 0.08 G.6 - 
Exo~tnnr - I 8  20 4.7-11.2 6.7 3.0-8.1 5.2 5.68.0 6.7 90 0.33 4.3 0.22 3.b 

2 3  7.0 7.0 4.2-5.5 4.7 3.bb.6 4.0 10 ' 0.W 0.5 0.03 0.5 

P~Ct*tl. a 3 3 5.5-7.0 L.O 4.3-?.7 5.0 3.65.5 4.6 15 0.OI- 0.5 0.03 0.5 
I 

RheYMlu 
wr- 1 I b.6 4.6 4.2er4.2 3.7 3.7 . -5 0-01. 0.1 0.01 0.2 

CocCOlC& 
i z z z z i s  1 1 5.7 5.7 5.5 5.5 5.3 5.3 5 0.01 0.1 0.01 0.2 

T C T A L ~  258 292 4.1.34.0 7.1 3.0-32.0 6.6 3.2-10.5 6.0 1195 7.65 100.0 6.38 100.0 
(1.15) (1.01) 

Source Msxfield. 1985. 





species having a DBHgreater than or equal to 5.0 centimeters that was reported for a 
subtropical dry foist in neighboring Puerto Rico (Murphy and Lugo 1985). 

The average moisture contents on a dry weight basis for 19 species are presented in 
Table 2.3. They range from 186 percent for Bursera simaruba to 25 percent for 
Amitys spp. and Pictefia spindfollia Eleven of the nineteen species have moisture 
contents between 43 and 50 percent. 

Table 2.4 presents the higher heating values, (i.e. net heat of combustion) and 
estimates of the gross heats of combustion at 14 percent and field moisture contents 
for each species. These latter two values were obtained by rearranging equation 4 to 
the following form 

( 5 )  h3 = I00 - (MC/7) 
Hn x (100 + MC) 

where: 
Hg = gross heat of combustion in Btdlb. 
Hn = net heat of combustion in Btdlb. 
MC = average moisture content of species 

The net heats of combustion (oven-dry) range fiom 78a9240 Btdlb. with &en 
species falling between 8200.8700 Btdlb. Four species have heating values greater 
than 8800 Btu/lb. and one is less than 8000 Btdlb. Thegross heats ofcombustion at 
field moisture content are more variable between species with a low of 2000 Btdlb. 
for Bursera simaruba and a high of 7100 Btdlb. for Amirys spp. 

Because some heat is initially used to drive off and evaporate moisture in 
combustion of the wood, thespecies having the highest field moisture contents (Table 
2.3 j are those wi:h the lowest gross heats of combusti'on. Similarly, the species having 
the highest field moisture contents are the ones with the greatest initial relative 
increase in heat of combustion as the wood dries to a constant moisture level. The 
final column of Table 2.4 shows the relative increases in thd heat of combustion for 
each species as its moisture content decreases from field measuremgnts to 14 percent. 
Bursera simarubo, Capparisflexuo&, and C m l o b a  leoganensis are the species 
having the greatest relative increase ili'enew as their Wxxi dries to a 14 percent 
moisture content. The relative increase in heat of combustion is not considered for the 
species as the wood is dried further fiom 14 percent to oven-dry since this is a 
functional relationship of equation 5 and because it is doubtful that ovens would be 
used to continue drying the wood past their air-dry moisture contents when used for 
fuelwood or making charcoal 

Table 2.5 presents the average green and dry weights of the above ground total and 
usable biomass in metric tons per h e m e  (mt/ha) for each species. The percentage of 
the total green weight biomass that is usable for firewood or making charcoal is also 
shown in Table 2.5. There are approximately 45.60 and 3247 mt/ha of total and 





=ll Field 
ovdry 14% M.C. sIP8 UY 5 e(%8 

Bursera srmaruba -- 
AlMClgo 7163.17 65.35 6760.17 56.11 2011.00 16.71 4 236.2 

Acacra rnacracantha - 
Aroma 

I 8419.18 6.29 7237.54 5.41 5510.60 4.12 4 31.2 

Phyllost~lon brarillends 
mtor 
- 

81M.64 51.30 7039.36 44.10 5117.36 32.06 4 37.6 

Acacia tortuosa 
-onda 8?02.18 9.W 7136.96 1.08 5617.02 6.36 4 27.1 

Cassia emar~inaw - 
Brucon 8468.28 40.34 7279.75 34.61 S40.29- 26.12 4 32.1 

Policurea alpiM 
7'iGGli 8430.66 11.60 7247.41 9.97 5240.46 7.21 4 27.7 

Promis julrflora 
Camkon 8570.60 6.06 7367.71 5.21 5465.27 3.86 4 34.1 

Acacia wlerox la 
m i  8559.10 42.62 7357.82 36.64 H76.24 27.27 4 34.4 

KtW~i~dmdron 
C~guamo 1 8200.73 43.05 7009.75 37.01 5376.09 28.22 4 31.1 

Pithecellobiurn c r r c l ~ l e  
8364.59 19.29 7190.61 16.51 5617.72 12.96 4 21.0 

8651.19 77.62 7436.99 66.73 5763.11 51.71 4 29.0 

9237.39 00.55 7900.91 34.86 7126.66 31.21 4 11.4 

8543.47 52.22 7340.39 44.89 5572.77 34.06 4 31.1 

Guaracum offrcinale 
CuayaCan- 9105.h9 36.56 7127.53 '31.43 5871.01 23.57 4 33.3 

Capparis flexuosa 
Mostazo 8281.63 35.48 7119.30 30.50 4638.49 19.87 4 53.5 

8896.92 49-56 7648.23 38.31 6513.95 32.62 4 17.4 

Maytmus buxrfolia 
Sangretwo 8119.72 28-67 7235.00 20.65 5079.85 17.30 4 42.5 

Prctetia sprnifolia - 
Tabacuelo 8864.63 45.39 * 7620.0; j9.02' '68;1:95 34 .d~  4 11.5 

Uvero 



usable green weight biomass, respectively, in the s~lbtropical dry forest project area. 
The 19.04 mt/na of usable biomass on an ovendry weight basis in the Mao dry forest 
is similar to 16 mt/ha reportcd for live trees having a diameter at ground height 
(DGH) greater than or equal to 5.0 centimeters in the Guanica dry forest of Puerto 
Rico (Murphy and Lugo 1985). 

As with'basal aiia, i+prbximateli75 percent ofthe usablegreen weight biomass is 
in the threc species, Burscra'simaruba Phyllosrylon brasiliensis, and Acacia 
scleroxyla. The largest portion is in the most massive species Burszra simaruba The 
same three spe'cies contain approximately 70 percent af the usable dry weight 
biomass. Howevcr. due to its high moisturecontent and low dry weight/green weight 
ratio. Bursera .\imaruba contributed to less than one-third of this usable dry weight 
biomass. Of thew thrce sptxio;. only Acacia scleroxyla is currently being used for 
fircwood and making charcoal. 

The ratio of the usableto total grecn wcight biomass shown in Table 2.5. estimates 
what prccntage of the total above ground portion ofthc stem for a particular spcci* 
is considcrcd uurhlr for fircwotd o r  making charcoal. High pcrcent values such as 
thdsc of HNI.\('IW ~rrrraritbu. Acacia macracanrha and Prosopi julijrom indicate that 
if used for fuelwood. the major part of the above ground portion of the stem would 
normally he utilized. Low percent valucs, on thc other hand like those of Coccoloba 
Ic~)ganmn.\r.\. <'apprivfre.~uo.w, and Cae.wlpinia coriaria demonstrate that a largc 
part o f  each of thee species total abovc ground biomass are of the crown portions 
naving a J~amctcr Ic%s than 2.5 ccntimcters. The abovc ground portions having a 
Jiamctcr less than 2.5 centimeters are considwed unusable biomass for firewood or 
charcoal making. 

Table 2.6 reports the encrgy rquivalcnts in British thermal units per hectare 
(Btulha) of the usable biomass for each spccics and all speciescombinedat ovendry, 
14 percent. and field moisture contents in the study site. At each of these respective 
moisture contents. 591.5.508.5, and 314.G million Btu/ha are cstimated to exist in 
~ h r  clcperimcntal regiort for the 19 species combined. Using the conversion factor that 
1 harrcl of oil is cquivalcnt to 5.8 million Btu's. reported by the National Energy 
Conimission of the Dominican Rcpublic (COENER 1980). the energy content of this 
biomass rcprcwnts approximately 102.88. and 54 barrels oFo;l per hectare at the 
ovendry. I4 prscnt. and ficld moisture levcls. respectively. 

The t h rcc spccics. I'li~vllos~vlon brosiliensis. Acacia scleroxyh and Bursera 
.simaruria alone. repraent 68 pcrccnt or 214 million Btu/ha, the equivalent of 37 
barrels of oil pcr hectarc. Allowing the wood to air dry to around 14 percent moisture 
content incream the potential cncrgy of t h w  three spccis to approximately 380 
million Btu/ha (65.5 bar:elsof oil per hcaare) which representsalmost 75 percent of 
the cncrgy of all specin combined and an increase of 28.5 barrels of oil per hectare 
over their field moisture energy levels. For Bursera simaruba alone. the 14 percent 
moisture content represents more than a three-fold increase in energy availability over 
that of using thc wood at field moisture. The total increase in energy contributed by 



TABLE 2.5 

Average Green and Dry Weights per Hectare of the Biomass 
for 20 Spocler In the Mao Subtropical Dry Forest 

Usable % 

Bvura  dwurub. 
11.32 24.8 9.91 30.5 3.41 18.3 

Acacia m u r n X n t h  -- 0.41 2.1 

12.17 26.7 7.76 23.9 I 5.23 27.5 

Acacia tornma 
0.12 0.3 0.09 0.3 78 0.07 0.4 

Cu*a  e m u R l r r u  
-iGizdn 1-14 2.5 0.61 2.1 60 0.46 2.4 

Policurea caair 1.93 4.2 1-11 3.4 57 0.75 3.9 

= ~ ! i F I a a  
1.34 2.9 1.00 3.1 75 0.68 3.6 

Conman NW 01 specie cr referred to In a h m t c r n  Dominlun R e p t b k  
Numba m pumrhuis ir standud ma of the catimam. Vmr .  1962) 
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TABLE 2.6 

Average Energy Equivalents of the Usable Biomass for 20 Species 
. in the Mao Subtropical Dry Forest 
Energy Equivalents of Usable Biomass 

Buxrarimuuh' 
X i E I r  171.83 29.1 147.71 29.1 43-90 14.0 -. . 
Affla nucracanh - 

AION 10.86 1 8  9.U 1.8 7.11 2.3 

Wkwuar ..~ro& 23.7 1 . 1  23.7 n . 5 3  27.9 

Aff la tortuna 
w y l h o n d .  1.66 0.3 1.O 0.3 1.12 0.b 
Crula nnamlnnta - 
BNcdn 12.70 2.1 10.92 2.1 8.22 2.6 

P0lieule. .lplnr 
TaZG 20.62 3.5 17.72 3.5 12.81 4.1 

8 3.2 16.32 3.2 12.11 3.9 

130.06 22.0 111.80 22.0 83.21 26.5 

5 0.2 0.99 0.2 0.7) 0.2 
Pi(hecc1loblum drc1n.l~ 

C l n u o  13.63 2.3 11.72 2.3 9.16 2.9 

7.22 1.2 6 1.2 6.81 1.5 

1-96 5 7-70 1.5 6-91 2.2 

11.32 1.9 9.73 1.9 7.38 2.0 
Cumlacurn oificirvle -- 11.93 2.0 10.25 2.0 7.69 2.0 

4 .U 0.8 3.81 0.8 2 . 8  0.8 

~ e n u c u i h u m  
w- 21.35 3.6 18.36 3.6 15.63 5.0 

MI- buxifoli* 
su"4Pm- 2 .  0.4 5 0.4 3 0.4 

Pkrrtt rpWf0U - 
Tab.Nelo I .  0.3 1.56 0.3 1.00 0.0 

Coccolob.kor.- 
urrr0 0.75 0.1 0.65 0.1 0.03 0.1 

?JCcmmon nune oi rpcla u referred to in mthmtcm Dwnlnk.n Republic 
&umber In puenthair Is Nndvd am estimate (F-, 1%2) 

Sourcc: Maxfielci, 1985. 

., . 

". - , d.2, - ... - A .  ,ri i.4.i-i -... . !. . -  . , - 4 ;  - - <  , f .... . '".*' , -,,..,I ,, .- < . ,...< . 



Bumem simaruba at 14 percent moisture content over field moisture is due to (1) the 
large number of stems of Burserasimaruba present in the area and (2) the fact that as 
the wood dries from field weight to 14 percent, its gross heat of combustion increases 
&om 201 1 to 6760 Btdha (Table 2.4). 

By not utilizing Bursera simaruba and PhyUoqIon brari ie~~~is for firewood or 
making charcoal, the potential energy of the area at oven-dry, 14 percent, and field 
moisture contents deareases to 280,240 and 183 million Btdha, respectively, (or 48, 
41 and 32 barrels of oil equivalent per hectare). 

The potential energy for fuelwood ~d charcoal at 14 percent moisture content of 
the dry land forests of the Dominican Republic as derived from these are energy 
estimates represents the equivalent of 52 million barrels of oil. Using the basic 
parameters of heats of combustion developed here ,can lwQ to a management plan 
that will optimize the growth and production of the natural species of the dry land 
forests to provide for a considerable portion of the energy needs on a sustained bask 
The dry land forests are the energy reservoir of the Dominican Republic. 

BIOMASS REGRESSION EQUATIONS 
Tables 2.7 and 2.8 present the regression coefficients and sample statistics of the 

prediction equations to estimate the green weight of the usable biomass or the 
portions having a diameter greater than or equal to 2.5 centimeters for sixteen 
individual species and three combined species. During the development of these 
equations, a double logarithmic transformation was xed to ensure that the variances 
were homogeneous. 

Table 2.7 presents the regression equations, with the independent variables that 
yield the highest coefficient of determination, rZ. Seven of the ten independent 
variables considered, given the highest rz value in all seventeen biomass equations 
Each equation in Table 2.7 is of the form: 

. -. .. 
In (weight) = bo + BI x In (Xi) 

where: I 

weight = green weight in pounds of the usable biomass. 
X':XI = basal area of stem at 0.5 meters a b e  ground level (DKHBA). 
X2 = basal area of stem at 0.5 meters above ground level times total stem height 

(DKHBA x TH). 
X = basal area of stem at 0.5 meters above ground level times crown diameter 

(DKHBA x CD j. 
X4 = basal area of stem at 1.3 meters above ground level times total stem height 

(DBHBA x TH). 
Xs = basal area of stem at 1.3 meters above ground level times crown diameter 

(DBHBA x CD). 
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TABLE 2.7 

Simple Linear Regression Coefficients and Statistics for Predicting 
Green Weight of the Usable Biomass of Subtropical Dry Forest Species 

I 
in Mao, Dominican Republic, with the Regression Model 1 

I * 
. Ip.(usab!e !eight),= bo + b l  + I n  (Xi)' 

I I , , , k j 
KanRe lCmJ 

BUrSCra s lmaruba  - - - - - - ; <  -- 
Almacigo 7.191616 1.110368 X2 36 0.146939 .9898 4.0-34.0 

Acacia macracantha - 
Aroma 7.633640 1.043212 X3 23 0.183606 .9831 4.0-30.0 

Phyllostylon brasiliensis .- -- . 
Baitoa 
- I ,  

7.096829 1.038230 X2 56 O.IQ454l .9849 4.0-29.0 ;: 
Cassia emar~inata - 

Brucon 10.008809 1.208762 Xi 26 0.178667 .9574 4.0-16.0 

Pollcurea alpiM 
Cafetan 9.592580 1.125651 XI 18 0.277910 -8287 4.0-12.0 

Pr;;;~~liflora 
7.518781 0.999669 X4 22 0.168407 -9627 4-0-30.0 

Acacra scleroxyla - 
Candelon 7.762502 1.112699 Xq 46 0.173730 -9854 LO-29.0 

P~thecellobium circinale 
Cinazo -1 8.804170 1.315341 I JC, 23 0.2llSM A732 4.0-8.0 I 

XI = DKHBA x3 = DKHBA CD x5 = DBHBA CD x 7  = DBHBA T H ~  
X2 = DKHBA TH X4 DBHBA 0 TH X6 = DKHBA T H ~  

&wrr MaxfieM. 1985. 

Capparis spp. 
Fr~jol 7.334954 1.053208 X2 21 0.116820 .9880 4.0-19.0 

Amirys q p .  
Cuacmjo 7.661575 1.111198 X2 21 0.111727 .9759 4.0-11.0 

Caesalpinia coriaria 
C~atapaml 7.882536 1.079668 X5 24 0.184299 -9822 4.0-24.0 

Cualacum officinale -- 
C ~ a y a ~  11.386864 1.464382 XI 24 0.201363 -9156 4.0-10.0 

Exostema caribaeum -- 
W M  4.797154 0.820955 x6 29 0.166601 -9528 4.0-14.0 

Maytenus buxifolia b 

hngretoro 7.850758 1.120838 X2 22 0.180072 .9516 4.0-14.0 

Pictetia spinifolia 
Tabacwlo 7.390734 1.088975 X2 13 0.177935 -8886 4.0-7.0 

Coccoloba leo~anensis 
Uvero 5.701871 0.974551 X6 26 0.189499 -9657 4.0-18.0 

Others 6.480793 1.157791 
, X 7  11 0.285666 A381 4.0-8.8 

!/xi = independent variable where: 

lcommon name of s p c m  as referred to in northwestern Dominican Republic 
Standard error of the estimate in natural log (In) form. 



b 
! X6 = basal area of stem at 0.5 meters above ground level times total stem height 

squared (DKHBA x THZ). / X7 = basal are* d step at 1.3 meters above ground level times total stem height 
squared (DBHBA x THZ). 

The umbrella-like crown canopy and n~ultistemrned nature of many spcies in the 
natural dry forests make it diGcu!t, time consuming, and expensive to measure 
acorrately the total height or cruwn diameter of a standing tree. Therefore, the 
regression equations, shown in Table2.8 for each species, predict the green weight of 
the usable biomass with the independent variable being the basal area of the stem at 
0.5 meters above the ground level, DKHBA.The basal area at bee height was chosen 
as the independent variable because it showed a higher correlation to stem biomass 
for most species. Also, DKHBA is the fastest and easiest variabie to measure of all the 
variables considered in the development of the biomass and energy regression 
equation development. The equations in Table 2.7 have smaller standard error of the 
estimates and higher r2 as compared to those of Table 2.8 . shich indicate that 
regression equations in Table 2.7 will give a more precise estimsrc of the usable and 
total biomass for stems within the specified diameter ranges of each species. However, 
in using equaions ofTable 2.7, another variable (height, crown diameter, or diameter 
at breast height) must be measured in the field for each stem. This increases the 

inventory stands with mixed species. probably the set of equations having the same 
- independent variable (i.e., DKHBA) would be best. In cases where just one or two 

species ~ s e  cf interest, however, it might be more feasible to use the equations yielding 
the most precise estimates. . -. .. 

Using the biomass regression equations shown in Tables 2.7 and 2.8 on inventory 

amount of necessary field work and the overall cost of the sampling procedures. Also, 
in comparing Table 2.7 with Table 2.8, in most cases, the increase in the rz from using 
a variety of independent variables as required by Table 2.7 results in little 
improvement of the rz over using DKHBA as a uniform independent variable. To 

I data, as well as theenergy equivalent estima!es reported for each species in Table 2.4, 
will provide accurate biomass and potential energy, estimates of the material 

be regulated to provide the continuing, renewable fuelwood energy needs of the 
Dominican Republic. 

CONCLUSIONS 

, .v- 
-.-.Q-. 

commonly used for firewood and making charcoal i% the native dry forests of the 
Dominican Republic. , '  

/ 

Inventoris of the dry land forests can now be conducted in an efficient, acatrate 
manner to determine biomass and energy potential for each area. These areas can then 

This chapter illustrates the development of energy values and inventory techniques 
necessary for the inventory of the drj land forests and prerequisite to the 



TABLE 2.8 

Simple Linear Regression Coetticlents and Statistics for Predicting 
Green Weight of the Usable Biomass of Subtroplcal Dry Forest Species 

in Mao, pominjctn Reeubllc with the Regression Models 

, In (usable weight) = bo + bl '  In (DKHBA)' 
t I 

Cocfitcientr 
S y a g ~ u t i a y  specie3 b g  bl DKH -- - -  - Ruyrc (crn) 

h s a  rirnaruba 
x r r  . ,&0.304117 1.354212 36 0.201718 .OW7 4.0-39.0 

Acacia muracandu -- 
Aronu 10.926379 1.3127% 23 0.286309 -9590 90.0-30.0 

exmterru cuilueum --- 9.717662 1.171786 29 0.285535 -8613 4.0-14.0 

M b ~ ~ ~ O x i l ~ I ~ a  
IO.LY9003 1.35769S 22 0.237306 -9160 4.0-14.0 

Pictetu ~ntlol~r 
I l . W Z  1.695389 13 0.212988 -8003 4.0-7.0 

!/DKHBA i s  the brul area at 0.5 neterr above yowd Iewl erpe+ud in rclrurr m t a s  (m?. 
&rn- name of ~ i o  u referred to In na ihrencrn  Oominiun Republic 
Sumlard mor of estimate In MWJ Log Un) form. 

Source: Mafield, 1985. 



implementation of a biomass energy utilization program for the Dominican 
Republic. 

The dry land forests of the Dominican Republic are characterized by 
multistemmed, smalldiameter, thorny, low-can~py trees of high specific gravity. 
Typicd of the subtropical dry land forests throughout the world, these forests have 
served as a fuelwood source for the rural poor for a long time. However, full 
utilization of their biomass for energy production has not been achieved. 

Energy values for usable biomass (material having a diameter of 2.5 centimeters 
and larger) were developed at field, 14 percent, and ovendry moisture content for 
nineteen primary spcies of the dry land forests of the Dominican Republic. 
Regression equations with simple-to-measure independent variables were developed 
for the 19 dry land forest species that will serve as the basic parameter sfor theenergy 
inventory process. 

These regression equations utilize a single parameter of measurernenc diameter at 
0.5 meters (DKHBA) was used as the prediction variable of biomass and eneqy 
potential for each species. DKHBA is a new concept of measurement that allows 
fewer measurements per tree than the standard diameter at 1.3 meters used for 
single-stemmed trees of the temperate zone. DKHBA is well above root collar swell 
for these small-diameter trees and below most of the thorny branches that make 
measurement difficult. Almost all thesquared correlation coefficients (r2) were .90 or 
more. 

In addition to individual species regression equations, tables of field moisture 
contents for each speaes were determined. A substantial increase in energy 
availability for these dry land trees can be realized by allowing the material to air dry 
to 14 percent moisture content before using it for fuelwood or for making charcoal. 
For Burserasimarubaalone, the 14 percent moisture content represents more than a 
three-fold increase in energy availabiiity over using the wood at field moisture. 

To illustrate the procedures, an 850-heaate experimental area of northwest 
Dominican Republic was inventoried using fixed-radius plots. Based on this 
inventory. the experimental area of the dry land forests of the Dominican Republic 
would contain 591.5,508.5, and 314 million Btu/lb. at ovendry, 14 percent, and 
field moisture contents, respectively. Using a conversion &f 1 barrel of oil energy 
equivalent to 5.8 million Btu, this energy b~omassconverts to 105  88, and 54 barrels 
of oil per hectare, respectively. Three species, Phylloqvlon brasiliensis, Acacia . . .. 
scleroxyla. and Bursera simaruba rep&ent 75 percent of the energy of all species at 
the 14 percent moisture content 

The area inventory summaries indicate the great potential of the dry forests. A 
complete inventory of the 5905 square kilometers of dry forests of the Ddininican 
Republic utilizing the inventory system and equations developed in this program 
could represent 300 x 10" Btu's of available gross energy or an oil equivalent of 52 
million barrels. 

The development of a management plan requires an inventory of the resource. This 
chapter provides the basic dzta k r  the conduct of that inventory for the full utilization 



of the dry forests of the Dominican Republic. Such an inventory and the subsequent 
development of a managanent plan based on the data and system techniques 
developed here will insure that the potential 52 million barrels of oil energy 
equivalent of the Dominican Republic's dry forestsare used in a rational, sustainable 
manner. 

The inventory system developed in the Dominican Republicserves as a model for 
the development of similar invbtory systems throughout the subtropical dry land 
forests of ihe world. The field insirurncntation and technology are readily adaptable 
to implementation in the less developed countries of the world. The first step in 
developing a viable management plan for the utilization of an existing biomassenergy 
source is an inventory similar to the one discussed in this chapter for the dry land 
forests of the Dominican Fepublic. 
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CHAPTER 3. 
PRODUCTION OF TROPICAL TREE 
SEEDLINGS FOR REFORESTATION 
PROJECTS: USE OF HORMONES 

TO IMPROVE QUALITY Of 
NURSERY STOCK 

Me/ M. Larson 

INTRODUCTION 

Deforestation is a major concern in many tropical LDCs, and the need for 
reforestation is well recognized. Planting new stands with selected species can provide 
site protection and markedly increase forest productivity. The integration of forestry 
with agriculture and local industry is considered the key to sustainable economic and 
social development (U.S. Agency for international Development 1984). 

Planting trees is expensive, however, with costs often in the range of $300 to $600 
per hectare. Examples of planting successes are well publicized, but planting failures 
are also common. Planting mistakes, represented by poor survival and suboptimal 
grllwth, are costly because they are multiplied and compounded throughout the life of 
the forest stand. Poor quality planting stock is a frequent cause of planting failures, 
whereas vigorous stock planted on suitable sites can often overcome early adversities 
such as drought and attacks by insects and diikxe. 

The research reported here illustrates the direct link that exists between 
physiological processes and seedling vigor. Additional studies of seedling physiology 
of tropical tree species is sorely needed. An understanding of physiological processes 
and how they vary among species is required if one is to develop improved nursery 

, - and planting practices. H 
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: I 
Bare-root nursery seedlings often lose most of their smaller roots and growing tips ' i 

during lifting, grading, and transporting operations. When outplanted in the field, 
seedlings must quickly regenerate new roots in order to penetrate into deeper, moist 

t % i F 

subsoil layers. Delayed or reduced root regeneration often results in severe internal i i 
g * 

water stresses followed by dieback or qjeath ~f trees (Hartwig and Larson 1980, i i 
, 

lifted from the nursery bed, tops are pruned off just above the soil line. The trees are 
outpianted in the normal way with only stumps appearing above the soil. This L 
detopping treatment prevents the .otherwise excessive loss of water through leaves t 
during transport and stouage, although timely root regeneration is still required to 
maintain turgidity in new shoots that quickly arise from stumps after outplanting. 
Plant hormones probably control most developmental processes, inciuding root 
regeneration. Carlson and Larson (1977) found that red oak (Quercus rubra) 
seedlings, pruned to induce root regeneration, exhibited a rapid buildup of auxin and 
cytokinin above base levels prior to emergence of new roots. Application of 

Toothpicks impregnated with indolebutyric acid (IBA) and inserted into roots of 
nursery seedlings improved root regeneration of several temperate woody species 

Certain tree species, such as pochote (Bombacopsir quinarum), produce small 
amounts of seed of short viability at irregular intervals (Morals and Whitmore 
1978). Use of cuttings allows multiplication of these species as well as xlection of 
superior genotypes for planting. Application of auxins to cuttings has been used to 
increase adventitious rooting in several tropical species (Howland and Bowen 1977, 
Lundquist and Torrey 1984, Zanoni 1975). Insertion of auxin impregnated 
toothpicks could be a convenient way to improve rooting success and seedling 

The objectives of this research were as follows (1) to investigate tne effects of 
applying IAA and kinetin to stump seedlings of pochote (Bombacopsk quinalum) and 
melina (Gmelina arborea) on root regeneration and early growth after planting; (2) to 
determine optimum concectration of IAA/kineun mixture that, when applied to 
roots, maximizes early root and shoot growth of the two speaes; and (3) to test the 
effectiveness of IBA-impregnated toothpicks in promoting early root and shoot 
development when inserted into roots of stump seedlings, juvenile shoot cuttings, and 
secondary shoot cuttings. 

, A  ,- . 
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PLANT MATERIAL 

Stump seedlings of pochote and melina were obtained in early April from 
Hojancha nursery located 150 kilometers west of San Jose, Costa Rica. When lifted, 
pochote stock was 6 months from seed; melina stock, 3 months. 

Pochote cuttings were of two types: ( I )  juvenile cuttings taken from the pruned-off 
tops of stump seedlings, and (2) secondary cuttings from sprouts of "living fence" 
trees. The melina cuttings were also secondary cutting from a living fence located 
near the nursery. 

The stump seedlings and cuttings were uken to the forestry nursery at the Centro 
Agronomico Tropical de Investigation y Ensenanza (CATIE), located 45 kilometers 
east of San Jose, and immediately used in the experiments. 

IAAIKINETIN APPLIED TO STUMP SEEDLINGS VIA ROOT SOAK 
SOLUTIONS 

IAA stock solutions were prepared by dissolving IAA in a small amount of 
ethanol, and then adding this solution to water. Kinetin stock solutions were prepared 
by heating the water to near boiling before adding the kinetin. 

Sixteen combinations of IAA/kinetin mixtures were prepared This included all 
combinations of IAA at 0,40, 160, and 320 ppm with kinetin at 0,0.02,0.20, and 
2.00 ppm (Note 1 ppm = 1 mg/liter). Ten stump seedlings of each species were 
root-soaked in each of the hormone mixtures for about 20 hours This was 
accomplished by placing each group of stump seedlings in a small plastic bag and 
adding sufticient hormone solution to cover the roots. 

Before soaking, stump seedlings-wee pruned to a maximum top length of 10 
centimeters and a root length of 15 centimeters. A subsample of 35 stump seedlings of 
each species was weighed and the diameter of the thickest part of the taptoot was 
messured just below the root collar (Figure 3.1). Trees were individually planted in 

Harvest measurements included number and dry weight of leaves; and number, 
length, and dry weight of shoots. Plant material was oven-dried at 7 2 O  C. Prior to 
planting, samples of root and stump top material were oven-dried and used to 
determine total nonstructural carbohydrate (TNC) using the method described by 
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IBA APPLDED TO STUMP SEEDLINGS VIA TOOTHPICK METHOD 

Round, Fcentimeter long toothpicks were first soaked in ethanol for 24 hoursand 
ovendried at 72' C. Groups of 100 toothpicks were placed in each of four IBA- 
ethanol solutions at 0,200,1000, and 3000 ppm IBA for 24 hours, dried at SO0 C, and 
stored in a sealed glass container until used. 

A small hole was drilled in the upper middle section of each taproot of each 
pochote and melina stump seedling, and a toothpick from one of the four IBA levels 
was inserteC (Figure 3.2). Each species was replicated 10 times at each IBA levei. 
Prior to planting, the diameter of the thickest pan of taproot of each tree was 
recorded. Trees were grown for 32 days in containers as described above. 

IBA APPLIED TO CUTTINGS VIA TOOTHPICK METHOD 

Juvenile andsecondary pochote cuttings and secondary melina cuttings were each 
cut to 30 centimeters in length. The juvenile pochote shoots (p runed4  tops ofstump 
seedlings) were originally 80 to 110 centimeters long but only the bottom 30- 
centimeter section of each was used. Two toothpicks from one cf the four IBA levels 
described above were inserted in each cutting, one at 2.5 centimeters from the lower 
end and another at 7.5 centimeters (Figure 3.3). The diameter at midpoint of each 
cutting was recorded. 

The number of cuttings utilized in this experiment varied byetype and speaes. 
Juvenile pochote cuttings were replicated 5 tirnes, secondary pochote cutting 
replicated 10 times, and secondary melina cuttings replicated 6 times at each of the 
four IBA levels. Thc cuttings were planted in sterilized river sand in black plastic 
containers, watered twice daily, and harvested at 46 days. Growing conditions and 
harvest measurements were similar to those described for the first experiment. 

STATISTICAL DESIGN AND ANALYSIS OF DATA 

The statistical design was a 4 x 4 factorial for the IAA/kinetln root soak 
experiment and a one-way completely randomized design for the two IBA toothpick 
experiments. Data were subjected to snalysis of variance and 'regression analysis. 
Coefficients of determination (r2) were calculated for certain sets as iqdicated in the 
following section. ' / . . 6 .  .. 

RESULTS 

Root regeneration of pochote and melina stump seedlings was greatly improved by 
soaking roots in IAA solutions prior to planting (Figure 3.4). IAA was paniculary 
effective for pochote. Tr~es  soaked at 320 pprn IAA averaged 30 new roots per t r a  
compared with only 1 1.5 new roots for untreated control tres. Regression analyses of 
these data imply that maximum number and dry weight of roots would x c u r  for trees 
treated with IAA at slightly less than 300 ppm. 





FIGURE 3.3 A rooted, juvenlfe cuttlng of pochote after 46 days. Two IBA- 
treated toothpicks (arrows) inserted in each cutting prior to planting did not improve roottng. 



FIGURE 3.4 (A) Number of root8 per tme and (8) dry weight of new root8 for 
pochoie (---) and meline (- ) as related lo the IAA concentmilon of root 
#oak soluUon prior to planting. Each po~nt is the mean of four 10-tree groups. Also 
shown are SDs of each mean and the rz values for each ngression. 

s - 

IAA conc. of Root Soak Solution,ppm 

Pochore produced more new roots than melina, especially at higher IAA levels 
(species x IAA interaction significant at P I 0.05). Root dry weight of pochote 
averaged about three times that of melina (Figure 3.4). 

Kine~n, alone cr  in combination with IAA, had no significant effect on the root 
grawth of either species. 

The amount of kinetin present in IAA solutions did influence production of leaves, 
however. The two species responded similarly to hormone treatments. Species data 





IAA treatments altered the relative partitioning or distribution of dry weight 
growth to roots, stems,.aqd leave (TabJe 3.3). Distribution was most altered in 
melina at 320 ppm IAA, where the pe;centage of root dry weight to total dry weight 
growth was 26.3 percent compared with 11.3 percent for control plants. New roots of 
pochote at 320 ppm JAA accounted for 18.1 percent of the total dry weight growth 
compared with 12.5 percent for control plants. 

" TABLE 3.3 

Dry Weight Distribution In Percent of Total Dry Weight 
of New Growth for Each Species at Each IAAITreatment Level 

MeUm 
Roots 
Sterns 
Lcava 

Pochote 
Roots 
Stems 
Leaves 

*Indiates s valu significantly different from control (0-level) at p = 0.05. 

Pochote stump seedlings were larger and had a higher percentage of total 
nonstructural carbohydrate (TNC) than melina plants, as determined by random 
samples of seedlings at time lif planting (Table 3.4). In both specis, stump sections 
had much lower ca; bohydrate content than roots. Fresh weight and taproot diameter 
of pochote plants averages a'mut twice those of melina (Table 3.4). 

Toothpicks soaked in die various IBA solutions (20 to 3000 ppm) and insened into 
taproots of pochote and melina stump seedlings had no significant effect on growth 
after planting. 

Prior to planting, the taproot diameter and total fresh weight of each seedling that 
received toothpicks were determined. These two variables were related (r2 values 
were 0.844** for pochote and 0.477** for melina; ** indicata sipificance at the p = 
0.01 level). Taproot diameter is a convenient measure of seedling size in the field. 

Arnong pochote stump seedlings, certain sizes of plants grew better than others. 
Regression analysis revealed that seedlings with a taproot diameter of 28 to 32 
millimeters formed greater numbers of new roots (Figure 3.5) and produced higher 
dry weights of new leaves, stems, and roots (Figure 3.6) than seedlings with larger or 



TABLE 3.4 

IllDean Fresh Weight, Taproot Diameter, and Total Nonstructural Carbohydrate 
Content (TNC) of Pochote and Melina, PAA/Kinetin Root Soak Experiment 

Seedling Taproot TNI? 
Fresh Wei~htl Diameter' Stumps Roots 

Pochotc 582 g f 3.5 2.4 1 cm ~2 0.06 11.7% 4332 

Mclina 26.1 g f 1.4 1.58 cm k 0.05 5.3 14.0 

'Means values with standard errors. n = 35 per specin: taproot diamctcr measured at thickest xction of 
r(Wt 

:Determined from a cornpositc sample of six trees: stumps wcrc the l k m  long stcm rctions above the 
root collar that rcmalnc*l after dcropping. 

FIGURE 3.5 Relatlonshlp between d/s.vdter of taproots of pochote seedlings 
at lime of plantlrpgand number of new roots psrtree. The rz value for the regression 
was 0.5 ! 1 **, n = 38. 

New 

Seedling Taproot Diameter, mm 
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CIGURE 3.6 RelstConrhlp between dlsmeterof taproot8 of pochote 8ebdlltig1 
at tlme of plantlng end dry welght of new growth. The 9 values for the regressions are 
0.306** for new leaves, 0.387** for new stems, and 0353** for new roots, n = 38. 

Seedling Taproot Diometer, mm 

smaller taproots. For melina stump seedlings, the relationship between taproot 
diameter at time of planting to various growth mcasunments was weak. 

Insertion of IBA-impregnated toothpicks into cuttings of either pochote or m*:lina 
did not improve ather rooting or shoot growth. 

Stcondary cuttings (i.c, stem cuttings from tiving fences) of both species exhibited 
weak shoot development (Table 3.3, and none formed adventitious roots during the 
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seedlings) of pochote grew well, averaging nearly eight new roots per plant (Table 
35, hTigun 3.3). Also, shoot growth and nomber of new adventitious roots were 
linearly correlated with cutting diameter. Juvenile cuttings of melina were not 
available for this study. 

TABLE 3.5 

dean Growth of Juvenile and Secondary Cuttings after 45 Days, and 
Coefflclent of Determlnatlon of New Growth versus Diameter of Cutting 

Coemdcnl d 

Pochote, juvenile' 
Shoot dry weight 
Length of ncw stems 19.0 cm 058 1 ** 
Number of new roots 

I .I to 2.0 cm --- 
P o c b r  secondrryj 

Shoot dry weight 0.135 g 0.003 ns 
length new stems 4.8 cm 0.013 ns 
Diameter nngc' 12 to 2.0 cm --- 

Meliru. secondary' 
Shoot dry weight 0313 g 0.062 ns 

0.002 tls length new stems 7.9 cm 
Diameter rang9 1.6 to 32 cm -- 

'Cuttings from pruned4 tops of stump seedlings. 
ZDiametcn measured at midpoint of cutting at time of planting. 
'Cuttings from trca of living fences. 
4Double asterisks (**) indicate significance at p = 0.01; k'i;dic&s not significant 

I 

stump seedlings can be greatly increased by simply soaking roots in an IAA so!ution 
before planting. Other research has shown that nursery stock with high potential for 
root regeneration survive and grow better in the field than stock with low potential 
(Burdett et al. 1984, Larson 1984, Strrrve and Moser 1984). Kelly and Moser (1 983) 
found auxin treatments were more effective for trees pianted in soil at 21' C than in 
soil at lo0. Thus, use ofauxins to improve root regeneratin may be especially effective 
for trees planted in warm, tropical soils. 

4 
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Regression analyses indicated that root regeneration of pochote and melina 
seedlings would have peak values at IAA levels slightly less than 300 ppm. However, i 

I 
due to high variability in these data, additional tests are ;leeded to verify optimum I 

levels for root aad shoot growth. Also, trees planted in the field may have a somewhat 
different optimum IAA level than trees grown at a nursery or greenhouse (Hartwig ,,. t 

C r 

and Larson 1980). , , 

At high IAA levels, proportionately more of thc total dry weight increase went to 4.. " 
root growth than lo shodgrowth In both species. For pochote, the major part of this 
diversion to roo6was at the expense ofestem growth rather than :eaf growth. 

Addition of kinetin to root soak solutions did not improve root growth although 
dry weight of leaves was increased 33 to 54 percent above that of control plsnts in 
certain treatments containing kinetin. Other cytokinin compounds such as zeatin, 
zeatin riboside, benzyladenine, and other purine derivatives may be effective (Carlson 
and Larson 1937, Dixon et a 1  1984, Hare 1984). 

IBA-treated toothpicks inserted into taproots before planring did not improve 
growth of either pochote or melina stump seedlings. ]In contrast to these results, Struve 
et al. (1984a) cite several reports where IBA-treated toothpicks increased root 
regeneration of various temperate species. Additional research w+;th tropical species 
should include testing auxin derivatives, analogs, and synergists that may be more 
effective than the compounds used here (see Haissig 1983, Kling and Meyer 1983, 
Magley and Stiuve 1983, Wrightman et al. 198r)'). An alternative method of 
application is to spray roots with auxin plus sticker-extender (Van Sambeek and 
Rietveld 1982). 

Root regeneration and early growth was much greater for pochote than for melina. 
One possible reason is that TNC of pochote taproots, on a total weight basis, was six 
times higher than that of melins. Mori (1981) reported that survival and growth of 
stump seedling of two Malaysian diptocarp species was directly related to starch 
reserves before planting. In other species, such as red oak, a direct relationship 
between carbohydrate reserves and growth after planting cannot be demonstrated 
(Larson 1978). A greater unde-ding of the interactions between factors (food 
reserves, hormone,, water relations, etc.) that affect seedling growth is needed. 

The relationship of new growth to diameter of taproots was stronger among 
pochote than among melina seedlings. Pochote taproots with diameters near 30 
millimeters produced the most root and shoot growth. All taproots were pruned to 15 
centimeters in length, however, and longer taproots may have a different relationship 
between growth and taproot diameter. Nevertheless, there appears to bean optimum 
size of pochote stock for maximum growth after planting and nursery schedules 
should be adjusted to achieve this. Canada (1963) reported a significant correlation 
between field performance and initial stump diameter for mahogany (Swiefenia 
humr'Iis) but not for four other species p!anted at the same time. 

IBA-treated toothpicks inserted into pochote and melina cuttings had little effect 
on rooting or shoot growth. The effectiveness of IBA apparently varies with species. 
IBA ~ b t  was applied b cuttings of six tropical species, including melina, produced 



(Eundquist and Torrey 1984) and peach ( ~ r &  1984). other compounds and 
methods of application have proven effective for certain species. Dipping of cuttings 
in talc containing a mixture of IAA and naphthalenezceticacid (NAA) at 3000 ppm 
markedly improved rooting in melina, teak, and obeche (Triplochiton scleroxylon) 
but was of no benefit in Pinus caribaea or Cedrela dorada (Howland and Bowen 
1977). Maplecuttings rooted excellently when treated with a mixture ofcatechol(4.5 
x IO-3M) and IAA (1.1 x lWM) for 24 hours (Kling and Meyer 1983). 

In this study, secondary cuttings of pochote and melina taken from living fence 
trees near the end of the dry period did not form roots during the 46-day growing 
period. The cuttings were 30 centimeters long and llone exceeded 3.2 centimeters in 
diameter. Larger secondary cuttitlgs may be easier to root. Melchior and Quijada 
(1972) reported best results when pochote cuttings were 9.9 to 25.0 centimeters in 
diameter and 80 centimeters long. b o  (1962) found cutting 6 to 12 centimeters 
in diameter rooted better than those 3 to 6 centimeters in Gliricidia sepium and 
Eryhrina poeppiigiana 

The juvenile cuttings of pochote rooted easily (Figure 3.3). Nearly all cuttings had 
- broken bud 9 days after planting, and evidence of rooting was apparent after 3 week. 

from planting. IBA toothpicks were without benefit and not required for good 
rooting. Rooting and shoot growth were positively correlated with cutting diameter, - although the diameter range was only 1.1 to 2.0 centimeters. 

Reslts reported here suggest that cuttings made from the pruned-off tops ofstump 
seedlings (normally discarded at the nursery) could be quickly rooted in containers 
and outplanted after 5 to 6 weeks. Also, more than one cutting could be taken from 
each seedling top since only the basal 30centimeter section was used Leakey (1983) 
reported that in 3-month-old stockplants of T@ochiton scleroxylon, cuttings taken 
from the upper mainstem rooted better than those E-om the lower mainstem. Zanoni 
(1975) also reported that subapical cuttings rooted better than either apical or basal 
cuttings in three tropical species. . .. .. 

Establishment of stands by cuttings allows foresters to circumvent seed supply 

diameter at 40 years . . .. .. 
reforestation techniques and developing sustainable forest resource management 
programs, particularly in LDCs. 
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CHAPTER 4. 

SOLAR PONDS- 
HAVE THEY COME OF AGE? 

R. Peter Fynn 
Robert Bailey 

INTRODUCTION 

Has the time come to exploit solar ponds? We know we can heat brine to hiling, 
but we have yet to exploit that knowledge in a meaningful and beneficial way. Much 
research has been done on solar ponds, but they have yet to k exploited commercially 
to any significant extent. 

What is a solar pond? A solar pond is a body of liquid which collects solar energy 
and stores it as heat. The type of solar pond that will be discussed in this chapter is the 
salt stabilized solar pond. This type of p o d  relies uwn a salt solution (usually sodium 
chloride) of increasing concentration with depth to suppress natural convection. Hot, 
concentrated brine at the bottom of such a pond is prevented from rising to the surface 
and losing its stored heat because the upper portion of the pond contains less salt and 
is, therefore, less dense than the lower portion. Such ponds have been used in research 
applications in the United States, with a very small number being used in commercial 
applications (Fynn and Short 1983, Nielsen 1980, Zangrando 1980). Solar ponds 
have not yet been used in the United States to produce electricity as has been done 
with some success in Israel, where there are ponds producing up to 150 kilowatts of 

This chapter will consider some of the design problems associated with building a 
solar pond in the tropics specifically for the productien of electricity. It will 
concentrate on the items that need to be considered in siting, constructing, and 
operating a solar pond, so that those whofind themselves in a position to exploit the 
potential of a solar pond will be in a.posifiop t5, pr,~e-d.  

The design of a facility that can produce very hot brink needs'to take into account 
some environmental factors that are unique to r l a r  ponds. It is these factors and how 
tke concept of the solar pond fits into the infrastructure of the surrounding countryside 
and population demographics that need to be considered. 

R. Peter Fynn is a Research Associate in the Department of Agricultural Engineering at the OhioStatc 
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The follouring subjects will be considered in this discussion: 

1. The installation situation 
2. Siting the! solar pond 
3. Land use and ownership 
4. Solar pond design - . - - ., 

5. Lining !he solar pond 
6. Brine supply and quality 
7. Sertiug up the gradient zone 
8. Using the heat 
9. Modeling 

. *. . 
THE INSTALLATION SITUATION I 

The problem is to design a solar pond facility that will eventually provide electricity 
for the rural population of a country in the tropics. We will use the Dominican 
Republic as a case example. The electricity supply at present is generated from 
hydropower dams and imported fossil fuels. Importation of fossil fuels is a major 
consumer of scarce foreign exchange capability. However, sunlight is abundant; thus, 
the possibility of elec!ricity generation with solar energy merits detailed investigation. 
Two sites in the Dominican Republic will be considered. Their characteristics are 
listed in Table 4.1. 

TABLE 4.1 

Characteristics of Two Alternatke Sites tor Tropical Solar Pond Assessment 

Solar radiation, w/ma 
Water access Bncm 1 km Fresh 1 km 
Mt Jcces 
Ambient temperature O C  

Groundwater temperature O C  
Groundwater depth, m 

r Land slops 96 
Ground cover light scrub none 
Accessibility by road 
Proximity of overhead lines 

The sites are somewhat similar, and at first glance seem to be equally appropriate 
for solar pond development. However, their differences will become apparent later. 

On traveling to the sites and studying the demographics of the population and :he 
energy use and distribution within the areas, it is noted that the use of electricity is 
confined to refrigeration, lighting, radio, television, and ironing, with some other 

... . , -. 



miscellaneous items that differ from house to house. The electric load curve is 
remarkably flat except for the late evening, when it increases due to increased use of 
lights, televisions, and radios. Any electrical supply system must supply a load 
throughout the day and nighc thus, a storage system of some son is need& A solar 
pond lends itself naturally to such a situation; thelarge volume of brine in the bottom 
of the pond serves as a buffer, accumulating heat during the periods of sunlight and 
holding it through the nights and overcast days. If the solar pond can be built 
economically and in a responsible manner, taking into consideration such factors as 
the environment, markets, and people, it can be both productive and environmentally 
benign. 

Solar energy is a diffuse form of energy and requires a large land area to collect it. 
For example, a one megawatt power plant, locatcd at either of these sites and 
operating continuously, would require approximately SO hectares, or 125 acres, of 
flat land for the pond alone. This figure is, of course, subject to detailed design, but it 
sufices to demonstrate that the solar pond is indeed a s~nall sea that is boiling hot. 
Smaller ponds rm be built to give the same output, but the output will not be 
continuous for a 24hour period. 

Once the solar energy is collected, it is stored in the solar pond as heat. This passive 
collection feature is characteristic of the solar pond. The radiation penetrates the 
solution and heats it up, so the bottom part of the pond becomes hot. It can actually go 
above the boiling point of water. But if it goes above the boiling point of the brine 
itself, the pond will have some stability problems, and the gradient will probably be 
destroyed. This need not be catastrophic; the gradient can be reestablished. The hot 
brine in the bottom of the pond can be used to boil a low boiling temperature fluid 
such as Freon@, which can be used to drive an engine that drives agenerator to make 
electricity. It sounds simple, and in principle it is. But in practice, there are some major 
problems associated with the siting, building, and operation of a solar pond. 

THE SOLAR I P ~ ~ B  SITE 

The siting of the solar pond is critical to the success of the project. A solar pond 
depends on the inherent insulation properties of dry soil to provide protection against 
excessive heat losses downwards and sideways into the ground. The close proximity 
of a salt supply and a water supply; brackish or othawise: lea& to a dramatic 
reduction in the initial costs of the solar pond.-Such a a s t  reduction is essential if the 
solar pond is to be an economic provider of electricity. 

The following criteria should be taken into account in the site selection process so 
that the selected site satisfies as many requirements as possible. 

SUBTERRANEAN WATER 

Water below the ground can be a major prob!em in the performance of a solar 
pond. A shallow water table can lead to large heat losses to the ground below a solar 
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pond due to the large thermal conductivity (up to2.6 watts/meter/OC) of the wet soil. 
Contrary to expectations, experience has shown that the heat in asolar pond will not 
necessarily dry out the soil beneath the pond, particularly if the ground water is 
moving. It is important that the ground be free-draining immediately under the pond, 
an3 that the water'table dbks iiot dome toodose to the bottom of the pond, or the 
storage efficiency of the pond %ill be severely impaired. 

The two sites mentioned above have a rather shaliow ground water depth, but 
these arc real-life com~romises that have to be met. Advantages of the sites may 
outweigh this disadvantage. The water depth is from 2 to 4 meters below thesurface. 
A simple computer model shows that, with a reasonable soil thema1 conductivity 
(2.0 watts/meter/OC) and a ground water depth of more than 2 meters, the solar 
ponds can achieve and maintain temperatures above 8WC, while supplying a 
significant amount of energy for conversion into electricity. However, with the 
ground water at a Cmeter depth, the temperature maintained can be above 90°C. 
This can make a significant difference in the thermodynamic performance of the 
thermal energy conversion machinery. 

AVAlLABlLlTY AND QUALITY OF WATER 

Water or brine is required for the establishment of the solar pond, and for its 
continued operetion. The initial quantities of water or brine required are large. 
However, once established, brine (or salt) can be recycled and water is only required 
for washing the surface of the pond, and for make-up of evaporation losses. 

AREA CARTOGRAPHICS AND DEMOGRAPHICS 

Maps, photographs, and other site-related data for the areas shnuld be studied to 
make sure that the ponds are sited in suitable areas that can make use of the power 
supplied by thesolar ponds. The maps and photographs milst be verified by site visits 
and discussions with the local populace. Slope of the land is an important feature in 
site selection. Slopes of more than one-half of a percent will mean ;hat the land 
leveling costs could make the site uneconomic, depending on the pond design. Slopes 
of less than one-tenth of a percent may be regarded as being Rat. 

SOLAR RADIATION AVAILABILITY 

Solar radiation availability actually pkys a small part in Qe siting of a solar pond in 
many parts of the tropics. The reason for this is that insolatiori in the tropics is high, 
and the difference in cloudiness that may exist from one site to another is often 
outweighed in the site selection process by other advantages and disadvantages. The 
solar pond efficiency is calculated from a combination of insolaticin input, load, and 
losses to the ground and the air. These have to be balanced to determine optimal 
performance for a solar pond at a given site. This physical optimum must then be 
balanced with other local conditions and requirements (discussed below) to select the 



LAND USE AND OWNERSHIP 

investigators must check site records by going to the local Agricultural and Land 
offices and ascertaining who owns the relevant tracts of land. In the two cases 
considered here, the land is owned by a government agency and is not used for 
agricultural production at either site. At one site, the land is saline and supports a 
growth of cactus and thorny scrub. There is no apparent use for the land in thearea of 
the site, except as evaporation ponds for salt production. 

The solar pond requires low-priced, flat land. For this reason, it is important that 
thc land have little or no commercial value so that opportunity costs of construction of 
the solar pond arc minimized. It is hoped that previously unproductive land can be 
made productive by the installation of asolar pond. Ownership is also frnportanc that 
is, if the land is owned by an individual or company, it will havea market value which 
is related to its current use. When the land is owned by the government, and it is 
unproductive at present, it will not have an established market price and its value, or 
opportunity cost, may be difficult to estimate accurately. 

SOLAR POND QESDGN 

Thedesign ofthe solar pond draws heavily on the experience of those who work in 
the field and upon the civil engineering industry. The pond will be built, operated, and 
maintained by local people, giving them a pride and feeling of accomplishmerrt. 

The starting point is one of area, How is the area derived? The annual average 
radiation for the sites has been given as 200 watts per square meter. From research 
and experience, it is known that the collection efficiency of a solar pond with a typical 
configuration, which will be discussed below, will be on theorder of 30 percent. The 
storage efficiency will depend on the type of soil and the ground water depth under 
the pond, and upon the thickness of the gradient zone in the top portion of the pond. 
On an annual basis, this can typically be 6rom fircent to 60 percent efficient. There 
will be loss when converting from heat to electricity, and, st the low temperatures 
encountered in a solar pond, this efficiency is typically 6 percent to 7.5 percent. 

Thus. using the average insolation and typical efficiencies given above, the gross 
output of the pond can be calculated as follows: 

Gross output (watts/mZ/yr) ='2W x 0.3 x.O.5 x 0.067 = 2.01 

Multiplying by the number of hours in the year, 8760, yields the number of 
watt-hours per square meter per year that may be delivered by the solar p o d  
(Merriam 1983): 

2.01 x 8760 = 17,600 whr/m2/yr = 17.6 kwh/mZ/yr 



This figure can now be used on a preliminary basis to establish the dimensions of 
the solar pond required to provide a given amount of electrical energy on a 
continuous basis. Of course, electricity may be supplied at a faster rate but for a 
shorter time each day. This calculation is based on a supply for 24 hours a day. 

For example, the sola pond area required to give a gross electrical output of 1 

I 

Of course, this number cannot be used as a final area figure. A qualified, 
experienced solar pond design engineer will take id0 account the site conditions and 
will conduct computer simulation rufrs taking into account the variations of solar 
radiption, the ground water depth, the soil thermal characicktics, the depth of the 
solar pond, the pattern of euergy use, the pumping requirements of the solar pond, and 
any other unique site factors that may be h m e d  relevant 

SOLAR POND DEPTH 

The depth of the lower convective zone of the solar pond is dictated by the 
requirement for thermal storage or capacitance of the system. However, the deeper 
this zone is, the more salt that is required, and salt is a major cost of the system. Thus, 
the delr;,.. of the lower convective mne is a trade-off between the increased storage 
capacity and the increased cost of salt Thermal storage capacity is not a major 
requirement of the system in t e r m  of s o h  pond operation in most parts of the tropics, 
whereas the cost of salt is usually a major factor. However, a low temperature zone at 
the bottom of the .mhr pond ruay be introduced to reduce bottom heat losses. 

There is an ontitmum gradient tone depth calculated from, on the one hand, the 
need for a deep zndient mne for insulation properties, and, OK the other hand, the 
need for a shallow gradient zone for high radiation tmsmission into thestoragezone 
of the solar pond. Figure 4.1 is a gra@ showing the energy penetration into a solar 
pond, the energy losses from a solar pond, and the net energy gain plotted against 
gradient zone depths. A gradient zone depth of 1.0 to ! .S meters gives an optimum 
energy collection percentage. 

All solar ponds that are in operation have an upper convective zone depth of some 
significance. From experience, an upper convective zone depth of about 30 
centimeters will pro3ably exist at the top ofthesolar pond. Thus, the configuration of 
the solar pond wiil probably be as follows The upper convective zone will be 0 3  
meters deep, :Benon-convective, or gradient zone will be about 1.2 meters deep, and 
the lowcr roavcctivr, or storage, zone wii  be from 1.0 meters deep to 2.0 meters deep 
depending on requirements. 
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into the ground. There are three reasons fir thk. The first is to conserve capital. The 
salt in a solar pond is often one of the most expensive components, and that 
investment should not be lost unnecessarily. The second is to conserve heat. The soil 
underneath a solar pond is the insulation against downwards heat loss, and the soil 
thermal conductivity increases rapidly with q increase in soil moisture content (Fynn 
and Short 2983). Third, in some ares, the seepage of concentrated brine may 
constitute a threat to groundwater quality. The function of a liner is to prevent all 
three thing from occurring. 

A number of liners have been used with solar ponds.'It is necessary to select a liner 
that resists, on a continuous tas$ temperatures of up to 1 10°.C (230°F), degradation 
from salt, and breakdown from ultrav"lo1et rays in the solar radiation. A liner that is 
manufactured locally is preferabldt this b also a'hikh-cost item. The area of the solar 
pond is large, so z large liner is needed It is advisable to spend some time selecting the 
right liner option to provide the optimal combination of quality and economy. A 
partial list of liners that have been used for solar ponds include 

I. High Density Po!yethylenc (WDPE)--40 mil. This liner is manufactured in rolls. 
These rolls are laid on the ground with one edge overlapping the edge of the 



adjacent roll. The edges are then welded togetha using a specially developed 
welder. This material is available &om Gundle Lining Systems Inc., 1340 Richey 
Sorid, Houston, Texas, USA. 

2. M-303 5-ply Hypalon membrane45 mil. This liner is also manufactured in 
rolls as above. The seams between adjzcent rolls are made using an adhesive 
between the surfaces of the two edges to be joined. This material is available kom 
Burke Rubber CoMpBdy, 2250 Souffi Tenth Street, San Jose, California, USA. 

3. XR-SSP splar pond liner--40 d, This lincr is also manufaaured in rolls which 
are laid o ~ t  and overlapped. The overlap is heat sealed using a speciak machine 
developea for tHe purpose. This liner is available kom the Seaman Corporation, 
102 N. Washington Street, Millersburg, Ohio, USA. 

-411 liners considered here have 'been used extensively for liquid containment, and 
some have been used in solai p&d' work. The designer would do well to investigate 
the liner proposed, and to obtain details of the performance of any proposed liner, 
particularly if it is made locally. 

It is difficult to give an accurate estimate for the cost of liners Generally, liner pries 
are qsoted free on board (FOB) the fectory, which is often fat from the site of the 
proposed solar pond. However, examples of the range of prices per square meter are 
helpful in estimating the local cost of a liner (Table 42). 
Thse figures are based on quoted prices for liners for a zohr pond of 50 hectares 

(125 acres), and it can be seen that they differ markedly. For s d l e r  ponds, the wit 
prices will increase substantially. The total liner price, installed, for a 1 megawars solar 
pond (continuous output) thus varies between $1,320,000 and $4,285,000 (U.S. 
dollars). By comparison, the capital cost for new fossil PueleJ power plants varies 
between $2,500 to $3,000 per kilowatt; clearly, a solar pond Ewr installed price of 
between $1,320 and $4285 per kilowatt is a very significant fador in the cost 
equation. However, the oprating cost of a solar pond power plant is low compared 
with that of a fossil fueled power plan1; the fuel is solar radiation. 

TABLE 4.2 

Liner Prices per Square Meter for a 50-Hectare Solar Pond in 9.S. Dollars 

TOTAL Cost, Insurance, and Frtight(C1F) 

Installation (local) 

TOTAL PRICE (U.SS/m2) 

3.. -t,t 
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BRINE SUPPLY AND QUALITY 

The quantitis of sodium chloride required in a salt stabilized solar pond are 
lage-approximately 0.4 of a tonne per square meter of p n d  suhce area A 
one-hectare solar pond would therefore require approximately 4000 tonnes ofsalt for 
pond stabilization. This h a considerable amount of salt and its provision caa severely 
affect the price and suppiy of salt in the country if it were to be purchased on the open 
market. Brine or salt must be provided at a low cost so that the solar pond can be 
economically built and run to provide electricity at a price compatible with the price 
of electricity available fiom other generating devices. m e  value of the salt in a pond is 
one of the largest single cost items, so the control of this cost is essential to achieving 
economic viability. 

Prices of sodium chloride in crystalline form are typically $25 to $40 per tonne 
(U.S. dollars). At the lcwer price, this is equivalent to an investment of $5,000,000 for 
a 50-hectare,l megawatt solar pond. Such a cost, together with the liner costs 
mentioned above, can make the solar pond uneconomic unless the salt can be 
regarded as having a residua1,or salvage, value. Even so, a major amount of capital 
would be locked up in the cost of the salt. Regardless of the accounting techniques 
used, it is desirable for several reasons that a solar pond project supply its own salt, 
idedly in the form of brine. Fit, the purchase of such a large quantity of salt on the 
open market could lead to rapid price increases. Second, production facilities could be 
used to build more solar ponds in the vicinity. Third, the brine production facilities 
would be under the control of thesolar pond faalitr, thus, the cost of the brine would 
be less subject to market variations. Of course, local labor would be used to produce 
the brine. 

A solar pond can make use of a variety of qualities of water, provided that there is 
not a chemical reaction between the different salts present to form cloudiness within 
the nonconveaive zone of the pond. Thus, I c d  brackish water, sea water, or potable 
water can be used. Generally, however, potable water is too expnsive to use for a 
solar pond. 

Water is required for the establishmei:t of the sqlar pond, and for its continued 
operation. The i;;'ial quantities of water required are large in a pond that is 
approximately 2.5 meicn deep. Hoyever, once thesoh pond is established, water is 
only required for washing the,surfag of ac; pppd and-for replacing evaporation 
losses. 

The maintenance of the cbrity of the water in a solar pond is essential to the 
efficiency of the pond A small degrbdation in water clarity can jeopardize the 
operation of an electricity-producing solar pond by decreasing radiation input and 
thus reducing the pond's lower convective zone temperatwe to a temperature at 
which thegenerator may not be able to function at the required load Combinicg the 
two facts that the cost of a solar pond operation is strongly influenced by the surface 
area of the pond, and that the output for a given area is strongly influenced by brine 



clarity, it is essential that the pond be maintained as clear as possible. The question 
then arises, how clear is "as clear as possible'"? 

In the following discussion we will try toanswer that question using two curves of 
radiation transmission and a mathematical analysis (Nielsen 1980). The two curves 
used are as follows . . . .  - .  
A. Fi yh 4.2 shows a curve tor lhar radiation transmitted to depth z in a solar 

pon& expressed as a fradion of radiation at thesurface of the solar pond, Io. The 
equation fqom which this curve was drawn is: 

(1) IZ = b x 0.5277e-0.3284~ % 

where IZ is the radiation transmitted to a plane z meters below thesurface of the 
pond, and b is the radiation at the surface of the pond. I 

! B. Figure 4.3 is a curve s&owingsolar radiation transmitted to depth z in a different 
solar pond, expressed as a fiaction of radiation at the surface of the solar p n d ,  lo. 
The equation from which this curve was drawn is 

(2) 1, = b x 0.5537e-0285~ 
where I, z, and I. are as before. 

The difference in the fiaction transmitted to a depth of 1.5 meters can be seen to be 
12 percent, with equation #2 giving the better fraction transmitted. This figure is 
derived as follows. The radiation raived at 15 meters below the surface is 3224 
percent for equation #I,and 36.1 percent for quation #2. The difference between the 
two is 3.86 percent, which is a 12 perant increase above 32.24 percent. 

FIGURE 4.2 Graphical representetion of equation #1 showing percent of 
surface radlatlon transmitted to usrylng depths In a solar pond. I 
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difference t~ obtain a good thermal emciency within the t h e r d  constraints of the 
solar pond and the environment. At the heat extraction level, heat flow will be going 
to two heat sinks. One is the ground, and the other is the load If the solar pond 
temperature is W C  at the heat extraction level, conditions for our averagesite dictate 
a ground heat loss of about 44.0 watts p r  square meter. This is cdculated on the 
supposition that theground water depth is 3 meters, theground water temperature is 
24OC, and the soil thermal conductivity is 2.0 watts per meter degree Celsius 

In the two cases above, how much energy is left to be extracted to drive the electric 

In the first case, using equation #I, one fin& that at an extraction depth of 1.5 
meters in a pond of theabovc configuration, and a temperature increment of 90.26 = 
64°C. there is an efficiency of 24 percent. At an input of 200 watts pei square metcr, 
this gives an energy availability of 200 x 0.24 = 48 wattdsquare meter. The bottom 
heat loss is 44.0 watts/square meter giving a net available energy of 4 wattslsquare 

In the second case, using equation #2, with the same conditions as above, the 
efficiency is 27 percent. At the same Input of 200 wattdsquare meter, this gives an 
energy availability of 54 watts/square meter. Bottom heat loss is the same at 44 
watts/square meter, giving a net available energy of 10 watts/sqme meter. The 
increase is 10-4 = 6 watts/square meter, which is an increase in output of 130 percent. 
This may be surprising, but it is a consequence of a high water table and a small 

difference in the turbidity of the gradient zone. It simply goes to show that the clarity 
of the gradient zone is extremely important, and that the ground heat losses should not 
be underestimated It should also be pointed out that these figures are gross heat 
output figures; they have not been converted into elec5cal output figures, which need 
to take into account the power cycle efficiency. 

SETTlNG UP THE GRADIENT ZONE .. . 
Sometimes, would-be solar pond operators find setting up the gradient zone a 

di;licult problem. Thegradient zone is naturally stable; the salt diffuses so slowly that 
thc zone will not mix itself. In some solar ponds, the zone can be set up by the 
Zangrando method (Zangrando 1980). Basically, this method requires that the solar 
pond k filled with a large quantity of high-gncenuation brine (24percent). Then 

dilution toward the surface of the solar pond. 
In the situation of making brine from the sea, it will pay in time-and therefore 

money-to introduce the concentrated seawater to the solar pond when and as the 
concentration becomes correct for the application. Thus, a large quantity of 24 
peroznt by weight brine will be made first to establish the lower convective zone of the 
solar pond Then, as theseawater becomes concentrated to the appropriate level-22 
percent, 20 percent, 18 percent, etc.-the appropriate quantities of concentrated 



brhe will be pumped onto ahe surface of the pond using a flat spreader floating on the 
surface of the solar pond to distribute the brins horizytally. This will provide W e t e  
layers of decreasing concentrations of brine t@t $11 trnd up building the gradient 
zone. In the case of the-salt coming from the mines; the gradient zone would be 
established using the Zangrando method. 

USING THE HEAT 
.. .. 

The energy in a solar pond is stored as heat in the lower convective zone. In order to 
use this energy, it is necessary to be able to extract this heat. This can be done in 
various ways. The most tsual k to pump the hot brine to a heat exchanger or 
evaporator outside the solar pond Some work has k e n  done on the installation of 
heat exchangers within thesolar pond, but there a c  problems with maintenance and 
corrosion that need to be taketi into account (Fynn and Short 1983). The difficulty of 
providing support and maintenance for a large heat exchanger in a solar pond of 50 
hectares (125 acres) or more has not really been addressed. However, the pioblems 
asa5ated witb pumping the hot brine are not to be taken lightly either. The main 
dimculoy is that the tercperature encountered in the solar pond results in low 
thermodynamic efficiencies. As a result, Iarge quantities of brine have to be pumped 
in order to extract the energy stored in the pond. This is one of the engineering design 
challenges facing solar pond designers. However, the analysis of heat exchangers is 
well-known, and careful design and attention to detail should suffice to create a 
system that will be suitable for the purpose. 

Pumping the hot brine will not disturb the gradient zose provided that the diffusers 
are correctly designed to extract and return the brine in a horizontal plane and at low 
velocities. More work needs to be done in the area of brine extraction, but that work is 
required to see how best to reduce pumping requirements. Reasonably good 
informaticll exists on minimizing gradient zone erosion, but further work should atso 
be done in this area. 

The hot brine can be passed through an evaporator to boil a low boiling 
tempemure liquid wbich carn be used to power a machine to provide mechanical 
work or electricity. The design of such machinery is best left to the experts in the field 
of low temperature machinery who know how to select the working fluids and vho 
have a good knowledge of the organic Rankine cycle and other practical engine cycles 
for the extraction of work by expanding a vapor. 

MQDELING 

An essential part of the application of solar ponds is the mathematical modeling of 
the process of heat colleaion, loss, storage, and use (Hull 1980, Kooi 1979). This 
procedure is essential to the correct design of the solar pond facility. Of course,the 
predictions made are only as good as the instruments that collect the data. To take 



readings from a pyranometer which may be one square centimeter in area and 
calcelate the output, from asolnr pond of 50 hectares may seem inadequate to some, 
but it is state-of-theart technolo~gy. It is better thanguessing with no data input at all. 
Much modeling of solar ponds has been done at the Ohio State University; this work 
has revealed many of the limitarlcs and difficulties with mcriteling. Knowing which 
areas are particularly sensitive is helpful in predicting performance. However, in new 
areas, some sort of pilot projea should be undertaken to verify the model, the energy 
collected, the output and the performance of all the ?arts of the solar pond. Then a 
iarger solar pond can be built. 

How big should Zhc pilot project be? Should it be 1 hecaaic, 5 hectares, or 50 
heaares? It depends what one is prepared to risk ir; terms cf money and time. A large 
mong risk on a large project may well pay off if it works as well as or better than 
anticipated, because much time will have been saved and a large step forward will 
have been made. Even if the system does not work quite as well as hoped, the risk may 
be worth it. The security of a country is difficult to measure in monetary terms, and 
the local production of energy in many countries may lead to improved security for 

CONCLUSIONS 

Of the two sites in the Dominican Republic that were examined as illustrative of 
the analytical issues and approech for solar pond siting, site 1 ranks highs for a 
number of reasons. Thse reasons include the results of computer modeling and the 
observations made during visits to thesites. Two faaors stood out-one was the cost 
of rocksalt and the other was the effect afground water depth. Thecost of rocksalt at 
site 2 was prohibitive, bei~gabout $45 per tonne. Interest cost on this alone would be 
a large portion of the cost of the solar pond installation. Much of this salt is used 
locally, and the disruption of the market would be Fevere. The mathematical 
simulation showed that, with the shallow ground water level at site 2, the heat loss 
from the bottom of the solar pond was excessive. In contrast, the seawater at site 1 
could be used to make evaporation ponds, and ohere was plenty of Sand available to 
build such evaporation ponds. The ground water level was deeper, and the simulation 
showed that, although it needed to be watched, the heat loss to the ground was not 
excessive. Other factors such as the proximity of agricultural iand and a large 
freshwater fishery, and a problem with cgoling water militated against site 2. Site 1 is 
on saline land with no agricultural land nearby. Any tisheries located near site 1 are 
using seawater, and cooling water is availab!e in a nearby drainage canal. Although 
site 2 may be able to support a solar pond facility, site 1 is the logical choice for a pilot 
project. From the results of that pilot project, further ponds may be built in other parts 

We believe the t h e  has come for the"production" solar pond. However, the siting 
criteria and appropriate use of the solar pond are crucial to its success and continued 



use. One cannot afford to be ovcrl;. riptimistic about such systems, nor to prom. 
unreasonable results. However, it appears posshle to build solar ponds that u 
produce electricity from solar energy using local resources, local permnnel, and I 
impofled fuels. 
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FUEL USE IIM RURAL HOUSEHOLDS 
IN THE CENTRAL PHILIPPINES 

Fern E. Hunt 
Lucylen 6. Ponce 

INTRODUCTION 

Noncommercial (tradihonal) fuels were generally ignored in past analyses of 
national energy consumption However, such fuels have received increasing attention 
in recent years with recognition that excluding them lea& to erroneous conclusions 
about total energy needs in national policy and program development. One reason for 
the omission of traditional fuels from energy analyses in the past was failure ta, 
recognize the magnitude, of use and the impending problems associated with 
continued consuiription at current rates. An associated reason was lack of dara 
(Dunkerley and Warnsay 1982, Revelle 1978, Landsberg 1979, and Tinker 1981). 

In developing countries, a relatively small percentage of the population genecally 
has accas to c~mm:rcial energy sources (Brown 1978). Where commercial forms of 
fuel or enerz sources are not available, w4 and epi nltural residues are depended 
on for nzcasa-y energy. Households are thc Lw4t.r ~:sal.cumcrs of noncommercial 
(traditio ,ail fuel;, a:::; f i rewd and cmarcop? are used extersively ia urban as well as 
rural households ia marry developing courrtries. Fuel scarcity imposes hardships, 
particularly on rural poor households (abut 50 percent of ;he world population) 
who must use vcbus form of the biomass available as their souices of energy for 
cooking and water heating (Dunkerley and Ramsay 1982). 

Choice of energy technology has long-term impacts on regions and is a worldwide 
concern. The constant search for firewood for households, combined with clearing of 

I 

wooded areas for agricultural purpostsand with indiscrimina'nt logging operations, 
has resulted in widespread de6resration'in many parts of the world. The deforestation 

I 

has produced serious environmental consequences as well as implications for daily 
ii..es of local populations. Overuse of biomass for fuel can result in increased time 
required F.rr fuel gatherig and lowered agricultural productivity (Tinker 1981, 

I 
I Dunkerley rnd Ramsay 1982) not only through soil erosion in denuded areas, but 

I - 
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also throl:qh diversion of crop residues from crop production applications to use for 
fuel. En addition, loss of forests may lead to extinction of plant and animal species and ! 1 

I .  

deterioration of watersheds, culminating in disastrous flooding and mud slides during 
rainy seasons (Dunkcrley and Ramsay 1982, McCue 1982). 

The Philippines is among the developing countries reported to be experiencing 
rapid deforestation. The Philippine nation has olrer 7000 islands with a total land area 
of about 30 million hectares, about 60 percent of wh~ch is in upland. Most of the 
uplands were origihally covered with trcpicd hardwood rainforest, but in the 
twentieth century, especially in the past 25 years, about two-thirds of the forest cover 
has been removed in logging and fkrming operations. In Leyte Province, Zhe site of the 
study reported huein, about one-half of the land consists of uplands and the other 
hzlf, coastal plains. Primary forests .. cover .. about one-fourth of the total area, less thm 
40 percent of the original forest cover (MADECOR 1981). 

Ninety-three to 95 percent of the annual total commercial energy used in the 
Philippines is supplied from oil; however, about two-thirds of the total national 
energy consumption is estimated to come from noncommercial sources (farm wastes 
and fuelwood). In Region VIII, where this study was conducted, the household sector 
is reported to awmnt for the greatest share of energy consumption, arid wood is 
reported to be the most important fuel. Ener~y consumption by various sectors of the 
economy in Region VIII has been estimated (MADECOR 1981) as foilows 

Household 

Rural industries 

Although the largest share of energy consumption in the region is attributed to 
households, household we of fuel is seldom mentioned in the literature as a 
contributor in deforestation 

Cecelski et al. (1979) s u r n m a r ~ l  the teasons for need to investigate household 
energy tlsage in less-developed countries from the household and the public policy 

The provision of household energy needs takes up a substantial pan of the murccs  of 
poor households-either in cash or in time ... required to gather the materials. The 
problems are Likely to be more acute in the future. At the lowest income levels, energy is 
used almost exclusively to satisfy the most basic human needs, in particular, food 
preparation. Curtailment in consumption leads to a decline in nutritional status 
Household energy consumption accounts for a major part of total enagy consumptian 
(50% or more) in developing countries, and a substantial part of this share is consumed 
by the poor. Overuse of firewood, the main fuel particularly of the rural poor, a n  lead to 
widespread deforestation and soil erosion, thaeby reducing agn'cultural productivity, 
and can even lead to flood disasters in regions having rainy seasons.(p. 1) 
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This descriptive study was conducted to contribute information on types, amounts, 
sources, and ways in which fuel is obtained and used in households in aselected rural 
area of the Central Philippines. Also, factors associated with usage and homemaker 
attitudes toward fuels, firewood productior, and conservation were explored. 
information presented provides some insights into the role of households in 
deforestation in the region. 

METHOD 

Data on household use of energy resources were obtained by personal interviews 

5 with 150 females in chargeof households randomly selected from villages in Baybay, 
! Leyte Province, The Philippines, during the month of August 1983. The sample was 

1 selected from the area within a 20-kilometer radius of Visayas State College of 
! Agriculture. Permission to collect data in the area was obtained from the mayor of 
I 

Baybay. The sampling area was selected in consultation with faculty members at f 
i Visayas State College of Agriculture who were familiar with the social and economic 

conditions in the Central Philippine region. The sampling area was considered to be 
typical ofthr: rural, central region of the Philippines. The region was referred to locally 
as the bbccconut capital of the world". 

The interview instrument was developed at Visayas State College of Agriculture by 
I 
i a committee composed of the authors and members of the faculty of the Department 

of Home Science. The interviewing was compieted by local interviewers who were 

I 
selected and trained in the Center for Social Research at Visayas State College of 
Agriculture. The data were collected in August 1983, a period between the wet and 

I dry seasons in the area. 
In selecting the sample for the study, villages within the sampling area were listed 

and categorized into two groups: coastal and upland. Because of limited time and 
funds, interior viilages not accessible byhnd transportation were excluded. Sixteen 
villages in each of the two categories were identified, and five villages from each of the 
two groups were randomly selected. Households in each of thc five villages were 
identified through the Barangay (community) Captains, and 15 households in each 
were randomly selected for interviews making a t o h  of 150 interviews 

DESCRIPTION OF THE SAMPLE . .. .. 
Distribution of the respondents by selected household characteristics is presented 

in Table 5.1. The primary occupation of almost 80 percent of the households was 
agriculture-rice farming, growing root crops, and coconut farming. A secondary 
source of income was reported by 53 percent of the households. Most of the 
supplementary income came from growing rice, operating sari-sari stores, copra 
trading, root crop farming, and operating piggeries. 



Dir!ribullon of Participants by Household Characterlrtics (N = 150) I 

Main Eowr of income for the hourchdd 
Rite farming 

Nipa sala I 0.7 
Painting 1 0.7 I 0.7 
Addhio~I  smmccs d i w : m  
None 
f opra trading 

71 473 
17 2 1 5  
97 2 1 5  
I 7  21.5 

6 7 6  .- W i a g  3 3.8 
Mnn" fmm children 2 2.5 

2 2.5 
Gambling I 1.3 
" 

I rhoohg-Femnk head of hocrtehdd 
No data 

n 
1 0.7 1 



DlrMbution of Partlcip~tc by Household Characterlstfcs (N = 150) I 
Va?hhk Frequency Percent 



Household sizes ranged from two members (8.7 percent) 20 nine members (8.0 
percent). The average size was 5.7 people, and the mode and median were both 5 
people. Households commonly included one or mcre grandparents and/or other 
relatives. 

Most of the participants and th&r spouses had at least some schooling, but 62 
percent ofrhe wives and66 perentofthe male heads of households had no more than 
six years of cdu~ation. 

Bomes were clustered in small settlements surrounded by the small farm plots. 
Home ownership waS more prevalent than land ownership. Ninety-nine percent of 
the participants reported that they owned or had a mortgiige on their homes, whereas 
only 59 percent reponed that they owned some land. Land holdings tended to be 
small. About 60 percent of land owners owned one hectare or less. Only six 
households had 5 or more hectares and the largest farm reported was 7 hectares. 

Most households had neither gas nor electric s e r , ; ~ .  In general, very few 
households had energy-sing devices other than cookstoves and kerosene lam.= All 
had one or more cookstoves. Battery-powered radios and charcoal-heated irons were 
the most common energy-using equipment besides stoves and lamps (Table 5.2). 
Finding will be reported first on ownership and use sf cookstoves-the major 
contributor to use of fuel in the hopaxholds studied. Information on the acc:lfition 
and use of fuels in the households will follow. 

STOVES AND FUELS USED 

The stoves available to the respondents were simple in design and had no provision 
for control of heat during cooking. Most women know, however, + h ~ :  h e  diffefent 
materials used as fuel differ in their heating characteristics. Also, they know that 
certain stove designs have better results than others with certain fuels. They employ& 
this knowledge of the different stove designs and properties of materials available for 
fuel in their food preparation. Heating characteristics of the different fucls were not 
studied in this survey. Generally, only one cooking Job could be l~andled on a stove at 
one time, and each household owned more than one stove. 

F O U ~  basic types of kitchen stoves were used in the households studied, although a 
variety of design variations may have been represented among them. Lotada et al. 
(1982) reported that he bad faund over 80 styles or variations in design in use in a 
survey of stoves he conducted. Clay (cylinder) and steel (tripod or grate) types were 
most commonly found in the partidpants' kitchens. Almost 51 percent of the 
households used clay stoves, and nearly one-half (46.7 percent) of those repondents 
had and used two such stoves. Steel stcires, either in tripod or rectangular grate form, 
were the second most important type used (46.7 percent), and 41.4 percent owned 
and used two. Fourteen percent of the women said they used stone stoves, and sligStly 



TABLE 5.2 

Ownerlrhlp of Energy-Using Home Equipment In Rural Hourehoida 
near Baybay, Leyte Pwovlnce, The Philippines (N = 150) 

Ownership 
Equipment 

Refrigerator (generally kerosene) 

over onehalf used two of them for cooking. Five of the 150 participating households 
had an LP (bottled) gas stove, but those stoves generally were not used for all cooking 
don- in the home because of the cost and difficulty in obtaining the fuel. 

Cooks!oves were generally located and used inside the house (94.7 percent). 
Although kitchens were fairly open and airy, having open windows and wide cracks 
between bamboo poles from which the walls were constructed, considerable smoke 
accumulated in the kitchen environment during cooking. Practically all of the women 
(99.3 percent) said that the smoke bothered them: 94.6 percent said that it %l?r,t their 
eyes and 5.4 percent said that it aifected their respiratory system, causing coughing 
and throat irritation. 

Usage Patterns: Fuels and Cookstowes 

A11 but one respondent reported that food was generally cooked before every meal. 
In meal preparation, 68 percent of the participants said that they usually used one 
cooking store per meal and 31 percent said they used two. One stove was senerally 
used to cook more than one food. Ifgrains (e.g., rice) were cooked, they were usually 
prepared first. Two cooking pans were commonly ysed by 73 percent of the 
participants, and three pans were used by 24 percent. Foods cooked first were kept 
warm by placing them beside the cookstove while other f& were cooked. 

Most of the women said that s o r ~ e t i r d ~ ~ t l y . b u ~ d  firewood is left after a meal 
is cooked. When that happens, 62 percent said that they gznerally put something else 
on to cook to take advantage of the heat, anA 35 percent said they extinguish the fire to 
save the fuel for later use. 

Best Fuels for Selected Cooking Tasks 

Opinions on the best fue! for cooking varied witt the method of cooking to be used 
(Table 53). W d  and the spine of the coconut frond are similar in b=mhg 
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TABLE 5.3 

?referred Fudo for Cooklng Selected Foods 
.. .. . . 

Foeds a d  Fwlr 

Coconut fronds 
Cocanut husks and shells 

B a m h  poles 

Coconut husks and Bells 108 72.5 
Coconut shells 30 20.1 

Coconut shclls 
Coccnut husks and shells 

14 93 

lFnqueDdes do wt add up to 150 for most cooking methods because not all people did dl typcs ofcoolring 

characteristics and were considered best for boding and simmering (moist heat) 
methods of cooking. For dry, direct heat applications such as broiling and bubecuing, 
the women said that the heat provided from burning charcoal and coconut shells 
provided the desired heating characteristics. In roasting, where less intense heat and 
slower cooking were desired, the respondents said they liked the effects produced by 
burning coconut husks with the shells. Of the 135 participants who responded to the 
questi~;. . "Does the fuel available affect what you cook?" all but one said 'No." 

When speafic fcods were listed by stove and fuel t w  (Table 5.4), the response on 
preference was somewhat different from that on !? aerd opinion of "best" fuel for 

-. 



TABLE 5.4 

Preferred Type 0 0  Stove and Fuel for Cooking Specific Foodr, (N = 150) 

P r e f d  Stow PreCenrd Fcel 

Coconut frond 62.7 

Stone 10.0 
Coconut frond 60.7 

Stone 10.7 
Coconut frond 60.7 

Stonc 10.7 
Caconut frond 573 

Stone 10.7 

Stonc 10.7 
Bananas and breadfruit 

Coconut frond 58.0 

I .. .. 

cooking. Coconut froad and wood were listed most o k n  as the preferred Fael; and for 
every food, coconut frond was the most often preferred fuel. For all but one food, 
those two fuels together were preferred by more than 90 perc&t of the respondents. 
Reasons for fuel preference were notgiven,&ut preference may have been associated 
with cost and availability of fuel. Clay or steel was the preferred type of stove. 
Together the two types of preferred stoves accounted for 80 percent of the responses 
for each food. 

According to Lozada et al. (1982), the most commonly used P'iilippine firewood 
stoves have low to moderate eficiency ratings (5 percent to 12 percent). However, 
their low initial cost and reMve!y long service lifeare important explanatory factors 
in their populrt-ity. 



percent of the repndents was 2 liters or less. Few of the participants heated water for h a  

The majority of the respondents did no water heating with fuel other than for hot 
. .- beverages and cooking food. Those who did report same water heating for other 

h-m 
~t:- heated for purposes other than drinking (60 percent and 36 percent, respectively). In I 

HOUSEHOLD FUEL: ACQUlSlTlON AND USE 

Proper assessment of energy consumptior; and comparison of energy use among 

Water Heatlng 

yinety-five percent of the participa;lts said they heated water for a hot beverage in 
the morning on the day preceding the inteniew. The amount of water heated by 88 

hot beverages at noon (3.3 percent) car for sen&dg later-in theday (12 percent). 
When water was heated for beverages, it was generally done with leftover hot coals 

after a meal ?as cooked (68%), but use of a seprate stove for heating beverage water 
was reported by about one-fourth of the participants 

purposes listed such as sterilizing kitchen utensils, washing feet, and bathing 
a baby. Coconut fronds and .wood were the principal fuels used when water was 

about 80 percent of those cases, not mire than 2 Biters was warmed and the heating 
was accomplished in 15 minutes or less. 

&ors of the economy and geographic areas requires data on the heat values (~tu's or 
joules) of fuels used. An important factor affecting heat value of the biomass used as I I 

A fairly wide variety of locally available biomass was used for fuel in households 
Most fuel use was for cooking. Relatively little fuel was purchased. Eighty-eight 
percent of the participants said they used some combination of noncommercial fuels 
(wood, coconut fronds, bamboo poles, coconut shells, coconut husks, coconut husks 

 he most commonly used fuels were wood, coconut fronds (93 percent did not use), 
coconut husk with shell (57.3 percent did not use), and bamboo poles (72 percent did I I 

duel is moisture content, which varies with season, greenness, and storage conditions. 
In this study, best estimates were obtained on volume of fuel used rather than weight 
(mass) because of the variability in weight due to water content. A desirable next step 
would be to determine heat values for the common volumes or market units of the 
types of biomass reported Acquisition of fuels-and types and amounts used in the 
rural households studied-are described in this section. 

, - . Type and Amount of Fuel Used 

I with shells, chcoal, corncobs, a d  wood shavings) rather than a single type of fuel. I 



COCONUT FROND$: The hard, woody central spine of the coconut palm leaf 
with the sokr ,  1- foilage removed was called the frond. Over PO percent of the 
ho-rseholds reported using at l e s t  some coconut fronds for fuel. Among the users, 
93.4 percent wed 6 or fewer bundles per week (mode = 2, mean = 3.5). Dimensions of 
a bundle of palm kon& were as follows: length, 1 foot (30.5 centimeters); diameter, 
0.75 foot (23 centimeters). 

CCCONUT HUSKS AND SHELLS: Mare respondents used coconut shells (21 
percent) than husks (8 percent). The shells are a dense, hard, thin material in contrast 
to the porous, thick husk. Therefore, the shells liberate more intense heat during 
burnieg than the husk does. 

COCONUT HUSK WITH SHEU: The coconut husk with shell is a popular fuel 
material producing cooking heat with intensity intermediate between that of the husk 
and shell. Coconut husk with shell waq used as a cooking fuel more than either 
coconut husk or shell separately. Forty-three percenL of the repondents reported use 
of the husk with shei~ whereas only 21.3 percent said they used coconut shells anc! 8 
percePit reported use of coconut husks. 'me range in emount reported as used per 
week waq 0.01 to 5.0 sacks. The mean amount was 1.3 sacks per week and the mode, 
1 sack. A sack was used as a unit of dry measure for several fuel materids and had a 
volume of about 50 litns. 

BAMBOO POLES: Twenty-eight percent of the sample reported that they burned 
some bamboo poles for cooking heat A m o q  those who used the poles, the range in 
amount reported was 1 to 9 bundles per week (mode= 1, mean = 2). Dimensions of a 
bundle of bamboo poles were as follows length, 1.5 feet (46 centimeters); diameter, 1 
foot (30.5 centimeters). 

COCONUT LEAVES: Twenty-two percent of the respondents said they used the 
coconut palm leaf as cooking fuel. The soft foilage of the coconut palm leaf is used 
dry, separated fiom the Pond. The dried leafy part igites mdily and is used primarily 
to start the cooking fk:,. . .. .. 
CHARCOAL: Charm4 may be produced from wood, coconut husks, or rice chaff 
(husks). The type of charcoal used was not ascertained in this study. Relatively little 
charcoal use was reporled by the respondents, possibly because it is more expensive 
than some other fuP&. !..ess t h p  five percent of the households reported using 
charcoal, with amounts repdrted r$nfing form 0.25 to 1 gha. The p n t a  is a volume 
measure for dry materials, e s w y  gtahs and legumes, and is equivalent to 3 litres. 

DRIED WHOLE YOUNG COCONUT: Use of dried whole young coconut as 
cooking fuel wss reported by 1.3 percent of the households. Each of the two 
responder& reported using one sack per week. 

KEROSENE Four percent of the households repolted use of some kerosene. The 
amount used ranged from 025 gallon to 25  gallons per week. 



-- 

PROPANE GAS: Propane gas is expensive and difficult to obtain on a regular basis. 
Only two percent of the holpseho\ds reported its use and eazh reported using one tank 
per mcnth. Onr tank contains about 11 kilograms. 

. . . .  - .  
Gatheclng Fuel , 

shells--were obtailed by gathering (Table 5.5). One or more household members 
usually did the gathering. The fuels wcre obtained primarily from three sources -the 
family farm, the mountains, and/or the village around the dwelling. Tae families 
lived in smd community groupings of houses, and the farms were located outside the 
small villages. Places outside ,he village where fuel was gathered and which wcre not 
owned by the respondents were ref& to as mountains. 

The persons most often reported as gatherers of fuel were the husbands (about 
one-third of the casts); respondeats wae nex* (slightly over 25 percent of those 
reporting colleaion of fuels), and considerabIy less often reported were sons. Helpers 
were most often the respondent or another housekold member other than a son or 

TABLE 5.5 

Methods of Obtaining Fuel 

Palm fronds 
Don't urc 

Buy and, gather 
Cccmut husk 

Don't ur 

Don't use 



Dlrtance of Fuel Source from Home 
Practically all of the respondents lived within 3 kilometers of the sources used; 75 

percent or more lived within 1 kilometer. ']The three households reporting use of 
propane gas travelled farthest-110 to 33 kilometers--to obtain tanks of that fuel. 

Quantity of Fuel Gathered at One Time 

For fuels gathered in sacks (coconut shells, husks, husks witi; shells, small young 
dried coconuts, coconut leaves, and wood shavings), the most comnic? qw:n?jty 
gathered at a time was onesack Fuels gathered in bunda (wood, coconut boncls a;vJ 
bamboo poles) were more often obtained in multiple units. Wood and coconut fmn& 
were mat  often collected two bundles at a time, and about 95 percent of thosr, who 
uscd either fuel g a t h d  no more than five bundles per time. F;r': bamboo polq an 
inh.txluently reponed fuel, more than one-half ~f the respondents using them reported 
that they usually gathered only one bundle at a time. 

Frequency of Gattsring Fuel and Time Spent 

For most of the fuelsgathered, frequency of callecting was most often once a week. 
Coconut fronds, however, more often than other fuels, were gathered twice a week. 

Considerable variability occurred in time required for collecting fuel. In g n e d  
gathering wood was more timo-consuming for more people tha.1 was collecting 
coconat fronds, husk shdls, leaves, or any of the other combuitible agricultural 
residues considered For example, 713 percent of the repondents required 2 hours or 
more to collect wood; whaeas 40.7 percent of the respondents required 2 hours or 
longer to colled bamboo poles, and 60.0 percent required at least 2 hours to collect 
coconut bonds. Nearly half (47 percent) of the women said they ccmbined tiips to 
obtain fuel with otha errands, primarily going to the farm to harvest vegetables, 
gathering root crops, or weeding tbe farm. 

Ease of Obtaining Fuelwood .. .. 
About 35 percent of the participants reported that firewood was more difficult to 

get at the time of the survey than it was 5 years earlier. Reasons given for the increased 
difficulty were as follows 

f 

e Fircwood is scarcer today because there are more firewood lasers than five years 
ago. # 

Five years ago, the source of f u e n w  was nearer than today. 

One-fifth of the respondents said that they have had trouble in getting the fitel they 
need. Reasons were given by ody 18 percent of the women. The problems, they said, 
were as follows 

* Absence of the regular fuel gatherer. 
Fewer tree lots where fuelwood may k gathered. 



Difficulty in gathering fuelwood from the mountain in rainy weatba; also, the 
firewood is heavy when wet. 

* The gathering takes too much time. 

Effect of Season on Use Fatterm and Ease of Obtaining Fuel 

Eighty percent ofthe ~espqdents r$porkd that they use the same fuel in both dry 
and wet seasons. The few who used different fuels said that some fuels are difficult or 
impossible to ignite when saturated with moisture. 

Those who do,not change fuels stock up fuel in dry weather for use on rainy days. 
Over 39 percent of the participants said that it took longer in wet than in dry weather 
to collect fuelwood because the roads arc slippry and the wet wood is heavier to 
wry. According to 59 percent of the respondents, they make more frequent trips to 
collect fuelwood in &y than'in wet weather because they collect extra in dry weather 
to store for the wet season. 

Firewood Storage 

Practically all of the respondents said that they s:are fuel Ior rainy days. Fuelwoai 
is stored in several places: under the house (46.7 percent), under the cookstove 
platform in the kitchen (29.3 percent), in a separate storehow (1 8.7 percent), or in a 
small cabinet in the kitchen (4.6 percent). 

Attitudes on Possibilities for Improving Fuelwood Supplies 

A majority ofthe respondents (61 percent) thought a community tree lot would not 
be a good thing for their barangay. The major reason given was that apportioning the 
wood equa!ly among the barangay residents would be difficult and, hence, the lot 
could be a source of trouble. Those in favor of a barangay tree lot thought it would be 
good for the people in the barangay to have their own source of firewood and that 
fuelwood would be easier to gather. 

In relation to ways to lessen firewood supply problems, slightly over one-half of the 
participants said that they would not plant trees on the land they own and/or live on. 
However, slightly more than one-half (51 percent) said they would plant trees for 
firewood if they were a fast-growing variety which could yield firewood in a year or 
two. The advantages they listed include& 

Firewood would be availab!e in a relatively short time. 
* Firewood would be available when they need it without having to buy it. 
@ Firewood could be sold as a source of money and their land would become more 

Over 90 percent of the respondents identified the ipil-ipil tree (Lzucaem 
leucocephuIis) as one that is fast growing and good for fuel. Those who did not favor 
planting their own fast-growing trees (473 percent) said f i rewd is plentiful in 
the mountains and there is no need to plant t ~ e s  for fuel. Families probably 



considered use of their small farms for food production more important than for fuel 

Fuel Purchased 

Few of the res;;ondents reported the purchase ofany t y p  of fuel. However, among 
those fuels that were purcked, wood was listed most often (12 percent) and 
charcoal, second (5.3 percent i.,i the sample). Five households in the sample of 150 
said they had purchased kercsene; 5 had purchased coconct fronds, and 3 had 
purchased propane gas. 

In most cases, the amount of ;fuel purchased would last a week except far propane 
gas (which lasted as little as 1 month for one and as lofig as 3 n~omths for another 
respondent). All ofthe participanrs who bought fuel said that the helscost moreat the 
time of the survey than 5 years earlier. 

COlUCLUSlONS 

Observations in the literature that households in less developed countria rely 
primarily on noncomnzrcial fuel resources were supported in this study. Firewood, 
various products sf the coconut palm tree (fronds, leaves, coconut shells and husks, 
and immature dried coconuts), 311& to some extent, bamboo were the major cooking 
fuels used in the Philippine cammunity included in this study. This region of the 
Philippines is known as the "coconut,apital of the world." Not only does the coconut 
palm provide a commercial crop in which harvesting does not destroy the plant, but 
also the residues from processing the nut (husk and shell) and the fronds that are shed 
naturally by the tree as it grows provide important fuel resources that are readily 
accessible and accepable to households. 

Residents in the area reported that firewood is becoming scarcer than previously, 
and costs per bundle are increasing. Thdcosis include nor only cash outlays but aLw 
increased time and human energy inputs for those who collect the fireword. 
Reductions in forest bjomass in the area studied are implied in the responss. 

Although firewood is becoming increasingly more difficult to obtain for some of 
the participants in the study, which they attniute to increasing numbers of users and 
the growing scarcity, less than oieehalf of the sample a&ed that community wood 
lots and tree planting on occupied/owned land should be cansidered A chief reason 
offered was that it might be a source of trouble in the community. 

If a community tree lot appeared to be the most appropriate sohtion to the 
problem of fuel scarcity, a system for managing the fuelwood production and 
providing for equitable distribution would need to be developed. Educational 
programs on management strategies and community participation in decision making 
may be needed. 

Once established, the ipEI-ipil tree, a fast-growing variety, can be harvested 
annually. The annual growth fiom a few trees can provide a year's supply of firewood 



for a household. Yet nearly one-half of the respondents said they would not plant the 
trees. A view expressed by some respondents, which might be construed to represent 
lack of foresight on the part of the residents, was that since firewood is still available in 
the mountains, there is no need to plant trees for fuel. Possibly hardship from scarcity 
of fuel has not been felt s~f f i~ i~ i i t ly  by enough people in the area to stimulate change 
in attitude or behavior. , 

~ e a s o b  for reluctance to plant &t-growing trees for fuel should be explored 
further. Most d t h e  respondeno said they owned their home in their village, but only 1 
about 63 percent owned even a small pieceof land. How plaurrting a few fast-growing 
trees for their fuel would affect other valued uses of the scarce land (such as food 
production) about their house or at their farm may be an overriding consideration. 

Clay and sted cook;to;es were the two types most commonly found in the rural 
kitchens and the types most often listed by participants as preferred. b z a &  et al. 
(1982) reported that the steel tripod cookstoves are co more that 5 to 8 percent 
efficient and that their use should be discouraged; further, the efiiciency of the 
half-cylinder clay style is only 8 to 1 1 percent. Improving efficiency of cookstoves has 
been suggested as a logical, practical, and important means of reducing demand for 
firewood. Lozadaet al. (1982) said that the relatively long service life and low cost of 
the steel and clay cooks:~ves were probably the reasons for their popularity. It may 
be, also, that people have felt comfortable ic their ability to prepar2 food to their 
family's satisfaztion with their traditional equipment a ~ d  are reluczznt to change to 
newer types of stoves. Reasons for ppularity of the stoves and ir~!s used were not 
explored in this study. However, such information would be useid in implementing 
any program of intervention. 

In most of the respondents' homes, cooking was done i n d o o ~  Nearly all of the 
women said that the smoke which permeated the kitchen darii~g cooking bothered 
their r7S; only a few mentioned respiratory problems associated with the smoke 
pollution. Information on incidence of eye and repiratory health problems was not 
obtained in this study. Such infomation would provide a basis fcr determining need 
for attention to improved methods of venting tbe stoves and to health care. 
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FlNANClAL AND ECONOMIC 
ANALYSIS OF FUELWOOD AND 

PULP IN GHANA 

Fred J Hitzhusen 
Kwadwo Boakve-Dankwa 

INTRODUCTION I 
The Subri Forestry Project dates as far back as 1971 when the Ghana Forestry 

Department embarked on an intensive reforestation program with the aim of 
converting about 100,000 hectares of degraded forest reserves to plantations of fast 
growing species. To achieve this, exploited areas were clear felled and the trees and 
other ground cover burnt. This involved enormous waste of the country's natural 
rescurces. To eliminate this waste, the government of Ghana proposed a charcoal 
production and utilization projed. One of the areas selected for this program was the 
Subri Forest Reserve in the high forest zone situated 45 kilometers to the east of 
Takoradi in the western region. In order to implement the program, the United 
Nations Development Program (UNDP) was contacted for financing. The request 
was approved in April 1975, and the Food and Agriculture Organization (FAO) was . .. . 
designated as the executing agency. 

The preliminary phase of the project was started in February 1976 with field 
operations at Subri Forest Reserve near Daboase, a village 7 kilometers southeast of 
the southern boundary of the reserve. The Subri Forest Reserve forms pan of the 
catchment area of the Pra River from which most of the water supply for the cities of 
Sekondi and Takoradi is derived. According to the last published management plan, 
the productive area of the reserve is about 224 square miles-(58,000 hectares). This 
together with adjacent reserves totals more than 200,000 hectares. 

The forest type in the project area falb within the tropical moist semideciduous 
forest, with the Celtis-Triplochiton Association predominating in the north and east 
and the Lophiza-Triplochiton Association in the south. The topography is skxply 

I 
dissected with short slopes of between 30 to 60 degrees and a moderate range of 
elevation which rarely exceeds 150 meters. Drainageon the west is toward the River I 
- 
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The objectives of the project are to estabiish an industrial plantation capable of 
supplying pulpwood for a paper mill and to establish a helwood plantation. In the 
process of plantation establishmec', ~gisilvicultural techniques will be incorporated 
to provide food (mainly plantain). 

General Description 

The project involves establishment of some 2500 heaares oiGzc!im arborea and 
Cussia siamea and using agro-forestry techniques to produce plantain in the eariy 
stages of tree growth. The project will also process the wood gained through clearing 
by making charcoal and timber as well as selling firewood. 

CONVERSION 

The project will be based on the Subri Conversion Technique described earlier. 
The logging operation starts with site planning: marking roads, boundaries, and 

processing sites. This will be followed by cutting of climbers, underbrush clearing, and 
selecting of standards. 

Sawmilling h Gone at each conversion site. One mobile sawmill is on each site. The 
mill ai'rows conversion of logs up to 5.5 meters in length and up to 2 meters in 
diameter. Each miii wi!! have an input of 15 cubic meters (m3) of logs per working 
day, or 3750 m3 per year. There will be the need to install a stationary sawmill at 
Daboase to take care of 15,000 m3 additional logs available, and another 15,000 m3 
per yeu  classified as export trade species partly suitable for local conversion. 

At least 80,000 m3 will be available for charcoaling and this wood has to be 
removed from the logging site to facilitate reforestation. One m3 will give 130 
kilograms of charcoal. Total production of ciharcoal will be 11,000 tons per year. 
Charcoal production in semimobilc 51x1s has beetrsuccssful. A unit consists of five 
men and two kilns producing 120 tons per year. Total production of charcoal in 
semimobile kilns will be about 1000 tons per year. Large stationary kilns will be 
installed at the wood utilization center. In addition, some wood will be sold as 

. . .. .. 
REFORESTATION 

Reforestation activity begins with seed collection from existing seed stands of trees. 
The existing nursery is well established; hence, there is no need for a new nurseq. 
Planting starts in the rainy season. After the logging operation, the planting site is 
cleared; clearing of debris requires 8 man days per hedare. Clearing of planting lines, 
pitting, and plant distniution requires 12 man days per hectare. Planting operation at 
5 meters x 2 meters on the prepared site will take 5 man days per hectare. The plantain 
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suckers are planted at 5 meters x 4 meters. They are planted 2 to 3 months before the 
trees and harvested some 9 months later. About 1250 hectares will be planted with 
plantain. Maintenance of the p!antation will be combined with that of the plantain. 
First year weeding will require 10 man days per hectare and second year weeding, 8 
man days per'heuarC'Foi pulpkood there is no need for thinning5 and a longer 
rotation. The next generation will k raised on stump shoots (coppice regeneration). 
Thinning of the coppice to 1 to 2 shoots and brush clearing will take 15 man days per 
hectare. I 

CONSTRUCTION 

Road construction entails constrwtion and upgrading of 14 kilometers per year for 
5 years. There is alrezdy a system of old roads in the areas used by concessionaries, 
and these are estimated to be a b u t  60 percent of the road system. The primary roads 
will be all-weather roads of IG-meter width, while secondary roads will be about 7 
meters. Skidding trails will be constructed as part of the logging operatiqn. Some of 
the logging equipment will also be used for road construction. 

WORKSHOP 

The central workshop of Daboase which has four vehicle repair bays, classroom, 
stores, and electrical shop will be utilized by the project. An estimate has been made of 
the cost to restore the workshop. The workshop will repair and maintain the vehicles 
and machines of the projed, and manufacture parts and items for the project. There 
will be three mobile workshops to make daily maintenance service of the field 
equipment. 

HOUSING CONSTRUCTION 

A total of 20 houses, an ofice block, and labor camps will be built. They will be 
designed to use local timber as much as possible. 

PROJECT MANAGEMENT , 

A construction management team including five non-nationals will be recruited. 

ADMINISTRATIVE VEHICLES 

The project will provide 6 four-wheel drive vehicles for supervision, a 10-ton truck 
to transport materials (occasionally labor), 10 motorcycles, 15 bicycles, a utility car 
for the headquarters, and a 20 percent provision for spares. 

CONSULTANCY SERVICES 

The project will provide for various short-term consultancies to assist with any 

I 
unforseen start-up problems. They will be needed in the areas of silviculture, 
sawmilling, charcoaling, workshop, stores. and market survey. 

.- - 
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ANALYSlS OF THE PULPWOOD 
AND FUELWOOD SCENARIOS 

The followiy section is devoted to the financial and economic analyses of the 
Subri project. The distincitrjn between financial analysis and economic analysis is as 
follows: Financial ana!ysis is based on net returns to private equity capital based on 
market or administered prices; economicanalysis is based on net returns to the whole 
society, freq~ently based on shadow prices to adjust for market or administered price 
imperfections (See Chapter 1 discussion). The economic or cost-benefit analysis 
pur-nose is to obtain a net social value of alternative investment options (the two 
scenarios). This procedure entails a comparison of the benetits to costs of an 
investment over its useful :if& 

Vzrious measures of project worth can be calculated from the projrct cash flow 
tables. This study, however, uses two common, discounted measures: (1) the net 
present value and (2) the internal rate of return. The former indiczzes the difference 
between the present values of the total benefits and casts. The la!!er measure indicates 
the average return on projed resources during the time :hey are committed to the 
project. The pulpwood scenaiio is analyzed first, then the fuelwood scenario. The 
results of the two scenarios are then discussed. Conclusions, policy implications, and 
limitations of the study are then presented. 

ANALYSIS OF THE PULP SCENARIO 

Financial Analysis 

This section deals with the financial aspects of the "pulpwod scenariou for 
Ghana's Subri Forest Project. One of the objectives of financial analysis is to help 
deasionmakers formulate a judgment about the project's financial efficiency, incen- 
tives, creditworthiness, and liquidity (Gittinger 1982). For this reason the financial 
rate of return (internal rate of return) and thknet'present value of the Ghana project 
investment have been used to asses its financial viability. Throughout the analysis, 
the 1982 market prices for various project resources we:e used to estimate the project 
costs, and 1982 farm-gate prices were used to estimate thereturns of the 2500-hectare 
project All the input and and output prices are"constant" price+ with the assumption 
that inflation will affea all costs and benefits equally over the 20 years of the project's 
economic l ik  .. . . .. .. 

The assumptions underlying the project's 20-year life span are that the coppice 
yield may decline after the second generation harvested in years 16 through 20. 
Greater risks and uncertainty about price estima;ion over the longer horizon result 
from the country's economic instability, and the discounted net present values 
become very small due to small values of discount factors beyond year 20 (Gittinger 
1982). The total project costs are divided into operating costs and capital outlay; a 
detailed presentation of these components is presented in Hitzhusen et al. (1984). 



Project Financing I 
A loan of 15 million cedis (about $5.5 million) will be required to establish the 

2500 hedares over 5 years. The loan will be used to finance the purchasing of 
equipment and spares for maintaining equipment. Funds for operating costs, staff, and 
labor will be provided from internal sources. The loan has an interest rate of 10 
percent and a I-year grace perid. Debt service is to be paid in a series of equal annual 
installments f~om years 1 through S.*This is also termed level payments or an equated 
annuity (Ward 1976). In the computation of the cash flow, an equal payment of 
t3,956,955 is thus applied for the first 5 years of the project. The loan in disbursement 
is assumed to be in declining order of 5,4,3,2, and 1 million for years 1,2,3,4, and 5. 
These are taken into account in arriving at the net benefits after financing. 

DEPRECIATION: The straight line depreciation method is adopted assuming no 
taxes are involved. Also, a zero salvage value is assumed at the end of the equipment's 
technical life. The depreciation values are excluded fiom calculation of financial rates 
of return and net present values. All initial capital outlay (t16,761,060) was assumed 
to occur in year zero. Theequipment replaced includes the planting and demraiaion 
in year 4; administrative vehicles in years 6,11, and 16; workshop equipment in years 
6, 11, and 16; and harvesting equipment in year 15. Annual depreciation is 
t 1,875,370 in years 1 through 5; t 1,709,705 in years 6 through 10; and 6570,280 in 
years 11 through 20. 

PROJECT FINANCIAL RETURNS OR NET BENEFITS: The benefit stream 
of the project includes benefits realized from utilizing the waste products during land 
clsiring in the first 5 years. The prodwtsare charcoal sold on site at 660 per ton; sawn 
timbei at t 1.500 per cubic meter, and logs at t 140 per cubic meter. These contribute a 
total annual benefit of t8,130,000 in years 1 through 5, or an undiscounted total of 
C40,650,000. The second part of the benefit stream is the sales of the projed's main 
products (harvest of Gmelina) fiom year 6 through year 20, giving an annual gross 
benefit of 64,713,000, the total of which is $70,695,000. Theestimated total benefits 
are t111,345,000 over the projea life. 

The calculated annual net cash flows are t3,059,544 in year 1, dropping to a cet 
loss of (43,627,298) in year 5, then rising to t 1,844,860 in years 7 through 15. In year 
16 there is a net loss of 61,759,588. From years 18 through 20 the project nets an 
annual cash flow of C1,8%,812. 

Under the internal rate of return efficiency criterion, the project is revealed to be 
financially nonviable and, hence, nonattractive for private investment since its return 
to capital investment of 4.3 percent is less than the 10 percent rate, which is 
considered as the opportunity cost of the capital invested (Earl 1951). Also, the 
project has a negative discounted net present value of $6,625,647 at the 10 percent 
discount rate. 
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Economic Analysis (Pulp Scenario) 

"Once financial prim for costs and benefits or returns have been determined and 
entered in the project accounts, the analyst estimates the economic value of a 
proposed project to the nation as a whole. The financial prices are the starting point 
for the economic analysis; they are adjusted as needed to reflect the value to the 
society as a whole of both the inputs and outputs of the project" (Gittinger 1982, p 
243). Whereas financial analysis is concerned mainly with estimason of the profit- 
ability of a project from the private individual point of view (return to equity), 
economic analysis is concerned with the profitability of the propod project from the 
standpoint of the whole suciety. Thus, economic analysis considers third party effects 
of a projea even though these may not beeasily pricedand adequatelycompensated. 
The necessity of shadow prices in less developed countria in general and Gharta in 
particular is great became of certain features of these economies. The cocxistcnce of 
traditional and modern sectors is one feature which distinguishes these economies 
from those of developed countries. In the Subri Reforestation Project, price adjust- 
ments were cmsidzred necessary on wages, the prices of imported inputs. exported 
outputs, and domestically produced tradeable inputs and outputs. Tiri section 
presents the methodology for shadow pricing foreign exchange and labor which was 
found relevant to this project. 

FOREIGN EXCHANGE: The prices lased for the financial analysis were the 
prevailing prices In Ghana in 1982. At that time, the official exchange rate was U.S. 
$1 = $2.75 Ghana c d s  (Boakye-Dankwa 1982). However, according to information 
from the informal market, the exchange rate at that time was between 50.70 Ghana 
cedis for one U.S. dollar. 

There is no doubt, therefore, that the domestic currency was highry overvalued, 
assuming that a significant amount of tradegoes on in the informa! market. On the 
basis of the information above, it was co~rva$vely estimated that the d s  is 
overvalued (or 2; likely to be overvalued over the 20-year life of thc project) by 50 
percent. The method suggested by Gittinger (1982) was used as follows 

SER = OER [l X Fx premium] t 

SER = shadow exchange rate , 
OER = official exchange rate .. . . .. .. 
Fx premium .= foreign exchange premium 

The shadow exchange rate calculated using this formula turned out to be U.S. 
$1 = U4.125 Ghana cedis; i.e., SER = 2.75 11 + 050] = 4.125. 

This shadow exchange rate was then used to value all the imported inputs. The 
typical approach of estimating the shadow exchange rate is usually not as simple as 
presented here. One of the earliest efforts to calculate the shadow price d foreign 



exchange was that of Bruno (1965) utilized later by Ward (19753 and described in 
Hitzhusen et d(1984). It was not possible to use this approach in the Subri case 
because of a lack of adequate data. 

SHADOW WAGE RATE-The mge rates used in the financial analysis of this 
project were those obtained from a visit to the project area in Ghana by Boakye- 
Dankwa 0982). It was observed'that'the project waee rates were higha than the 
government wage rates to enable the projed to attract h e  required number ofskilled 
personnel. For the purpose of the economic analysis, the following categories of 
workas were identified: 

1. Professionals (eg., executives). 
2. Skilled workers (e.g., mechanics). 
3. %mi-skilled workers 
4. Unskilled workers (laborers). 

Because of the relative scarcity of professionals and skilled workers, it was assumed 
that they earn salaries that reflect their true value marginal product and as such no 
adjustments were necessary (Gittinger 1982: 

Therefore, it was only necessary to e s t i ~ t e  a shadow wage rate for the semiskilled 
and unskilled workers The unemployment c\te among these categories of workers is 
about 15-20 percent (Earl 1981). However, the actual rate of unemplo;.r;rent among 
these categories of workers in Ghana is probably higher than this, given the worsening 
economic situation there. The method utilized by the World Bank was used in this 
study because ofthe ease of computation, data availability, and the special situation in 
Ghana. The World Bank values labor according to the principle of opportunity costs; 
that is, giving it the value (in domesticcurrency) of output fcregone by taking it away 
from its previous employment and utilizing it on the project (Gittinger 1982). In 
determining the opportunity cost, the extent of unemployment is considered. Whcn 
unemployment is "serious," family labor is usually valued at zero and hired labor is 
valued at some fraction of the market wage. Where unemployment is not Useriow" 
hired labor is usually valued at the market wage and family labor is valued at anything 
from zero to the market wage, depending on the situation. 

In the estimation ofshadow wages for the Subri Reforestation Project, the seasonal 
pattern of agricultural employment was us& =a basis for calculatiag the opportunity 
cost of labor. During peak season in Ghana, viitually every agricultural laborer can 
find a job and the marginal value product of agricultural labor is definitely not zero. 
The peak season in Ghana is about 5 months during which agricultural labor is paid 8 
cedis per day (Boakye-Dankwa 1982). On this basis, the shadow wage rate can be 
calculated from the relationship: 

SWR=nXW 



where 
SWR = shadow wage rate 
W = daily market wage during the peak season 
n = number of days in peak season per year 
therefore, 
SWR = 120 x 8 = 4960. 

On the assumption that both semiskilled and unskilled laborers could be grouped 
together, the amount of 4960 was used as ?he yearly shadow wage rate in the 
economic analy;t. This method was considered most appropriate because of !he 
economicsituation in Ghana However, because of lack of sufficient daca, it was oot 
possible to separate clearly she semiskilled from the unskilld wcrlim. A better 
estimate of the shadow wage rate can be obtairled if accurate data can be made 
available on the exact number and type of workers employed in the project. 

Results of Economlc Analysis (Pulp) 

Prices of imported inputs were adjusted on the basis of the shadow exchange rate 
(SER) derived, and aseparate time seds of benefits and costs was generated to show 
the effect of the shadow exchange rate on the profitability of the projea from the 
societal point of view. The net present value (NPV) and internal rate of return (IRR) 
using the SERgive unfavorable results, The NPV is -610.61 1,071 while the IRR is 1.9 
percent. Thus, by both criteria, this option is not profitable. 

Similarly, adjustments were made on wages of semiskilled and unskilled workers 
based on the shadow wage rate, and a separate time series of benefits and costs was 
derived. The re&& are improved with labor shadow pricing. The NPV is $9,559,789 
and the IRR is 20.2 percent compared with the discount rate of 10 percent used. Thus, 
the project is attractive after shadow pricing labor. Finally, the combined effect of 
both the shadow exchange rate and theshadow wage rate on the profitability of the 
projea is estimated in a separate time series of benefits and costs. With these 
adjustmen6 the project is marginally feasible. The NPV is 4267,441 and the IRR is 

ANALYSIS OF THE FUELWOOD SCENARIO 
.. - . .. .. 

Financial Analysis 

The financial analysis of the fuelwod option is presented here. The framework for 
the analysis and a detailed cost breakdown are presented in Hitzhusen eo al. (1984). 
The species concerned is Cmsiasiamea on a 5-year cycle with 500 hectares per cycle. 
Trees will be cut at age 4, and a 20-year project life is assumed. 

The financial benefit stream of the projed includes sales of products from the sitc 
conversion operations The productsare fuelwood sold at C50/m3, wood for charcoal 
at 460im3, logs for timber at Q:lOO/m3 for lesser knowc species and at 4140/m3 for 



export grades, sawn timba at t 1 SOWzxG St local mark~t and at t600/m3 for export 
market, and charcoal (bulk) at U f 500Iton. Thcsc contribute a total of U9.237 million 
in year I, 627.71 1 million in ytear 2 and 630.790 miilion each in years 3-5. The other 
component of the benefit stream is the sale 6rom the harvest of the Chsh species from 
years 6-20. A constant average yield of 160 m3 per annum is assumed, and a fuelwood 
price of 453 is used in cdculating the fuelwood value. .... . 
Financial Analysis Results (~k lwood)  

The project will sustain two consecutive years of net losses amounting to 422.756 
million in year i anh U1.76Q million in the second year after which revenues exceed 
costs. A net loss of t  1.223 is also illcurred in year 9. These losses result from the high 
capital expenditure of 6 17.976 million during the initial year, and capital replacement 
costs of U2.885 in year 9. Starting in year 1, revenues gradually build up from 49.237 
million to a peak of 630.792 miilion for three consecutive periods (years 3-5). The 
subsequent dedine down to U8.972 million in years 6-20 is a consequecce of 
diminished revenues from site conversion operations. Stabilktion of revenues from 
years 6-20 results from an assumed constant yieid 6om the fuelwood plantation. 

The estimated internal financial rate of return is 30.4 percent. Since it is derived 
from constant prices, it compares very favorably with theassumed 10 percent cost of 
borrowing for such investments. The financial rate of return is high because of the 
early inflows of revenue arising from the successful Subri Conversion Technique. 
These revenues arise from the sale of timber, lumber, charcoal, and fuelwood. The 
discounted net present value is U25.680 million. Thus, the project is viable under both 

Economic Analysis Results (Fuelwood) 
Economic analysis for this scenario follows the pattern outlined for that of the 

pulpwood scenario. Thus, in estimating tbe return from this scenario, it was assumed 
that the cedi is overvalued by 50 percent which is thought to reflect more accurately 
its real exchangevalue or itslikely value over the projea life. Similarly, unskilled and 
semiskilled workers were groupx! !%ether, and the shadow wage rate derived earlier 
for the first scenario was applied The results of shadow pricing labor and foreign 
exchange costs are shown, respectively, in Appendices A-l and A-2. With respect to 
labor shadow pricing, the discounted net present value increases to U40,290,000 and 
the IRR similarly rises to 40.1 percent. Note also that only the initial year shows a 
negative net benefit. Thus, with labor shadow pricing, the attractiveness of this 
scenario is further increased. 

With foreign exchange shadow pricing, this scenario is still acceptable. The IRR is 
now 21.4 percent compared to a discount rate of 10 pe-cent. The discounted net 
present value is U15,120,000, and four years of negative net benefits emerge. 

Finally, the combined effect of shadow pricing both labor and foreign exchange is 
depicted in Appendix A-3. It is quite obvious that the positive effea of labor shadow 
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pricing is greater than the negative effect of shadow pricing foreign exchange. The 
project is still attractive with an IRR of 30.6 percent and a discounted net present 
value of 630,600,000. 

COMPARISON OF PULP AND FUELWOOD SCENARIO RESULTS 

The summary of the financial acd economic analysis of the pulp and fuelwood 
scenarios is shown in Table 6.1. For the financial analysis, the fuelwood option is 
more attractive under the two deasion criteria t .".own (i.e., the NPV and IRR). The 
NPV for the fuelwood option is t25,680,000 while that for the pulp is 
46,625,647. Similarly, thz IRR is 30.4 percent anc! 4.3 percent for the fuelwood and 
pulp, respectivc'ry. The differences in the financial results stem from the fact that the 
pulp scenario is more capital intensive, thus giving rise to higher capital costs. Also, 
there is increased utilization of the sawmilling operations which results in increased 
charcoal sales. 

The economic analysis results also favor the fuelwood option. The NPV and IRR 
with labor shadow pricing are higher for the fuelwood scenario, although the more 
labor intensive pulp option makes some relative gain in feasibility. With the shadow 
exchange rate, the substitution-oriented pulp scenario is the least attractive option 
with a negative NPV and a 1.9 percent IRR. The figures for the NPV and IRR for the 
fuelwood option are 6 15,120,000 and 2 1.4 percent, respectively. Lastly, the 
combined effect of both labor shadow pricing and the shadow exchange rate still 
favors the fuelwcd option Using the IRR, for example, the pulp scenario is just 
marginal, 10.2 percent, while the IRR for the fuelwood option is 30.6 percent. 

TABLE 6.1 

Summary of Financial and~~conomic Analysis Results 
of Pulpwood and Fuelwood Scenarios 

W i o n  CritePf* Pulpwood Fuelwoad 
Scemrio Scermrio 

1. Discounted Financial Net Prexnt,Value (DNPV). . , 
2. Financial Internal Rate of Return (IRR) 
3. DNPV with Labor Shadow Pricing 
4. IRR with Labor Shadow Pricing 
5. DNPV with Shadow Exchange Rate &10.611,071 ClS.120,OOO 
6. IRR with Shadow Exchange Rate 
7. DNPV with Shadow Pricing of Labor 

and Foreign Exchange ~267.441 C30.600.000 
8. IRR with Shadow Pricing of Labor 

and Fomgn Exchange 
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CONCLUSIONS 

The results from analyses of the pulp and fuelwood scenarios are preliminary, and 
as such any conclusions drawn should be trested with caution.There is the need for 
further extension of this study to itcludeseveral of the issues that were not addressed 
due to time and data cimstraints. * ., 

A complete economic analysis of a projea like the Subri Forestry Projed should 
include an as&ment of any technological externalities as well as physical environ- 
mental impacts that would affect producers and consumers of some of the inputs and 
products of the project. However, while environmental effects like flooding and 
erosion are critical in some reforestation projects, available information suggests that 
these are not critical in the Subti project area where the aim is to replant exploited 
areas in the reserve. 

The analysis also did not include the benefits from intercropping plantain with the 
treespea'es. It is estimated that some 75,000 bunches of plantain equivalent to about 
675 to= will be producedannually. This sbviously will enhance the social welfare of 
the local people. However, there is a valuation problem in priang the plantain output 
For similar reasons, mainly lack oftime and data, the value oftreestandards left was 
not included in the analysis (Masson 1981). 

On the cost side, a zero opportunity cost for land was assumed. There may be 
reasons to shadow price land appropriately (Roetzer 1982). A further examination of 
depreciation of machinery, equipment, and buildings, as well as applying contingency 
allowances to reflect relative price changes, would also be worthwhile. 

An important problem not addressed is valuing fuelwood. Since much fuelwood is 
not traded in the market and/or is cut (usually illegally) from publiclands, the prices 
used may not adequately reflect the full opportunity cost of fuelwood. Thus, there 
may be a need to shadow price fuelwood (African Development Bank 1982), but this 
would only further increase the relative feasibility of the fuelwood option 

Import suktiution considerations were also omitted particularly, with respect to 
the pulp option since it is intended to substitute for imported paper. Application of the 
Bruno criterion, via the G~mestic resource cost, would be worthwhile. Also, in 
applying the shadow exchange rate to the imported items, exported items were 
excluded. These would also need to be shadow priced. Again, there is the need to 
reconsider the SER in view of the change in officia! exchange rate in Ghana fiom $1 = 
G2.75 to $1 = C30. W ~ t h  respct to labor, there is also the need to derive different 
shadow wage rates for unskilled and semiskilled labor. 

Lastly, a project likethis especially in thecurrent Ghanaian situation is likely to be 
faced with uncertainty. As such, sensitivity analysis should be done to see how the 
results on key variables change given different assumptions. For example, yield 
variation has to be considered due to yield reduction by poaching or tree mortality. 
Also, modifying the price assumptions by examining the effect of different coppicing 
and harvesting times may be an important extension of the analyses. Sensitivity 
analysis of theSER and SWR may also be worthwhile. The handling of inflation and 



the choice of the discount rate, given the economy.in Ghana, may need to be 
examined further. This calls for examining other criteria like the breakeven analysis 
(FA0 1979). 

This preliminary study does emphasize the difficulty in doing empirical research in 
forestry. Tt-k is particularly true in a country like Ghana where current political and 
economic conditians have stymied many economic activities and stimulated a "brain 
drain" from the country. 

Despite the limitations, this case study is an example of how economic valuation 
techniques can provide additional information to decision makers on variousoptions 
available. The separate options evaluated are all possible components of a forest 
resource management program. Additional analysis to examine several of the issues 
highlighted has been done by a group <;$ eeduate students at the Ohio State 
University and includes the following: (1) deriving a shadow land value to incorporate 
into the economic analysis, since there is evide~ice of a positive opportunity cost of 
land; (2) estimating the net foreign exchange savings by substituting the pulp 
produced for imported paper; (3) shadow pricing fuelwood, since the price used may 
under or overvalue fuelwood, depending on end use and the impact of fuelwood on 
the market concentration and environmental impads; (4) doing a sensitivity analysis 
on the key variable to see their effect on project outcome. The results are in an 
unpublished draft (Miranda et al. 1985) and are generally supportive of the foregoing 
findings on the pulp and fuelwood options. 
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TABLE A-1 

Subri Forestry Project-Fuelwood Scenario Stream of Costs and Benefits with Labor Shadow Pricing 
(Irr million cedis) 

Yearr - 0 I 2 3 4 5 6 7 8 9 

Capital Costs 1 7.976 2.885 2.885 b 

Operating Cost 4.iui 8.953 13.788 14.502 15.114 7.044 6.785 6.404 6.267 5.896 
Total Cost ?2.143 8.953 13.788 14.502 17.999 7.044 6.785 6.404 6.267 8.781 

b 
'II 
TJ 

\ 
Total Benefits ; 9.237 27.71 1 30.790 30.790 30.790 8.972 8.972 8.972 8.972 

m 1 
Net Benefits -22.143 0.244 13.923 16.288 12.791 23.746 2.187 2.568 2.705 0.191 

\ Z \ 

0 
b 5 f 

Yearn 10 ' I I 12 ' 13 14 IS 16 17 18 19 20 m 
Capital Costs 2.885 V) 
Operating Cost 5.732 5.403 5.069 4.735 4.402 4.068 4.068 4068 4.068 4.058 4068 
Total Cost 5.737 5.403 5.069 4.735 7.287 4.068 4.068 4.068 4.068 4.068 4.068 
Total Benefits 8.972 8.972 8.972 8.972 8.972 8.972 8.972 8.972 8.972 8.972 8.972 
Net Benefits 3.235 3.569 3.903 4.237 1.685 4.904 4.904 4.904 4.904 4.904 4.904 

DNPV = 440290,000 
IRR = 0.401 

Source Hitzhusen, el al.. 1984. 





TABLE A-3 

Subrl Forestry Project-Fuelwood Scenarlo Stream of Cosls end Benetllr wllh Shadow Pricing of Labor and Foreign 
Exchange 

(In mllllon cedla) 

Capital Costs 22.263 2.885 2.885 
Operating Cost 4.905. 9.700 14.535 15.249 15.862 7.792 7.305 6.97 1 6.834 6.463 
Total Cost '27.168' 9.700 14.535 15.249 18.747 5.592 7.306 6.97 1 6.834 9 348 
Total Benefits ,'9.237 27.722 30.790 30.790 30.790 8.972 8.972 8.972 8.972 
Nel Benefits 27.168, 0.463 13.176 15.541 12.043 22.998 1.666 2.001 2.138 -0.376 

- - - -- - 

Years 10 : I 1  12 13 14 IS 16 17 I8 19 20 

Capital COSU 2.885 
Operalingcost 6.304 5.970 -5.636 5.302 4.969 4.635 4.635 4.635 4.635 4.635 A635 
Total Cost 6.304 5.970 5.636 5.302 7.E54 4.635 4.635 4.635 4.635 4.635 4.635 
TotalBenefits 8.972 .8.97? 8.972 8.972 8.972 8.972 8.972 8.972 8.972 8.972 8.972 
NetBenelits 2.668 3.002 3.336 3.670 1.118 4337 4.337 4.337 4.337 4.337 4.337 

DNPV = 30,600,000 
IRR = 0.306 

Source: Hitzhun, el al., 1984. 



CHAPTER 7. 
FUEL ALCOHOL: A POTENTIAL 

AGRIICULT URAL TRADE 
COMMODITY 

Norman Rask 

INTRODUCTION 

Alcohol was an obvious fuel choice when commercialization of the automobile 
was being initiated at the turn of the century. Gasoline, however, soon hie the 
preferred automotive he1 following discoveries of large r e ; s  of petroleum and the 
subsequent decline in prices of petroleum ,n:&ucts. Since then, there have been only a 
few sporadic uses of alcohcri r'uei. Some countries have turned to alcohol in times of 
gasoline shortage, whi!e others have produd and used alcohol from surplus 
molasses. Only in the pa t  decade, following a ten-fold increase in the price of 
petroleum has alcohol again become a serious substitute for petroleum products. This 
renewed interest is based on both economic and strategic considerations, and has 
stirred some controversy concerning the specific role alcohol ;vill or should play as an 
alternative fuel. There have also been questions raised about use of agricultural 
resources and competition with food production if agriculture becomes a principal 
alcohol fuel supplier. . . 

The irnpaa of alcohol trade on world agriculture will depend on its capacity to 
respond to both food and fuel demands. This capacity may be greater than many 
anticipated a few years ago. ~ k e n t  changes in internati?nal financial and commodity 
flows suggest that food trade demands may be less during the remainder of this decade 
and that alcohol production from sugaj cane could be an important growth industry 
for agriculture. Experience with alcohol product.ion and use on a commercial scale in 
several countries has demonstrate&he tecknid feasi6ility and economic justification 
for alccihol as an alternative automotive fuel. Greatest economic returns, however, 
would come from use as an octane enhancer in mixtures with gasoline. This implies 
international trade in alcohol to reach the large automotive fuel markets of the 
industrialized countries. 

- 
Norman Rask i s  a professor in the Depnment o f  Agricultural Economiaand Rural Sociology at the Ohio 
S~atc University. 



The following discussion of fuel alcohol as a trade commodity begins with a 
description of events in food, energy, and financial markets that have created a 
favorable economic environment for alcohol fuels. This is followed by discussion of 
costs of alcohol production and of the relative value of alcohol as a fuel. Policy 
considerations are explored insthe-final sectlon. 

FOOD, ENERGY, AND FINANCIAL MARKETS 

Over the past decade there have been substantial changes in international financial 
and commodity flows Petroleum price increases have contniuted significantly to 
these changes. For most count&, lktroleum imports have taken aneater percentage 
of foreign exchange earning. At the same time, many oil-exporting countries, 
especially during the latc 19705, were unable to absorb the large increase in dollar 
earnings:Thess excess petro-dollar earnings were subsequently recycled through 
international financial markets. Developing countries have been burdened not only 
with high import c&ts for petroleum, but also with high debt lads, in part the result 
of expansive lending from recycled petrodollars. 

The availability of ae&i ai first helped raise the level of world agricultural trade 
and the level ofconsvmplioo ~ l r  food in developing countries. However, in the early 
1980s, the demand ior foreign exchange canlngs t service this debts: high interest 
rates resulted in reduced food demand aad lowered tmde in agricultural commodities. 
Consequently, most projections now call for adequate to over capacity in world 
agriculture in the near term. 

This convergence of events in international food, energy, and iinancial a:.. Lets has 
created a favorable environment for international trade in fuel alcohol. Further, an 
expansion in trade of fuel alcohol would have positive impacts on each of the above 
factors. It would increase agricultufal growth in a sector where glcbal productive 
capacity now ex& projected demand. Second, by adding to total energy supplies, 
it would substitute panidly for petroleum and thus delay and dampen futm energy 
price increases. Third, it would improve balance of payments for developing countries 
through substitution of domestic alcohol for imporred ptroleum products as well as 
generate export receipts as is already happening in Brazil. 

An international alcohol fuel market will have specific characteristics that require 
s@ai policy considerations. The supply will likely come from a number of relatively 
small tropical countries (Brazil excepted), while the principal demand will be large 
industrial countries. This raises several issues. Alcohol production requires incouniry 
polides regarding the production and use of alcohol. Also investment financing 
would need to be arranged for the producing countries. 
Each producing country will have a unique set of resource situations related to 

available land, alternative land use opportunities, domestic energy needs, and other 
considerations that would aficct costs and quantity of alcohol producedas well as the 
allocation bawecn domestic use 2nd export. For example, many sugar cane 



produciag coontries are now =rsg an international sugar market where prices are 
below costs of production. A guaranteed alcohol market could be an attractive 
alternative to sugar in these situations. Other countries, with quotaaccess to protected 
sugar markets in the United States or European Economic Community (EEC), may 
find sugar exports a better alternative than alcohol for this portion of their market. 
Finally, capital costs will vary depending on the availability of a local capital goods 
industry. Brazil for example, uith ~velldeveloped capita1 industry, would have 25-50 
percent lower investment costs than a country that had to impon all equipment 
(World Bank 1980). 

THE MAJOR ISSUES 

The concept of a significant international fuel alcohol market raises a series of 
questions that have not been studied adequately. Most recent research has addressed 
the feasibility of using alcohol as a fuel substitute for petroleum within the context of a 
specific country. These studies have focused on several key issues. Often, there is a 
reluctance to contemplate a major use of agricultural resources for non-food 
purposes. For many countries, this will always be a concern. However, from a global 
viewpoint, it was a more important question during the late 1970s than it b today. For 
the 1980s it will probably not be as serious an economic issue. Ako, with sugar cane 
produced under plantation susterns, there are related concerns of concentrated land 
use end ownership and seasonal labor employment in the vicinity of alcohol 
distilleries. 

Cost of production, relative to value ofgasoline, has been cited as a negative feature 
of alcohol fuels. The U.S. corn-ethanol and the Brazilian-sugar-caneethanol systems 
are the most frequently studied. The U.S. case is clearly not economically viable and 
requires massive subsidies at current petroleum prices. In the Brazil case, most studies 
have been based on the early years of the Programa Nadonal do Aic001 
(PROALCOOL) and show negative to slightly positive returns, depending on the 
assumptions chosen. However, recent productivity improvements, new technologies 
for continuous fermentation, efficient and alternative uses for bagasse, and more 
efficient laad use through rotation and intercropping have lowered current costs of 
production, with excellent prospects for further economies. 

In comparisons of alcohol-gasoling cost levels, alcohol is generally viewed as equal 
to gasoiine in alcohol-gasoline eixturq and y~me.80-85 percent of gasoline value 
when used as a pure fuel. The comparisons, however, ignore the vast high octane 
gasoiine markets that could be made available through trade. While estimates vary, 
alcohol as an octane enhancer could command a 20-30 percent premium over 
gasoline prices, a situation that would make alcohol from sugar cane an attractive free 
market commodity under mosi cost levels reported in the literature. 

Future petroleum supply is subject to both discovery and political uncertainties, 
and demand h& not fully adjusted to recent price changes. Thus, while future gasoline 



prices are certainly important to the economic viability of alcohol fuels, they remain 
an uncertain variable. We do know that the historic link between economic growth 
and energy use bad been broken as higher energy prices have triggered conservation 
and more efficient energy-using technologies. These changes, however, have not fully 
worked themselves through the industrialized economies. A:so, the shock of higher 
energy prices. had slowed economic growth. Thus, world demand for petroleum is 
currently some 20 percent less than in 1980. On h e  supply side, there is a 10 billion 
barrel per day or 20 percent &cess capacity, principally in the OPEC countries. In 
looking ahead, the two principal world oil producers, the USSR and the USA, are 
expected to show declining productiori during the 19805, while new areas will show 
marginal increases. Most \r;oriP supply demand projections point toward a firming of 
demand against a stable to declining supply of oil at the end of the decade, with 
constant to declining real prices over the next 3-5 years and a gradual increase in red 
prices by 1990 (USDOF. 1982). 

It is generally felt that real prices will be substantially above p:esent levels in the 
1990s. While there are many uncertainties in projecting supply, demand, and price 
for petroleum, it appears likely that the price situation for alcohoi as an alternative fuel 
will be increasingly more positive in the future. 

Alcohol fuels policy in the importing countries is the final key issue. With lowered 
demand and excess supply of petroleum. it is difficult to interest major companies in 
alternative fuels. For example, large integrated petroleum companies, with oil 
refineries operating at less than 75 percent of capacity. are hesitant to make the 
necessary capital alterations at the refineries in order to optimize the use of alcohol as 
an octane enhancer. Thus, in the U.S. fuel marke',, for example, all alcohol-gasoline 
blends are sold by small independent gasoline distributors. This restricts the market 
for alcohol. Further, in the United States, alcohol production and use policies and 
import tariffs combine to economically restrict alcohol use to a few states only. The 
policies effectively eliminate a major part of the potential market for alcohol imports 
and create a high level of uncertainty for both producers and consumers. 
Reformulation of these policies is a necessary prerequisite to the creation of a viable 
internationd market for fuel alcohol. The above issues are explored in greater detail 
below. 

THE FOOD-FUEL DEBATE 

The oil crisis of the late 19705, coincided with a period of rapidly increasing 
demand for agricultural commodities. In this setting, alcohol production was viewed 
as a threat to the availability of future food supplies. However, world agriculture 
demonstrated a greater than anticipated supply response to the increased prices. Also, 
the return of good harvests in the early 1980s, and a concurrent fall-off in effective 
demand caused by world recession and high debt loads, have contniuted to the excess 
supply situation. As a result, the agricultural community is once more aggressively 
looking for alternative market outlets. 



Projections of future food supply and demand are uncertain However, several 
factors point to a coctinuation of historic supply growth, with demand growth 
somewhat slower than that experienced over rhe past 15 years. USDA estimates that 
demand in developed countries such as the United States will be quite flat, growing 
roughly in line with population increases, since income-related growth in demand has 
been largely saturated (Lee 1983). Internationally, less credit will be available to 
finance food imports, many debtor nations will need scarce foreign exchange to 
reduced debt obligations, and recovery from global recession will be slow: "...hence; 
income and demand will increase slowly." Based on these considerations, Lee 
projects a "strong tendency toward excess supplyw for the 1980s. 

Obviously, specific countries will deviate from this general pattern, depending on a 
series of individual resource situations. An earlier paper (Rask :980), developed a 
country classification based on self-sufficiency ratios for agriculture and energy 
production, arguing that countries with deficit energy (oil importing) and surplus 
agriculture (food exporting) would be early candidates for alcohol production 
programs. A large nurrber of the countries identified as likely candidates for alcohol 
programs are located in the Western Hemisphere. 

A study by Filho et al. (1981) estimated the substitution effect of increased sugar 
cane plantings on the area of other crops. The location of the study was north central 
Sao Rule, Brazil, an area of very intensive crop cultivation, with one-third to 
onehaif of the cropped area in sugar cane in 1978. The period of the study was 
1974-79. During this 6-year period, the area in sugar cane increased by 48 percerc. 
The majority (35 percent) of the increase resulted fiom coaversion of pasture land to 
sugar cane land. Fifteen percent came from corn land and 7 percent from land 
devoted to expoacrops. During this same period, the area planted to coffee, soybeans, 
and orange also increased in this region. According to IEA (1983). labor require- 
ments per hectare for sugar cane in this area are about 18 days per year, whereas for 
corn and pasture they are 4 days and 1 day, respectively. Thus, the change in land use 
to sv8ar cane resulted in a dramatic increase in labor employment on farms in the . . 
region. 

THE ECONOMlCS OF ALCOHOL PRODUCTION AND USE 

Economic studies of fuel alcohol production and use have focused principally on 
Brazil and the United States where subsgntigj c.ommercialization of ethanol as a 
motor fuel has occurred In both cases, the price and, to some extent, costs of 
produdoa of alcohol are determined in controlled markets Attempts to sort out the 
various subsidies, incentives, and other economic distortions have given rise to 
varying cost estimates by researchers, even when considering the same base data 
Costs of production estimates in Brazil, based on actual distillery data form the late 
1970s and early 1980s range from $.23-$.30 per liter (ASTEL 1983, Barzelay and 
Pearsen 1982. Borges 1982). 



1 have attempted tc? apply somewhat similar methodology to 1981-82 alcohol 
production cost data (IAA 1983), adjusting currency values to reflect an early 1984 
situation. This yields a cost for anhydrous ethanol of approximately $.21 p r  liter for 
plants annexed to sugar mills and S.22 for autonomous plants. 

Recent technological isnovatigns in Qmilian distilleries should result in increased 
efficiencies and thus lower costs. pne of the more promising improvements is 
continuous fermentation tecnnology which will decrease effluent disposal costs and is 
expected to increasc alcohol yield by about 7 percent. Total cost savings per liter of 
alcohol produced under continuous fermentation are estimated at about 10 percent. 
A second area for efficiency improvement is the use of highpressure boilers which 
will reduce the need for bagasse as a source of process heat, allowing increased returns 
from by-product use of the b+. 

Finally, short season rotation crops, and limited intertilling of crops-practices 
which are becoming common in the central Sao Paulo area-increase year-round 
employment of labor, reduce some tillage and chemical production costs for sugar 
cane, and provide additional sources of revenue. I have estimated the poten:ial net 
revenue gains from by-product bagasse sales and rotation crops tc, ap._s:oximate 7 
percent of alcohol production costs in the Sao Paulo context. Thus, the potential for 
sizeable cost eficiencies is evident in new technologies now being adopted in Brazii. 

In addition to domestic production costs, aa export-oriented alcohol industry must 
consider storage, handling, and transportation costs to final market. For Brazilian 
alcohol currently shipped to the U.S. fuel market, these costs are about $.03$.04 per 
liter. Thus, total economic costs for anhydrous alcohol produced in Brazil and 
transported to a foreign market probably approximate $25-$30 per liter. 

The cost situation in the United States is considerably less favorable. Estimates 
range from S.35-$.48 per liter as the price of corn varies from $250-$4.00 per bushd 
(Gill and Prato 1983). 

The opportunity cost of alcohol is determined by its use value relative to gamline. 
In gasoline-alcohol inixtures of up to 10 percent alcohol, the value of alcohoi is 
determined more by its octane-enhancing characteristics than by its energy potential. 
Jawctz (1983) estimates that a 10 percent mixture will raise the octane level by 3 
points. In the United States, some fuel wholesalers follow a practice of mixing 45 
percent regular gasoline, 45 percent premium gasoline, and 10 percent ethanol. The 
resulting mixture h sold as a premium fuel with a net price increase of about S.007 per 
liter. This increased value is attniuted to one-tenth of a liter of alcohol. Thus, ethanol 
as an octane enhancer would be worth $.07 per liter morc than gasoline. Additional 
savings may be possible if the ethanol is integrated into the total petroleum refinery 

Wholesale unleaded regular gasoline, based on $29 per barrel oil is currently 
selling in the United States for about $23 per liter. Adding the octane enhancement 
value would indicate a potential market price for alcohol of about $.30 per liter. Even 
if one allows for some margin of error in the cost estimates, it still appears to be an 
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attractive market potential for IB& alcohol under current production tech- 
nolcgies. En another study, I have estimated a breake ?en price of $.29 per liter for 
Caribbean-based alcohol landed at US. ports (Rask 1983). 

Additional study of both alcohol production cost and opportunity cost are 
necessary. However, the initial work reported above would indicate that there is 
inarginal economic justification for trade in alcohol and that cost-reducing tech- 
nologies and higher real prices for petroleum in the iate 1980s and 1990s will further 
improve the economic prospects for alcohol trade. A positive cost-return situation, 
however, is not sufficient to initiate trade. These are substantital policy problems and 
needs that must be resolved. 

POLICIES TO INITIATE AND FACILITATE TRADE 
The key policy issues for alcohol-producing countries are market guarantees, price 

protection, and investment finnncing. This follows from the nature of the proposed 
alcohol market. As noted earlier, the supply would come from many smaller 
countries, while demand would be concentrated primarily in several large countries. 
Further, the fiee market price of alcohol would be tied to price of petroleum, which is 
subject to considerable uncertainty and political influence. Thus, in order to initiate 
the supply of alcohol, it would be desirable for the large importing countries to 
provide a measure of security through a long-term market guarantee. This guarantee 
would include an agreement to accept a specified annual level of alcohol imports, and 
would provide a minimum purchase price. Alternatively, bilateral trade agreements 
could be established, in which alcohol~xporting countries would agree to accept 
some level of imports in exchange for guaranteed alcohol sales. 

The principal importing market would probably be the United States, whew the 
automotive fuel market currently coasumes almost 400 billion iiters of gasoline 
annually. In 1983, the United States used about 1.5 billicn Fa of alcohol in 10 
percent mixture with gasoline. At this 10 percent level sf concentration, the potential 
alcohol market would be 40 billion liters. However, U.S. production and use policies 
have seriously limited the market for fuel alcohot These policies would need to be 
changed. U.S. policies were initiated to stimulate development of a domestic alcohol 
industry. As noted earlier, this is a very high-c~~t industry and must be subsidized. 
Basically, the subsidy is a fedaal tax exemption of $.I3 per liter of alcohol on final 
sales of gasoline-alcohol mixtures. The federal subsidy is not sufficient to cover high 
alcohol prod,uction costs. ~herefok, selected states also provide tax exemptions for an 
overall average federal-state t& e~e~~tion 'of$.2l  per liter. This results in an alcohol 
price of $42-$.45 per liter. 

This bas two market effects First, nonfuel uses of alcohol are excluded by the 
artificially high prim. Second, the price of alcohol is too high to compete with 
gasoline in states that do not provide state tax exemptions The result has been a 
concentration of almat half of the alcohol sales in just two states (Iowa and 



California) which have high state subsidies. Most states have little or no alcohol sales. 
Finally, a $.I4 per liter duty is assessed aCxt imported alcohol. 

These subsidies haye undergone frequent changes, a situation that has left potential 
suppliers and users wary of making investment decisions either tc produce alcohol for 
the U.S. market, or within that Airkdt, to o'ptimize"its use through integration at the 
refinery level. The suggested policy change is to use a producer subsidy rather than a 
tax exemption to support the U.S. alcohol producers. This would allow the alcohol 
market price to drop to its opportunity cost level and would make alcohol available 
economically as a fuel substitute in all states. At this lower price, alcohol would also 
be competitive in other petrochemical uses. Potentially, this would provide the 
necessary market conditions for a large expansion in demand. Import duties could be 
removed, and price signals to potential import suppliers would be more realistic. 
Finally, in order to generate the international supply response, the United States 
would initiqlly h ~ v e  to ;.-?vide the market guarantees noted above. Without these 
pc~icy 3*.q 16-5 . , :. : .- -Lohol market, it is unlikely that a significant level of 
in::: I llcohol trade would be possible. 

I 

CONCLUSIONS 

A convergence of events in international food, energy, and financial markets has 
created a favorable environment for international trade in alcohol. Costs of produc- 
tion from sugar cane in tropical countries appear to be favorable for supplying alcohol 
to an octane enhancement market. New technologies promise to reduce these costs 
further, while petroleum prices are expeed  to increase in real terms by the end of the 
decade. Alcohol policies that provide some level of market and price guarantees are 
necessary to stimulate an initial supply response. Substantial changes are needed in 
US. alcohol production and use policy if the large US. fuel market is to be opened to 
international alcohol suppliers. 

Significant questions need further study. They include the following: the use ofland 
resources for nonfood purposes; the actual and potential production cost and use 
value of alcohol; country level differences in the availability of resources and in 
technical ar.d cost coefficients; and the design of appropriate alcohol production and 
use policies to facilitate the emergence of alcohol as a viable agricultural trade 
commodity. 

The po:ential international fuel alcohol market is very large and the opportunities 
and implications for agricultllre are significant. We need to make these issues part of 
our research agenda. 
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Soil erosion and resulting sedimentation problems are major concerns throughout 
the world. This chapter is primarily concerned with developing a comparative private 
and social cost-benefit perspective for sedimentation management in developing 
countries. A case appliation of this methodology in the Vrtldesia Watershed and 
Reservoir in the Dominican Republic evaluates both the on-site and off-site 
(downstream hydropower) impacts of implementing soil-conserving practices in the 
watershed Specific policy implications for improved sedimentation management are 
developed from the Valdesia case analysis. 

Dregne (1982) evalrrated the general state of land degradation worldwide. 
Although Dregne's assessment focuses on the effect of land degradation on future 
food production, the degraded areas he identifies aie aieas where hydropower, flood 
control, and irrigation reservoirs would be at high risk of excessively rapid sedimenta- 
tion. Figure 8.1 gives a generalized regional perspective on the degree of land 
degradation worldwide. Much of southwest Asia; large areas of China, India, and 
Southeast Asia; northern Africa; Central America; and Mexico suffer from severe 
land degradafion. M 

The off-site impacts of land degradation o r  soil erosion are illustrated in the 
reservoir sedimentation literature by such authors as Robinson (1981), Das (1977). 
and Allen (1972). The severe effed that sedimentation can have on the economic life 
and power production capacity of a reservoir is dramatically illustrated by the wide 
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disparity between design expectations and performance of the Sanmen Dam on the 
Yellow River in China reported by Robinson (1981). 

The Yellow River has the highest sediment load of any river in the world. Sediment 
concentration averages 40 kilogram/cubic meter (kg/m3) and reaches 700 kg/m3 in 
the middle sections ofthe river. In downstream reaches, riverbed sediment deposition 
raises the bed 5 to 30 centimeters per year and in some piaces the riverbed is diked to 
10 meters above the surrounding land. The Sanmen Gorge Dam was finished in 
1960. It had a 98-meter height and design storage of 33 x 109 cubic meters. The Soviet 
design engineers expected that 60 percent of a sediment load of 1.4 x 109 metric 
tondyear would becaptured by the dam. Instead, the actual sediment load has been 
clocer to 1.9 x lo9 metric tons annually, and the dam has experienced about 90 
percent Gpture. The Chinese use continuo= sluicing of sediments to hold deposition 
to 0.4 x lo9 metric tonslyear, but power and water storage capacities are seriously 
compromised and deteriorating. Expected total useful life of the dam, even with this 
continuous sluicing effort, has fallen to only 27 years, versus the original 55 years, due 
to the unexpectedly high rate of sediment accumulation. This experience is by no 
means restricted to Asia (Rapp 1977, Allen 1972) nor solely to developing countries 
(Linsley and Franzini 1979). The repercussions for economic analysis of proposed 
water resource projects, particularly hydroelectric power, are profound. 

Table 8.1 summarizes regional hydroelectric potential and recent installed capacity 
and output for the world. The subregion data illustrate ;he large remaining 
undeveloped potential of hydroelectric power in the developing world, particularly 
Asia, Africa, and South America. Among the major world regions, Asia ranks second 
in current hydroelectric production and first in potential installable capacity. China 
represents one-half of Asia's total potential. In many cases, the hydroelectric potential 
of each country fa. exceeds the total recent production from all sources (United 
Nations Statistical Office 1981, World.Energy Conference 1974). 

In the long term, it is reasonable to expect a continued rise in the price of fossil fuels, 
including those used for generating electric power. The rising price of producing 
thermoelectric power can be expected to 'proinote the continued development of 
renewable energy sources. The potential contributio;: of hydroelectric power to the 
energy budgets of Third World countries in thecoming decades is tremendous; many 
countries are already highly dependent on hydropower for their electricity, and this 
can be expected to be increasingly true in the future. Concurrent with the growing 
demand for electricity is an increasing need for reliable wa&r supplies for irrigation 
and for mulicipal r.nd industrial uses. Prujections of water demsnd suggest that it will 
increase by between 2.25 and 8 times between 1975 and 2000 (Council on 
Environmental Quality 1980). Finally, d&ough hydroelecric power is widely 
viewed as a renewable resource, reservoir sites might be viewed as a unique, 
nonrenewable resource; when such a site is incapacitated, it is very costly to restore. 

Clearly, any threat to the longevity of exissng and future water resource develop 
ments could have serious repercussions and warrants careful evaluation and planning. 



TABLE 8.1 

Regional Summary of Hydroelectric Power Potential and 
Receqt Actual Capacity and Output 

Install9 and InstnUable Recent Production 

689204 9 5  13.575 47,118 714,357 
339,146 4.835549 i 4.752 198.938 
49,592 468.0 14 19.897 2%,i72 

Middle South 108,683 1.626.1 13 8,664 165.240 
Southeast 173.663 2 3  10,440 
Southwest - 18,120 273,460 

437.104 7271.754 8.154 108594 
53222 802213 

140,OSO 2,402.162 
208,064 3.680.638 
25.764 291.348 

SOUTH AMERICA 288289 5.8933 12 18,773 335.1 80 
2 15,877 4,744.566 14.670 290.759 
72,412 1,148,746 

NORTH AMERICA 330,455 5356250 
United States & Canada 290209 4581.753 
Middle America 
Caribbean 

OCEANIA 365 15 727.456 7.609 104.030 

Wi?C!?LD TOTAL 2255,974 ?5,304.871 307362 4,713302 

'TJ = Terajoules. MW = Megawstts 
TJ x 232 = MT oil equivalent 
TJ x 2.78 x 1lP = KWH = Kilowatt-hours 

Sburce: Adaptcd fmm Dunkerley. J.. Ramsay, W.. Gordon. L.ond CecJski. E. 1981. Energvsrmregies for 
developing nufionr Rcsourccs for the Future. Johns Hopkins University Press. Baltimore, Maryland pp. 

The primary and most immediate threat to hydroelectric and other water storage 
projects is sedimentation. A major cause is excessive erosion from watershed overuse 
or misuse. The general pattern of heavy land use leading to high erosion rates results 
from a combination of traditional shifting agriculture and population growth. In 
reservoir watersheds, this pattern may be preexisting, or the reservoir project may 
provide the access route for transient farmers into a previously relatively undisturbed 
area. Another contributor to watershed erosion and sedimentation is deforestation. 
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This ma: Initially be by large-de legal (or illes!j iogging, but a deforested state is 
often maintsincd by subsequent agriczl'rural use including, in many areas, extensive 
livestock grazing. Other important contrihturs to reservoir sedimentation include 
streambank cutting and what Sanchcs (1979) cells "civil engineering erosion" from 
improper location, construction, and maintenance of roads, culverts, bridges, and 
channels. The following outline illustrates the upstream and reservoir site options for 
the management of sedimentation: 

i. Upstream Options for Reservoir and Sedimentation Management 
A. Soil-ccnserving practices in watershed for sheet and rill erosion; e.g., cover 

crops, contour farming, strip cropping, terracing, reduced tillage and 

B. Relocation of people from the most erosion prone areas in the watershed. 
C. Checking dams for gully erosion. 
D. Measures to reduce srreambank erosion/cutting; e.g., trees bird other 

vegetation cover and facing of stone, concrete, sand bag, etc. 
E. Improved road, culvert, bridge, and channel location, construction, and 

maintenance. 
11. Reservoir Site Options 

A. Trees and other vegetation cover to stabilize reservoir bank. 
B. Discharge of some sediment through sluice gates. 
C. Physical removal ofsediment deposits; e.g., hydraulicor mechanical dredge. 

and drainage combined with earthmoving equipment. 

It is usuaib much more feasible and less costly to keep sediment out of a reservoir 
than to cope with it after it gets ther? (Allen 1972, Glymph 1973, Davis 1969). Thus, 
the focus of the following conceptual section and the Valdesia case application is on 
watershed erosion control. . .  

A SOCIAL COST-BENEFIT PERSPECTSME 
, 

CONCEPTUAL MODEL .. .. .. .. 
The design of socially optimum policies with respect to sediment management 

requires a comprehensive conceptualization and estimation of the level and distribu- 
tion of social costs and benefits of alternative strategies. A general conceptual model 
might include the following: 



I y = ~  ; = I  i = l  ( l+rP 

Y T I  n 1 
where 

NPVs= discounted presenr value of net social benefits of alternative sediment 
control strategies (s = 1, ... S) 

Bs = annual benefits of alternative sediment control strategies 
0 s  = recurrent annual cosrs of alternative sediment control strategies 
Ks = initial capital outlay for alternative sediment controi sirategies 
Y = number of income classes relevant fcr evaluation of income distribution 

impacts of alternative sediment control strategies 
T = time horizon or amortization peritd of alternative sediment control 

strattgies 
I = categories of costs and benefits associated with alternative sediment control 

strategies 
r = discount rate, i.e., social time preference 

:i 
7. -+ Estimation of all the catesories of financial and economic (or social) costs and 

benefits implied by the foregoing conccptualization for each of the many soil types 
and strategies for sediment management is an enormous-and perhaps impossible- 
task. However, by carefully delineating the methodological issues of cost and benefit 
estimation-both the level and distribution-as well as the situations and control 
strategies, a more manageable situation emerges. 

I MEASURING COSTS AND BENEFITS I 
What passes for "economic*' analysis of various sediment management strategies 

vases widely and can be placed within an "accounting stance" continuum (discussed 
in Chapter 1) regarding both space and time. Costs gene:ated from engineering data 
and futu:e revenues based on current market prices can be misleading, particularly if 
one is concerned with societal costs and benefits. For e~ample, the opportunity cost of 
labor is less than the wage rate in those situations involving under or unemployed 
labor. Costs based only on engineering data may also omit major technological 
externalities from soil erosion such as flood damage, water pollution and ditch, 
harbor, and reservoir sedimentation. 



"Revenues" may also be overstated, particularly in those cases where local 
currency is overvalued, which is the case in most developing countries. Ward (1976b) 
discusses the use of shadow exchange rates to adjust for overvabation of local 
currencies; he also discusses using the Bruno Criterion to evaluate the foreign 
exchange saved or earned by alternative erosion control strategies (Ward 1976a). 
This is particularly relevant in evaluating erosion control strategies in developing 
countries. Frequently these countris are dependent on hydroelectric power as a 
major domestic energy source. Sedimentation of reservoirs reduces power output and 
may lead to iocrcsed importstion of oil. 

A CASE APPLICATION FROM 
THE DOMlNICAN REPUBLIC 

To illustrate how the concepts introduced in Chapter 1 and the preceding section 
can be applied to the analysis of sedimentation problems in subtropical, Third World 
reservoirs, this section summarizes an evaluation of a soil conservation projea for a 
hydroelectric watershed located in the Dominican Republic. After some background 
information about the study area has been presented, the method used to estimate 
reservoir sedimentation under different assumptions regarding land resource 
management upstream as well as the approach for estimating the benefits and costs of 
soil conservation are outlined A more complete description of this research can be 
found in Veioz et al. (1984). 

VALDESlA WATERSHED AND RESERVOIR 

Like many other LDCs, the Dominican Republic has looked to hydroelectric 
development to reduce fuel oil imports. Many promising dam sites are found in the 
Cordillera Central, where most of the country's major rivers originate. Elevations 
vary in that region from 100 to 3000 meters above sea level ard precipitation in many 
areas exceeds 1500 millimeters per year (DireciioneGeneral de Foresta [DGF] 1976). 

As late as the 1950s, most oithe Cordillera Cettrai was forested But after the death 
in 1961 of the country's long-time dictator, Rafael Trujillo, who owned most of the 
country's standing timber, many forested areas were clear cut. Peasants then settled on 
the newly cleared land By the late 1970s. most of the region had been converted to 
rangeland and cropland (CRIES 1980):High rates of soil lodare now a problem 
throughout the Cordillera Central (Hartshorn 1984.). . - 

The Valdesia dam is one of several projects initiated in order to decrease the 
Dominican Republic's dependence on imported oil. By developing Valdesia and one 
other site during the 1970s. the Dominican Republic reduced the share of electricity 
generated at oil-burning hdlities from over 90 percent to less than 80 percent by 1981 
(De La Fuente 1976). However, sedimentation has been a continuous concern at the 
reservoir. Even before a major humcane swept over the island in 1979, annual 
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sediment yield in the reservoir watershed was estimated to be 1.4 million metric tons 

STUDY METHODOLOGY .. .. - C 

Although the Dominican governmeiihas determined that the Valdesia Reservoir 
catchment area will be a watershed b g e m e n t  prwgm in the near future, aspecific 
plan for reducing soil erosion there has not yet been developed. Without a more 
detailed plan, it was possible to characterize only in a general way the land uses and 
land management techniques to be encouraged under the project. Consultation of the 
literature and with professionals who have worked in the Dominican Republic, 
suggested the following guidelines for four slope classes: 

Slope Chs A (3-20 percent slope). Continue crop farming on existing cropland. 
Encourage mulching and contour farming. Renovate all rangeland with a slope 
of 13-20 percent. 

SIope Class B (21-35 percent slope). Encourage mixed cropping/agroforestry 
enterprises on existing cropland. Reno:*ci~ dl rangeland. 

Slope Chs C (36-50 percent slope). Convert all existing cropland to agro- 
forestry. Renovate all rangeland. 

Slope Chs D (over 50 percent slope). Reforest all existing cropland and 

To estimate the impacts of project implementation on resource management, a 
1:50,000 scale topographic map of the 85,090 h a r e  watershed was consulted The 
watershed was divided into 10-hectare cells, each of which was placed into one of the 
four slope classes. By contrasting existing land use (CRIES 1980) with recommended 
land use, it was found that 57 percent of thecatchment arm would not beaffected by 
project implementation while 1 1 percent would have to undergo e change in hnd use. 
In the remaining 32 percent, soil conservation goals would be met by mulching, 
contour farming, and range renovation. 

Reductions in soil loss resulting from compliance with proj= giriaelines were 
estimated by applying the Univercsl Soil Loss Eq-ation (Veloz 1982), using soil 
survey data and the estimates of s ! s ~  that were used to categorize land into the four 
slope classes. In gsseral, this approach yields conservative estimates of erosion 
inasm~ch as the USLE explains only gross sheet and rill erosion and not gullying, 
streambank scour, and other types of soil loss 

Average sedimentation rates were calculated by multiplying an estimated sediment 
delivery ratio (Onstad et al. 1977) by estimated erosion rates. Given current land use 
and land management practices, it was estimated that average yearly accumulation of 
sediment in the reservoir is 921 x 1W metric tons, which is 59 percent of the rate 
obtained by dividing total sediment in the reservoir by the reservoir's age (Espinal 
1981). However, the latter rate includes thesilt deposit by Hurricane David in 1979 



as well as the bed load of  sedimen!. Thus, the observed rate probably overstates the 
1 long-term sedimentation rate. Implementation of the project throughout the water- 

i shed would reducesedimentation by an estimated 86 percent to 130 x 1 8  metric tons 
a year. 

I 
I RESULTS OF ANALYSIS 

Sedimentation was assu'ned to have a negligible impact on electricity production 
i as long as it remains possible to operate the dam (Veioz 1982). However, without any 

change in land resource management, it was estimated that the generator intake 
would be clogged with silt after 19 years. As li:tleas a 25 percent reduction in erosion, 
though, would extend tht: dam's lifetime by a b u t  6 years (Veloz et al. 1984). 

, The group affected most by project implementation would be hillside farmers. 
Researchers familiar with the study area supplied information about farm income 
without the projed Budgets for soil-conserving activities were obtained from 
USAID (USAID 1981) and other sources. 

Economic evaluation of the watershed management project outlined above 
strongly suggests that the net benefits one associates with soil conservation depend on 
one's accounting stance. The results of private-level analysis reported in Table 8.2 
indicate that some farmers would benefit from project implementation while others 
would lose, assuming that all use a real discount rate of 5 percent and a 25-year time 
horizon. Those with land in Slope Class A would, on average, benefit. The net returns 
per heuare they would realize by adopting improved tillage practices would exceed 
status quo net returns per hectare. However, full project implementation would force 
farmers who work on steeper land (Slope Classes B, C, and D) to make a change in 
land use which is, on average, not profitable for them. 

Social-level analysis of soil conservation's on-site economic effects yields results 
that are similar to the results of private analysis of those same effects. In the former 
analysis, labor is shadow-priced at less than the minimum wage because of high under 
and unemployment in the Dominican Republic. Also, the project's exported outputs 
and imported inputsare evaluated using the parallel market exchange rate rather than 
the oficial exchange rate, which overvalues the local currency. 

Even after these adjustments have been made, social-level analysis yields the same 
two conclusions as private-level analysis, assuming the &me discount rate, timc 
horizon, and accounting stance. First, as an entire group, farmers would benefit from 
project implementation. Second, farmers with land in the higher slope classes, who .. .. 
would be required to switch from'iraditi6nal agriculture to agroforestry or 
reforestation, would lose because of project implementation. 

Broadening the accounting stance so as to incorporate the off-site effects of erosion 
yields s~bszntially increased estimates of the net benefits ofsoil conservation. Shown 
in Table 8.3 are the net present values of extensions in the lifztime of the Valdesia dam 
obtained by conforming to projea guidelines in selected slope classes. For example, 
given projea implementation in Slope Class A, the additional external benefits of 
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reducing erosion in Slope Ciass B (see Table 8.3) would greatly exceed the private 
costs of doing so (see Table 8.2). 

. . . . . TABLS8.2 

Private-Level Analysis of Valdesia Watershed Management Project 

Slope Class Hectares PNPV; PNPV;/Hestarc 

DRS 12500,000 

DRS 8925.000 

'PNPVi = Private Net Prexnt Value in slope class 1 
'DRS = pesos the Dominican Republic monetary unit 

TABLE 8.3 

Socia!-Level Analysis of Off-Farm Impacts of 
Valdesia Watershed Management Project 

Slope Classes Where ON-Site Benefits 
Project Guidelines Dam of Compliire with 

Are Followed Lifetime Gujdelines 

DRS 1.755,0001 

'DRS = p e ~ o ~ :  the Dominican Republic monetary unit 

CASE APPLICATION OF KEY CONCEPT 

Proper conceptualization and analysis of reservoir sedimentation from an 
economic perspective is extremely important if optimal corrective measures are to be 
implemenred. A core coccept is the private versus social perspective or accounting 
stance with respect to both spaceand time. A social or economicaccounting stance is 
primarily concerned kjth both on-site and off-site costs and returns, or with returns to 
the total s ~ i a q -  over the long run. Several forms of corrective or shadow pricing may 
be necessary in doing the social cost-benefit estimates which complicates the analysis 
and results in greater data needs. 
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Both the private and social perspectives or accounting stances are important as 
illustrated in the Dominican Republic case application. The private level analysis 
demonstrates the on-site profitability of alternative soil-conserving or sediment- 
reducing practices to hillside farmers, and shows those on steeper slopes as net losers. 
The social-level analysis' includes both on-site and hydropower related off-site 
impacts and includes corrective or shadow prices for both labor and overvalued local 
currency. This analysis shows social benefits of soil-conserving practices to be 
substantially higher than the private costs in the Valdesia Watershed and reservoir in 
the Dominican Republic 

CONCLUSIONS 

I The private-level and social-level economic analysis of a soil conswation project 
planned for a Dominican hydroelectric watershed raises two major policy issues. 
Firsf if some individuals would benetit from the implementation of soilconserving 
hnd management practices, why is voluntary adoption of those practices a relatively 
rare event? Second, given that changing to a more soil-conserving land use is 
perceived (either correctly or incorrectly) by farmers not to be remunerative, what 
policy tools 'should the government use to encourage such a change? 

The lack of widespread adoption of soil-conserving practices in :he Valdesia 
Watershed, elsewhere in the Dominican Republic, and in other Third World areas 
where erosion is a problem can be attributed in part to a lack of information. Research 
conducted in the Dominican Republic suggests that hillside farmers have little 
understanding of how agricultural practices affect erosion and very limited knowledge 
about methods for protecting soil. In addition, many hillside farmers hold insecure or 
limited tenure in their land which discourages them from undertaking costly measures 
that enhance the long-term productivity of land. Even if they were willing to adopt 
those measures, individuals with informal or limited tinurk would find it diacult to 
obtain the credit needed to cover the short-term costs associated with some 
conservation strategies. Similarly, the tendency to overexploit rangeland, which is an 
open access resource in the Valdesia Watershed and elsewhere in the Dominican 
Republic, is very strong. 

Certain public policies also tend to discourage soil conservation. In a country with 
an overvalued currency, for instance, thereis a wcdker incentive to adcpt r soil- 
conserving land use if a large share of the output from that land use is destined for 
foreign markets. This is a possible obstacle to the promotion of agroforestry schemes 
that stress coffee or citrus production. Also, interest rate controls, which exist in the 
Dominican Republic and other LDCs along with an overvalued currency, make the 
task of reducing erosion more difficult. In the face of such controls, financial 
institutions tend to ration credit to borrowers who are less likely to default on loans 
and who can be served at a lower cost. Since they typically fall outside that set of 
borrowers, hillside farmers might find it difficult to finance an individual soil 
conservation effort when credit is being rationed on a nonprice basis. 



The results of social-level analysis suggest that in order to achieve an optimal 
reduction in soil loss (which occuz when the off-site and on-site benefits of a marginal 
reduction equal the costs of making that reduction), some individuals would suffer 
private losses. Thus, subsidization ofcertain mil conservation measures might have to 
be considered. This possibility raises a number of policy problems. A subsidization 
program will have to be designed to prevent the expansion of hillside crop agriculture 
and grazing that wguld normally result ifcompensation were offered for conformlag 
to project guidelines. This could entail major costs fgr the agcncy that administers the 
project. High administrative costs could also be associated with an attempt to foster 
soil-conserving activities :hrough the use of subsidized credit. 

Resettlement of individuals outside of environmentally sensitive areas is a 
frequently suggested policy alternative. In the Dominican Republic and most other 
LDCs, there exists idle cropland (e.g.. iznd f~rmerly planted to sugar cane) that could 
be given to indiviaaals displaced by, for Instance, a reforestation scheme in a 
watershed threatened by erosion. However, previous experience with Third World 
resettlement programs suggests that it is diacult to remove rural populations from 
ecologically sensitive areas quickly and permanently. More often than not, those 
populations are poorly equipped to make the transition from their familiar agri- 
cultural setting ifthej are moved to a radically different one. Accordingly, one should 
recognize that a long-term investment in the human capital of those populations is 
probably needed to prepare them for relocation. Given the proper diffusion of skills, 
more of those individuals would be capable of competing successfully in other labor 
markets. Similarly, individpuls left in the sensitive areas would utilize land in a more 
sound manner. In addition, long-term reductions in population growth rates would 
ease the pressure on the renewable resource base. 

Some data limitations qualify the results of the Valdesia case. No clear empirical 
evidence from the Dominican Republic about the inverse relationship between 
on-site crop yields and soil erosion exists. Accordingly, it was assumed that net returns 
per hectare would remain constant over time under the "without project" scenario. 
Although this leads to underestimation of the net social benefits of conservation, the 
assumption is not inappropriate for private level analysis. If idle land is available in 
each slr~pe class, farmers will perceive that the costs ofdepletive hnd use, which equal 
the expense of clearing a new parcel of land once an old field is exhausted, are small 
an4 will therefore perceive that their income witbcut the project will indeed s ~ y  
rmstant. Also, inadequate data dictated that a simple hydrological model of the 
watershed-which does not reflect stream flow regime, nonsheet and rill erosion, and 
some of the effects ofsedimentation-had to be used. Accordingly, theexternal costs 
of soil loss have probably also been underestimated. 

The tools generally used to determine soil loss rates and sedimentation transport in 
LDCs are, by and large, rudimentary. Thus, it is hardly surprising that available 
estimates of the external costs or erosion (e.g., the costs of lost hydroelectricity, of 
reductions in irrigation water, of flood control, etc.) are imperfect. Similarly, in order 



to understand better how the hillside farmer makes the decision of whether or not to 
utilize land in a soilconserving fashion, better information about his institutional 
environment and about production functions for both traditional and less erosive 
agricultural activities is needed. Finally, better demographic information about the 
population that inhabits environmentally sensitive areas would improve our 
understanding of how renewable resource management problems evolve over time. 

With more research on the on-site and off-site impacts of reductions in soil loss, it 
will be possible to perform economic analysis that is more comprehensive than the 
analysis described in this report. The case application estimates of the external benefits 
of soil conservation are probably conservative (only one type of benefit-the 
extension in dam lifetime-was quantified), and the per hectare returns associated 
with tradiiional agriculture have probably been exaggerated. Thus, the results of the 
Valdesia case argue for more research that allows for the design of better strategies for 
dealing with pressing soil ermion and sedimentation problems in developing countries 
throughout the world. 
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.r, biomass production are the same for both natural and agricultural systems. It 
appears that agricultural development cannot be more productive of biomass than 
naturgl communities (Evans 1980, Mitchell 1984) unless it is possible to change the 
efficiency of the chloroplasts of plant leaves; hence, the productivity of natural 
communities with similar resourcesis a basis for a measure of the relative biological 
efficiency of an agroecosystem. , 

Through triai and error, humans have become ecosystem engineers, al!ocating 
effort and crops so as to ,-roduce a reliable and sustainable supply of biomass for food, 
fodder, fuel, fiber, and shelter Until a few score years ago, the indignousagricultural 
villages of Asia, Africa, and South America functioned as nearly independent 
agroecosystems (Calavan 19.77, .Moerman 1968, Noman 1979). Probably these 
farmers all shared the view John Buck (1930) eitributed to Chinese villagers who 
desired to "... reduce the cost of living by becoming as self-sufficient as possible ... 
Farmers feel it is more economicxi and convenient to use their own products" 
(p.178). Sustainable self-sufficiency was the first goal in the early evolution of 
agroecosysterns and still has priority, even after complex economic re1a:ions develop. 
Villagers may cling to the tradition of meeting their demands from local biomass long 
after :here are ways to meet these needs that the economist sees as more cost-effective 
alternatives. 

We will attempt to develop a framework for describing the basic biological 
properties of a village ecosystem which includes tests for self-sufficiency and 
independence. The research is directed at obtaining answers to the following 
questions: 

1. Eow does the productivity compre to that of natural communities with the 
same resource base? This is the measure ofthe relative intensity ofcultivation and 

-. indicates whether substantial increases in biomass production might be possible. 
2. What portion of the biomass is harvested and used? This is asensitive measure of 

the extent to which there are multiple uses of a crop. 
3. To what extent are the local needs for fuel, fodder, and f d  met with local 

biomass production? 
4. Hc-v much of the biomass of the previous crop goes into maintaining the habitat 

and next year's production of biomass? 
5. How great is the surplus production and is it likely that the village could be 

self-sustaining without external subsidies? 
At present it is particularly urgent to kke up studies of village ecosystems for two 

reasons. First. village life is the outcome of a very long cultural heritage which k still 
practiced by a large portion of humanity, and it is important to try to understand how 
villagers have been solving the problems of managing resources. Second, information 
on how a village works may well make it possible to understand change as a 
compromise between sustainable ecosystem management and specialized production 
for profit. This may explain why some technological suggestions are ignored and 
some are embraced, and why some are disruptive while others are constructive. 



The village we will describe, Panayakurichi, is specialized in rice production and 
might be dismissed as having abandoned traditions that originated some hundreds of 
years ago in nearly closed self-sustaining managed village ecosystems. Many changes 
have been forced on the village by population pressures and loss of fuel resources. The 
availability of chemical inputs and new crop varieties have changed other aspects of 
village agriculture. It may be possible to eva.luate these changes by reviewing earlier 
studies or through comparative studies. We will describe how the 994 people of 
Panayakurichi, near Tiruchirapalli, South India, manage the resources of labor, land, 
crops, and aniinals to obtain the food. fodder, and fuel needed to maintain the village. 
This ecosystem analysis, based on independent measures of all aspects of primary 
production, consumption, recycling, and inputs, is the basis for arguing that the village 
must beseen In its entirety by those who seek to understand villageecosystems. Such 
understanding may well be an essential point of reference for those planning to alter or 
improve the lives of the sizeable portion of humanity that still subsist on local 
resources and enjoy virtual independence of fossil fuel. 

STUDY AREA AND METHODS 

Panayakurichi (lOSON; 78.4OE) occupies 257.72 hectares of flood plain along the 
Cauvery River. The rainfal: averages 83 centimeters per year. most of which fails 
between August and December. Minimum temperatures are 21 to 26OC with the 
maxima always over 30° from March through September. Local rainfall supplies 2 

small fraction of the water used in agriculture. Rice cultivation is possible only with 
water from the Uyyakondan channel of the Cauvery River. and is regulated by the 
Mettur dam built in 1928-34 at a cost of $13.7 million. The flow in the river and 
irrigation channels supplies water to 122,000 hectares. The cropping pattern is 
determined by the time and quantity of water released from the Mettur dam. 
Normally. irrigation water is available from July until late winter. 

The 257.7 hectares occupied by the village consists of 6 hectares devoted tograzing 
lands. 155.5 hectares planted to crops, and the remainding 97.2 hectares occupied by 
houses, paths, irrigation canals, and farmyards which include some open land in and 
immediately around the village. There are 167 families totalling 994 persocsof which 
48.7 percent are males. Most of the population (56.9 percent) is between 15 and 59 
years old, 8.4 percent is over 60 and 34.7 percent is under 15 ye&s of age. The village 
is about 3 kilometers northeast ofTiruchirapalli and mamy of the villagers work in the 
city in addition to farming the land. 

At the time of the census the cattle population consisted of 94 working bullocks, 15 
bullocks 1-3 years of age, and 241 milking cows and buffalo. There were 189 goats. 

The 155.5 hectares of cropland is divided into 3 12 plots, rznging from 0.004 to 
2.513 hectares owned by 167 families, 2 temples, and 2 churches. Most fields (121) 
are less than 0.25 hectare; 108 fields are 0.25 to 0.50 hectare; 77 fields are 0.5 to 1.0 
hectare and only 6 fields are larger than 1 hectare. On the average, each family 
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cultivates 2.5 fields totaling 0.90 heaare which is above average for India where 50.6 
percent of the operationiil holdings were less than 1 hectare (Ministry of Agriculture 
1977). or the Chingleput district in northeastern Tamil Nadu where more than 50 
percent of the land hp!dings wers beloy0,5 hectare (Mencher 1972). In Bangladesh, 
51 percent of the farms are below ! hectare (Ahmed 1976). 

Two high-yielding varieties of rice (Oryza sativa), Ponni and ADT-31, are the 
principle crop. The other field crop is sesame (local term gingi@), Sesamum 
orienrale. Two plantation crops are planted; banana (Muso) and betel vine (Piper 
betel). All but sesame require irrigation. The production from the two field crops was 
estimated from haphazard square meter samples taker. at harvest time. Five samples 
were taken from each crop. ttie components separated, dried at 85OC for 48 hours, 

Rantation crops were harvested at intervals over a 15 to 36-month period. The 
harvest was monitored to obtain average market weights for [he crops. At :he end of 
the cycle. representative plants were harvested and the components separated to 
obtain the dry weight. The production per plant and final standing crop were 
combined to estimate total yields. 

The chemical composition of each of the kinds of food (Gopalan et a]. 1976) and 
fodder (Sen 1966) is known and can be converted to kilocalories using standard 
values for kilocalories per gram (kcal/g) of protein (5.65). carbohydrate (4.15), and 
fat (9.40) (National Academy of Sciences 1960). Other caloric equivalents will be 
discussed where used. 

Estimates for thedemands for food and fodder use thecensus figures; estimates for 
labor times werr: obtained from observations and interviews and standard estimates of 
metabolic demands for Indian conditions for humans (Gopalan et al. 1976)and draft 
animals (Ranjhan 1976). The labor required for each farm task follows well-known 
norms in the village and were verified from interviews and observations. Census 
figures, land holdings, fertilizer usage, fuel consumption, and the whole host of data 
needed to determine the quantities of material and labor used in Panayakurichi were 
obtained with the help of the Village Karnum, D. Parimanurn Pillai. The census and 
viilage records supplied by the Karnum were the basis fora complete house-to-house 
cencas of the population and land holdings for 1977-78. 

THE CROPS 

The input of seed, manure, water, and labor yields a mix of fodder, human food, 
and fuel that is used in the village. The properties of each crop are reviewed and the 
aggregated inputs and outputs are used to determine the extent to which the allocation 
of resources to crops is governed by the internal needs of the village. 

RICE (112.4 HECTARES) 

Most of the land (68 percent) is in highyielding varieties of rice. ADT-31, a 
short-term (105 day) rice, is planted in Ailgust as a summer crop called kuruvai. In 



triple cropping, the Ponni variety (135 days) is sown as the second crop and ADT-31 
is the third crop. Land is committed to kuruvai in August. Some land is reserved for a 
mid-September planting of the Ponni variety. This "winter" crop called samba rice 
cannot be followed by a second crop of rice because there is no water in the spring. 
ADT-31 yields 9 percent less rice and less than half the fodder (bran, stems, and 
leaves) than Ponni (Table 9.1). Yield is only one of the factors considered in planting 
decisions. If the rains of the summer nonsoon provide a large supply of water, then 
double and triple cropping with ADT-31 will produce much more From the land. If 
summer monsoons bring limited rain, a single kuruvai crop may be all that cEn be 
raised. Rice planted in August is nearly mature in October and November and can be 
destroyed by the very erratic winter monsoonal storms. 

TABLE 9.1 

Rice Primary Production in kg/hal 

Dry 
k g / h  

k d / k g  ADT-31 Pond 

Paddy (rough rice) 3657 3670 4228 
polished rice 3683 (2372) (2748 
bran 5945 ( 568) : 658) 
husk 1641 (730)  ( 822) 

Straw 3330 4708 11470 
Totals 

Total Yield 
(138.6 ha) 

Io'irg IOLkcPl 

571.1 2088.4 
(370.8) ( 1365.7) 
( 88.8) ( 527.9) 
(111.5) (182.9) 

1409.3 4692.9 
1 W0.S 678 1.3 

'Based on five haphazard m2sampla for above ground production and five haphu~ardly selected clumps 
to obtain the ratio of root to shoot biomass. Equivalents in combustible calories are determined from the 
approximate snalyscs of Gopalan et al. (1976) for rice. Sundarraj and Thulasides ( 1976) for bran and 
husk and Sen (1%6) for straw. 

A measure of insurance is obtained by placting some samba rice between mid- 
September and the end of October. Only the wont of the winter storms will damage 
the young samba rice. The 1977-78 season followed two years of winter monsoon 
damage to kuruvai, and farmers feared another destructive winter monsoon. 
Consequently, a total of 1 1 1.9 hectares of Ponni and 25.7 hectares of ADT-3 1 were 
cropped from 1 12.4 hectares of paddy land. Only 22.7 heimres were double cropped 
and 1.7 hectares were triple cropped. The multiple-cropping resulted in an a n n l ~ l  
cropping intensity of 1.23. 

Fodder demands could play a role& dc%ibris. If thesupply of water f-om 
the summer monsoon appears to be adequate for a summer crop 5::: vncertaia for 
samba, the farmers might still plant some samba because it yie:& r +  ;ce as r~~lcch 
fodder as kuruvai rice. The uncertainties of weather, demand for fcl;Jei. and neecr 9 - r  
rice play a role in the allocation of land to different patterns of rice culiure. Sundar . - 
(1982a) provides details of thz cultural practices and labor inputs. Labor input* :I:- 
the rice (Table 9.2) range from 51 to 95 days of human labor per hecart: anct 
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bullock days of labor. This is less human days of labor than the 183 human days and 

but far below the 303 humiin days and 76 bullock days reported for the Central Farm 
at Coimbstore (Department of Agriculture, Madras 1970). I 

The Input of Labor (In 8-hour Days per Hectare) for Rice in Panayakurichi I 1 

-. 
.- 

58 bullock days reported for Uttar Pradesh (Singh and Chancellor 1975) and the 130 
human days and 20 bullock days for Ungra in Karnataka (Ravindranath et al. 1980). 

& 

TABLE 9.2 

. - 

Transplanting 

Chemicals 

J 

Harvesting 12 15 4 
Total 51.6 95 672 

Farmers use all the available farmyard manure which consists of animal dung, 
vegetable wastes, and straw that accumulates through the year. Manure is transported 
to thz fields ddring the dry season. Some fields receive as much as 1500 kilograms per 
hectare 'kg/ha). others less than 700 kg/ha. A survey of fields suggests that 1000 
kg/ha is the usual input level for a paddy field each year. 

ADT-3 1 is seeded at the rate of 1 1 1 kg/ha, and Ponni seeding takes 86 kglha. 
Price subsidies and loans make chemical fertilizer cheap and readily available. The 
use of chemicals on five fields of long-term rice and five fields of short-term rice was 
monitored. Insecticides were applied routinely and consistently in the Eelds. Endrin is 
a-pplied at about 1 I00 millileters per hectare (ml/ha) on long-term rice and 900 
ml/ha on short-term rice. Both crops receive app!ii-ations of about 50 kilograms of 
BHC per hectare. 

Urea is applied to both varieties with 62 kg/ha on long-term rice and 124 kg/ha on 
short-term rice. Long-term varieties receive 124 kg/ha of nitrogen-phosphate- 
potassium (N-P205-K20) complex (17-17-17) and 62 kg/ha of ammonium 
sulphate. In terms of nutrients, this is the equivalent 62.6 kilograms of N and 21.1 
kilograms each of P205 and K20 applied per hectare of long-term rice and 56 
kilograms of N applied per hectare of short-term rice. 

SESAME (GINGELLY) (2.24 HECTARES) I 
This oil seed follows a kuruvai rice crop. The plowing of the fields in March takes 

30 days for a man with a team of bullocks per hectare. Seeding at the rate of 6.18 
kg/ha is done with a single pair of bullocks and takes 2 days. Sesame receives no other 
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care, and 10 women harvest a hectare in one day. The plants are spread on a drying 
surface and, when dry, 8 women work a day to thresh the 617.5 kilograms of see& 
from a hectare. 

The seeds yield 40 percent of their weight in oil (9.4 kcal/g). The remaining oil 
cake (4.34 kcallg) is used as cattle food. The residue of stems and leaves, 12.9 metric 
tons per hectare (mt/ha) at 4500 kcal/kg is used for fuel. 

BANANA (41.56 HECTARES) 

Rhizomes of the poovan variety are planted after the fall monsoon (October, 
November) and produce fruit 15 months later. Land preparation requires 10 days per 
hectare by a man and a team of bullocks. The transportation and digging in of 2470 
rhizomes requires 4 days of work from oxen and 15 man days of work. The 
application of 5000 kg/ha of farmyard manure 2 weeks after planting requires 19 
man days and 28 bullock days to transport the manure from the village. Women 
disperse the manure (62 days of work), men dig the manure into the soil (55 days), 
and, finally, 25 man days are required to dig irrigation channeis. From then on two 
men work one day twice a month to direct and control the irrigation. Applying a total 
of 123.5 kilograms of oil cake, 333.5 kilograms of ammonium sulphate, 148.2 
kilograms of 17-1 7-1 7 complex, and 2 10 kilosranls of potash to a hectare requires 
100 man days. The care and harvest requires 78 days of work in February and March. 

The annual yield of biomass (dry weight) is 18.78 mt/ha of which 5.8 1 metric tons 
are stem and root that haqie no use other than as mulch. All the other parts of the 
banana are used (Table 9.3). Squash or vegetables are grown as intercrops during the 
first few months in a banana planation. This practice varies widely and is not included 
in the totals here. 

TABLE 9.3 . . 
Average Annual Yield of Banana1 

Human Food 

472 Input for crop 

'The yields of energy arc calculated with calories of combustion based on Gopalan et al. (1976) and Sen 
(1966) for banana kaf. 





from grazing lands have an average caloric equivalent of 3803 kcal/kg (Sen 1966) 
The cattle are grazed wherever there is grass. The production from fallow fields is 

negligible because they are grazed only in the dry season. The bunds that enclose rice 
paddies produce a good growtn of grass, and the small field size results in the bunds 
occupying a significant area. The 3 12 fields, averaging 0.498 hectare. have a common 
bund 0.6 meter wide on three sides and an irrigation channel with a bund 1.06 meters 
wide on the remaining side. The estimate of bund length is based on the assumption 
that each field was square. Thisgives the minimum length for a bund, which is 26,012 
meters for the shared bunds and 17,342 meters for the irrigation channel bunds. There 
is a total of 3.40 hectares ofgrazing land on the bunds. The grasses are similar to those 
of other grazing lands. 

There are, therefore. 9.40 hectares ofgrazing lands in the village yielding a total of 
1 19.0 x 106 kiloca!ories of forage. None of these lands could be used for other crops; 
hence, no tillable land is used for forage production. 

AGGREGATED PRODUCTION 

The total harvest (Table 9.5) consists of 27.8 percent human food, 10.2 percent fuel 
used by humans, and 5 1.9 percent could be used as forage for cattle. This is an average 
of 58.1 x 106 kilocalories harvested and used per hectare ofcropland. Casual plantings 
and fuel gathered fiom the fences and paths are not included. 

TABLE 9.5 

Aggregatsd Output for Panayakurichi in l(r kcal/yrt . . 
Human food F d c r  

Rice ( 138.6 ha) 
Saame (22 ha) 
2anana (41.6 ha) 

Total Harvcslcd 2902.6 " 5 4 1 9 3  " 1065.9 
(percent of ANP) 

(percent satisfied) (326.4) (61 1.8) 

'Data were assembled from he text and Tabla 9.1.93. and 9.4 and repnscnt the outputs from tk 161.6 
hcctarn of crop!aid hat are seeded or grazed: 31.7 hc*ara are multiple cropped. 

=Includes 3.4 hectares of bunds of pddy fields. 

-& 



BIOTIC INPUTS 

The crops and cropping practices of most farmers in the world are strongly 
infiuenced by the portion of the biomass from previous crop that must be used r:, 
produce the current,crop.(Evaqs 1989. Biomass is used to maintain the system; it 
provides the propagules for replantjng and the food for the humans who control and 
manage the crops and for the animals which are used for power. Seeds are the. major 
energy source for humans in a grain-based agriculture. Fodder production does not 
compete with human food production if it is taken from the leaves and s!ems of the 
grain crop. untillable land. or weeds. The fuel used for cooking human fcod and other 
essential needs of humans must be included in the cost of running rhe ecosystem. 
Thus, biotic inputs can be' separated into three categories: (1) biornass set aside for 
reseeding, (2) the portion of :he crop and the cropland that must b . ~  set aside to supply 
the food and fuel for the humansand draft animals that plant an5 maintain a crop. and 
(3) food and fodder biomass from sources that do not compe!e with crop production. 
The difference between the total biomass in the first two categories and the crop 
production from thesystem is thesurplus available for export or thedeficit that must 
be imported. 

SEEDS AND PROPAGULES 1 
in the case of rice and sesame, the seeds are drawn from potential food. Two 

percent of the rice yield is used for the next year's crop. In sesame 1.1 percent of yield 
is used in seeding the next crop. The see& and propagules of both banana and betel 
vine are not economically useful azd do not compete with supplies of foods or 
nutrients. The small aggregated denand for the planting of the next crop is less than 
the year-to-year variation in crop yields. 

LABOR 

Labor is a time-limited resource determined by the size of the human and animal 
populations. Decisions about what to plant and how to plant are based on the 
availability of ! a h .  The bullock labor is fixed as the population times the customary 
number of days an animal can be worked. Normally, thdt will be 5 days a week; 
hence, :he 94 bullocks will provide 470 work days a week. The animals may bc 
worked continuously during critical periods, and the dry buffaloes (52 at the census 
iime) can be impressed to work. For a brieftime, 146animals might be worked 7 days 
a week to give 1022 work days a week. However, such strains on the marly 
nourished draught animals are avoided if at all possible. 

The partion of the population doing the farming is more difficult to explain bctc.:se 
a person's role or po!ential role is a function of sajal status (Srinivas 1976). People of 
high status or with special roles, such as blacksmiths or barbers, may not farm and 
there are customs that limit some kinds of work to one sex. The sex of worker was 
distinguished, but the way social structure limited working within one sex could not 
be included in this study. 

1 
I 



The annual labor requirements (Table 9.6) show that 23,421 days of male labor, 
17,184 days of female labor, and 11,026 days of bullock labor are required for 
farming. Rainfall determines the needs for labor in each of the two systems of rice 
production and the other crops (Figures 9.1 and 9.2). In their anxiety to avoid losses 
from the winter monsoon, farmers planted much of the rice land to samba so that the 
peak labor demands were in September and October. Less samba and more kuruvai 

TABLIE 9.6 

Aggregated Biotlc Inputs for the Entire Crop Area in Original Units 
with Heat of Combustion Equivalent in Parentheses 

10' kg/yr Days of work/yr 
(10' kcal/yr) (10' kcnl/yr) 

Seds Manum Chemicals Mak Femnh Bullock 

(45.5) (195.6) (286.9) (13.1 1 )  (16.59) (73.35) 

(733) (3075) (I 55.8) (18.72) (4.71 ) ( 12.76) 

( 1 19.2) (525.1 ) (41 1.16) (40.28) (21.65) (87.1 0) 

The monthly labor demands for 1957-78 can be compared to the supply that 
would be available (Figure 9.2) if the entire population worked a 5day week. For 
bullocks that is 2081 work days a month and for dry buffaloes, 1 151 days. Only in 
October doe. the labor demand exceed the potentiai work from bullocks. It appears 
that the shift of land to samba was as great as possibie within the draught animal 
resources. If rice land were equally divided between kuruvai and samba, demands 
would exceed the potentia! bullock labor in August (3899 days) and October (3195 
days), but this pattern of demand would be manageable with the use of buffaloes, 
small adjustments in planting times, and some &day work weeks. 

No male buffalo are kept. The sexptio iq thecat~le~pulation is0.97 males toI.0 
females among 1 to 3 year olds, but it averages 0.41 to 1.0 among cattle and buffalo 
older than 3 years (Table 9.7). There are just enough young bullocks to replace the 
working animals when they reach an age s f  9 years. The bullock population appears 
to be very closely regulated to meet labor demands. All the remaining fodder supply is 

lor milk cattle and she buffalo that are also available as a labor supplement. 
'The human population is not regulated to match labor demands. Males do the 

heavy labor of land preparation and females have jobs that are done in larger groups, 



FIGURE 9.1 Dluttfbutlon of labor requlremsntr for rummer r/ce (kuraval), 
whter flee (usmba), and all crops comblned for 1977-78. 

O ~ h e r  crops 





TABLE 9.7 

Numbers and Estimated Caloric Requirements 
of Cattle and Goats in PanayakurishI1 

Total Energy Inputs (lOL kcal) 
Census Annual .. . . * Count Maintenanre increment Total 

15 89.79 - 89.79 
over 3 yrs.) work) 94 562.10 88.1 1 650.1 1 

cows 
under 3 yrs. 36 21 5.35 - 21535 
over 3 yrs.. dry 23 137.60 - 137.60 
over 3 yrs.. milking 53 316.82 106.96 423.78 

BuNalo (females) - 
undcr 3 yn. 33 197.46 - 197.46 
ovcr 3 yrs.. dry 52 3 1 0.98 - 3 1 0.98 
over 3 yrs.. milking 44 263.1 6 i 35.79 368.95 

Goats (meat) 1 89 359.1 6 - 359.1 6 
TOTAL 

such as planting. weeding and harvesting. In terms of work days the ratio is 1.36 males 
to 1 .O fcmales and the December peak in labor can be met if 220 males and 179 
females work a 5 day weel: (Figure9.2). Over most of theseason no more than a third 
to half of the villagers would have to work. It often appears that more females are at , 

work; that is beczuse groups of females are more conspicuous than individual males 
dispersed over the fields. 

Time is the limiung resource in making decisions about what crops to plant and 
when to plant them. The farmers are acutely aware of how much time each task i 

time is the limiting resource considered by the farmeis managing their ecosystem, b 
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direct mcsuns. Intermediate values of 5OMOQ kcal/hr are obtained by adding h e  
energetic cost of the hours of labor to the maintenance for the days of labor and 
dividing by the hours of labor (Pimental et al., 1975). The low values (200.300 
kcal/hr) are the work energy (Norman 1979), which is the metabolic increment of 

al. 1976) have been converted to combustible calories (Mitchel: 1979) of 1720 
kcal/day for males and 1260 kcal/day for females. The input for work, 215 kcal/hr 
for males and 160 kcal/hr for females, which are lower than the common estimates, 
are the best data available for Indians under local conditions. The impartan= of using 
local data is made clear in Edmondson's (1979) exacting analysis which showed a 
two-fold difference in the instantaneous metabolic cost of work that was &ted 
with systematic differences in diets. Fanners with diets of 2700 kral/day had an 
average metabolic increment of 8.1 kcali'min at medium work. Fatmen with &ti of 
1770 kcal had a significantly smaller increment of 6.0 kcal/minute at r d ium work. 
It is importaat to exercise caution in attaching significluce to small differences in 
energy relations of various systems. 

The values of Ranjhan (1976) were used to obtain a value of 59O!l kcal/day for 
labor by bullocks in the village. Bullocks are used exclusively for labor, and the 
populatlcn is just large enough to meet the seasonal labor demands (Figure 9.2). 
Combining inputs for maintenance and labor gives a gross cost of 650 million kcal/yr 
for bullock labor (Table 9.7). The 90 million kcal/yr for 1 to 3-yearsld male calves is 
an essential replacement c k  

The seginent 02 the human population that farms cannot be distinguished from 
thcw engaged in other taslrs Perhaps a measure of tnt: cost of a complex human 
society can be projected by wing tPe ratio ofenergy obtained for maintenance energy 
cf the strictly regulated bullock population as a standard ratio for the work to 
maintenance of a population with no social structure. To supply 88 million 
kilocalorks of bullock work, it is necessary-to put 7.4 times as much energy into 
maintenance (Table 9.7). For the human population. the maintenance energy is 13.5 
times greater than the energy used for work (Table 9.8). 

The maintenance to work ratio is twice that of buPloclts and part of the larger value 
can be attributed to the portion of society tbat docs no'farm work, but carris out 
important d bctions 

4 . .. .. 
Sue.ined agriculture requires replacement of the nutrients removed from the soil. 

The return of nutrients cia be measured in caloric equivalents, a term needed for 
evaluating the cor?leteness of the ecosystem mcdel. The caloric equivalents also 
indicate how much physical effort is put into recycling. Theactual effect of recycling 
on yields is not related to the minerals in the manure If manuring is to be compared 
with chemical fertilizers, then the mass of nutrients must be determined. The rate of 



TABLE 9.8 

E~tlmat6d Caloric Requiromenta tor tho Populatlon of Panayakurichi' 

Total e m y  inpul(1W k d )  .. . .  - a - 9 .  Annual Work 
Co,unt Maintemnce Increment Total 

Males 
1-14 yn. , 1 66 115.12 - 115.12 
15-59 yrs. 277 283.09 40.28 32337 
over 60 ya 4 1 41.90 - 41.90 

Females 
1-14 yn. 1 79 124.14 - 124.14 I 
15-59 yrs. . . 2S9 229.5' 21.65 25122 
over 60 yrr 42 33.42 - 33.42 1 TOTALS 994 827.24 61.07 889.1 7 

l~econstane.for caloric requircmentsare baxd on tk nutricnt analysis given by Gopalan et al. 1976 and 
converted to heat of combustion rather than nutritive calor.~a (Mitchell 1979). Work increments are 
calculated in the text. 

TAB hE 9.9 

Nutrients from the Annual Applbstion of 
Organic Manures and Chemicals for each Crop per Hectare per Yearq 

Rice hnom &cd 
kg IC kcal kg: 10' kcnl kg 

Farmyard nunure 1000 1.74 4000 6.97 5000 8.71 - - -  .. - 

oil aike A - 100 0.43 1480 
TofaI organic 
nutrients I 
N 5 - 28 - 143 
p2os 3 - 13 - 36 - 
Go 6 - 25 -- 48 

- I 
Chemical nutrients 
N 60 1.86 105 325 - - - I 

- 

Manure needed to 
replace chcmids l 2 W  20.92 21000 36.60 - 
INcrtit5da 505 4 3  1 - - - - - I 
'Farmyard hunure at I743 kcallkg is assumed to have 0.005 N. 0.003 %OS and 0.006 K20 (Mitchell 
1979). Oil cakeat 4341 kcal/kg (Mitchell 1979) isassumed to have 0.08 N. 0.014 P205, and 0.012 K20 
(Drprtment of Agriculture 1970). The energetic costs of chemicals arc from Pimental and Pimental I 



I manuring, given under the crops (Tables 9.6 and 9.9), will total 292 metric tons for 
the entire area. At 1743 kcal/kg for farmyard manure (Mitchell 1979) and 4340 
kcal/ kg for oil cake (Sen 1966). manures equal 525.4 x 106 kcal/yr for all the crops. 

FOSSIL FUEL INPUTS 

Chemicals are used on rice and banana. The total fossil fuel inrut (Table 9.9) is 288 
x 106 kilocalories far rice and 156 x 106 kilocalories for banana. The insecticide inputs 
are not substitutable, but the 444 x 106 kilocalories of fertilizer are equivalent to the 
nutrients in 2222 metric tons of manure (Table 9.9). 

Nitrogen is the major nutrient for rice. Potassium is the major nutrient for banana 
Each of thse  elements make up about 0.005 of the mass of manures. The 5 kilograms 
of nitrogen estimated to be in a metric ton of manure cost the farmer about 30 rupees 
in 1979. A ton of manure yields a h a t  1.1 1 x 106 kilocalories of useful heat which is 
about the quantity obtained fiom 237 kilograms of wood. Substituting 237 kilograms 
of wood for a ton of manure would cost 80 rupees, so dung is 2.7 times as valuable as a 
fuel than it is as a source of nitrogen. Some of the potassium and phosphorous remains 
in the ash and is recycled. The way dung is used depends on the availability of fuel and 
the cost of alternative nitrogen sources. In Panayakurichi nitrogen costs would have 
to nearly triple and fuel costs remain constant before manure would be an economic 
alternative to chemical nitrogen. It is important to iwe !she costs to the farmer in 
examining farming decisions. This accounts for local decisions, but a larger economic 
model is needed to decide if direct and indirect subsiciies make these decisions 
cost-effective at a national level. 

CONSUMPTION 

Primary production is used as human food, cattle fodder, and fuel. The biomass 
used to build houses. roofs, tools, and other products is a minor fraction of production. 
Goats, chickens, and trained ducks are largely gleaners that feed on wastes and 
residues that would not otherwise be used and cannot be directly measured. 

FODDER 

The demand for fodder by cattle and buffalo (Tab!e 9,7)is about 44 percent of the 
fodder supply ('Fable 9.5)- but most of the potential fodder (96 percent) is lowquality 
rim straw. Highquality fodder represents about 36 percent of th!: fodder demands. 
This is hove odend'hal's (1972) value of 25 percent cattle fodder beicg otk8:er than 
rice straw in West Bengal. The quantity of fodder is adequate, but it is still sc, low in 
quality that the herd could not be increased without serious shortages in quality 
forage. Goats are excluded froin the analysis because they gemally feed on 
wastelands and weeds not suitable for cattle. 



HUMAN FOOD 

Human fcod is in surplus with about 2903 x 106 kcal/yr harvested (Table 9.5) and 
a demand of 889 x 106 kcallyr. Water subsidies and transport allow the farmers to pu! 
land inio the most profitable crop, rice, and import the pulses, vegetables, oils, and 
sugar that rcpreserjt about 1.1 percent of the calories in an average diet (Ka!irzjan 
1976). The surplus of food available for sale is just over twice the local consumption. 

Biomass supplies the fuel. Thedemand is measured independently ofthe supply of 
fuel. The two common combinations of fuels-dung cakes and banana sticks, or 
wood and banana sticb-gave an average of 657 kilocalories of useful heat utilized 
in cooking for one person per day (Sundarraj 1982b) which is .:!ose to the Indian 
average of 650.4 kilocalories (Khadi and Village Commission E "6.75). 

The fuels are given in Table 9.10. Banana sticks are made by twisting the fronds of 
the banana leaf around the central axis. Until recently. only the washermen made 
banana sticks to heat washwater, but this fuel is now used by villagers for cooking. 
There is no fee charged for the collection of banana leaves, which is usual!y done by 
children, despite the fact that it now meets over half the fuel demand (Tables 9.5, 
9.10). The 12,858 kg/ha of sesame stems are assumed to provide 4500 kcal/kg and 
supplies a b u t  8 percent of the fuel demand. The annual harvest of wood from betel 
gardens, (Tables 9.5.9.10) meets about 13 percent of the fuel demand. 

TABLE 9.10 

Annual Fuel Demand and Supplier in Panayakurichfl 

IOL ka l /yr  edliciency x l OL u~tful  k d / y r  

EPtlatatcd dcaud 

Banana sticks 

Betel Garden 

'Demand and supply estimates laken from Sundarraj (1982b). All measures of efficiency and caloric 
content am from the Khdi  and Village Commission (1975). 

Surveys of !he use of dung cake indicate an average use of 0.578 kilograms of dung 
cake a day for each person. At 2092 kml/kg(Mitchell1979), this yields 1 2 a  kcal of 
heat or 438.7 x 106 kcal/yr. Thecattle produce28.87 kg/day and buffalo an avyrage 



of 2.72 kglday dry weight (Neelakantan 1975) for a tofa! of 538 x 103 kilogram of 
manure dry weight. The estimate of fuel consumption, 209.7 mt/yr, is 39 percent of 
tlre available manure. The use of farmyard manure (25 pcrcent water) on crops totals 
229 193 kg/yr and, together with dung cakes (at 10 percent water), gives 397 x 1V 
kilograms which exceeds the manure supply. Farmyard manure includes a great deal 
of rice straw from bedding and other wastes, and dung cakes are bound with about 12 
percent fiber. When this is taken into consideration, the estimates seem to be within 
reason. Dung cakes meet about 20 percent of the fuel demand. 

SECONDARY PRODUCTION 

Humans consumle goat meat and milk which are secondary products. The average 
yield of milk from cows is 612 liters per year (I/yr) and 604 I/yr for buffalo. At 75 
kilocalories per lira (kcal/l) and 128 kcal/l respectively, the yield from the herd has a 
caloric equivalent of 10.06 x 106 kcaEi);. Much of this is exported to the city. 

The herd of 189 goats produces about 100 goats per year for slaughter. At 11.5 
kilograms of edible meat per goat with 155 kcal/kg, this is 1.78 x los kc21 for goat 
meat, all of which is consumed locally and represents a conversion of the weedy 
biomass of wastelands into usable human food. 

YPELDS AND SELF-SUFFICIENCY 

The villagers of Panayakurichi shifted fiorn mixed dry land agriculture to paddy 
rice as subsidized water from the Mettur dam became available in the late 1930s. 
Also, governmat policies have made paddy farming even more profitable by 
supplying cheap fertilizers and new crop varieties. Consequently, much of the land is 
monocropped. The ecosystem analysis shows how the resources are used (Figure 9.3) 
and allowsan evaluation of this derivedagticultural system to see the extent to which 
the traditional pattern of virtually complete'self-suficiency has changed in the 
direction of westernized monocropping. The technological extreme of western 
agriculture is reached when the entire crop is sold and all the food and energy needed 
for sustenance and farming must be purchased from the revenues. 

The local yield of rice, oil from sesame, milk, and meat would satisfy 89 percent of 
the average diet estimated by ~alirajan (1976) for   am if Nadu. The 11 percent 
deficiency in pulses, vegetab1es;and sugar. thatsafe-not produced in the village arc: 
covered by food production equivalent to 3.3 times the total caloric demands. It is not 
possible to accurately estimate the vegetables obtained from small plots and 
intercropping which would raise the measure of self-sufficiency a few percent 

As mixed agriculture gave way to rice, there was a continuing increase in local 
population density which has resulted in a degradation of untillable rain-fed lands that 
once provided grazing areas and sources of fuel for the village. As these resources were 
lost, the villagers had bur possible ways to solve the problem: (1) use the cash crops to 





obtain fuel and fodder, (2) divert lands to fodder and fuel production, (3) obtain these 
from crop biomass that does not compete with food production, or (4) exercise a 
frugal management of the livestock herd. Options 3 and 4 have been followed with 
remarkable success. 

Over 95 percent of the fuel demand is satisfied (Table 9.10) with theadoption of a 
technique for converting banana leaves into fuel sticks and a more thorough 
harvesting of potential fuel from crops. There is a careful gleaning of fuel from trees 
along paths and in waste a rm.  Living fences of Prosopis in the village are coppiced to 
provide more fuel. The sources of fuel have changed radically 13 the last generation. 
The villagers have put great effort into developing indigenous fuel supplies with 
which to maintain fuel self-sufficiency, just as Briscoe (1979) observed in Bangladesh. 

The population of draft animals is barely enough for the seasonal peak demand for 
labor (Figure 9.2). With 109 bullocks to 241 cows and she-buffaloes, it appears that 
the bullock population is minimizedso that as much fodder as possiblecan be used for 
milk-producing animals. Goats can glean weeds and residues without competing with 
cattie. Altogether the livestock consume 275.3 million kilocalories of fodder which 
includes an increment of 301 million kilocatoris to support work and milk 
production (Table 9.7). A11 fodder demands are met kom local biomass production 

HARVEST lNTENSlTY 

The total biomass harvested and used in the agricultural system is defined as 
harvest intensity. Harvest intensity is the portion of the biomass production from the 
resource base (soil, water, and nutrients) that is used. Aaolute values for above 
ground net production (ANP) will be used as a measurz .?r'primary production. 

Harvest intensities are low in developed countries kL.xuse either human food or 
fodder is harvested and the residues are rarely used as fuel. Much more is used in 
developing count <es because the ANP of a food crop is also harvested for fuel and 
fodder. Grain can be used as a common basifoicomparing farming technologies 
because grain yields are the sole goal in the single-use mor;ocropping of developed 
countries and the major goal in multiple-use village ecosystems. Rough rice yields of 
3670 to 4228 kg/ha for Panayakurichi compare favorably to the averages for rice 
production in the United States which range kom 4073 to 5295 !cg/ha for long-grain 
rice (USDA 1980). Allowing for differences in cultivars and variations in year-t+ 
year production, there is no reason Gor thinking that -the animal-powered farming 
technology in Panayakurichi is inferior to that of mechanized American rice farming. 
It is generally agreed that animal-powered agriculture is as technolcgically efficient as 
mechanized agriculture (Baker and Herdt 1978, Chandler 1979, Singh and 
Chancellor 1974, '! 975) when ANP is taken the efficiency of trapping solar energy. 

The maximization of rice yields in Panayakurichi does not seem to compete with 
the use of the rice biomass for fuel and fodder. Yields vary with the decisions about 
allocating land to ADT-31 and Ponni that are influenced by the availabirity of water 



for multiple cropping, worries about unpredictable winter monsoons, and available 
draft power (Figure 9.2). The unusually large commitment to samba (winter) rice 
resulted in an average yield of4.12 mt/ha seeded With multiple cropping in riceand 
sesame following rice on 2.24 hectares, there was a total yield of 5.09 mt/ha from the 
1 12.45 hectares used for rice. 

The total ANP was 18.3 mt/ha for the 151.6 hectares, and 10.9 mt/ha were used. 
The direct use of A N P : ~ ~  pe;cent f& banana, 53 percent for rice, and 100 percent for 
sesame betel plantation, averagh about 59 percent of the crop ANP. 

The irrigation water makes the system biologically comparable to tropical 
floodplain conimunitis though the water supply is limited in most years. Such 
natural communities produce an average of 20-29 mt/ha ANP so the yields of 18.3 
metric tons for Panayakurichi are similar to those of natural manhes that have a 
seasonal water supply. ' 

The secondary use in fuel made from dung (210 mtllyr) and the mixture of dung 
and vegetable wastes in farmyard manure (Table 9.6) totali~:g 252 m/yr brings the 
total of utilized biomass from croplands to3100 metrictons. Another 76 metric tons 
of forage is estimated to be taken from 6 hectares of pasture land, andgoats consume 
about 94.4 metric tons a year mainly from weeds and wsstelands. A total of 3270 
metric to;;; of biomass is harvested and used. by the villagers. This represents 2903 
million kilocalories of human Bod (Table 9.5), 2753 million kilocalories of fodder 
(Table 9.7), 525 million kilocalories in manures (Table 9.6), and 1502 million 
kilocalories of fuel (Table 9.10). 

The total land resource must be considered. Hence, if surplus land is used for 
spacious homesteads, wide paths, or temples, the utilized production per hectare of 
village land would be lower than that of a village forced to maximize its exploitation 
of land resources. Total energy utilization over the village area is a sensitive measure 
for comparing village ecosystems. The villagers harvest and use 29.8 million 
kcal/ha/yr of biomass from the 257.7 hectares of the village (about 8.5 mc/ha/yr). 

CONCLUSIONS 

Five questions were posed in the introduction. The answers to these questions 
provide a basis for evaluating the biotic progsrties of an agoecosystem and a 
framework for developing comparative agrmystem studies. 

1. Is the above ground net production (AlVP) equivalent to that of comparable 
natuml cornmuniries? 

The utilized primary production over the entire area of Panayakurichi is 8.5 mt 
(29.8 x 106 kcal) /ha/yr. In terms of ANP from harvested lands, the crops range from 
13.5 to 51.7 mt/ha wiih an average of 18.3 metric tons. The diredy utilized ANP 
was 10.9 mo/ha for cropland. The ANP on cropland was ot least equal to &e ANP of 
seasona! floodplain tropical forests (Murphy 1975). 



In the extreme case, 52 mt/ha from betel plantations, the ANP is equivalent to the 
highest values known for a natural community (Mitchell 1984). This is achieved with 
intense management and large inputs of organic nutrients. The majority of land is in 
rice which has an ANP about as high as can be expected for a 100 to 130-day season. 
The biomass production is close to the biological mximum. 

2. What portion of the ANP b used? 
There is a significant harvest of vegetables from casual interplanting. Also, a great 

deal of fuel is gathered from the living fenrs and scattered trees in the village which 
could not be monitored. For the cropland there was a direct use of 59 percent of the 
ANP. If secondary uses of vegetable wastes in manures and making dung cakes are 
included. the usage may approach 90 percent. 

3. What portion ofthe biomass demand is met? 
Each one of the 994 people of Panayakurichf need 1573 :nillion kilxalories of fuel 

to cook the 889 million kilocalories of food they cons&. . a,aa.ually. The cattle and 
buffalo require 2393 million kilocalories per year. A ratio t.~: fcmkfue1:fodder can be 
used to estimate the balance of ANP. The demand ratio is 1.00:1.77:1.08 and the 
observed output (Tables 9.5.9.10) is 1.00:0:52:1.87, indicating what appears to be a 
shortage of fuel and a surplus of fodder. Thae is a surplus of rice that is exported. The 
local fuel suppiy meets 90 percent of the demand for cooking the food used in the 
village. The surplus of fodder is entirely ricestraw that cannot be used because of the 
shortage of quality forage to supplcxent the rice stiaw. 

The advantages gained from a rice surplus are great enough that the villagers are 
content to barter or buy the pulses, oils, vegetables, and sweets they need. 
Considerable effort goes into meeting the fuel demand, which has resulted in the 
development of banana sticks as a major fuel in quite recent times. Dung is used as a 
be1 because the 5 kilograins of nitrogen in a ton of dung can be purchased for 30 
rupees as fertilizer while the value of dung as 3 fuel is 80 rupees. 

Casuh; fodder and fuel cd led i~n  form wastelands, paths, and other areas that 
cannot be monitored easily. Grazing and fodder is preferentially directed to cattle and 
buffalo. The population of oxcn is restricted; therefore, the population of bullocks and 
dry she-buffalo is barely adequate to satisify the peak labor demands. It appears that 
the draft animal population is so limited that it may restrict the choices of farmers in 
extreme situations. The population of cows and she-buffalo is held at a level matching 
the fodder supply, presumably because of the value of their milk 

Villagers appear to put a great deal of effort into exploiting the local biomass to 
meet the human demands and tegulati~g the be@.oflivestock to maximize animal 
protein production. The villagers keep no more than the essential population of 

4. How much of the ANP must be invested in the next season's production? 
The ANP represents 10,438 million kilocalorig (TaMc 9.5) of which 0.59 prcent 

is the energy needed for the work increment of the human population. If it is assurnxi 
that half the population is needed to conduct farming (Figure 9.2), then the cost 



would be 4.56 percent of the ANP. For draught animals the labor increment is 1.87 
percent of ANP and 1 1 .SO percent for the total cokumption of working animals. 

Seeds represent 1.14 percent of the ANP, and 5.03 percent is directed back to the 
fields as manure. Chemicals are an cxtemal subsidy that can be evaluated in energetic 
terms. The chemical inputs require about 41 1 million kilocalories of fossil fuel in their 
production. That caloriccontent isequivalent to 3.94 percent of the ANPand optimal 
fertilization increases yields about U).percent (Department of Agriculture 1970). 
About 5 kilochoria of biomass are obtained for the input of a kilocalorie of fossil 
fuel. The benefits from fossil fuel subsidies are very great in animal-powered 
ecosystems when compared to yield of biomass relative to fossil fuel in mechanized 
farming (Pimentel et al. 1975, Pimentel and Pimentel 1979, Singh and Chancellor 
1974, 1975, Slesser 1976). . . 

The total biotic iaput is 22.23 percent, of which only 456 percent is human energy. 
Most of the biotic input is from fodder production that does not compete with human 
food for resources. 

5. Could the village be sel/-sustaining? Is there a surplus? 
If the external subsidy of fertilizer were removed, the village would lose its surplus 

in rice, but could meet all thecther needs. If the water subsidy were lost, the villagers 
would have to return to dry-land farming and would be unlikely to meet their needs. 

The subsidies have allowed this village to function like the agroecosystem with a 
natural water supply, but they have not resulted in the villagers diverting all their 
efforts into specialized cash crops. The agroecosystem continues to be managed in a 
way that satisfies the needs for fuel and fodder from local biomass. 

Agroecosystem analysis will define the functional limits within which an ecmsystern 
can be managed, and describe the performance of a given agroecosystem. The village 
considered above operates very close to the biological limit for biomass production. 
The intensity of biomass utilization, perhaps as high as 90 percent, attests to the 
ingenuity, effort, and careful attention the villagers apply to the management of their 
ecosystem. It is not unreasonable to dignify this management as a folk science ofgreat 
sophistication that is worthy of detailed study for its own sake. 

Those who would try to help in the development of agroecosystems in Third 
World villages would do well to consider how advice on one aspea of the 
agroecosystem fits into the system as a whole. Uliterate villagers cannot articulate 
management in scientific term:, but they may well know more about the practice of 
agrmystem science than the academic specialist. 

The biological limits and performance criteria developed from agroecosystem 
rndels are unique contributions that biologists can bring to a synthesis of biology 
with economic theory at the village level. The ways that agroecosystems fit into a 
society and its economy cacnot be addressed by ecosystem models. We must turn to 
economic analysis for such wide-scale models. 
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CHAPTER 16. 
ENVIRONMENTAL IMPACTS OF THE 

ASWAN HIGH RAM: PROSPECTS 
AND ANBLYSIIS 

Scot E Smith 

INTRODUCTION 

When one speaks of renewable resources in Egypt, the River Nile is inevitably 
brought into the conversation. The Nile is Egypt's most important natural resource. 
The course of the history of Egypt has been inextricably linked to the Nile. 

The construction of the Aswan High Dam in 1961-1971 opened a new chzpter in 
the long and celebrated history of this ancient river with respect to its chemistry, 
biology, and influence on Egyptian life. Built under a storm cloud of controversy, the 
Aswan High Dam has teen portrayed simultaneously as a symbol of the highest in 
engineering achievement and as one of the most outstanding examples of environ- 
mental insult. The objective of this chapter is to place in perspective important 
environmental issues related to the Aswan High Dam. It is fitting that these issues be 
addressed now after over a decade of heated debate and scientific inquiry over the 
relative merits of the project. 

A number of reports highly criticd of the Aswan High Dam project were published 
during the early 1970s. Because it had just  bee^ c~mpleted, reliable scientific 
information about the dam and its potential environmental impacts was not available. 
The reports were largely conjectural in their basis and failed to provide ascientifically 
somd means ofassessing thesituation. A sufllicient quanti:y ofreliable data now exists 
to permit a better understanding of the range and degree of impacts set in motion by 
one of history's largest hydrological projects. 

.. .. 
EARLY PROGNOST~ATIONS 

Concern over the possible environmental effects of a large dam at Aswan were 
voicedas early as 1948 when the idea of constructing a super dam at Aswan was first 
proposed. Until that time the established orthodoxy for providina over-year water 
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storage in the Nile basin was the century storagescheme whicb consisted ofa complex 
series of smaller dams located on the Nile between Uganda and Egypt. The century 
storage idea had been fathered and championed by H.E. Hurst, a British hydrologist 
and Icng-time Nile expert, durink the eyly part of the twentieth century. Smaller .. .. 
dams, it was thought, would mitigate environmental pertubation and provide each 
country with the ability to control its own water supply. On the other hand, the 
scheme reqilired a high degree of international cooperation and would take decades 
to fully implement. ' 

The relative advantagts and disadvantages of this plan were debated for over half a 
century. Despite reservations of a number of prominent hydrologists, plans for a large 
dam at Aswan were solicited by the Egyptia J government. The plan offered several 
important advantages for Egypt that would not have been provided by any dam of 
lesser proportions. These advantages included the following: complete control of 
over-year storage, additional summer water, flood protection, and provision of cheap 
hydroe!eczric power (Whittington 1983). 

A few weeks before the oficial grovqd-breaking ceremonies for the Nigh Dam in 
1960, a distinguished Egyptian hydrologist, Dr. Abdel Aziz Ahmed, warned the 
Institute of Civil Engineering at a meeting in London that the project was "unwise and 
indeed extremely hazardous" (Sterling 1971, p. 84). Dr. Ahmed's main concerns 
were: 

0 Entrapment of the annual 3.34 million tons of sediment carried down the Nile from 
the Ethiopian Highlands into the reservoir. This would not only impede the 
efficiency of the darr,, but also shorten the reservoir's useful lifetime. Additi~rally, 
this wouid rob the Egyptian Delta of valuable nutrients and soil-building material. 

e Riverine scour downstrmm from the dam resultiag from high velocitjr 0: 

sediment-free water. This would undermine the many jarrages between Aswan 
and the Mediterranean as well as the numerous bridges across the Nile. 

0 Excessive evaporation and seepage from the reservoir. 

~ t h e r  scieniists and engineers would echo Dr. Ahmed's concern and add to the list: 

Disruption of the marine ecosystem in the eastern Mediterranean resulting from 
the cutoff of silt emptying into the sea. 

@ Erosiolr of the Egyptian Mediterranean coastline. 
e Increase in waterlogging and salinization of the Delta's agricultural lands as a 

result of a higher water tabie. 
e Rise in she incidence of waterborne diseases such as schistosomiasis and malaria. 

One of the most widely circulated statements about these and other predicted 
environmental impacts of the Aswan High Dam was made by journalist Claire 
Sterling. Ir: a well-publicized article she said. 

Ofall thedams built by rich nations for poor nations hoping togrow richer that way, the 
one built by Soviet Russia for Egyp! is in a class of its own. The High Dam at Aswzn is 



the biggest and most expensive in the world. The late President Naser spent over a 
billion dollars on i; and changed the course of history to get it: broke with the West, 
nationalized theSuez Canal, brought on theSuez War andso invited Soviet penetration 
of Egypt. the Middle East. and the Mediterranean. It made his political fortunes, but 
spreadsuchecological havoc that hiscountry may neverget over it. The Jam has. in fact, 
greatly impoverished an already destitute nation, d:iven the fish from the eastern 
Mediterranean, expanded the whole Egyptian coast to erosion, endangered every bridge 
and barrier dam astride the Nile from Aswan to thesea, robbed Egyptian soil of t;errit 
that made it the most fertile on earth, threatened millions of acres with the bltght of 
salinity, set offan explosion of waterbonxdisease and squandered the very water it was 
meant to save. (Sterling 1971. p. 84) 

THE ASWAN HIGH DAM: A DECADE IN PLANNING 

Large-scale impoundment projects have always been accompanied by sincere 
concern over their potential environmental impact, and this trepidation is justified. 
One of the most comprehensive studies of dev~lopment projects may be found in The 
Careless Technology: Ecology and Inrernarional Developmenr (Favar and Milton 
1972). The authcrs recite a large number of ill-conceived and/or poorly executed 
projects which have resulted in negative return on investment for the recipient 
country. Most of the projects cited were not fscally xund  and possessed no realistic 
prospect of an eventual profit. Many were also environmentally ursound and have 
been responsible for disastrous, irreversib!e damage to their surroundings. 

The idea for a very large dam at Aswan to replace the one built there in the early 
1900s was conceived during an optimistic era with respect to economic growth 
potential of lesser developed countries. Rut the dam still had to meet with the criteria 
imposed by international knding institutions today. Critics of the High Dam tend to 
overlook the fact that during theearly to mid-1 95&, Gestern experts were repeatedly 
drawn into analysis of the project and consistently reported favorably upon it 
( Whittington 1983). 

Soviet engineers reviewed the previous feasibility studies, add, with some modifica- 
tion, found them sound. Egypt and the Soviet Union worked out a financing scheme 
that called for a payment schedule acceptabre to both countries. Constrrrction of the 
Aswan High Dam began in 1960 underdiredidn cf the Soviet Hydroproject after a 
decade of technical review and planning by some of the xost highly qualified 
engineering talent in the world (Whittington 1983). Bjj 1964 the river was blocked by 
a coffer dam and the reservoir began to fill. The Aswan High Dam was completed in 
1970, and the reservoir reached its operating level in 1976. 

Tbe High Dam is located a b u t  950 kilometers south of Cairo and 6.5 kilometers 
upstream from the original Aswan Dam, (Figure 10.1). It is 3600 meters along the top 
and has a maximum height of 1 11 meters. The Aswan High Dam Reservoir, formally 
named Lake Nassei in Egypt m d  Lake Nubia in Sudan, is the world's second largest 
reservoir and provides much of the elecrridry consumed in Egypt. 
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Aswan High Dam. The remaining 20 percent of the annual discharge occurs during 
the other 9 months. 

The importance of the contribution of the Blue Nile is obvious: 86 percent of the 
Nile's annul discharge is derived from the Ethiopian Highlands, whereas only 14 
percent is contributed by the Equatorial Lakes. Furthermore, the silt carried by the 
main Nilc to form the Nile Delta originates almost exclusively in the Ethiopian 
Highlands of the Blue Nile watershed. The Victoria Nile and Bahr El Jebel carry 
much smaller amounts ofsilt, most of which settles out as the river flows through Lake 
Mobutu and the Sudd region. 

In Egypt, where 95 percent of the people live on 3 percent of the land, with the rest 
of the land being barren desert, the availability of Nile water has traditionally beea the 
determining factor between famine and prosperity. Similarly, northern Sudan is 
dominated by barren desert and the populated fertile land is limited to a narrow strip 
along the Nile. Egypt and Sudan occupy over 85 percent of the Nile Basin. The 
extreme variations in the Nile discharge make it difficult for these countries to 
maintain suficient agricultural production despite land redamation programs. 
Historically, high floods caused property damage and interfered with river navigation 
and other uses. This necessitated the construction of a number of hydraclic 
engineering works for flood control and for low flow augmentation; these include 
seven dams, seven barrages, and the Jonglei Canal. 

Among the various Nile control projects, the Aswan High Dam is unique in its 
scale and impact. The reservoir formed by the dam has total volume of 121.3 billion 
cubic meters of stored water. Of this amount, 31.6 billion cubic meters are dead 

Before the Aswan High Dam, about 40 percent of the Nile annual discharge was 
lost to the sea The discharge of water from the High Dam is primarily guided by 
downstream irrigation requirements. It i s  estimated that otly 6 billion cubic meters of 
agricultural drainage water are annually discharged into the sea thrcugh the northern 
lakes of the Delta. Even this amourit of drainage water will be reused in the near 
future for agricultural expansion prcsrams. The availability of more water and low 
flow augmentation resulted in ~ransforming 2.5 million acres of farmland in Egypt 
from basin to perennial irrigation. 'This enabled-farmers to produce multiple annual 
crops, i r ~ i s d  of one crop as dictated by the former basin irrigation scheme. In 
addition, the avtiilability of more water made it possibl'e to cultivate certain crops with 
high water demand (e.g. rice). - - . . - . 

The hydroelectric power station of the Aswan High Dam has twelve turbines, with 
installed capacity of 2.1 million kilowatts, which can be used to generate a annual 
hydroelectric power output of 8 billion kilowatt-hours. The annual electric power 
consumption in Egypt is generally slightly over 8 billion kilowatt-hours; therefore, the 
High Dam could theoretically provide nearly all of the country's electric power needs. 

~nfortunatel~, the potential electric output of the High Dam has never been fully 
realized. At any give9 time only 6 of the 12 available turbines have been in operation 



due to maintenance problems. In 1985, through a grant from the U.S. Agency for 
International Development, ail 12 turbines of the High Dam were replaced. The new 
turbines are more efficient and corrosion-resistant, thus effectively boosting the 
hydroelectric power potential of the High Dam. 

The additional electricity will provide a number of opportunities for Egyptian 
development. Power cddd'be d to ddnire the network of irrigation and drainage 
aids of the Delta. Currently, watcr'is raised using diesel pumps which are more 
expensive to operate and dimcult to maintain than electric motors. 

Another important' use of the additional power ~su ld  be in the industrialization of 
Aswan. The original regional development scheme for Aswan called for extensive 
capital investment in heavy industry (Abu El At&, 1978). Included in the plans was 
constr~tction ofan aluminum-factory, automotive assembly operation, and a fertilizer 
plant. Of the three ideas only a modest fertilizer plant has hen  built in Aswan. 
Power-intensive industrial operations such as aluminum smelting may find it 
advantageous to be located near Aswan in order to take best advantage of the local 
increased supply of hydroelectric power. 

RESERVOIR SEDIMENTATION 

During the flood period, the Blue Nile brings large amounts ofsedinent load, in the 
range of 80 to 130 million tons annually, into Egypt (Ball 1939). Since 1975, four 
years after completion of the High Dam, virtually all of this sediment has been 
deposited in the Aswan Reservoir. As is typical in newly formed reservoirs, during the 
first ye&-s of operation, sediment-laden water traversed the entire h g t h  of the 
reservoir. As the reserv~ir filled, the velocity of the water slackened as the volume 
increased. Sediment was then laid down progressively farther away from the dam. 
Surveys of sediment deposition in the reservoir have been conducted since 1971. Tbe 
survey results, in conjunction with satellite remote sensing analysis of sediment 
distribution, confirm the characteristics ofsediment in the reservoir (Smith 1983). As 
illustrated in Figure 10.2, sediment-laden water isconfined to thesouthern third ofthe 
reservoir during flood. Most of this sediment consists of lighter clay and silt partides 
with sand being deposited farther upstream. 

At the present time, the zone ofsignificant sedimentation extends between 260 and 
480 kilometers south of the dam. Most of this region is actually Sudanese territory, 
not Egyptian. Sediment depth ranges from virtually nothing up to 300 kilometers 
from the High Dam to over 30 meters in the zone between 350 and 450 kilometers 
from the dam. Deltas are being formed in the area between 360 and 450 kilometers 
from the dam. At the moment, the deltas do nos impede the flow of the Niledue to the 
depth ofthe river channel at this point. The deltas do, however, posea potential threat 
to the long-term storage capacity of the reservoir should a!? extraordinarily lrrige flood 
displace them into the reservoir proper. 



FIGURE 10.2 SEDIMENTATION PROFILE I N  ASWAN RESERVOIR 
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The recent drought of the Ethiopian Highlands has affecredjediment distribution 
in the reservoir. Since 1980, the average teal infbwafthe Nile to the reiervoir has 
been 43 billion cubic meters-less than half the nom~al amount (Si~alash 1982). 
Satelliteandground-based monitoringshow that oniy finer sand and clay panicles are 
entering the reservoir. This finer material, along with pret iously deposited sediment, 
are moving forward toward the dam (Shalash 1982). 

Another aspect of the drought affecting sedimentation has been an increase in the 
water's salinity due to high evaporation. Normal floods would add a suficient supply 
of water low in salt concentration to dilute the reservoir. Lack of this input has 
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increased salinity by an estimated 5 percent in the past 5 years (Whittington 1983). 
Higher conmntraticn of salts in water c a w s  more suspended matter to precipitate 
rather than stay in the water cjlumn. This pdz; has l i d  !wen quantiratively 
examined, but could have a significant inlyct on sedimentation rate and pattern. 

The shoreline adjacent to the region of high sedimentation is almost entirely barren 
oh vegetation due to a lack of ar+l~ larid. Given this scarcity of arable land, the idea of 
dredging the southern portion of the Aswan Reservoir and using the dredged spoils 
for land reclamation is attradxe. Land redamation projeas are common along both 
the White Nile and the Blue Nile in the Sudan. Most are found in the semiarid zone 
south of Khartoum, but experiments are now being conducted in the desert. The 
Ethiopian-derived alluvium would provide an excellent soil base and, from the point 
of view of the Sudanese, could be considered a renewable resource due to the reliable 
supply coming down the BlueNile Pam the Ethiopian Highlands each tall. Sediment 
traps could be established along the main Nile between Khartoum and the southern 
extreme of the reservoir to facilitate transfer onto the shoie. m e  economic feasibility 
and long-term effects of such an extensive land reclam~ion effort using relocated 
river sediment are not certain. 

DOWNSTREAM DEGRADATION 

Due to the reduction of suspended material and increased velocity of water 
released from the High Dam, riverbed degradation and coastal erosion are problems 
downstream from Aswan. Evidence indicates a significant amount of degradation 
and scour in the river stretch between Aswan and Cairo. A small amount of clay is 
found in the discharge of the dam, and some aeolian matter (sands and silts) enter the 
river along its course between Aswan and the Mediterranean, but the system is far 
from balanced. 

Riverbed erosion is evident throughout the river in the form of local scour at 
meander poina. '!'he Egyptian Ministry of Irrigation has a program to monitor 
riverbed erosion and thestability of hydraulicstructures, and to repair damages from 
scour. At least one barrage, the Esna Barrage, has recently been reinforced. Also, 
water releases from the reservoir are carefully controlled in an attempt to limit river 
scouring. The recently completec! Tushka relief canal in the southern end of the 
Aswan Reservoir appears to offer the needed security against excessive water release 
from the dam. Thegovernment con side?^ she problem of downstream scour control a 
macageable one. 

Coastal erosion along the Mediterranean, on the other hand, is a more immediate, 
pressing concern requiring timely remedial action. Many agriculturally important 
areas are threatened with inundation by the sea and need protection. 

The northern Delta has lost land to the Mediterranean since the beginning of 
recorded time. The sea's level has risen about 2 meters since Roman times and the 
Delta itself seems to be subsiding at approximatel:* the same rate (Waterbury 1979). 



The annual contribution 4 new alluvium deposited on the Delta before the High 
Dam was built mitigated some of this loss Entrapment of the sediments by the 
reservoir upset that balance and has c d  an acceiaation of the erosion rate on the 
Delta. 

The Nile has two outlets to the Mediterranean, the Rosetta to the west and the 
Damietta to the east Both periinsulas of the tributaries have rttreated by several 
hundered meters and could breach into either the brackish water lakes fringing the 
coast or across agricultural fields. During heavy storm events in the winter months, 
seawater does invade theccatal lands causing a number of environmental problems. 

The primary concern over seawater intrusion is for protection of groundwater 
quality. Groundwater is used both for drinking and irrigation and lies relatively close 
to thesurface (El Shazly 1974). Seawater contamination of any portion of the aquifcr 
would pollute freshwater supplies and increase reliance on the already overtaxed 
Nile. 

Another potential environmental impact which would result from seawater 
intrusion is loss of the fishery practiced in the brackish water lakes that fringe thecoast 
cf Egypt. Appr~ximately 90 percent of the fish consumed in Egypt are taken from 
these lakes, and most of the species would not tolerate significantly higher concentra- 
tions of salt. 

A number of detailed studies of the coastal erosion problem have been xade since 
1978, although no official action has occurred to remedy the situation. It is likely that 
without assistance born an international organization, the problem will continue to be 
a serious one in the future. 

ECOSYSTEM ALTERRTBONS 

RIVERINE CHANGES 

The Nile has historically been considered a relatively clean river due to an absence 
of any majo:: industrial activity along its banks. Anthrdpogenic sources of pollution 
consist primarily of domestic sewage Som local villages. The self-cleansing ability of 
the Nile is thought to be sufficient for even today's large population within the Nile 
valley (Ramadan 1978). q 

Two changes in the rivcr's use resulting directly from the Aswan High Dam are 
responsibie for a deterioration of water quality in the river. The amount of agricultural 
drainage water returned to the river increased considerably,asbasin irrigation was 
phased out. Additiorrally, farmers began to apply more chemical fertilizers to replace 
the nutrients formerly brought in each year by the silt. This nutrient-rich water has 
resulted in serious seasonal ';looms of aquatic vegetation throughout the irrigation 
and drainage network as well as the main Nile. The density of phytoplankton has 
increased more than tenfold since predam conditioas (Ramadan 1978). 

Perhaps the most worrisome development has been the recent introduction of 
water hyacinth (Eichhornia crarsipes) to the lower Nile. Wster hyacinth can be 



found in all slow-moving water on the Nile and impedes navigation and operation of 
the Deita barrages. Pdechanical harvesters are used to remove thisaquatic weed at 
several points along the river; the government is reluctant to use chemical herbicides 
in the river. .. .. - . . , 

Thesecond use change in the E8,yptian Nile since construction of the Aswan High 
Dam has been an'increase in boa! traffic Both commercial and pleasure boat activity 
has gone up sharply dye to the reliable water level afforded by the dam. Therc has 
been a significant increase in petroleum pollutants, especially at tourist sites (Mancy 
1978). Large tour boats run between Cairo and Aswan on a regular basis year-round. 
Prior to the High Dam, only a few such tour boats operated, but by 1984 there were . . 
over 25 in operation. 

There exists no systematic water quality monitoring program to test for petroleum- 
based products in the river. The sporadic data that have been collected indiczte that 
hydrocarbon ievels have increased and merit consant monitoring (Mancy 1978). 

IRlPACT ON RESERVOIR ECOSYSTEM 

The Aswan High Dam and its resemir are located in one of the most arid regions 
of the world. The reservoir hiis created a unique miaoclimate within this region 
characterized by a higher incidence of cloud co:ler directly over the water, lower air 
temperature. higher wind velocities, and an increase in relative humidity near the 
reservoir. These meterological anomalies do not extend far from the immediate 
vicinity of the reservoir. 

The impoundment is monomicticand has a long season of stratification during the 
summer that parallels the air temperature regime. The breakdown of the stratification 
begins with the incoming floods in the southern region and thegradilal cooling of the 
climate in the northern region. The northern two-thirds ofthe reservoir is lacustrine in 
nature, while the southern third varies from riverine to semi-rivaine and lacustrine 
conditions depending on the magnitude of the annual flood (Fead 1981). 

Remote sensing analysis of Landsat satellite imagery was used to monitor the 
spatial distri5utlon of plants in the reservoir (Smith 1982). The satellite images clearly 
showed that algae, aquatic macrophytes, and aquatic hydrophytes concentrated along 
the near-shore zone of the reservoir. The analysis indicated that while the main 
channel of the reservoir remzins relatively clear of vegetation, phytoplankton is 
distributed throughout the central area of the reservoir. High 6ensities of vascular 
aquatic vegetation are found within the embayments. 

The highest concentrations of aquatic vegetation occur during the summer months 
when insolation is greatest and water volume is low. Analysis of the Landsat images 
revealed that in June, for example, up to 52 percent of the surface area of the 
reservoir's embayments may be covered with a matte of vegetation. The flood has a 
flushing effect on the reservoir's aquatic vegetation. During the peaic Eood period, 
vegetative cover deaeases to less than 20 percent in theembaymentsand less than 10 
percent for the reservoir as a whole. 
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An immediate and permanent downstream impact of the High Dam was the loss of 
the Mediterranean sardine fishery. Suspended silt carried by the river fed the fshcry 
with nutrients and supported a large, diverse biota. Closure of the river at Aswan 
trapped the silt and caused loss of the fshery. 

Advocates of the High Dam project reconciled this loss with :he argument that a 
new freshwater fshery could be developed in the Aswan Reservoir. Fish could be 
taken from the reservoir with substantially less effort than that required of the sea 
fshery. Also, the species, primarily Nile perch and tilapia, would be of higher 
nutritive value than the sardines. 

The reservoir's fshery potential is quite high. Initial pred~ction of commercial 
fshing, made during the ea~ly stages of reservoir development, was 20,000 tons 
annually (Abdel-Latif 1980). The actual landing of fsh was somewhat better, 
peaking at 28,000 tons in 1979. Total catch has levelled off in recent years at sl 
sustained yield of approximately 24,000 tons. 

There are a number of economic limitations in the Aswan Reservoir fishery 
practices. The main economic limitation of the fshery as a whole is zn inadequate 
delivery system for shipping thecatch to market. Currently the fsh arc transported by 
rail to Cairo and other large urban markets in the Delta. The rail cars are not 
refrigerated; consequently, a large percentage of the catch spoils on route. There is 
little question that if a more efficient means were provided for delivery of the fish, a 
much larger net benefit could be realized from the reservoir fishery. 

IMPACT ON AGRICULTURAL LANDS 

Of all the original esvironmental concer~ls raised about the potentially deleterious 
impacts of the Aswan High Dam, excessive groundwater may well prove to be the 
most significant problem. Drainage projects throughout the Nile Valley and 
particularly in the Egyptian Delta have Seen ineffective in reducing waterlogging and 
subsequent soil salinization. Agricultural productivfiy per acre has fallen in recent 
yeas due to increasing accumulation of salt in the soil. Overall production of food has 
increased in Egypt over the past decade only because perennial irrigation allows for 
multiple cropping during the year (Water'bury 1979). f 

Part of the problem relates back to the farming practica perfected before 
construction ofsthe dam. Basin irrigation encouraged capturing zs huch water as 
possibfe during the flocd period. The water would be diverted from the river and 
inundate the fields until, zventually, it would either seep into the ground or evaporate. 
Suspended acd dissolved minerals and nutrients would be deposited to replenish the 
soil. This practice, when used in a perennial irrigation scheme together with a 
drastically underpriced (or free) supply of water, usually results in overwatering. The 
problem is further cxacerbated by the presence of the year-round high water table 
resulting from high water levels in the channel. Prior to the Aswan High Dam, these 
levels fluctuated sezsonally, becoming lower in summer and higher after the fall flood. 



Evidence that the water table has risen along the Nile Valley since construction of 
the High Dam is confirmed by piezometric readings. According to the Egyptian 
Ministry of Irrigation, the water level has increased significantly throughout the 
valley. In low-lying areas, the water table reaches close to the ground surface. 

Extensive drainage projects in th? Nile yalley are designed to alleviate this problem 
for arable land. Conceptually, the implementation of this type of drainage network is 
not a difficult task. However, the problem is complicated both by the size of the 
affected area and by* the lack of mechanized equipment available. Currently the 
Ministry of Irrigation is in the process of installing tiled drainage for the entire delta 
and hopes to accomplish the task sometime in the next decade. 

. . 

PUBLIC HEALTH 

The Wcrld Health Organization and a number of other .international health 
agencies expressed concern about the possible effect of the Aswan High Dam on 
incidence and prevalence of waterborne diseases such as malaria and xhistosomiasis. 
Other large-scale impoundment projects in tropical climates had created suitable 
environmental conditions for tbe spread of these and other diseases. 

Schistosomiasis bas spread with the gradual conversion From basin to perennial 
irrigation since the last century (Miller et al. 1978). With basin irrigation, snails, 
which are an intermediate host to the parasite, could not su~vivt the dry season during 
low water. Longer contact time associated with perennial irrigation enhances the 
chance for infection. Consequently, the anversion of over threequarters of a million 
acres in Upper Egypt fiom basin to perennial irrigation resulting &om the High Dam 
was expected to be accompanied with an explosive rise in the incidena of the disease. 

Public health surveys throughout rural Egypt have found a generaliy declining 
prevalence of schistosollPiasis s i na  the early part of this century (Miller ct al. 1978). 
The dedine is due to a number of faaors including public health programs, protected 
water supplies, medical treatment, and health education programs. 

Similarly, malaria is spread through open water. Since time immemorial, the 
harshness of the Nubian Desert and mrmwness of the \*alley acted as a natural barrier 
protecting Egypt fiom invasion of the0African malaria vector, Anopheles gambiae 
This mosquito has, however, succeeded in advancing northwards and in establishing 
itself t w i e  within the past 40 years. The first time, it invaded Upper Egypt in 
1941-42, when it reached 600 kilometers downstream from the Sudan. In 1950, it 
again appeared and reached Abu Simble in Upper Egypt. In both cases succssful 
vector eradication of this species was accomplished. 

Currently, the northern limit of Anopheles gambiae is the Dal Cataract at the 
southern extreme of the reservoir. Favorable breeding conditions occur when the 
reservoir water level falls betwen December and July, leaving numerous pools in the 
rock side clhanncls. Any slackening in the vector control programs conducted by the 
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Sudan and an increase in human population aiong the shores of the reservoir could 
potentially permit the advance of malaria northward. 

LAND USE CHANGE IN THE NILE DELTA 

Throughout its recorded history, Egypt has fought against desert encroachment 
onto arable land. References to the engulfing of entire cities by shifting sands are 
found in writings over a thousand years old. Efforts t~ predict sand dune movement 
have %een largely unsuccessful because of thestochastic nature of local wind patterns 
which dictate the depositional pattern of aeolian material. Some progress has been 
made by Egypt toward retarding or redirecting dune movement. Given the size of the 
problem, these efforts have proven inadequate. Land reclamation projects have 
attempted to balance some of the losses, but they represent a small fraction of the 
valuable land lost. 

Egypt is still predominantly a rural country even though approximately 40 percent 
of its population now resides in cities of more than 2 million inhabitants. As is true in 
many lesser developed countries, thesociety is rapidly becoming more urbanized Its 
urban population is growing at a mush faster rate than the rural component 
(Waterbury 1979). Much of the urban growth may be attributed to greater public 
expectations for economic prosperity which indirectly resulted kom the project. Prior 
to the High Dam, Egypt's economy was largely dictated by the varying flow of the 
Nile. After completion of the dam, however, the source of the Nile for ErAyptians 
effectively became Xswan. For the first time in history, Egypt had nearly absolute 
control over its water supply. This confidence was reflected i.n accelerated economic 
growth tirld a dramatic population increax. 

Cairc. thr: nation's primarv city, exhibited $he  IF j:%t ~rowth rate. Located near the 
apex of the Cefa, Cairo has expanded in all directions including toward thedesert to 
the east and arabie lands to the north, sou~th, arid west. The greatest amount of urban 
development has taken placc on arable land. Despite the faci that the government has 
encouraged growth on desert land and levied penalties for deveiopers on farm land, 
people prefer the flatter alluvium of the Delta for *hth residential and commercial use. 
In addition, many of the settlements that sprang up around Cairo as a result of the 
1967 war with Israel have now been effectively institutionalizid as public housing 
projects. Thc vast majority of thosesettlements were-located on arable land rather 
than in the desert. 

Other large cities such as Zagazig, Mansoura, and Tanta have grown r, almost the 
same rzte as Cairo. These citits are "locked" into arable land and have had no option 
but ?, :!?and over the alluvium. This has resulted in the loss of s e ~ ~ i a l  thousalad 
feddms af agricultural land. Each has approximately doubled its size in the past 20 
years, and they collectively account for a proportionally larger total loss than that 
created by growth in Cairo. 



CONCLUSIONS 

The Aswan High Dam has influenced virtually eveiy aspect of Egyptian life. Some 
of the impacts of the project have been negative while others have certainly resulted in 
enrichment. The High Dam has succeeded in providing a reliable supply of water and 
power to Egypt withour bringing on the environmental disaster predicted by some 
analysts; it will probaMy serve in the futui? as a good example of international 
cooperation for the bet:erment of living standards. 

It should not be forgotten that the primary purpose of the High Dam is for water 
storage. This task has k e n  performed admirably. In 1973, low rainfall in Ethiopia 
brcught a pitifully small flood into Egypt. If not for the High Dam, drought conditions 
would have dramatically lowered agricultural production in the Delta and caused 
hardship in every sector of Egypt's economy. The flood of 1975, ca the other hand, 
was extraordinarily large. If not held back by the High Dam, it would have had a 
devastating impact downstream in terms of scour and waterlogging of soil. 

Two small examples, however, cannot be used to assess the ultimate wisdom of a 
prcjeb. Many variables go into the final judgment of its worth; without agreement on 
how to assign relative weights to these variables, no consensus can be reached on a 
project's value. There exists no final chapter on the Aswan High Dam story. We can 
only make periodic observations and try and make sense of the overall situation. As it 
stands now, the evidence suggests that optimism should prevail for the future of Egypt 
and its dam. The environmental problems associated with the project are well 
understood and manageable within the constraints of Egypt's economy. 
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CHAPTER 11. 
BMPL~EMIENTBNG AGRBFOWESTRY IN 

A PH!L!QPINE VILLAGE: AN 
ANTHROPOLOGlCAk ANALYSIS - - 

Robert C Sahar 
Daniel T Hughes 

INTRODUCTION 

In the last decade, agroforestry has become a popular concept in forestry and 
development circles. It is a land use system which holds the promise of arresting the 
destruction of tropical forests an i  rociibuting :o rural development. As a broad 1 development strategy, agoforestry involves the integrated management and use of 
forest and agricultural resources. Whereas forests were previously r,nanaged primarily 
for conservation and industrial purposes, through agroforestry forest resource use is 
now proposed to complement the agricultural dvi t ies  of rural populations, 
especially those in marginal hnds. This is to be done by combining annual food crops 
with peiennial forest plants and sometimes with livestock, either simultaneously or 
sequentislly on the same unit of land, in ways that are compatible with the 
sociocultural, ecological, and economic conditions of the area and its people (Combe 
and Budowski 19SQ King and Chandler 1978; Vergara 1983% 1983b). Through this 
system of land use, it is hoped that local consumption needs may be met and 
additional incomes generated, white simultaneously sustaining agricultcral prcb 
ductivity, maintaining &logical stability, andencouraging community participation 
(FA0 1981). 

With the institutionalization of international support for agroforestry, interest has 
gone beyond the classification of specific technologies and small-scale experimenta- 
tion and demonstration research, to actual project' implementation in rural 
communities. While this trend is enc~uraging, it is also imporfant, as Hamilton and 
King (1953, p.107) put it, "not to be seduced by a mystique that has arisen about the 
widespread applicability of agrofor&try an3 its ability to solve all land use problems 
in the tropics." The need to take stock of the lessons of agoforestry implementation, 
therefore, has become more urgent. Indeed, only throqh continuing assessment can 
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agroforestry avoid the fate of becoming another highly touted "mkacle technology" 
that failed. 

In this chapter, we focus on an agroforestry project in the Philippines, the Buhi- 
Lais Upland Developnent Pilot Project (BLUDPP). Our discussion is ccntered 
around four main concerns in projec: implementation: (1) the formulation ofgeneral 
implementing srratig&<2) th; chan;rkling of resources into and for the project; (3) 
the development of the mal;a,pezent capabilitites at the local level; and (4) the 
mobilization of demand for ~gro fo res i~  and for community development among the 
farmers. Essentially, we argue that the implemectatioa of agroforestry is infl:!enced as 
much by the strategic interventions adcpted by the proj- in w h  of these areas, as by 
the political, economic, and social contexts of implementation. 1%~ d a r  for this study 
were gathered from project records and reports, through focus group discwsiors and 
formal interviews, and through the method of prticihnt observation. Fieldwork was 
maducted !?em August 1983 to July 1984. 

THE PROJECT 

The BL'JDPP was established 1; 1979 as a 5-year agroforestry/watcrshed 
management project of a regional progratkl in southern Luzon, the Ricol River h i ; ]  
Development Program (BRBDP). The long-term impact expected of the Buhi 
agroforestry projeu was the protection of a wasters5ed area that drained into the lake 
of Buhi, a town in the Bicol repion. Set in the watershed were three contiguous villages 
(about 4161 hectares in area) which comprised the project': smgraphical focus. The 
project's more immediate objecu'ves, however, were the following: (1) increased 
agricultural production and productivity; (2) increased productive employment 
opportuni:ies; (3) increased farmer participation in development activities which 
affect them; and (4) the reversal of the deterioration of uplaad watershed areas. The 
project was also designed to test a community-bwd approach to agroforestry 
development, and to develop the capabilities of government agencies in agroforestry 
management. . 

The project had two major components: (1) reforestation, which was dirscted 
toward portions of the watershed which were in ths public domain; and (2) 
agroforestation, designed for hnds considered "alienable and disposable." Farmers 
were encourage3 to plant forest and agricultural craps, establish firewood lots, and 
implement soil conservation measures such as bench and vegetative terracing, and 
contour ditching. Other programs included technical training for farmers, organiza- 
tion of farmers' associations, backyard livestock raising, and field experiments in 
agruforestry. The project was in opration from May 1979 to December 1984, and 
was funded jointly by the Government of the Philippines (GOPI and by the U.S. 
Agency for 1nte:national Development (USMD), the latter having ext~nded 
$220,000 in loans and grants 

Other studies have evaluated the project's implementation and performance, 
partiaiarly during its first 3 years (Aguilar 1982, Silverman et al. 1982). It is 



1 interesting to note, however, that the principal problems which these reports had 
identified and for which recommcnMons were proposed had antinued to plague / the project until the end. The flow of funds and material supplies was often delayed, 

I and fsmer participation was limited in many ways. Given the beneiit of having the 
information from these esrlier studies and of seeing the project through its closing 
years, we shall discuss somc of these problems anew, along with the other concerns 
mentioned earlier. Our intention, we might ad4 is not to have the last word but to 
further broaden our understanding of the implementation process. 

FORMULAXNQ GENERAL STRATEGIES 
OF IMPLEMENTAT ION 

A significant strategy which the plpnners used was to divide the project into a 
2-year pilot phase (Phase 1) and a 3-5 year expansion period (Phase 11). Given the 
novelty of agroforestry projects, it was felt that a pilot phase could yield some lessons 
from which subsequent projects could learn. Planners thus emphasized a "learning 
process" approach to development administration (Korten 1980, Pressman and 
Wildavsky 1984). Indeed, the strategy resulted in some important revisions for the 
second phase. Plant species which were acceptablz to the farmers were identified, and 
inappropriate regulations and procedures were modified. 

it appears, however, that the effective~ess of any learning process depends heavily 
on the skills and resource of the learner. Th:oughout the design and pilot stages, the 
USAID consultant effectively fulfilled this role. Although his affiliation ~ i t h  the 
USAID already gave him some amount of power, his personality and his soiial and 
managerial skills further allowed him to mobilize support effectively from central and 
rej$or,sl administratorsalike. Local-level leaders and farmers were also impressed by 
hispakikis~mtz. or his ability to get alolig well with others. Of course, not everyone 
agreed with his views. The regional hierarchy of the Bureau of Forest Development, 
for example, felt that some oi his reports were-biased and quite inaccurate, thus 
subsequently straining the relations 'mtwcen the BFD and the USAID. Nonetheless, 
his political and diplomotic skills were valuab!: to the projects. His abstiice during 
Phase I1 was felt particularly in terms ofthe project's aflm!ating its lessons. Without 
the monthly reports which he sent to the agencies and officials involved, the project 
had less feedback to go by. Lacking his power znd diplomatic ski&, the project had 
more difficulty securing resourca from outside. Some degree of dependence had 
undoubtedly developed between planner and implemeater. 

Phasing had other practical merits. Fearing possible delays in the negotiation 
process and needing ample timc to prepare the basic inputs (e.g., nurseries and 
seedlings) before the onset of the planting season, planners divided Phase I further into 
a start-up phase of 6 months and a follow-on period of 18 months. This way, funds 
for the initial phase were gomn imme;iiaaely, while financial and administrative 
arrangements for the later phase were being negotiated. Accordingly, the start-up 



period was financed under a direct grant from US4ID ($55,000) and the follow-on 
phase from other sourn. Phase I1 remained as a loanffunc!ed project ($165,000). 

Given tke combined goals of agroforestation, reforesation, and community 
development, what overall management structure was deemed appropriate in terms 
of agency involvement? For the first 2 years, &e overall administrative reponsibility 
for the project was assumed by the Bicol River Basin Development Program 0G.x .. . .  . 
(BRBDPO). Thc managemeni of fit% operations, however, was assigned to a 
representative from a line agency,+then the Ministry of Local Government and 
Community Development (MLGCD). This set-up did not function well because the 
project manager 'did not have full authority over the project and was not fully 
accountable to the interagency program office. Of course, this structure was only 
temporary, for the BRBDPO's long-term plan was to transfer responsibility for the 
project to a line agency. Several agencies were considered. 

The first choice, the MLGCD, was eventually dropped from consideration 
reportedly because of the poor performance of its first designated project manager. An 
alternative choice, at least for the BRBDPO, was the Bureau of Forest Development 
(BFD), ostensibly because of the projea's reforestation component. The USAID 
consultant, however, felt that the BFD had limited experience with the major 
components of agroforestry; namely, orchard devzlopment, soil conservation 
management, and farmer extension services. The consultant furiher argued that the 
BFD regional director himself expressed interest only in the reforestation component, 
for the agency was undermanned and already t c ~  loaded with work to even manage 
agricultural development activities. Instead, the USAID at E i ~ t  wanted the National 
Irrigation Agency (NIA) as the lead agency, but later proposed a division of functions 
between the NIA and the BFD, the former for agroforestation and the latter for 
reforestation. A&r all, 89percent of the target areas were classified as "alienable and 
disposable" lands, and thus outside the BFD'sjurisdiction. Furthermore, the NIA was 
in charge of mos! other activities in !he loan package and had more extensive 
experience with community organizar ions. The salemaie was finally resolved in 
fevor of the BFD taking full responsibil ~ty for the p:oject as the lead agency. The basis 
for such decision is not clear, but what ic apparent is that the BFD was chosen despite 
its expressed disinterest in the project at that time. 

CHANNELING OF RESOURCES INTO THE PROJECT 

The timely delivery of resources into the pr0je~ was BLUDPP's most serious 
drawback. This is exemplified by the frequent delays in payment of salaries, at times 
for 2 months, and at other times for as long as 6 mon'h. A number of factors seem to 
have contributed to this problem. First, with the transfer of the project to the BFD, 
more structures, channels, administrative levels, and regulati6ns had to be taken into 
account, thus complicating the now of resources. Secondly, in a number of case. 
administrative pmcedures were not properly and promptly fo!lowed because planner 



and implementing officials alike were not fully aware of such rules. In their evaluation 
report, Silverman et al. (1982, p. 80) even allege that key administrators from the 
BFD were "ill-prepared" and "ignorant of important GOP and USAID regulations 
concerning implementation of the Project and have, therefore, been surprised by 
bureaucratic obstacles which have frequently confronted them." Finally, as BFD 
officials argued in tespowe to this criticism, the project dsign, in the first place, did 
not provide for a support staff le.g., administrative officer, bookkeeper, supply officer, 
property cuszodian, cashier, and planning officer), thus preventing the BFD from 
decentralizing the financial management c, the project. 

To be sure, attempts were made to o-rercome these problems. The support of hcal 
and regional government officials was sought. A simpler tmnsfer-of-payment scheme 
between the USAID and the project was devised. Adjustmenu in the financial 
administrative structure and procedures at the rcgional and local levels were 
introduced Despite these changes, however, delays continued until I984, thus 
indicating the influence of other variables. Indeed, the delivery of resourca was 
affected as much by the overall implementing structure and the organization's 
managerial capabilities, as by the nature of the social and politica! ties among the 
project's key participants For one thing, in addition to the transfer of the project from 
the BR-BDPO to the BFD, the high turnover in important positions affecting the 
project undermined continuity and stability. In 1980, a new mayor was elected; in 
1982, the CJSAID consultant took a new job and was replaced by another, while a 
new RFD regional director was also appointee and from 1979 to 1984, a total of six 
managers had been assigned to the project (five from BFD and one from MLGCD). 
For another, there was the continuing process of conflict and competition among 
various key participants 

First, there was the competition between the newly zlected town mayor and the 
deputy projec. manager, both members of she local elite but from different alliarlce 
groups. In some cases, the use of their respective networks benefited the project. Oilce, 
for example, the deputy project manager hastened the release of the delayed Fun& by 
calling on his social allies in the national bureaucracy. In turn, the mayor once flexed 
his political muscle '2). notilying the Wice  of the Presidqnt of the Philippines about 
the financial delays, thus prompting immediate action from regional officials. 3 n  the 
whole, however, the project did not fare well under this political one-upmanship. 

Second, the USAID and the BFE) representatives also had their share of major 
differences. It may be recalled that the BFD did not find favor with the USAID 
consultant right from the start. The latter's critical reports worsened this alrezdy 
tenuous relacionship by keeping the BFT on the defensive, thus perhaps reducing 
whatever support might have been available from the regional leveL 

Third, a veiled conflid also seems to have lingered on between the BFD's regional 
hierarchy and the deputy project managa. For reasons unclear, the SFD hiid 
apgarenc!y exclwed the position of deputy project manager from the project's plan 
and budget. 2'ieatened by this move, the deputy project manages denounced the 
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BFD for alleged mismanagement, citiog theoverpriang of tools and supplies and the 
delayed payment of salaries and wages. Although by 1982 many of those who had 
either inflicted or received the wounds had left, the bruised fedings between the 
USAID consu:rant and the SFD regii;;?al director, and between the latter and h e  
deputy project manager, remained and had spread within each of their organizations. 
Consequently, attitudes and intc:rests were less enthusiastic, and support less active. 
Finally, the lack df mperation between the regional auditor and the BFD repre- 
sentsltives.has also been cited as a plausible c a w  for the delays (Silverman 1982). 
Although we do not have thechta with which to confirm or refute this, our experience 
with other development projects in the area indicate that auditors are indeed 
important gatekeepers whose support must be secured. The process of implementa- 
tion, therefore, is influenced not only by the complexity of organizational structures 
but also by the degree of political pressures which participants bring into play. 
Accordingly, resource flowscan be hastened by simplifying channels and procedures, 
by mobilizing thesuppon of key gatekeepers in thesystcm, and by activating various 
sociopolitical networks of influence. Finally, implementation requires participants 
with considerable political know-how and diplomatic skills in orchestrating these 
moves. 

IMPROVING MANAGEMENT CAPABILITIES 
AT THE LOCAL LEVEL 

A few strategic interventions o i  the implementing organization were also instituted 
by the projea at the local level. In view of the long-term plan to let the community 
itself manage the project, most project employees were local residents. Thus, a 
number of farmers were trained in nursery development and maintenance, while 
others were trained as extension workers. To establish a Oink between the local 
government and the project, an advisory "promotions committee" was also formed, 
with the town mayor as chairman. Finally, project acivities were organized into two 
major components, with reforestation supervised by the BFD-assigned manager, and 
agroforestation by the deputy project manager. The planners' intent was to have a 
so-called nonhierarch;cal authority-structure in which the BFD, as the lead agency, 
was expected primarily to coordinate with and provide administrative support to the 
agroforestation unit, rather than manage it directly. 

Although these interventions encouraged the development of local capabilities, 
they also provided participants with the opportunities for extending their respective 
networks of influence and support. In this context, the town mayor, the project 
manager, and the deputy project manager emerged as the principal patrons. The 
acquisition and allocation of resources, therefore, was done essentially through these 
lines of patrunage, often with discouraging results for the project. In some cases, 
management decisions to hire or fire weiz made less on the basis of qualifications and 
job performance than on the strength of the client's social-politim loyalties. A 



farmer's wife, incensed by the nonrenewal of her husband's contract, remarked with 
pungent sarcasm: 

They should have told us during the training seminars that being a compdre (or a 
co-godparent in baptism or mamage) is an important criterion for employment. Look at 

h e  is so ineflicient yet he's still on the job becaw= one of the managers 
is his compadre. Of course. my husband is too old to give me a chid but why, I could 
have flirted with some other guy in order to get pregnan:, and I could have had the child 
baptized with the managers as godfathers: This way, my husband would have kept his 
job! 

Organizational performance, thus, depended on the balance of power among the 
patrons. Personnel adjustments and other interventions which could have tilted the 
bdance in favor of a rivd were avoided, while those that strengthened one's own 
position were purswd. For this reason, inefficiencies in such critical areas es budget 
and personnel administration, community organization, and project r;lonitoring were 
exacerbated. 

At the same time, however, these patron-client ties also created pressures for 
compiiance which hastened the attainment of other project objectives, especially 
those which pattons themselves pursued. Lwal norms of reciprdty dictated that 
subordinates give their loyalty and support in exchange for various favors from their 
patrons. 

Otherwise, one would be criticized for having no sense of shame (hiya) an& 
gratitude (utang na loob). From the perspective of many employees and farmers, for 
instance, the deputy manager had substantial control of and access to a wide variety of 
resocrces. He had lands to farm in the village, and he extended interest-free loans. As a 
former town official, he had many connections, and as deputy mnnager, hi 
evalcation was crucial for promotions and for travel and training opportunities. It is 
no surprise then that despi:e the salary delays and some threats of a sitdown strike, 
the deputy was able to mot;ilize the farmers. With hi authoritarian and paternalistic 
management sty!% however, cooperation was not really elicited but compliance 
extracted. This certainly was not the kind of participation the projed had idealized. 

MOBILIZIPdG THE DEMAND FOR AGROFORESTRY 
AND FOR PARTICIPATI~N 

. . - - .. .. 
The project's objective for agroforestation was to implement the following land 

development activities (LDAs): development of orchards (245 hectares); develop 
ment of firewood lots (85 hectares); and mil conservation measures such as bench and 
vegetative terraces and contour ditches (56 hectares). To increase the demand for 
agroforestry, the strategy was to integrate the inruts and to facilitate access to them. 
Thus, see& and technical assistance were provida4 fiee, tools were lent out, and labor 
subsidies were granted. Support systems and structures for the delivery of these inputs 



wcre set up. Nurseries were established in accesdble Imtions; farm development 
plans were drawn up; training seminars for farmers were conducted; a cadre of 
nurse-ty workers and extension leaders from arnong the farmers was trained; and 
n~arkcting networks werc also explored. Economic incentives wcre also provided 
thraugb short. ~ r m  worJc.c~qtractsgnd thpugh the distribution of livestock (swine, 
goats, and chickens) for backyard raising. On the other hand, the project was also 
. ~ ~ c i d  to enKst at least 254 farmers as prcject "cooperators." To ensure their 

participation, farmer$ associations were formed, and access to the project's inputs 
was made contingent upon membership in these groups. Social events such as singing 
contests and community d,mces were also held to foster community interest. 

The project's outcome has been quite varied. By December 1983, originally the 
project's expected date of bmpletion, four community associations had been 
organized with a to~al menlbership of 425 farmer-cooperators. 'Of these, 62 percent 
had at least one LDA while 38 percent had none whatsoever. Ouchards and firewood 
lots were generally perferred by farmers (56 and 26 percent, respectively). A number 
of coopel-aatoa, in fact, reported additioik~al incomes from the firewood lots which they 
had established 5 years earlier. Less accrptable werc ihe soil conservation tech 
nologies. Bench terraces were construcitea by only 11 percent of the farmers, 
vegetative terraces by 5 percent, and contour ditches by 2 percent. Iu terms of the total 
hectarage developed for each of the LDAs, the target for firewood lot devel~~ment 
had been suqmsed (103 percent), for orchard development aimost completed (90 
percent), and for so:'! conservation barely echieved (33 percent). 

Other indicators, however, suggest that the project's accomplishments were more 
apparent than real. Most LDAs, for instance, were poorly maintained after the crops 
had been planted. Bench terraces in particular werestill uncultivated 3 years after they 
were constructed. It was also discovered that some cf the reported LDAs were donc 
with much assistance f?om laborers hired by the projea at times with little or no help 
at all from the farmer himself. Finally, it appears that the distribution of subsidies may 
in fact have reinforced an existing economic gap inasmuch as the cooperators who 
received them had relatively higher incomes than the rest (Aguilar 1982). Additional 
data from our study also show that although there were more tenants than owner- 
cultivators in the -ations (SO5 and 191, respectively), a significantly greater 
percentage of o~~nercultivators than tenants received the subsidies (3 and 20 percent, 
respectively). 

Community involvement ia the project has also been iimited. 03 the one hand, 
fzmers may be said to have participated in the project insofar as they had contributed 
their time, their money (by way of membership dues), and their labor. They had also 
shared in the various benefits provided by the project. 

Paricipation in decisionmaking and in evaluation, on elie o:iier hand, was much 
less evident. In the first place, the initial decision concerning the need for an 
agroforestry project as well 8s its goals and strategies was made not by the farmers 
themselves but by outsiders. Secondly, their involvement was limited to a few 
operational decisions such as the kinds of crops to be procured, or the manner of 
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distributing the livestock and the short-tenm work contracts amoilg the members. 
Finally, when controversial decisions were at issue, farmers ultimately depended on 
the political elite. During the tense period when salaries were delayed and funds were 
allegedly bcing misused, for example, it was by infernally mobi1izi:q their com- 
munication networks and by having their complaints rcch key political figures that 
farmers brought pressure 03 the management. Having shifted ;6e responsibility for 
direct intervention to these leaders, farmers then expressed their views ti,ve wil!i8yly 
in thegeneral assemblies. It was through these processes, therefore, that the d&;ion to 
grant farmers access to accounting records was reached As a result, the management 

This indirect, nonconffontational approach was again followed in July 1983 when 
numerous comp!nints and allegations about the distribution of subsidis led the 
management to consider ecding the subsidy scheme altogether. To legitimize this , 

decision, the managenient asked the farmers to submit a formal petition seeking to use 
the funds for a seed bank instead. In general, therefore, farmers' associations 
fiinctioned'more as channels for implementing the management's decisions acd for 
distributing the project's benefits, than for articulating the farmers' nteds and 

Thus far, we have seen that the demand for agroforestry and for community 
participation has been low despite the project's strategic interventions. A number of 
factors seem to have contributed to this outcome. We shall limit out analysis, 
however, to the following aspects (1) the delivery system; (2) the project's technology 
and its strategy for mobi!izing participation; and (3) the economic, political, and 
social conditions in the village. 

DELIVERY SYSTEM . . 
The farmers' frustration over the project resulted in part from deficiencies in the 

delivery and distribution system. Early in the project, farmers complained that the 
criteria for choosing the rlcipients of the subsidies were unclear. They claimed further 
&hat some farmers even got their reimbursements despite i~dequate  improvements 
on ihe land. Allegations of favoritism were ,inevitably made. ?,.ate reimbursements led 
to furtiler distrust in the organization and added to the tension caused by the salary 
delays and to other inter~r~anizationai conflicts TO ivioid further problems, and zs 
some farmers themselves suggtsted, the project ceased providing the subsidks and 
reallocated the remaining frlnds to establishing a seed bank. 

The dispersal of livestock was also faced with similar difficulties. At the first 
dispersal of the sows, for example, all but one of the recipients were officers of the 
associations, again prompting allegations among members that officers were being 
unfairly favored. Subsequently, h e  manzgement transferred the allocation decision to 
the farmers' associaticins themselves. Within the organizations, distribution decisions 
were made at times by drawing lots, in most wes through consensus and bargaining. 



In this context thesocial and political relations among theofficersand members were 
very much at play. 

The untimely delivery of adequate and appropriate seeds was another source of 
discontent. While fruit and fuelwood species were supplied free to the farmers, the 
annual crops [grains, root crops, and pulses) that were needcd for the bench and 
vegetative terraces were not: In fa&, planners were uncertain whether subsistence 
crops wece more appropriate than cash crops, and in either case whether the project 
was allowed to provide these inputs. As it turned out, thc management had wrcngly 
assumed that funds allocated for seeds could be used only for the perennial crops (fruit 
and fuelwood). It was only after 4 years, in August 1983, when the seed bank was 
proposed, that the farmers' rcquest for annual cash crops such as ginger., garlic, and 
peanuts was heeded But then again, the response was further de!ayed because the 
seeds wze not delivered for 8 months. 

TECHNOLOGIES AND STRATEGIES 

Contrary to the experts' expectations that the LDAs would be e,sily adopted 
because they had been tried and tested elsewhere, most fermer-cooperators had left 
their bench terraces idle, the majority did not f~llow the suggested cropping patterns 
for their orchards, many were not satisfied with the project-preferred firewood 
speaes, and quite a few still praai'ced slash and bum cultivation. Certain features of 
the technological innovations themselves appear to have influenced these responses. 
Farmers explained that the terracts could not be cultivated immediately and were 
thus left to fallow because the fertile topsoil had bezn removed in the process of 
terracing. They also noted that compared to the more popular local firewood species 
("bugus" or Acalypha sripulocea and "palo maria" or Calophyllum inophylhm L), 
the project-intrduced species ("ipil-ipil" or Leucaem leucocephalis) took more time 
to dry. Also, because of its texture, the latter species had certain limitationsas buildin8 
material. Cooperators were hard pressed in explaining why they did not plant their 
orchard crops in clean, orderly rows as the design had called for, or why some of them 
continued to burn the cut vegeative covt:r before planting anew, a practice which the 
projea trowned upon. As some xic~tific studis have confirmed, however, the 
practices of burnicg and of planting a mixture of crops at random do have some 
xological merits (Van Nguu 1982), and it is perhaps these results which reinforced 
the farmers' behavior. 

Tine limited paiticipation in decisionmaking and evaluating, on the other hand, 
may also be attrihited to the projed's understandine of and strategy for community 
mobilization. To begin with, the projed design did not provide enough guidelines on 
how to achieve the goal of "improving farmer participation and developing self- 
reliance in developmental activities." Other than specifying the number ofseminars to 
be conducted and the number of farmers to be enlisted, the planners seem to have left 
the project implementers to their own decisions on the "what, who, and how" of 
participation (Uphofl, Cohen, and Goldsmith 1979). For the most part, these 



decisions reflected an equally unspedficand unprogrammatic strategy for mobilizing 
participation, though perhaps guided only loosely by the s tars  interests and assump- 
tions. The deputy manage, for example, impressed outsiders with his views on 
community organizing as empowerment and with his experiences with farmers* 
cooperatives. Contrary to these claims, however, the project in fad implicitly pursued 
the strategy of consensus-building and followed a "topdown" approach to community 
mobilization. The many conEicts in the project were resolved not by encouraging the 
farmers to organize theslxiva and articulate their demands as a group but by 
mobilizing traditional patrowclient networks. In this respect, the project essentially 
foilowed the traditional model of community aeveiopmeni iaihei :ha3 :he "5c:!r?m- 
up" strategy of community oqanizlng and its empbasis on confrontation and mass 
action. The latter, it appears, has been more effective in genuinely mobilizing 
community participation in th,: Phi:ippines (Hollnsteiner 197%. 

THE VILLAGE CONTEXT' 

The project's experience finaI1y illustrates the bearing of economic, political. and 
social sauctures and processes within the village on the effectiveness of various 
interventions. In the first place, the village households have been faced with 
considerable ecological and economic uncertainties. Droughts, floods, and typhoons 
have alternately ruined the farmlers' paddies and crops as well as the fishermen's 
corrals and cages in the lake. Technological changes in both farming and fishing have 
displaced farm labor, delirnikd the fishing grounds, and hastened the depletion of the 
lake's fisheries, includio~ what usedoo be pzrt of the poor man's diet, the "sinarapan" 
(Misrichthy luzonemh Smith) (kveridge 1983). Uncertainty has come from outside 
the village as well. The market price of the farmers' crops has not kept pace with the 
increases in the pficcs of krm inputs and primary goods and the cost of education and 

Given :hese uncertainties, therefore, it seems only practical for the villagers to have 
been more interested in the subsidies and in'income from wage labor, than in the 
LDAs. After all, the knefits from the latter were neither certain nor immediate. The 
farriers' deasions, nowever, were nos simply the result of expediency but the 
outcome of a rational calculus of costs and benefits. This was evident in the farmers* 
selective preference for certain cash crop  because of market price and storage 
considerations, in their interat in swine raising because of it5lower Yabor and cash 
input requirements and higha returns, or in the bw.priority most farmers trom one 
village gave firewood lot development due to transport costs and difficulties. The 
project's technology, in effect, did not sufficiently address the people's shokt-term 
needs nor did its strategy adequately considar the variations in economic activities 
among the villages. Indeed, agroforestry's goals cannot be uniformly imposed on 
communities which vary in their use of agricultural and forest resources. 

The farmers' decision to participate in agroforestry activities also appears to have 
been influenced by the demands and uncertainties in the system of land tenure. Many 
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tenants explicitly stated that they found no reason to develop the land whose fruits 
they would not be reaping anyway. Others introduced in~provementsonly when they 
were confident that tl~cir relationship with the kndowners was stable. These concerns 
are reflected in the fact that a significantly higher percentage of owner-cultivators than 
tenants (64 and 49 percent, respectively) had actually engaged in orchard 
development. 

Finally, as the following examples indicate, projeu implementation is further 
inflaenced by village-icvel politics. It may be recalled that the project hired and 
trained uplind extensiog I&es (UELs) frem aaiong ii~e farmers themselves in order 
to improve service delivery. These UELs helped other farmers plan and implement 
their LDAs and encouraged them to participate in other project activities. They also 
provided feedback to the management and thus served as the principal links between 
the project and the farmels. This structural intervention had mixed effects. Although it 
provided the projea with better access to village resources and kept it in closer touch 
with local developments, it did not necessarily lead to wider farmer mobilization. 
Apparently, the UEW position and performance in the community sxiopolitical 
structure constrained as much as it facilitated their effectiveness. For example, one 
UEL felt that her status as "barangay captain," or village head; her ownership of the 
only launch in the village; and her ties with other poiitlcal factions all worked to her 
advantage. Conversely, another, UEL felt that his poorachievementsas a village head 
even soured the farmers' view of him as an extension lezder. 

The farmers' asm.ations also became an arena for village politics. In one 
association, for instance, the officers whogot elected were a c ~ v e  political !eaders who 
belonged to the same party and who had previously run on the same slate for the 
village muncii elections. In another, two of three leaders who fmdservedas presidents 
also had at one time or another been a barangay captain. Participation in the 
associations' activities also depended on the nature of the alliance structures within 
the villages. In one vilkge wherc households "came from rhe same womb" as they 
said, mobilization in tcrms of attendance in meetings and adoption of LDAs was 
easily made along kinship lines. Patterns of participation in the other associations, on 
the other hand, also reflected the more diverse and relatively distinct sociopolitical 
ailiance grodps in the commuities. Consequently, the projecl's scarce resources were 
inevitably converted to social and political capital inasmuch as allocation decisions 
were often governed by kinship and poli~~cal considerations. 

Irregular as all this may seem: for peasasts everything was merely following i:s 
normal course. Many other village ;smciatiom ir!roduczd b; thegovernn:ent ,had all 
come to pass, leaving a few pockets :!:I1 here and there. Besides, t h y  argued, even the 
once succ(3sful farmer's cooperative which zowndwellers themselves established 
eventually failed despite the help of the nsns. Even the country's economy was in sad 
sk.5 c because ofgraft and conuption, they added "So why have any illusions about 
village apfomb-y associatiom?" t!~ey asked. 



CONCLUSIONS 

The Buhi ngroforestry project had designed important strategies for implementa- 
tion. Appropriate structures were set up to ease the flow of resources into the project 
and to mobilize the support of the local government and the farmers (see Table 11.1). 
The project thus seemed to have had the essential ingredients for success 

TABLE 11.1 

Soma Majar Innovations In Projt\ct Design and lmglementatlon 

Fonnrdnthry pnd strategies d lmplcwnlmtloo 
I. Pilot strategy and a "learning process" approach 
2. Phasing 
3. "Lead" agncy in a "nonhierachica1" authority relationship with other government agencies 

Charmeling of murcer  into the project 
I. Mobijization of support from local and regional government officials 
2. Simplified mnsfer of paymenu scheme between the USAID and the project 
3. Adjustments in the financial administrative structure and procedures at the ~g io ru l  level 
4. Decenttaliation of financial management 

Improving nmnvgemenl capabilities at the bad kvcl 
1. Hiring of employees from the community itself (including the deputy project nanagr. upland 

extension l&eg and nursery farm workers) 
2. Formal linkages with the local government 
3. Stnrturnl division into reforestation and agoforestation sections 

M o b W q  denmd for agrofom k y  technolog&s and for commmity inw!vement 
1. Simple technologies 
2. Use o: economic and social incentives 

integration of inputs (seeds, l a h r  subsidies, tools, and lshnical assistance) 
increased physical accessibility to nuneric. 
supplementary sources of income: livatwk raising, construction work 
social festivities (serenades, singing contests, community dances) 

3. Formation of community associations for demand articulation and for the eventual take-over ef me 
project 

Although these management interventions achieved w a i n  benefits for the project, 
they did not significantly sffect thestatus quo. The farmaland informal structures and 
prclcedures of implementation in both the wider.bureaucracy and the donor agency 
showed limited flexibility in accommodating the nee& of a small-scale ?reject. 
Project resources and activities, in turn, were easily embroiled i r  the poliGcal 
competition amon% the local elite, the project officers, and the village leade , iiaally, 
the mixed results oh the project in terms of land developments and orgdnizatioaal 
participation strongly reflected existing variations in the access to and use o.'po!itid, 
economic, and s o c i m l t u d  resources. 



Clearly, agroforestry cannot be expected to yield significant changes in the people's 
lives and in their environment unless many of these variables that constrain 
implementation and participation are confronted. Some of these seem tractable, at 
least at the project level. Adjustments in structures and procedures may be made to 
allow a wider distribution of resources. Political leaders with the skill oforchestrating 
the support of diverk'actors at virious levels may also be designated. Other variables, 
however, are much less tractable, mediatedas they are through the social structure. In 
order that changes in the latter can be realistically achieved, the political will to 
implement them i-4 essential. Given these contraints, therefore, development planners 
and practitioners should be more modest in their claims regarding agroforestry's 
benefits to rural communities. 

. . 
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1 CHAPTER 12. 
1 THE POLITICAL ECONOMY OF 
I DEFORESTATION IN COSTA RICA 

John S. Dryzek 
Amy S. Glenn 

I I INTRODUCTION I 
Costa Rica presents a microcosm of the deforestation problem which currently 

plagues the tropical world. At one time, 99.8 percent of the country was forested; by 
1977, this proportion hadshrunk to 31 percent, with half of the tms having occurred 
since 1950 (Tropical Science Center 1983, p. 28). By 1984, the forested proportion 
was down to 26 percent. In recent years, Costa Rica has been losing its remaining 
forest cover at a rate faster than any other Latin American country. Of the 13,338 
square kilometers of forest remaining in 1984, some 300-500 square kilometers are 
being lost per year (Myers 1980, p. 132). Forest reserves, Indian reserves, and 
national parks, respectively, protect 2788,4338, and 41 83 square kilometers, at least 
nominally (Tropical Science Center 1983, pp. 30-31). The remaining "unassigned" 
areas face extinction within a matter of years, and the nominally protected areas are 
by no means immune to destruction. 

The rate of forest loss is actually accelerating throughout Costa Rica (Oficina de 
Planificaaon Sectorial Agropecuaria 1978, p. 45). The only localities in which 
deforestation has been arrested are those whae there is little forest left to lose. So, for 
example, in the heavily populated Central Region (home to 57 percent of the 
country's populaticn), the remaining forest cover is confined to inaccessible and 
rugged patches of land. Even this scant cover might have disappeared in recent years 
were it not for the fact that the government housing construction monopoly in the 
Central Region has been too short of funds to clear,this land for residential 
construction. At the other extgme, $e Atlantic Region still possesses substantial 
forest cover, but expansion of road networks and gowth in the banana industry in this 
region have spurred forest loss in recent years. 

Beyond the primary environmental consequences, the socid, economic, and 
political ramifications of deforestation are severe. Economically, systematic destruc- 
tion of the nation's forests leaves watersheds unprotected, causing soil erosion, 
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periodic soil dehydration (as the forest's capzdty to buffer water release is lost), 
siltation behind the dams which currently provide 99 percent of Costa Rica's 
electricity, threats to potable water supplies, increased frequency ar~d severity of 
flooding in low-lying areas, and problems for irrigation projects (located mostly in 
Guanacaste, in the northwest of the country). National topsoil loss in this primarily 
agricultural country 680 tnilliodtons annually. According to a recent report, 
17 percent ofcosta Rica is now severely eroded, and 24 percent is modestly eroded 
(Tropical Science Center 1983, p. 58). Eroded soil is deposited near the months of 
rivers, thus damagihg the potential of coasta! fsheries, and imperiling drainage from 
some of the low-lying banana growing areas. Less obviously, the genetic resources of 
tropical forest species are lost, too-some even before they are discovered or 
recorded. . .  

A.z its worst, forest loss is irreversible. Once its forest cover has been stripped, the 
thin layer of soil erodes rapidly. Thus, the land can lose not only its ability to 
regenerate the original ecosystems, but also any potential for productive uses, such as 
commercial forestry. Indeed, despite the rate of forest clearance--or perhaps because 
of it-Costa Rica is on the verge of becoming a net importer of lumber for the first 
time in its history. 

Deforestation in Costa Rica does present a pessimistic picture. Destruction of the 
ecological resources on which Costa Rica depends, threatens the prosperity of the 
country, and, by implicztion, threatens a degree of social stability, democratic 
government, and politicd to!erance unmatched in Latin America (Field 1982). 

This study will proceed at the national level of analysis. This 1e;el of analysis is 
appropriate because of substantial commonality in the etiology of deforestation 
throughout the country. The entire country's forests are subject to similar incentive 
systems and resulting human behaviors, economic pressures, systems of property and 
land tenure, governmental rules, public agency jurisdictions, and central government 
policies. Costa Rica's small size, social and political homogeneity, and virtual absence 
of local or regional government add validity to a national level of analysis. 

We will analyze deforestation in Costa Rica by making extensive use of the 
concept of a natural resource management regime. According to Young (1982), a 
resource regime is a set of institutional arrangements providing a structure for actors 
to operate and an incentive system composed of specific rights, rules, regulations, 
compliance mechanisms, and transformation mechanisms. A regime can have both 
formal (de jure) and informal {de facto) elements, which (as we shall see in h e  Costa 
Rica case) are not always consistent. The most important kinds of rights are property 
rights, which specify who may use a resource and what kind of use they may 
undertake. Rules and regulatians are the obverse of rights, imposing restrictions on 
permissible behavior. Compliance mechanisms are the means for enforcing rights, 
rules, and regulations. These mechanisms can be carried out informally, through 
general acceptance of social norms, or formally, through administrative and legal 
systems. Transformation is the means through which a regime's rights, rules, 
regulations, and compliance mechanisms change over time. 



In these terms, Costa Ria's forest resources are subject to a virtually uniform 
national regime. We hope to show that this regime is largely to blame for current 
deforestation problems, and we will explore the prosjxcts for two alternative kinds of 
regimes that are sometimes proposed Bur first, on what basis may we evaluate the 
existing regime and potential alternatives? 

EVALUATION CRITERIA 

We have already alluded to the problems associated with deforestation in Costa 
Rica; but what, precisely, is amiss? Clearly n e w  ary at this juncture is some concise 
criterion or criteria of evaluation 

Given that deforestation in Costa Rica is primarily an ecological problem (i.e.,it 
occurs at the intersection of human and natural systems). its amelioration or 
resolution demands two primary qualities of social institutions such as resource 
regimes (Dryzek 1985). The first-usual!y stressed by ecologists (e.g., Odum 1983 
pp. 47-50 and 288-89)-is negative feedback, which is the capacity to produce 
deviation-counteracting outputs in response to shortfalls in ecological life support 
capacity. The second-more usually emphasized by economists and political 
scientists-is coordination, which is the ability of individual and collective actors to 
operate in unison toward collective ends. Without coordination, the system succumbs 
to collective action problems such as the "tragedy of the commons" and under- 
provision of public goods (e.g., Hardin 1982). Negative feedback and coordination 
will constitute our evaluation criteria for theexisting resource regime and its possible 
alternatives. ' 

THE EXISTING REGIME AND ITS SHORTCCIMIMGS 
- - 

PROPERTY RIGHTS 

Virgin forest lands in Costa Rica have historically been treated as common 
property. That is, any individual could,make.~of these lands as he or she pleased. 
This arrangement made obvious sense in an era of s'eemingly 1imitless"unused" forest 
and a small population. The idea that forest land is common property generally still 
applies today. Moreover, reforested land is ofien subject to similar treatment. 

Costa Rica common law from the nineteenth century recognizes property rights 
based only on land occupaccy and "improvement" (such as clearing trees or planting 



Land can therefore change hands as a resdt of squatting, which is blessed by s 1942 
law giving p-onary rights based on one year's occupancy. This process can affect 
private as well as public land, including land nationally proteued in reserves or 
national prks. Indeed, squatting and subsequent land transfer have become an 
organized business in Costa R i a  Squatters are in the business for the profits to be 
made fiom establishing and selling improvements, rather than out of land hunger or 
any desire to establish .$eqpelves .as farrpers 

Invasions of public lands are, in principle, prohibited under a 1969 Forestry Law. 
This law has proven ineffedive; not <nIy does the Forest Service (Direction Forestal 
General [DFG]) lack the resources to enforce the law, but the boundaries of public 
Ian& are often unrehtered. 

One widely advocated general solution to the tragedy of the commons is the 
conversion of abused commons resources into parcels of private property (Demsea 
1967), on thegrounds that individual owners will take better care of resources if they 
can expect to receive the full benefits ofgood husbandry-and to bear the full burden 
of mismanagement. The trouble with this general solution as applied to the Costa 
R i a  case is that the very mechanisn; for the establishment of private property 
rights-land clearance-requires destruction of the resource in question Moreover, 
even having secured title to a piece of land, a landholder may pay scant attention to 
good management if he knows &ere isa traa of unclaimed forest nearby to which he 
can move once the soil on his present tract is exhausted. Thus, a peculiar set of 
incentives stems from a combination of existing iaws and the circumstances sf 
tropical forest ecosystems,whose soil is often too poor to support crops for more than 
a season or two under traditional farming practices. 

Any v-b i l i ty  of more permanent returns mieht lead to better land management 
under private property. However, further skepticism concerning the purported 
benefits of a system of private property is warranted based on field observations 
suggesting that the individuals clearing forests for their own agricultural purposes lack 
the financial incentives as well as agricultural and ecological knowledge to manage 
land on a sustainable basis. 

RULES AND REGULATIONS 

As should be clear from the previous subsection, many laws of long standing 
support squatting and, hence, forest clearance. There are, however, a number of laws 
which appear to be more sensitive to the deforestation problem. For example, the 
Forestry Law of 1969 specifies that any clearing of forest land must receive a permit 
from the Forest Service, which is to be issued only if the land has sustainable . 
agricultural potential (Tropical Science Center 1983, p. 30). Indeed, cutting permits 
were suspended for part of 1983. There is a good deal of sentiment in the legislative 
assembly in favor of stronger forest laws Costa Rica's environmental laws are 
extensive; there are thousands of pages of environmental legislation on the statute 
books. However, there is little point in our describing these hws, even in the most 



general terms for their content is irrelevant to the operation and performance of the 
exicting re40*~-ce regime. The reasons are described below. 

COMPLIANCE 
The formal content of environmental legislation pertaining to deforestation is 

irrelevant inasmuch as the laws in question are simply neither enforced Nor obeyed. In 

the Forestry Law revealed only one conviction, resulting in a 1-month prison 
sentence. In the remainder of the cases, three times the court accepted that the accused 
was ignorant of the law (even though this defense is legally impermissible), twice the 
court accepted that the accused had verbal permission from a forestry inspector to cut 
trees, two cases were lost under the statute of limitations, and in one case the wrong 
party was brought to trial. Thus, even when cases do end up in court, little sanction 

I benefits many individuals such as professional squatters, landowners complain that 
they receive no proteuioz against land invasions, trespassing, or timber theft. This 
lack of enforcement exacerbates the "commonsw asuect of forest resources 

and administrative systems. This outcome is not surprising, given the lack of financial, 
administrative, and institutional capabilities Costa Rica shares with most less 
developed countries. 

TRANSFORMATION MECHANISMS 

Extensive reforms in the systems of rights, r u l ~ ,  regulations, and compliance 
mechanisms we have described are unlikely, given the weakness of the transformation 
mechanisms in the existing regime. A number of powerful organized interests 
frustrate reform; timber and cattle interests especially are powerful lobbies in support 

finance operations (Tropical Sciecce Center 1983, p. 30). Moreover, pressure From 
cattle interests is hard to resist, given ibe impbrtanck'of keef exports to the economy. 
In 1983, beef constituted Costa Rica's third largest category of exports, earning 
essential foreign currency at a time when demand for coffee, banana, and sugar 
exports was slack 

INCENTIVE STRUCTURE 

The net result of the regime we have described is a rather perverse incentive 
structure. There is a continuous incentive for squatters to invade "unused" land. 

a study conducted by the ~nstituteof ~ega l  R & C ~  at the University of costa Rica 
(Institute de Investigation J~aridca 1981). a survey of seven cases actually tried under 

results from transgression of the law. Most transgressions, however. do not even get 
close to the legal system. law enforcement is minimal. While this situation clearly 

Responsibility for the wholesale lack of compliace with existing laws or regula- 
tions rests to a large extent on the weak enforcement capabilities of Costa Rica's legal 

I of the status quo. The economic (and hence political) nand of cattle interests is 
strengthened by the low-interest loans tbzy receive from the nationalized banks to 



Cattlemen with an eye on eventually acquiring title in some cases ficance the activities 
of squatters. Fearing invasion, many private owners of iorested land try to preempt 
squatters by clearing land themlves, thus securing control. Alternatively, they may 
sell land to the Institute of Land Colonization (ITCO) for use in land reform 
programs, and hence eventual clearance. Some large landowners go so far as to 
sponsor "armies" of squatters to proteci the fringes of their property. Countervailing 
"armies" are organized too, in some cases under the auspices of political movements. 
Land is often acquired by the best-organized of these armies. 

For those who Cdnrrbl the?and, the incentives are such as to promote forest 
clearance fo!lowcd by a year or two of crops and then establishment of cattle pasture. 
Deforestation occurs in large measure not because of the returns from cropland or 
timber, but because of the returns fiom conversion to cattle pasture. Although 
information on land classification is unreliable, the Tropical Science Center (1983, p. 
68) estimates that between 1950 and 1973 the proportion of the country under 
pasture increased fiom 35percent to 50 percent. Unfortunately, pasture that was once 
rainforest has a short life span, due once again to 'the poor quality of soils. One 
particularly stark example may be found in the Coao Brus Valley, where there are 
large areas of abandoned pasture that were once forest. The land is now trampled, 
flooded, eroded, and not even usable for the cattle for which it was originally 
converted from forest. 

Perverse incentives ektend not just to private individuals, but also to government 
agencies. Thus, ll CO receives income from the "improvement" of lands under its 
jurisdiction, and hence encourages clearing. DGF claims lTCO-sponsored col~onists 
are responsible for up to half the illegal deforestation occumng (Tropical Sdence 
Center 1983, p. 30). 

However, some attempts have been made to provide incentives to promote 
reforestation. For example, under a plan initiated in 1979, any individual purchasing 
land and planting trees upon it may offset the cost against taxes owed to the 
government. The individual in question keeps any future profits from the operation. 
By 1981, around 1638 hectares had been planted under this program (Tropical 
Science Center 1983, p. 34). Unfortunately, the major effect has been to promote the 
planting of fast-growing softwoods such as pine and cypress, which yield quick 
financial returb but little contriiution to ecological integrity. Occasionally, land- 
owners cut natural forests in order to replant and receive the tax reduction. Any 
reforested land also becomes vulnerable to the encroachment of squatters. The net 
result is that reforestetion proceeds at a minimal rate. Total annual reforestation of 
around 2508 hectares may be compared with the forest loss of 30,000-50,000 

An intended incentive to protect existing forests comes from the government's 
granting of tax credits on current assets for any land donated to the national park 
system. This program has had limited effect because payment is made in the form of 
long-term government bonds, which probable inflation and currency devaluation 
render unattractive. 





In contrast with the "turf expansionw motivation found ii; nany governmental 
agencies in industrial societies, administrative agencies in Costa Rica often seek to 
assign responsibility to others. The result is often inaction. For example, the DFG 
believes that the Costa Rican Electricity Institute (ICE) should do more to prcitect 
forests located in watersheds above hydroelectric dams. ICE has more political 
influence and a larger budget than DFG. Though it does engage in some protective 
activities in watersheds where itsinvestihents are large, ICE regards high-altitude 
forests that catch much of the rainfall as outside its jurisdiction. Recently, ICE 
requested that a forest reserve be created to protect the watershed of one of Costa 
Rica's largest hydroeiectric projects in the Arena1 area of Guanacaste. More generally, 
iCE believes responsibility should rest with the Ministry of Agriculture (MAG), 
inasmuch as a large amount of cutting is now taking place in lowland areas, rather 
than in watersheds above dams.. 

COORDINATION 

As with the feedback criterion, substantial failure is also evident with coordination. 
The preservation of ecological integrity may be in thegeneral long-term interests of all 
who are involved (except perhaps, for foreign investors in agribusiness operations), 
yet eegradation of forest resources continues. Systems of land tenure and property 
rights facilitate an effective tragedy of the commons, as each self-interested individual 
scrambles to maximize his share of the returns from an everdeclining common 
resource-forest land. 

Government has proven unwilling or unable to promote coordination. indeed, the 
Costa Rican government is thoroughly uncoordinated internally. A plethora of 
agencies has interest in the deforestation issue. Some of these agencies pursue ends 
directly counter to ecological life-support values. For example, the Agrarian 
Development Institute (IDA) views forests as "idlen lands and encourages squatting 
by redistributing large areas of land among small landholders. ITCO sees empty land 
in terms of opponunity for its colonizing mission. 

Equally serious, though, is administrative confusion and a lack of coordination 
between the activities of agencies which should not, in principle, be antagonistic to 
one another. We Rave already noted differences between DGF, ICE, and MAG over 
who is responsible for protection of forested watersheds. A coordinating body for 
environmental policy was created in 198 1 -the National System of Environmerital 
Protection and Improvement (SINAPROMA). But SINAPROMA has proven 
ineffective. Agencies are jealous of their prerogatives, and reject guidance and. resent 
oversight. Yet, none currently exhibits any desire to take a more arrivist stance on 
environmental policy, and any interagency cooperation which does occur okes place 
in a sporadic and informal manner. 



OPTIONS 

The picture we have painted is bleak. Entrenched property rights, perverse 
incentive structures, and weak implementation and compliance mechanisms combine 
to violate minimal preconditions for effective resource management. What kind of 
resource regime could improve this dismal state of affairs? More to the point, what is 
the feasibility of constructing such a regime? We will consider two broad options, 
centralized and decentralizeu reforms, respectively. 

CENTRALIZED REFORMS 

There is a school of thought which recommends strong doses of cmtral authority 
and planning as a solution to any commons-type environmental problem of the kind 

I outlined in this chapter (e.g. Hardin 1968, Ophuls 1977). This position is aciopted by 
mzny observers who have studied tropical deforestation in Costa Rica and elsewhere. 

I I For exampIe, the Environmental Profile of Costa Rica written by the Tropical 
Science Center in 1983 is replete with centralizing recommendations: Laws should be 
enforced more strinaentlv: more scientific studies should be conducted to urovide the - - .  
information necessary for effective management; government should direct reforesta- 
tion programs; an integrated national environmental policy should be adopted; power 

I should be concentrated in the hands of SINAPROMA; the DFG should exercise 

I more effective control over cutting permits; funding for the various a~encies shuld be 
increased; and effective control over public lands should be exercised. 

I There are a number of good theoretical and practical reasons why any such system 
of expanded central control could expect little success in Costa RicaTo begin with, 

I 
- 

wholesale centralization for environmen:al management of this sort has rarely 
worked elsewhere. The effectiveness of centralized environmental policy depends 

1 crucially on control being exercised by an ecologically motivated political elite. It is I 
hard to point to the existence of any such ecological mandarins anywhere in the 
world. Members of governing elites exhibit a variety of motivations, some selfsh and 
some public-spirited, but, they are rarely thoroughly committed to a single over- 
reaching goal in the way effective ecological administration demands. 

I ! Centralized administrative structures by their very nature have poor negative I 
feedback sensitivity. Structures of this sort may k adept at certain kinds of tasks, 
especially those involving mobiIizatiop of resources toward simple goals while 
attending to a limited number of variables. Examples include fighting a war. moving 

i the mail, and forcing industrialization (Lindbbm 1977). Centralizedstructures are far 
less competent when it comes to interpreting and acting upon multiple, subtle, and 
locdly variable feedback signals from a complex environment, such as that composed 
by the interaction of human and natural syskms in the deforestation problem. The 
internal culture of a bureaucratic structure frequently di~iorts feedback interpretation 



Centralized administration perhaps promises more in the way of coordination than 
of negative feedback, though even here its promise may be illusory. Coordination 
through administration imposes a huge burden ofcalculation on the upper levels in a 
hierarchy, which must allocate tasks and responsibilities within the structure and 
ensure that actio~s in the various parts produce a coherent whole. Implementation 
studies frequently reveal that subordinate units in an administrative structure often 
exercise substantial independence from nominal superiors. Note, for example, the 
frequent clashes betweeq @e.Departpent of Watersheds and Land Classification, and 
the Forest Service of which it is nominally a component part-not to mention the 
"passing of the buck" between different agencies we noted earlier. 

Asa practical matter, it is clear that Costa Rica, in common with most Third World 
countries, lacks the institutional, intellectual, and fiscal capabilities which would be 
required for stronger central analysis, oversight, and control in resource management. 
Strong-willed, public-spirited, and single-minded bureaucracies are ilot a Ceatral 
American forte. While Costa'Rida's government is already highly centralized, that 
centralizstion does not translate into effective control in resource mangement or 
elsewhere. Strong policy statements on environmental issues made by political 
leaders (up to and including the presidential level) are therefore rarely converted into 
action. One suspects that any alternative of centralized structure would produce only 
more of the same. 

Despite our negative prognosis on centralized reform, such an approach might 
have some potential if it were confined toa small number of welldefined areas. Given 
the Costa Rica government's weak enforcement and compliance capabilities, the 
organizational resources it does have at its disposal would be best utilized if 
concentrated on a few areas, such as the national parks. in those ares, inspections 
from ground and air could be used to detect illegal encroachment on the forest. 
Inasmuch as organized business is involved in such cases, there might be some 
possibilities for property confiscation (which could, ideally, be put to good use in 
financing enforcement and perhaps even reforestation). But there is little reason for 
optimism concerning even such limited expansion of effective central control. 

DECENTRALIZED REFORMS 

The basic premise of a decen'mlized strategy is that the people closest to a problem 
are, given the right incentives and motivation, the people best qualified to solve it. 
Negative feedback signals have an immediacy which is hard to ignore, given that any 
worsening of ecological conditions will have a clear impact on the livelihood of the 
people involved in making collective decisions. The institutional design chal!enge is, 
ihen, simply one of coordinating the choices of these individuals to their common 
good. By desnition, a decentralized regime involves dispersed power and authority; 
but to what kind of structures should they be dispersed? 

At least two options are available here. The first would involve a modification of 
- private property systems-to make private property secure once established, and 



1 immune from the encroachment of others if it were not put to productive use. The 
usual incentives of ~rivate ~rofit would then a d  to avert the traaedv of the commons. 
though private property owners might still choose to engage in destructive behavior if 
the financial return were great enough. Such behavior, while advantageous to the 
property owner (at least in the short term), could have substantial negative external- 
ities (e.g., in terms of private and social costs of adverse watershed effects). 
Furthermore, any strategy emphasizing private property would involve a radical 
transformation of sytems of property rights in Costa Rica. Moreover, its decentraliza- 
tion may only be superficial, because the enforcement of any such rights would - - 
require a stronger administrative and legal system than is currendy available in Costa 
Ria. 

A second decentdkd option would involve local communal antrol. This option 
would be similar to the idea of " d a l  forestry," which has beea tried (with mixed 
results) in some Asian countries (Barnes and Allen 198 1). Social formtry has not been 
attempted in Costa Rica, though it would be consistent with the sporadic "com- 
munal" land reforms which have occurred in a few localities (Seligon 1979). The 
land of an "empresas comunitarias de autogestion" is held in common by the 
community, and those who work it receive a salary. Communal control would also 
require the establishment of meaningful local governments. 

Decentralized reform of this sort is no panacea. While it might work in a few 
isolated cases, any more widespread application would require little short of a 

I could virtually disappear in the years it would take to get a coherent decentralized 
structure in place. Any such communal restructuring would require some massive 
changes. Truly effective decentralist reform (or, for that matter, any kind of effective 

i reform) would demand a thorough shift in the locus of decision-making power, 

1 wholesale change in the structure of property rights, and undermining of the power of 

I cattle and timber interests and perhapseven sharp restrictions on the scope of market 
forces in the economy. In the context ofthe last of these points, it is noteworthy that 

I Shiva, Sharatchandra, and Bandyopadhyay (1982) trace failure of social forestry 
programs in India to their subversion by people with an eye on financial profit rather 

i than community ecological well-being. 

. . .. .. ! DIVERTING ATTENTION 

revolutionary restructuring of the Costa Rican political economy. More gvgual 
institutional reform would simply be too little, too late. Costa Rica's forest cove; 

I 
- -  - 

Given our pessimism concerning the efficacy of decentralizing reform in the short 
term, and of centralizing reforms on any time scale, the future of the deforestation 
problem in Costa Rica might seem unremittingiy bleak The only positive short-term 
solution we have to offer is one that would divert attention and energies away from 
forest clearance. If such diversion could be accomplished effectively, then some of the 
remaining forest cover might be allowed to regenerate in those cases where soil and 



nutrient loss has not made deforestation irreversible. The trick here is to devise a set of 
incentives whic!i would make it advantageous for people n a  to deforest because the 
rate of iciurn on alternative activities would be higher. 

Clearly, any such approach would have to provide a high level of employment, so 
there would not be large numbers of individuals with nowhere to go but the forest 
fringe. One possibility dong these linqwould..be a program of intensified tarming 
prodxtion, based on nontraditiozal and labor intensive crops on land siitable for 
sustainable agriculture. Appropriste crops might include Gruits and vegetables, spices, 
ornamental green plants, and flowers, which all require a high degree of care and 
attention. Local processing facilities would be needed for dehydration, freezing, 
canning, or fresh packing. Fuajer, a substantial degree of education in agricultural 
techniques would be required. Foreign expertise would initially be necessary. Given 
the weakness of the Costa Rican'gov'ernment, this program would require finance 
from private interests and international aid agencies.' Its suc& would be contingent 
on the development of internatiowl markets for the agricultural products in question. 
Such markets would exist if the U.S.-sponsored Caribbean Basin Initiative were to 
come to frultion.2 Costa Rica is well placed in this respect, for it is close to the United 
States, its internal communications are highly developed, and its climate is conducive 
to crops of the kind we have descri5ed. 

Any such program would provide a number of incentives for the partiapation of 
private corporations and the Costa Rican government. The advantage to private 
businesses would lie mainly in the low operating costs in Costa Rica compared with 
costs of similar operations in the United States. With such financial advantage in 
mind, businesses might be induced to set up local processing fadities and educate 
Costa Rican agronomists and small farmers in appropriate agricultural techniques. 
The aavantage to Costa Rica's government would be that such a program would 
promote exports, and also expand the h x  base. On a long-term basis, any successes in 
this area would reduce the country's dependence on multi-national corporations 

CONCLUSOONS 

The diversionary measures we have described rnay be capzb1e of reducing 
deforestation pressures in the short or medium term, insofar as these pressi:es come 
from the rural poor. They would do little to inhibit the large-scale, organized 
deforestation engaged in by businesses. The latter kind of deforestation might require 
more draconian measures of the kind we described in our discussion of centralized 

'Over the past IS years. the Lotin American Agribusiness Corporation. S.A.. and the U.S. Agency for 
International Development have undertaken a number of projects of the kind we are outlining here in 
several Caribbean counuia. 

'Costa Rica's industrial sector cannot readily seek any advantage from the Caribbean Basin I~;!istive 
because of the high average industrial wage cornpard lo that of other Central American countries. 



solutioas; however, there is littlecause for optimism concerning the effectivness of any 
such centralized strategy. Such a strategy may, though, be effective if it is confined to 
protection of relatively small, welldefined areas, such as the ,national parks. On a 
long-term basis, decentralized proposals might offer considerabie pmmise, but in the 
meantime diversion of attention away from deforestation activities is perhaps the best 
that can be hoped for. 
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CHAPTER 83. 
SOClOLOClCAh FACTORS IN 

NATURAL RESOURCES 
MANAGEMENT IN A TROPICAL 

WATERSHED 

David 0. W m e n  
J. Mark Erbaugh 

INTRODUCTION 

The priniary objective af the Ocoa Natural Resource Management Project 
(NARMA) is the introduction of land conservation practices. Reforestation isa major 
component of this effort because, as is true for most mountainous tropical countries of 
Latin America, hillsides and steep slopes are increasingly being brought under 
intensivecultivation. Rapid populatiokigrowth in rural areas, absence of uncultivated 
arable lands, and land concentration in the hands of a rural elite literally force the 
rural poor to avail themselves of these lands. Deforestation ensues as does sail erosion. 

If, as many argue, it is unfeasible to transfer these populations to other areas, then it 
is incumbent on development planners to create programs that conserve nonrenew- 
able resources while rationally exploiting renewabte energy and o ~ e r  resource bases. 
In the case of mountainous terrain, this implie maintaining vegetative cover, 
including perennials, in addition to reforesting steep slopes. 

Although the Ocoa is not currently dammed for hydroelectric power production, 
the topographic, edaphic, and land use characteristics of its watershed are illustrative 
of several major watersheds in the Dominican Republic which feed hydroelectric 
dams. Hydroelectric power is particularly imporrant-to the Dominican Republic 
because of the dearth of fossil fuels in the country. Traditionally, it has depended on 
imported oil to fuel electricity generators. Hydroelectric power has become an 
increasingly important centerpiece of the national economy because d a t i n g  oil 
prices have reduced foreign currency available for other needed imports. Soil erosion 
in catchment areas of these dams has seriously reduced the estimated life of these 
systems because of the excessive siltation of the artificial lakes on which they depend. 

- 
David 0. Hansen isa professor in the Department of Agricultural Economics and Rural Sociology and J. 
Mark Erbaugh is a Program Coordinator in the International Programs in Agriculture Office at the Ohio 
State University. 



This is one illustration of the complex interaction between nditliral resource 
conservation on hilly terrain and the sustainability of renewable energy systems. 
Ultimately, the viability of many renewable energy sources depends on the 
relationship between natural resource bases. technology, human populations, and the 
cultures which they possess. It is this set of factors and their interrelationships which 
are analyzed in this chapter. Particular emphasis is given to the human factor. 

The analysis is divided into two parts. The first, titled "Social Analysis of the Ocoa 
Watershed," pzesents and analyzes data from the field study of the Ocoa River 
watershed. Principal conclusions and recommendations from this section follow. 
Data were gathered in early November 1981 by theaathors and technicians fiom the 
Ministry of Agricultrrre's Department of Soil and Water and the AID Mission. 
Thirty-nine farmer interviews and 17 farm leader/agent interviews were completed 
throughout the watershed. The second part, titled "Implications for Project Design," 
presents comments on organizational facets of the projeix delivery system. 

SOCIAL ANALYSIS OF THE OCOA WATERSHED 

HISTORY AND LAND USE IN WATERSHED 

Most steep slopes were not brought under cultivation until they weredeforested by 
lumber companies that entered the area in the early 1950s after completion of a major 
highway that traverses the upper slopes of the watershed Farmers from the lowlands 
followed the lumber companies. They possess farming technoiogy inappropriate for 
steep lands and have unwittingly facilitated massive losses of topsoil. Humcanes, like 
David and Frederick in 1979, intensify the soil loss problem. 

LAND TENURE 

The Catastro Rural (the Dominican Census Department) completed a census of 
rural establishments in Ocoa County prior to the field study, but the data had not been 
processed Thcse data have the potential to yield accurate and complete information 
on land tenure and land use by seaion and paraje (microregions), and could be of use 
in designing a project for the entire watershed 

Small and medium-size farrns predominate in the watershed, and they contribute 
most to the natural resource degradation problem on the hillsides. The average 
amount of land per farmer in the survey is 10.35 hectares and the average amount of 
land cultivated or in pasture per farmer is 8.4 hectares. There is considerable 
unemployment and chronic underemployment in rural areas. ihere is insu5cient 
land to support adequately thelarge rural population. Changes in productive systems 
to be promoted by NARMA must allow for intensive farming practices if a 
substantial proportion of this population is not to be relocated. 

Forms of land possession vary considerably. Of those surveyed by the Soil and 
Water Department on another occasion, 41 percent held titles; 32 pcrcent claimed 



possession by inheritance; and another 27 percent claimed possession by occupation. 
Land titles are certified using the Torrens system (Clausner 1973, 200). Much 
state-owned land, which requires reforestation, is or will soon be occupied. It will be 
important to use the Catartto Rural data in elaborating plans to reforest them and 
reclaim other state-owned lands. 

PRODUCTlON SYSTEMS 

Most farmers are at or near the subsistence level. Therefore, some form of 
compensation would probably be necasary before they wotild accept conservation 
practices that imply short-term reductions in income and/or farm production. Most 
farmers grow red beans and pigeon peas as cash crops and for consumption; they 
grow corn, manioc, and sweet ptatoes for consumption. Farmers do not raise hogs 
because they were eliminated as part of the African Swine Fever Eradication 
Program. Many farmers raise a few chickens and some raise cattle. Farmers should be 
encouraged to grow beans, potatoes, and peanuts on flat lands. Intercropping systems 
which would permit farmers to continue to grow crops on steep slopes with l a s  water 
runoff should be investigated Farmers should be encouraged to leave plant foliage on 
the land after harvest, particularly legumes with high nitrogen content. They should 
also be encouraged to pen animals and bring them feed This could help correct 
overgrazing on many of the slopes. 

Typically, adult males carry out land clearing and cultivation activities which 
require heavy manual labr .  Children over 12 years of age and wives participate in 
other cropping activities, as do other males who either work for wages or through 
convites.The convite is a form of labor exchange which is commonly practiced in 
rural areas. It occurs primarily at planting and harvest times. A farmer invites 
neighbors to help him undertake these activities on his property; the property owner 
provides the neighbors with meals while they work on his farm. Changes in farming 
systems implied by more intensive cultivation of perennial crops probably will not 
alter the division of family labor greatly. However, once planted, these crops will 
require less nonfamily labor. This may result in a weakening of the convite tradition 
unless other activities are introduced that require intensive labor sharing, or unless 
yrennial crops are farmed collectively. The Institute for,Agrarian Reform (IAD) 
experiences with collective farming suggest that this is probably not a desirable 
option .. . .. -. 

Responsibility for farm animals is more or less equally distributed among the 
husband, wife, and children. Small-animal production can be increased substantially 
without greatly modifying other farm practices. Small-animal production will 
increase the role of women in small-farm production 

The introduction of natural resource conservation practices, including those that 
directly impact on small-farm production systems, will 11ot affect the division of labor 
manifest in household chores. Family authority is centered in the adult male head of 
household which suggests that project activities should be directed primarily to him. 



Few families have off-farm souroes of income because of lack of opportunities. 
Several perform labor on other farms, but wages are low (DRS3.00-DR$3,50/day). 
Only 23 percent of the rwpondents ofthe recent survey produce charcoal, and most of 
them reside in the sc~uthern region of the watershed Charcoal production is 
considered to be a last-resort attempt to subsist in the region 

The lack of arable stateswned lands and off-farm employment opportunities in 
the watershed has implications for projectmdesign activities. To the extent that they 
imply less intensive agricultural production. they should be accompanied by 
programs of po5ulation relocation or progra.m that provide adequate off-farm 
employment. , 

SOCIOCULTURE FEASIBILITY OF POTENTIAL 
PROJECT ACTIVITIES 

It is recommended that the convite tradition be used in promoting conservation 
activities in the ncoa watershed. The Community Development Council (a local 
voluntary organization) and regional Soil and Water Office have used it to promote 

Effective reforestation projects will probably require changes in current Forestry 
Department policies which prohibit the cutting of trees for any purpose. Tree 
nurseries should be established in rural areas so that farmers have ready access to 
seedlings. Farmers should be allowed to cut timber, at least those trees which they 
plant themselves, or the economic incentix for piarr'ling wiil be absent. Reforestation 
of steep slopes should also require relocaticn oi fa milies that depend exclusively on 
their cultivation for livelihood. 
Fanners will be more receptive to p5rti.t . .,forestation of steep slopes if they are 
:imultaneously permitted to cultivate &em. This alternative should be researched; 
'and the cultivation of manioc, pigeon peas, and other perennial crops that provide 
greater ground cover encouraged. 

Many farmers of small farms will resist the introduction of artificial pastures 
because animal husbandry is not a feasible option for them. They lack sufficient land 
and capital for purchasing animals, fencing, and so on. Further, they lack alternative 
arable lands to produce crops consumed by the farm family. 

Soil conservation practices currently beicg introduced by the Soil and Water 
Department are compatible with existing production systems and are, thus, readily 
accepted by the small-farm farmer. They indude erosion barriers, drainage ditches, 
and contour farming. Inanimate erosion barriers are the most popular because stones 
and tree trunks must be moved in any event, a125 because they require little or no 
maintenaace once in place. 

The introduction of coffee and fruit trees will be accepted by farmers if suitable 
climatic and marketing conditions exist. Alternative sources of income will have to be 
guaranteed while trees are still not in production. Ideally, these trees would be 



intercropped with traditional crops. This alternative should be researched to deter- 
mine which intercropping systems optimize soil conservation 

5 
FARMER PERCEPTIONS OF CONSERVATION MEASURES 

Farmers are aware that productivity levels have decreased. However, 49 percent 
attribute it todecreasedsoil fertility while only 23 percent attribute it to erosion. The 
relationship between soil loss and deueased soil fertility is not readily apparent to 
them; therefore, they propose "feeding the soil" as the soiu:Ion. Educational programs 
should emphasize the soil erosion process, its causes, and its effects on productivity. 

Over three-fourths of surveyed farmers are willing to introduce soil conservation 

-: 1 p d c e s  on their properties and on community lands. All are willing to contniute 
labor in introducing them. However, only 13 percent said ttey would be willing to 

3 invest capital in conservation measures on their properties, and only 5 percent were 
1 

, \ willing to do so on Community 1ands.Most do not have working capital of their own, 
I 

but are willing to use credit to introduceconservation practices. Eighty-three percent 

I indicated that they would need technical assistance in addition to credit; 44 percent 

i 
indicated tools; and 18 percent indicated food. These inputs are currently being 
provided by Soil and Water technicians and the Community Development Council 

I for conservation activities. It is recommended that this practice be continued. 
Because many farmers are at the subsistence level, they may perceive the 

implemention of conservation practices as an unacceptable risk. Minimizing short- 
term reductions in food production and individual capital outlays may help reduce 
this perception. When the conservation practices entail some short-term reductions in 
food production, it may be necessary to provide alternative income-generating 
employment, if they are to be accepted by the small farmer. 

RURAL ORGANIZATIONS 
* .  

Principal r~lral organizations in the Ocoa watershed are the German/Dominican 
potato cooperative "Santa Cruz," farmer associations, housewife clubs, and youth 
clubs. The potato cooperative was organized to provide technical assistance in potato 
production and to market potatoes. It has 970 members of which about 400 are 
active. Plagued by internal problems several years ago, it almost failed. However, it 
appears to be regaining the confidence of its members. It jointly provides technical 
assistance in production and soil conseivation'adtitities to farmers with technicians 
from the local federal extension office. 

There are 53 farmer associations in Ocoa county that are affiliated with the Farmer 
Federation. Several may be in communities outside the watershed, but there are also 
nonaffiliated associations. The Federation's goal is to secure arable land for farmers 
which makes it highly political, and, therefore, probably less qualified to undertake 
NARMA activities. Local farmer associations, on the other hand, are organized to 
obtain credit and farming inputs, as well as land, and to promote community 

1 development projects They are led by elected officers, typically a president, a 

I 



vice-president, a secretary, a treasurer, and several council members. Each a-ation 
also has working committees that are organized to address pressing local problems. 
Natural resource conservation committees should be promoted in each &tion by 
the Soil and Water Department. Ideally, the leader of this committee would be a 
community leader, and act as a paratechnician in natural resource conservation. Most 
farmers in communities with associations belong to them, attend meetings frequently, 
and feel that theassociationsare useful. yomen generally do not participate in them; 
when they do, it is to'&ind mee%ngs as heads of households. 

Associations have undertalcin community projects such as road or bridge repair, 
school construction, and so on. Normally, farmers have participated in convites to 
carry out these projects, providing labor, while the Community Development 
Council has provided them with tools, food, aiid technical assistance. Reeotly, the 
Soil and Water Department has promoted conservation activitls using the same 
mechanism. Use of this mechanism to carry out future individual and community 
conservation projects should be encouraged. 

There are fewer housewife and youth clubs in rural areas than in urban areas. 
Young men and women typically partiapace in the latter. These clubs are directed by 
an elected president, a secretary and a treasurer. Youth clubs promote recreational 
and cultural enrichment activitis. Housewife clubs teach homemaker skills to young 
men and women, thus enabling them to secure nonfarm employment. They can also 
be used by Agricultural Extension and the Public Health Department to teach 
conservation, and nutritional and family planning concepts a d  techniques, all of 
which should be part of a comprehensive watershed devsiopment project. 

Conservation practice5 should be introduced through farmer associations and 
possibly through youth clubs. Association leaders favor setting up demonstration 
areas on land owned or borrowed by them from members. Ideally, lands would be 
worked by members using the convite tradition. 

GOVERNMENT SERVICES 

The Ministry of Agriculture(SEA) and the Agricultural Bank are two most active 
agencies in the watershed. SEA provides services through its Agricultural Extension 
and Soil and Water Offices. The Agricultural Bank provides credit to 81 percent of 
the farmers surveyed, and the Extension Office provides technical assistance and 
seeds to 63 percent of them. Some seeds are loaned to the small farmers. These 
services are directive. They are determined a pnori by the agencies and provided to 
farmers, if farmers request them. The Soil and Water Department promotes soil 
conservation and irrigation projects. It builds on past efforts by the Community 
Development Coutnsil and cooperates with the Council in carrying out many of them. 
Thus, it is more responsive to farmer needs. It has concentrated on introducing 
relatively simple conservetion practices that are easily understood by thesmall farmer 
and have been accepted by him. Emphasis is given to "demonstration" areas. 
projects have maximized farmer participation. 



Most farmers would like to have a Cooperative Service Center installed in San Jose 
de Ocoa. Its greatest perceived value would be to market their products and to 
provide cheap farm inputs. Many would be willing to invest in it, although theextent 
of investment would be limited by "their ability to do so." 

FAMILY PLANNING AND NUTRITION 

Population pressure on land in the watershed is great. Among respondents in the 
November survey, the average family sue is 7.5 people, and the average amount of 
land worked per family is only 8.1 heuares. Most arable land is currently under 
cultivation; therefore, pressure on the land will increase unless there is considerable 
outmigration or drastic reductions in human fertility. 

Seventy-one percent of the S U N C ~ ~ ~  farmers know about family planning, 
however, only 41 percent practice it. Families that practice family planning have 
fewer children. Most farmers have heard about family planning from public health 
agents whogive talks in their community or tiom radio broadcasts. Direc! contact by 
public health agents is the most effective source of information. Most couples are 
willing to p~ct ice  birth control, particularly after having several children. Rural 
women are more receptive to these ideas than are men. Men in geographically 
isolated areas are more likely to adhere to traditional sexual mores. 

Hunger is ever present in rural areas. Many families eat only twice a day; some eat 
only once a day. Diets emphasize carbohydrates-rice, bedns, plantain, sweet 
potatces, and cassava; protein intake is inadequate. A Peace Corps Volunteer 
working on nutrition in Ocoa estimavs rural diets to be 60 percent deficient in protein 
intake. 

Many farmers recognize the value of protein food sources such as eggs, milk, and 
meat. Most said thit they had learned about fqod nutrient values from their parents; 
21 percent had learned about them from public health agents. 

Probably the most effective way to teach family planning and nutritional concepts 
and practices would be through direct contacts by public health and SEA extension 
agents. Ideally, they would use housewife and youth clubs, and farmer associations to 
make presentations and to organize horticultural, animal, and food conservation 
projects. .. . .. .- 

MASS MEDIA USAGE 
Most farmers listen to the radio; many of them listen daily. Most farmers are 

illiterate and, therefore, do not read newspapers. Agricultural technologies are 
disseminated over the radio. Farmers frequently listen to programs such as "Talking 
to the Farmer* which is broadcast by "Radio Ocoa." These programs should be 
expanded. 

Geographically isolated farmers are more likely to question the validity and 
reliability of information obtained over the radio and in newspapers. Technical 
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information is more readily accepted by farmers, particularly if they hear it from other 
farmers on the radio. 

It is recommended that the SEA Department of Environmental Education become 
more actively involved in the Ocoa watershed. Slideshows that teach environmental 
practices and that are based on experiences in the Ocoa watershed, should be 
prepared for use with the +farmers. Attractive wail posters and other educational 
materials that farmers and rural merchants are likely to display in their residences 
and/or places bf business should be elaborated and disseminated in the region. 

L 

MIGRATION 

Relocation of farmers cultivating steep slopes will be an important facet of 
NARMA. These slopes shpuld be taken out of production and in many cases: 
reforested. 

Young people with above average education typically mignite from the area in 
search of a better life elsewhere. Thev do not identifv stronelv with rural blaces of 

be the norm. Most men in this group find menial employment such as work in the 
construction industries or as street vendors. Young women encounter more limited 
opportunities and most work as housemaids. 
Most less educated young people continue to reside in rural Ocoa or migrate to 

other rural areas. Few are fortunate enough to obtain land. Some migrate to irrigated 
agricultural areas such as Azua where they sharecrop, while others work as farm 
laborers or in sawmills in the central mountain range. 

Willingness to migrate varies. Those who own land will not migrate without 
guarantees of arable land and credit elsewhere. Willingness is assodated with 
aversion to risk; the closer to the subsistence level of farming, thegreater the-prceived 
risk in migration. 

Preliminary contacts should be made with the 1n.stitute for Agrarian Reform (IAD) 
concerning the possibility of relocating far me:^ to agrarian reform settlements. 
Vocational training for young farm men and women should also be emphasized. It is 

designers. 

IMPLICATIONS FOR PROJECT DESIGN 

SITE SELECTION AND PROJECT FLEXIBILITY 

' H  Selection of areas for undertaking project activities should take into account the 
local population's twareness of natural resource depletion and willingness to address 



the problem. These factors are highly associated with the level of degradation of the 
natural resource base. Priority should be given to areas of the Ocoa watershed that 
solicit the assistance of Soil and Water technicians. Farmers must be willing to 
mobilize themselves for participation in watershed development activities. Although 
a watershed development design that includes all areas should be prepared, priority 
ranking of them should be based on farmer interest. Complete coverage of the 
watershed should be considered secondary, and is likely to occur in any case as spread 
effects occur. For land conservation activities, it may be desirable to continue working 
with farmer associations that have already received technical assistance from Soil and 
Water technicians. 

Local participation is rnsimized by assuring that project activities address the 
needs of each site. This requires that the prcject be flexible. It will be necessary for 
project designers to conduct site-specific research, and sufficient leeway should exist 
in the budget to atterrd to the particular needs of each area. Project activitis should 
undergo continuous evaluation and adjustments should be made when problems with 
the original design surface. Planners and technicians must be mindful of the long- 
range time fiame of project activities, and the fact that it is a pilot project. The ability 
to adjust the project design is one indicator of pilot project success. 

DELIVERY OF SERVICES MECHANISM 

The Current Situation 
The service delivery mechanism proposed in the Project Identification Document 

consists of three major components. First, farm management plans are to be prepared 
for each farmer with the assistance of SEA technicians. Second, the Agricultural Bank 
is to provide credit for carrying out these plans. Third, the plan will be implemented 
with the assistance of Soil and Water technicians and farmer associations. 

The mechanism is appropriate for this type of project. However, to be effective, 
several important factors must be considera before implementation. First, it will be 
important to review past conservation practices and the way they have been carried 
out. The project will not commence in a vacuum. Positive and negative aspects of 
past activities as well as farmer attitudes towards these activities should beanalyzed. 
Second, it will be necessary to review traditional agricultural practices in the region. 
Farm plans should be compatible with current practices, or fhe farmer is apt to reject 
them. Third, the plans must be inielligible to the small farmer who, in most cases, is 
illiterate. They must minimize use of reading and writing skills which most farmers do 
not possess, and in some cases, do not appreciate. Fourth, it will be necessary to 
consider the intentions of SURENA regarding how the plans are to be developed and 
implemented. 

Two major types of conservation activities are currently underway in the Ocoa 
watershed. The Soil and Water Office is introducing soil conservation measures along 
the San Jose de Ocoa-Constanza road. These activities build on past efforts by the 



local Community Development Coun,cil to increase farmer awareness of the soil 
erosion problem. Soil and Water agents have been working in the area for 
approximately 1 year. During this period they have given assistance to individual 
farmers and to groups of small farmers which have sought their help. 

The latter assistance merits review, for it indicates how farmers of small farms are 
now being taught thrqugh organip!ions,Farmer associations provide labor which is 
used to build irrigation canals, drainage ditches, and so o n  Most farmers are willing to 
participate in collective efforts for 1 or2 days per week, except at planting or harvest 
time. Soil and Wat~r  agents provide the technical assistance needed to undertake 
these projects. An agent indicates the appropriate technique to be introduced ald 
supervises the work. The Community Development Council provides food for the - 
workers who participate in the projeds. This food is given to them by CARITAS. 
Picks, shovels, and other tobls ire supplied by the Soil and Water Office and by the 
Community Development Council. Worker brigades have also been formed by the 
Council to carry out humcane reconstruction activities in other parts of the region. 
~ h k e  is a potential to form brigades to carry out reforestation and land conservation 
practices on state-owned land. 

The second major activity is educational. Soil and Water tecbaidans promote 
~onservation practices at periodic meetings of farmer associations in the wazrsbed 
and over the local radio station. Interviews with farmers throughout the watershed 
suggest that both practices have been very effective. 

Normally, farmers participating in a convite rotate from property to property until 
all of them have been visited. This custom has been used by the Community 
Development Council and the Soil and Water Office to satisfy the labor demands of 
conservation activities. 

The Soil and Water Department intends to continue aaivities currently being 
realized in Ocoa with funds from NARMA. It will amplify them and build on earlier 
experiences. Priorities for additional inputs into the area will be detined by the 
detailed project design which will be elaborated duriog the coming months. Technical 
criteria will be used to rank areas in priority. 

Region& Structure 
Conservation activities cuc~ntly underway in Ocoa are important and valuable. 

Further, they are well received by the local population and have built on customs and 
traditions of the region. It is important that they be encouraged and strengthened. Soil 
and Water technicians have developed a rapport with small farmers which has 
improved their effectiveness. 

However, these activities have not been systematic. They have originated largely 
from individual contacts by farmers and farmer associations with the Soil and Water 
agents. A complete inventory of the natural resource base of the watershed does not 
exist. In the year of activity in the watershed, Soil and Water agents have not visited 
less accessible, but critical, regions. There is little communication between them and 
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representatives of other agencics dealing with natural resources such as INDRHI 
(Hydraulic Resource Institute), Obrar Publicar (Road Maintenance), and Salud 
 public^ (Public Health). These factors inhibit effeaive watershed development 
planning and activity. 

Therefore, it is recommended that, in addition to strengthening ongoing activities, 
simultaneous attention be given to developing a comprehensive watershed develop 
ment plan that will incorporate and systematically expand these activities. 

Local organizational structures which would probably best facilitate planning and 
coordination of activities are found in Figures 13.1 and 13.2. The structure 
represented in Figure 13.1 is appropriate for a program that is limited to soil and 
water conservation activities; that in Figure 13.2 is appropriate for a comprehensive 
watershed development program. Each recommends the creation of a regional 
committee to establish policy and facilitate coordination of activities among various 
agencies concerned with natural resource conservation and use; each also maximizes 
grassroots participation of farmers in project activities. 

FIGURE 13.1 Srganlzatlon opt/on 1 for watershed development program. 

Farmer Associations 

Members , 
Resource . . .. 
Conservation 
Committee 

Under Option 1, an overall Resource Conservation Gorrrxittee would be 
established. Its members would represent the local community a d  divisions of SEA 
that are directiy involved in program activities. The committee w?;" be advised by 
representatives of other agencies concerned with theconservatic.:. . A .  .;i:onal use of 
the natural resource base. 

$' 
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The committee members would consist of the following: 

1.  mayor of Ocoa County 
2. Three Farm3 k&tion representatives 
3. Community Development Council representative 
4. Regional Director of SEA 
5. Director of Soil and Water Department 
6. Project Executive D i t w r  (fionf Soil ahd Water Department) 

The advisors would consist of the folloiving: 

1. Dominican/Germah "Santa Cruz" Project representative 
2. Public Works Department representative 
3. INDRHI (Instituto National de Recursos Hidraulicos) representative 
4. Forestry Department representative 
5. Agricultural Bank representative 

The committee would be responsible for making policy for the program. Ideally, it 
would review the program design prior to its implementation, make recommenda- 
tions for changes, and advise on priority listing of activities. It would coordinate 
activities of the various agencies related to the program. 

FIGURE 13.2 Org8nlzatlon optlon 2 for watershed development program. 

Farmer Association 



Executive responsibility would rest with the Soil and Water Department. Farmers 
would participate in the program through farmer associations to which they are 
aftiliated. The associations provide for greater program coverage with limited 
resources, and build on indigenous social organization. A natural resource conserva- 
tion committee (NRCC) would be created in each association. The committee would 
provide a direct iink between Soil and Water agents and the Regional Conservation 
Committee. Heads oPNRCCs would be trained by Soil and Water technicians. They 
would act as paratechnicians, responsible for developing the farm management plans 
of association members, for supervising conserv%*ion activities in which they 
participate, and for promoting conservation education. They would be paid for their 
work in this capacity, and would be assisted by Soil and Water technicians assigned to 

1. The program is more easily managed because it is limited in ;ope to soil and 
water conservation activities and only includes agencies dealing with them. 

2. The structure maximizes the participation of farmer associations. 
3. The stiucture maximizes the participatiw cf various agencies in policy 

formulation and project execution. 

The disadvantages of Oprion 1 are as follows 

1. The structure lacks an executive capacity that is independent of participating 
agencies. Thus, it may be perceived as less legitimate by several agencies and 
encounter &fficolties in eliciting their participation in program execution. 

2. ?he  program ignores watershed development activities not related to soil and 
waxer conservation, per se, such as research, marketing, migration, population 
control, and vocational education. 

The organizational structure found in Figure 13.2 is appropriate for a compre- 
hensive watershed developmelit program that simultaneously deals with farm 
technology development, the reducion of popula'tiori pressure on the land, and soil 
and water conservation activities. Under this option, an overall Rural Development 
Committee would be established. It would consist of repr=zlatives of the local 
community and SEA departments most integrally involved in the program. As true 

undertaking development activities in rural areas. 
The committee members would consist of the following: 

1. Mayor of Ocoa County 
2. Three Farmer Association representatives 
3. Community Development Council representative 
4. Director of Soil and Water Department 
5. Director of Agricultural Extension Department 
6. Director of Agricultural Research Department 
7. Executive Director 



The advisors would consist of the following: 

1. Dominican/German "Santa Cruz" Project representative 
2. Public Works Department representative 
3. INDRHI representative 
4. Forestry Department representative 
5. Agricultural Bank representative 
6. SEAPLAN (Subseaetaria de Planitcadon Agropecuaria) representative 
7. Public Health De*ment rebresenrative 
8. Dominica Agrarian Institute representative 

This committee would also be responsible for policy formulation and would 
exercise responsibilities attributed to the Regiond Resource Conservation Committee 

Executive responsibility would be given to an executive director who is in- 
dependent of the participating agencies. The executive director would coordinate 
activities of the various agencies who would in turn carry out project activities with 
participating farmer associations. Their link to the associations would be through 
committees organized to receive assistance and faalitate interaction between agencies 
and association members. 

The advantages of Option 2 are as follows 

1. The program and structure treat all facets of a watershed development program, 
including soil and water conservation practices, research and measures to reduce 
population pressure (migration, off-farm employment, family planning). 

2. The executive director has greater legitimacy in that he is not associated with any 
one institution. 

3. The structure maximizes tlrc participation of farmer associations. 

The disadvantages of Optiori 2 are as follows: 

1. The program is more comprehensive; therefore, activities will be more complex 

2. Executive control is independent ofgovernment agencies and, therefore, wd! not 
be institutionalize& 

Viability o! Farm Management Plans 

The concept of a farm management plan is new to most farmers and is not well 
adapted to slash an6 bum agriculture. It is important for many farmers to become 
familiar with the concept because they cultivate lands continuously. 

It will be hportant to emphasize two facets of the methodology that i; followed. 
First, instruction should be easy t.7 understand and should provide for assistance by 
another person. Second, the farm management plan should be comprehensive, 
including not only conservation pradicg, but rolso appropriate land use techniques. 



convince them of the merits of this credit use. Thus, credit for conservation should be I 

the Agricultural Bank has a capacity to handle additional loan volume. 

SPREAD EFFECTS 
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That is, it should emphasize crop production, pasture management, and reforestation 
where appropriate. 

In keeping with past practices, activities should be labor intensive and capitalize on 
the convite tradition Once farm management plans are prepared for members of an 
association, they should collectively in carrying out programmed activities 
on each other's farms. They sho:lld besupervised by the paratechnicians who in turn 
are advised by Soil and Water technicians. Food for the workers may be provided by 
property owners or by the Community Development Council, in which case it should 
be considered a gift. 

If credit is extended to farmers for conservation activities, it will be unwise to 
it only with conservation and/or reforestation Farmers are apt to question 

how the credit will yield additional income to pay the loan. Given the short plannicg 
horizon of subsistance farmers, it is unlikely that assurance of long-range benefits will 

combined with credit for agricultural production, and money allocated through the 
Agricultural Bank should not represent a separate line of credit. The regional office of 

and adjacent to communities that participate in project activities partially 
depends on how the project is carried out. Judging fiom the year of activity of the Soil 

crops of neighbors. Now all farmers are requesting help to install drainage ditches in 
their fields. Wealthier farmers of the region are paying laborers to dig them. 

2. Maximizing the use of farmers in &e diffusion process. 
3. On-site visits 

- - 
identified. As they complete conservation projects, members of other associations 
should be invited to speak with their members and visit project sites. iiroject activities 

The demee to which conservation ~ractices will beacce~ted bv farm commcsities I 

I and Water Ofice in San Jose de. Sea, the potential for diffusion to neighboring areas 
is excellent. For example, several farmers built drainage ditches prior to humcane 
Allen. Their crops remained intact while the rains washed away the soil and bean 

I Initially, cooperation should be onli with-those f&er associations that are 
anxious to undertake conservation activities. In Ocoa, they have already been 

% .  

will probably be interpreted as a status srmbol;, indeed, if successful, they will also 
yidd economic benefits. This will probably result in a "keeping up with the vecinos 
(neighbor<) effect"amoog associations. Other associatiow will not want to be left out. 
Members of the Department of Rural OrganizatiodSEA have indicated that they 



used this effect to great advantage in other promotio~al activities (personal communi- 
cation, Mr. Enrique Chalas). 

Ideally, farmers who have been involved in project activities should be used as 
change agents. Other farmers are prone to accept new ideas if respected leaders of 
their community and/or surrounding communities are proposing change. Leaders 
should be used as paratechnicians in which case they can also provide technical 
advice on how to implement conserwtion activities and information about their 
economic benefits. A second use of farmers in the diffusion process is through radio 
broadcasts. Programs such as "Speaking with the Farmerw of the Ocoa radio station 
should be strengthened by the project and the use of farmers on the program 
maximized. 

There are two strategies that a n  be employed to maximize diffusion effects. The 
first alternative is to work yith-the most receptive communities in several watersheds. 
The second alternative is to concentrate activities in one watershed and bring in 
farmers from other watersheds to observe the results. 

Major advantages associated with the first alternative are as follows 

1. It will permit the program to reach a broader population more quickly. 
2. The most receptive farmers will be most immediately impacted. 
3 It will make possible the most efficient use of resources in the short run. 

Major disadvantages associated with the first alternative are as follows 

1. The project would not bea comprehensive watershed development project in the 
strict sense of the word, because it would deal with individual communities only. 

2. The project would not deal with population pressure on the land, but only with 
soil and water management and reforestation. 

Major advantages associated with the second alternative are as follows 

1. It will allow for a comprebemive watershed development project. Na tu~ !  
resource management methodologies can be elaborated and tested, and it will be 
possible to develop a rational soil and water management project for an entire 
watershed. 

2. The wateished management project can be used as a model once sufficient 
activities are underway. 

Major disadvantages associated with the second alternative are as follows 

1. The project will take longer to develop in that it will be more comprehensive. 
2. The project will require the coordination of various agencies which will require a 

more cumbersome administrative structure. Coordination is likely to be costly 
and will delay realization of project activities. 



I DISTR!BUTION OF BENEFITS 

have not-been identified, nor have strategies for implementing components of the 
project. However, it is possible to speculate on bene5t distributions for specific project 
activities. Analyses of benefit distniution will be needed during the project design and 
implementation stages. 

Reforestation 

I Reforestation of private lands will mostly benefit farmers with large farms because 1 

I not. a ~ r m m  of this nature will have nenative conseauences for large landowners. I 

I I landed and landless small farmers in the short run, because they will lose temporary 1 

. ..a,. . , , -*.,', * 6 
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Obviody, a detailed analysis of benefit distniution is not possible at this time 
because specific aaivitics and the watershed areas in which they will be undertaken 

benefits will be in prop.Zion to the amount of land owned. This, of course, assumes 
that rational exploitationof forests wiU be permitted by the Department of Forestry. If 

. . -  
Most lands requiring reforestation are state-owned and are currently being 

exploited by farmers with small farms. Their reforestation will impact negatively on 

use of the land. "Temporary" is emphasized because soil erosion is inevitable and 
!hits the use of these lands to several years when they are brought under cultivation. 
If these activities provide opportunities to earn off-farm incomes and/or alternative 
farm lands for farmers affected by the project, short and long-run benefits will accrue 

Agroforestry on steep slopes will benefit landed and landless small farmers in the 
short run. It will permit them to continue growing subsistence and short-cycle cash 

spadng, the availability of arable flatlands, and forestry policy, the long-run effects 
m y  be negative. Dense forest cover will not permit cultivation. If trees cannot be cut 

will be jeopardized in the long run. 

I to the farmers 

Agroforestry 

1 crop while at the same time reducing soil erosion. However, depending on the tree 

I 
. . '  , 

Pasture Improvement . .. 
Many hillsides in the Ocoa watershed have highly eroded soils that can be . . 

rehabilitated by seeding with artifiaal pastures. This activity will benefit large and 
small landowners alike. However, large owners are likely to benefit more because 
they have additional resources for fencing and sufficient land to feed several cattle 
andlor other large animals. 



SOIL CONSERVATION PRACTICES 

Agronomic practices wJl benefit large and small landowners in proportion to the 
amount of land they own. They reduce soil erosion and therefore help maintain soil 
fertility.If they are labor intensive, they will benefit poorer landed and landless 
farmers by providing them with nonfarm incomes. 

Mechanical practices will provide similar types of benefits to the extent that they 
are also labor intensive. .. .. . . . 
Coffee and Fruit Trees 

Thcse will benefit larger farmers to the extent that they require more land. Coffee is 
grown in the region, but on exteilsive plantations. There are many fruit trees native to 
the area, but none are currently being raised commercially. Raising them commer- 
cially will benefit small farmers by providing them with alternative sources of income 
at planting and harvest times. 

Nonhillside farmers of the Ocoa watershed and the population in general will 
benefit from the project. Revegetation of the watershed will increase the volume of 
water in the river and, thus, facilitate irrigation of the valley. Methodologies and 
conservation techniques developed by the projea will be used in other major 
watersheds of the country. Thus, farmers of these other watersheds and those with 
lands impted by their major rivers will benefit indirectly from the project. 

CONCLUSIONS I 
Natural resource and energy warva t i on  programs will fail if participating 

communities are not integrally involved. Success will depend on community 
members becoming increasingly aware of conservation practices and the need for 
them, and participating in the undertaking of these practices. Activities will probably 
have to be subsidized by government beause farmers of the central mountain region 
are at or near the subsistence level, and because mmy activities may imply temporary 
reductions in the level of agricultural productivity. Farmers are able to supply labor. 
The government will have to provide capital and technology. 

Thae  are five options to follow in undertaking a watershed conservation program. 
First, small farmers cultivating the steep slopes might be induced to relocate, or their 
off-spring might be encouraged to do so. If it is decided to relocate farmers, the 
Dominican Agrarian Institute will probably need to supply them with alternative 
farm iand. If focus is placed on their off-spring, provision of job skill training for 
off-firm employment may be required. The second option is to provide these krmers 
with off-farm employment. Private capital would have to be induced to invest in the 
region, or the State wollld have to invest in artisan or other labor intensive industries. 
The third option is to introduce farm technologies such as hybrid seeds that increase 
food production with less intensive lacd use. Tbe fourth option is to introduce lnnd 
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conservation practices and reforestation The third and fourth options will involve 
changes in the production systems of small farmers. A fifth option is to reduce 

and which maintains or increases land productivity, will probably require simul- 
taneous atten:ion to all five options. A balanced ecocultural system represents the 
complex interaction of the natural resource base, the human beings exploiting it, and 
the technology they use in pnduction activitie. 

The population of the southern slopes of the Central Mountain range, including the 
Ocoa watershed, is too large to maintain with existing technology without depleting 
the resolirce base. Because the resource base is constant, either technologies will have 
to be improved to increase production and conserve natural resources, or the 
population will have to be reduced or held constant, or both will be necessary. 
Programs that 2ct exclusively on natural resources will not correct inproper use of 
them. Rather, system disequilibrium will continue because several of its causes will be 

REFERENCES 

Breton, Minerva, Ramirez, Nelson, and Tactux, Pablo. 1977. La migracion interna en 
la Republica Dominicana. Santo Dominga Editora "Alfa y Omega". 

Belcher, John C., and Vazquez Calcerrada,.Pablo B. 1972. Diferenciales del tamano 
ideal de la familia en la Republica Dominicana. Estdios Sociales 1 (Enero- 

* .  

Bonilla, Carlos Jose. 1980. Ponencia de las principales actividades realizadas en el 
muniapio de San Jose de Ocoa, por el proyecto de conservation de suelos y 
aguas, Ocoa. Mayo, Secretaria de Estado de Agricultura. 

Clausner, Marlin D. 1973. Ruml Santo Domingo: Settled unsettled resettled 
Philadelphia: Temple University Press. 

La Gra, Jerry, Mendoza, Gilberto,,Sanchs Alvarq,.and Morales, Hector. 1980. 
Informe finat proyecto de comerciafizacion integrado. Santo Domingo: IICA 
Publication Miscelanea No. 221. 

Marchetti, Peter E. 1971. Las comunidades campesinas minifundistas de San Jose de 
0coa:Diez teses sobre el exito y fracas0 de sus organizaames. Estudios Sociah 
4 (Octubre-Diciembre): 177-205. 
- 1971. El poder del intermedio-usuero en comunidades minifundistas y las 

cooperativas campesinas de San Jose de Ocoa. Estudios Sociales 3 (Julio- 
Septiembre): 121-44. 

Oficina Nacional de Estadistica. 1978. Repubfica Dominicana en cijrar, 1978. Santo 
Domingo: Oficina Nacional de Estadistica. 





'L .: . 

i 
,*# 

1 
1 

t 

'! 
CHAPTER 14. 

ENVIRONMENTAL MANAGEMENT 

i 
EDUCATION: A MODEL FOR 
SUSTAiNABIE RESOURCES 

DEVELOPMENT 

Robert E. Roth 

I 

INTRODUCTION 

i Global concern about environmental problems, quality of human life, and the 
impact of development led to theconvening of the United Nations Conference on the 

I 

i Environment in Stockholm, Sweden, in June 1972. The recently concluded tenth 
i anniversary of the Stockholm Confaence stressed the need and role for environ- 

mental education. 

4 
Recommendation 96 of the Stockholm Conference called for the establishment of 

1 an international program in environmental education that would be interdisciplinary 
in appproach, formal and nonfoml, encompassing ali levels of education and 

. .6 directed toward the general public 
I In separate action, the U.S. Agency for International Development initiated a Title 

XI1 program that was designed to assist U.S. colleges and universities in the 
development of faculty expertise to conduct education, research, and public service 
on food and nutrition-related matters in developing countries while concurrently i ;I improving the quality of education within the participating institution. The historic 
involvement of the United States with developing countries was continuing but was in 

1 '4 growing need of additional trained faculty with interests in international work A 
' !  general aging of participating faculty was occurring without ttie opportunity to train 

and interest younger faculty in international work. . . 
Again3 this backdrop, the focus on resources, econo~inics, and the abilities of 

developing countries to cope with escalating problems was increasing. A USAID 
analysis (1979) concluded that "the critical environmental resources of developing 

; 2 
! countries are today subject to stresses of unprecedented magnitude. Because the 

health, nutrition and general well-being of the poor majority are directly dependent 

i on the integrity and productivity of these resources, the capacity of governments to 

- 
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manage them effectively over the long term may well be the single most important 
prerequisite to the eradication of poverty, the fulfillment of basic human needs, and 
the ultimate achievement of sustained development." (p. 1) 

The natural resources of most developing countries are being rapidly depleted by 
general deforestation, habitat destruction, desertification, soil erosion, and the 
pressures of rapid population growth. Government agency and nongovernment 
organization ability!? educate apd inf~rm the people about the effective management 

Ahr'.ENVIRONMENTLBB MANAGEMENT 
EDUCATION MODEL 

A model b r  the st~ngthening of developing countries' environmental cducaiion 
and information caPr311ties for building an appropriate institutional frsmework to 
deal with conservation problems and sustainable renewable resource and energy 
development is presented. Examples fiom the Dominican Repubiic and Barbados 
will be discussed. Public environmental management education and training 
programs will be discussed in relation to the establishment of sound renewable 
resource management plans, developmental goals, and the establishment of an 
environmental ethic. Evaluative approaches are suggested for program and workshop 
effectiveness, and for knowledge gain and attitude shift in relation to elected 
environmental management and energy issues. 

ENVIRONMENTAL MANAGEMENT EDUCATION OEFINED 

Environmental management education is concerned with an individual's self- 
understanding, with an understanding of the minhabitants of the Earth, and with 
interrelationships within and among each of these constellations of concern. A major 
goal is to encourage the individual to develop the ability to make thoughtful decisions 
which will create an environment that allows one to live a quality life. Specifically, 

1. Knowledgeable about the biophysical and sociocultural environments of which 
man is a part. 

2. Aware of environmental problem and management alternatives of use in 
solving those problems. 

3. Motivated to act responsibly in developing diverse environments that are 
optimum for living a quality life (Roth 1%9). 

Thus, environmental management education is concerned with knowledge of 
natural systems, society, and the individual. It not only attempts to provide the 
individual with environmental understandings, but also views one as a potential 
creative being and encourages acceptance of the responsibility for decision making. 



Another characteristic of environmental management educaticn is that it deals 
with the attitudes people hold about themselves, toward other individuals and groups 
of individuals, and toward their environment. These constellations of ideas greatly 
affect our level of living and quality of life. 

Environmental management education s not just ecology, resource use, scrciology, 
art appreciation, philosophy, or management. It is an interdisciplinary focus that 
embraces the sciences, humanities, social sciences, and technology for pur- of 
developing cognitive understanding, belief and attitude change, and providing 
motivation for behavioral change and effective action 

A first step towards an agreed upon body of concepts appropriate for environ- 

7.1 
mental management education was taken when a list of 112 concept. was produced 

Ci (Roth 1969). Scholars Erom 40 professional areas and 12 ecological regions of the 
United States agreed on the majority of concepts to be emphasized. The concepts 
delineated represented 3 useful zlnd apgropriate structure of conservation concepts. 

The list of 112 cotuiepts was subsequently submitted to a panel of experts 
(comprised of Ohio State University personnel) representing the various disciplines, 
organized according to topic, and arranged in the order of importance on the basis of 
Qsort response (Brooks 1970). A consensus was reached both as to placement in a 
major area and as to degree of importance (bowman 1972). 

The concepts important to know in environmental management education were - grouped into four categories: biophysical, sociocultural, environmental management, 
I 

and change. Each cluster of concepts is viewed as existing on a continuum and the 
I four areas are interrela!ed (Figure 14.1). The conceptual core is applied through 

"educational and communication processes," comprising a range from formal 
education to nonformal communication strategies. The major goal described on the 
right side of the mbdel is "quality of lifer which can also be interpreted as the 
individual's conception of achieving a workable environmental ethic. 

The organization and validity of environmental management education concepts 
was deemed to be appropriate for program development and curriculum organktion. 

The proposed model in Figure 14.1 has the advantage of Ning concise, graphic, 
and logical in its application. It provides an easily visualized guide to the process of 
program development in both fomal andnonformal educational setting regardless 
of cultural and national context. The program developer is reminded that the 
identification of appropriate environmental management/education goals, objectives 
with a behaviorial or measurable orientation, and well-defined and implemented 

J communications or teaching strategies is essential for achieving a quality life. 
Evaluative feedback of both an in-process or summary nature is to be utilized in 
relation to impact on the recipient or target audience. Through rigorous evaluation 
strategies involving pre- and post-testing of conceptsand attitudes assessment of skills 
and performance, and the achievement of anticipated goals in documentable form, it 
will be possible to demonstrate achievement of intended goals in relation to the 
improvement of the quality of life. 



FIGURE 14.1 Conceptual model for enwCIonnient81 menagowent education. 

- -c- .- 
Source: Roth. 1973. 

Townsend (1982) conducted an investigation into the underlying structure of the 
domain of environmental mangement education concepts. A refined list of 54 
concepts drawn from the works mentioned above was submitted to a randomly 
selected panel of experts and practitioners in the field for a review of accuracy and 
validity for environmental management education. The underlying dimensions 
(factors) of the concepts studied were identified as (1) ecology: interdependence and 
living things; (2) culture: interaction with environmental considerations; (3) ethics: 
humankind's moral responsibility for environmental considerations (4) natural 
resources management and use; and (5) population: interactions with environmental 
conservation. While differences in perceptions of concept categories exist between 
this work and those proposed previously by Roth (1969) and Bowman (1972). such 
differences can be explained by the general nature of the concepts which leaves them 
open to multiple categorization possibilities. Townsend's work provided a necessary 
update and expected categories. 

A DOMINICAN REPUBLIC EXAMPLE 

The Dominican Republic's natural resource base is deteriorating at an alarming 
rate. As indicated in the recently completed Country Environmental Profile 
(Hartshorn et id. 1981). erosion rates per hectare in most of the nation's watersheds 
are stimated to average 300 metric tons per year. The report concludes, 'Since soil 
erosion rates of 10 to 39 metric tons/hectare/year are normally considered excessive, 
tbe erosion rates in the Dominican Republic are little short of catastrophic." (p. 97) 



This massive destruction of the watershed areas is exhibited throughout the 
country. Every year millions of tons of the nation's productive soil are washed away 
as hillside areas are denuded and covered with massive xars from landslides, 
washouts, and deforestation. Thecolor of the rivers is now a bright brown indicating 
increased silt loads in the water. Due to the lack of hillside vegetation cover, the 
unusually heavy rainfall from two hurricanes (21 inches of rain in 7 days) took on 
calamitous proportions causing major flooding throughout the country. Sedimenta- 
tion is filling up the reservoirs. The useful lives of multimillion dollar hydroelectric 
facilities have already been cut to less than half by siltation. In addition, siltation 
damage to hydroelectric facilities often results in lower-than-planned power output 
levels and frequent power outages 

The hillside farmer is at the center of this problem. He is forced by population 
pressures to cultivate on the only land available: hillside areas which are highly 
vulnerable to erosion. The agricultural practices the h e r  uses are often the principal 
cause of erosion which results in lower productivity, and most probably contributes to 
his poverty. The hillside farmers are trapped in a vicious cycle which, unless broken, 
will result in increased destruction and increased sdering for the hillside poor. 

Fortunately, the situation can still be reversed. The degradation of the country's 
watersheds can be brought under control before the point of irreversible environ- 
mental degradation is reached. Time is short, however. It is estimated that within 20 
years, the landscape of the Dominican side of the island of Hispanola will resemble 
that of its neighbor, Haiti, if correcthe action is not immediately implemented. 

The Natural Resources Management Project (NARMA) will assist the Dominican 
Republic in building an institutional framework to deal with the natural resource 
conservation problem. This project will form part of a broac'a USAID strategy 
which aims to have in place, during this decade, the necessary institutional capacity 
and field experience to confront eftedively the councy's nat~ 1rd1 resource prob!ems. 

A major activity under this component will be thestrengthcnin~ of the Dominican 
Republic environmental education prograni. Under this activity, the efforts to 
generate more public and target group awareness of the natural resource problem and 
ways to deal with it are being strengthened and expaqded. Training workshops are 
being carried out to teach school teachers, local leaders, and small farmers to increase 
local participation in conservation activities. A viable approach to changing hillside 
farming behavior patterns which can be replicated-in oher critical watersheds is the 
goal. It is expected that the projea 2nd the spread effeds from projecl activities will 
cause sufiicient numbers of hillside faraers to implement improved conservation 
practices so that stabilization of the soil and a reduction of the rate of natural resource 
degradation can be accomplished within the target watershed, within the coming 
decade in a cost-effective manner. 

Objectives of the Environmental Management Education component of the 
NARMA Project in the Dominican Republic include the following: 



1. Development of a comprehensive national plan for environmental education. 
2. Development and testing of alternative communication techniques to strengthen 

awareness of resource issues. 
3. Training of teachers, leaders, and farmers in conservation concepts. 

Specific inputs include: 

1. Short courses for tqa~hgs, iearjers, a d  farmers. 
2. A total of 225 oneday workshops for farmers. 
3. Purchasing of educational equipment, electrical generators, buses, and vehicles. 
4. Development of a training center at Jimenoa. 
5. Providing three person-months of technical assistance. 
6. Receiving four persons from SURENA (Subsecretaria de Estado dc Recursos 

Naturales) to enroll in long-term training in environmental education and . . 
communications. 

The environmental education component of the project utilizing the proposed 
model for Environmental Management Education is making significant progress both 
at the national as well as at the watershed levels. Posters, written bulletins, pamphlets, 
radio programs, T-shirts, bumper stickers, end a video tape of the project have been 
prepared for the mass media program. Curricula for targeting specific concepts for 
children in grades 1-6 have been designed, although this goes beyond the orginai 
project activity. A number of short courses are being designed with different target 
groups in mind. Construction of a National Environmental Education Training 
Center at Jimenoa is nearing completion. 

Evaluation of work completed to date reveals that the educational program 
apptJrs to be a major stimulator of interest in conservation practices. Prior to the 
project, a study by the Qflice of Environmental Education revealed that only 40 
percent of the campesinos used conservation practices like composting; a recent 
survey indicated more than 80 percent used conservation practices. The program has 
been very active in organizing courses and in participating in workshops/courses 
organized by other groups such as the Junta de Desarrollo. Success can be attributed 

1. Use of existing associations and committees to mount courses with farmer groups 
in different areas. 

2 Trainers' knowledge of local people and their ability to relate positively to the 
people's production as well as conservation concerns. 

3. Preexisting knowledge of conservation methods. 
4. Availability of transport and adequacy of materials. 
5. Willingness of personnel from other program, including military units, to 

6. Support from the headquarters staff in Santo Domingo and acknowledgement 
and recognition of the importance of the program. 



Initial evaluation of farmers' responses to the training programs indicates that there 
is more interest in specific conservation training than in general exposure to the 
concepts of environmental protectioa. Preliminary evaluation of school students by 
the Office of Environmer.al Education staff, on the other hand, revealed that &ey are 

I 

very responsive to more general concepts and to wildlife proteaion, but not as 
interested in agricultural conservation practices. 

A further advantage of the training effort l i s  in the ability to relate concern for 
conservation with concern for production systems. If conse:ve?ion techniques are 
treated and presented in isolation, farmers appear to be much less interested in their 
possible relevance to their situation than when practices like cornposting or building 
terraces are utilized as educational activities. Participants are highly receptive to 
hands-on denonstratio~ls i3e cornposting and reforestation. 

A BARBADIAN EXAMPLE 

The Caribbean is a regioc -1itb 15 island nations. Barbados is one of the countries 
I of the eastern Caribbean that has astrong dedication to education and an enlightened 

management of her natural resources. Barbados fncts environmental problems 
because of agricultural practices, tourist trade, and population growth. The develop 
ment of educational approaches has moved from a tentative involvement with 
innovation stressing such issues as d i v e r y  learning, child-oriented instruction, and 

1 

J .. scientific literacy to a positive Caribbean-controllet: thrust invdving science and 
I technological education for national development. Several educational models are 

described by King (1979) as being useful in achieving educational and national 

The motivation for currimlum development is derived from: 

1. The march to independence and other forms of internal self-government sparked 
by a surge of nationalist feeling and di&tisfaction with colonialism. 

i 2. The attempt to provide a type of education enriched both qualitatively and 
quantitatively to meet the new demands on society. 

3. The desire to produce a type of manpower in keeping with the technological 
demands being made on the system. 

4. The Rope of developing an inquiring people, with thd g ~ a l  of producing a 
scientifically literate citizenry. ' 

Emphasis of the Environmental Management Education approach utilkd in 
Barbados was on science teachers in year one of the project andsocial !itudia teaclhers 
in year two. The workshop goal was B utilize the proposed model tcportray concepts 
related to international resources and cnvironmentd mnagemmt \?ducatior~, and 
simultarieously to train faculty for international devclopmcnt w~ric. 

The pr;;ject in year two consisted of developing, imgleme;rting, aid evaluating a 
workshop for secondary social studies teachen in Barbados. Social studies in 



Barbadian schools is a composite of geography, history, economics, and political 
science. The interdisciplinary nature of the curriculum lent itself well to providing 
opportunitiis to learn about the environment. Environmental education does not 
appear as a distinct subject in the schools of the island, but an integrated approach 
across the disciplines has been well accepted. 

Coordination of the workshop was accom?lished by a representative of the 
Caribbean Conservatioq +aciatiop with-the assistance of the Barbados Community 
College and the ~inistrik 'of Education, Agriculture, and Housing and Lands. 
Twenty-seven teachers attended sessions and field trips As a follow-up each teacher 
developed an activity,that could be used in his or her current teaching situation, thus 
applying immediately what was gained from the workshop. 

Informal evaluation of the experience revealed that teachas deeply appreciated 
U.S. involvement in this type of development. Participants left with a new excitement 
and a wider perspective of what iktructional materials a?d techniques were effective 
for environmental education. Programs such as this benefit not only the teacher 
participants, but the OSU faculty who learn more about international development, 
and the OSIJ students who may learn to think more globally by association with those 
whose classroom is the world. 

EVALUATION STRATEGIES 

Evaluation strategies that would seem to be useful in assessing the sffectiveness of 
the Environmental Management Education model are proposed below. 

A determination of appropriate concepts and content i c  a useful fmt step. As 
indicated previously, the sequential works of Roth (1%9), Bowman (1972), and 
Townsend (1982) provided a sound bsis for identification of concepts and an 
organizational structure for their presentation. As the conceptual organization was 
applied in the Dominican Republic and Barbados, it was possible to speculate on 
knowledge gained, some attitudes that may have been shifted, and sk2ls that were 
acquired and employed. 

Subjective evaluation is another evolving strategy that wps employed by a team of 
independent reviewers in the Dominican Republic Environmental Education portion 
of the NARMA projed. Surveys completed and in progress indicate that conserva- 
tion practices are being implemented as a result of project activity, especially in 
relation to workshops and radio programs. The use of video-taped documerntaiies 
that provide observation of a visual change in the landscape further supports the 
contention that the goals of the project are being achieved. In addition, preliminary 
evidence G; concept gain and attitude shift resulting from pre/post-assessment of 
participants in the workshops and mass media campaigns exists. This preliminary 
evidence will provide the basis for more detailed and rigorous pre/post-studies 
presently under design. 

Fortner (1986) conducted a study to evaluate the environmenvli education 
programs across the two cultures of Barbadian and U.S. workshop participants by 
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comparing teacher characteristics and adaptive potential of exkl;n_s materials. It was 
found that both groups had positive attitudes toward teaching and responded 
enthusiastically to the varied techniques of the workshop activities. School curricular 

I 
limitations were viewed io be restrictive for adoption of materials in Barbados. But in 
the United States, school r.uiri~ula were viewed to be more accommodating of 
materials adoption. The wor'.l, s in all cases appeared to achieve the intended 

a objectives and pre/post-test evaluations revealed an increased awareness of avail- 
-* ability of materials, enhanced knowledge of techniques, and mosvation to adopt 

activities experienced. 

1 CONCLUSIONS 

1 The proposed model for Environmental Management Education has been utilized 
in both the Spanish and English speaking Caribbean for the implementation of 

i training and education programs. Concepts appropriate for the development and 

1 
implementation of both conservation and environmental management education 

I appear to be relevant. The variety of methodologies employed for the formal and 
nonformal education settings appear to be effective. The established goais and 
objectives of the program examples are being achieved as evidenced by the various 
preliminary evaluative strategies. It is suggested that the model for Environmental 
Management Education be considered as a guide for the development of either formal 
or nonformal environmental rnanagement/education programs in developed as well 

I as developing countries. 
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CHAPTER 95. 
SUMMARY AND CONCLUSIONS 

OVERVIEW 

Renewable energy sources have taken on increased importance in the non-OPEC 
developing countries with the rapid increases in gas and oil prices and the declining 
availability of fuelwood. Deforestation is progressing at a rapid rate in much of the 
world with a five-fold gap between harvest and planting rates forecasted by 2000 for 
the developing countries as a group (World Bank 1980). 

Conservation of existing energy s o u m  and the development of new renewable 
and sustakable sources of energy are fiequent recommendations. Worldwatch 
Institute has developed estimates for future worldwide consumption of energy. 
Renewable energy sources are expected to increase From 16.5 percent oT worldwide 
consumption in 1980 to 23.9 percent by the year 2000 (Brown and Shaw 1982). 
Within the renew&b!e energy subset (which is relatively more important to most 
developing countries), wocd is almost half and hydroelectric power one-third of the 
total. Thus, this book placed primary emphasis on these two dominant renewable 
sources of energy in terms of production and use characteristics, feasibility analysis, 
and project implementation in selected developing countries (Dominican Republic, 
Costa Rica, Barbados, the Philippines, India, Ghana and Egypt). 

The chzpters in Part I, "Renewable Energy Production and Use Characteristics," 
focused on improved methods for estimating yieid and heating value of standing 
biomass, secdling survival and growth rates of fuelvrood plarrtations, the end use of 
energy in rural households, and the potential of unconventional renewable energy 
sources such as solar ponds. The chapters in Part I1 "Feasibility Analysis of 
Renewable Energy Options," illustrated financial and economic analysis, energy 
accounting, and environmental impact assessment. The chapters in Part 111, 
"Implementing Renewable Energy Systems," d d t  with concepts such as delineation 
c,f property rights, political competition and pmrona~e, centralization, and the role of 
local farmer organizations. The fcl:owing seams briefly d&ibe each of thegeneral 
methods and findings from the cWrcpters. - . .. 

PRODUCTION AFw3 USE C$4$RRCTEF?IIS;TICS 

A comprehensive biomass iaventory sys *: ': - .le dry lorest .;,reas of the 
Dominican Republic was developed by KasiJe 3!7.s? ?.-,..,i5eld (Chapter :>! -" ?system 
coriists of two stages supported by bic- mgwron qwtions and et~r.,  slues. A 
stratification was conducted based on the visible human interveatf:. : withi.n t h ~ ~  

I forests and the subsequent degradation and reaoval of biomass W;;.hir! each gtz:-am, 
sample plots were established in a randomized pttern and alI trees greater than 5 



cmtineters in diameter were measured at 0.5 meters (DKH). Regression equations 
were developed for each species specifically, and for all species combined that relate 
CKH to fuelwood biomass weight and total biomass weight. Energy values per 
pound of biomass were developed to determine the yield of energy in fuelwood per 
h a r e  by each stratum. Such information permits the development of a utilization 
plan that will ensure continued production of these fuelwood sources. 

Larson reported ocapplications of hormones to nursery stock for the production of 
seedlings of tropical trgp for reforpstation projects (Chapter 3). Application of certain 
hormones to nursery stock of several north temperate species has been shown to 
stimulate root regeneration and early'growth. Despite its potential value to tropical 
forest and plantation management aad reforestation, similar studies with major 
tropical tree species have been lacking. In a preliminary trial reported here, 
inr2oleacetic acid (IAA)/kinetin mixtures were applied to stump seedlings of pochote 
(Bombacopsis quinatum) and melim (Gmnelina arborea). In additional trials, 
indolebutyricacid (IBA) w& applied to roots of stump seedlings and stem cuttings of 
the two species. Seedling root regeneration increased as concentration of IAA 
increased in root soak solutions, but kinetin had no effed. At the highest IAA level 
(320 ppm), b t h  pochote and melina seedlings formed over twice as many roots as 
untreated seedlings. Several IAA/kinetin treatments increased shoot growth above 
that of untreated trees (based on dry weight of leaves per tree). The IBA-ethanol 
solution treatments of seedlings roots or stem cuttings of the two species did not 
significantly improve growth, and at highest concentrations (3000 ppm) growth was 
reduced relative to controls. Cuttings made from the pruned-off tops of pochote 
stump seedlings quickly rooted and grew vigorously, effectively doubling the ~crnber 
of plants available for outplanting. 

Fynn and Bailey discussed some design issues in producing electricity from solar 
ponds, a relatively new concept (Chapter 4). The Dominican Republic has 
experienced growing expenditures for imported oil, deforestation, soil erosion, and 
urban migration The ~.se of solar ponds as a heat source as well as a source for electric 
energy generation can contniute to overcoming these interrelated problems. This 
source of energy is renewable, improves rural conditions for living and working by 
increasing the availability of electricity and heat, and can help reduce thedemand for 
wood and 09 as fuel. Appropriate solar pond design for the Dominican Republic, 
within the context of the nation's energy resources and its economic security, is 
discussed. This includlj site selection, a preliminary pond design coupled with an 
organic Rankine Cycle electrical generator engineering cost analysis, and a discussion 
ofthe future potential of solar ponds im the Dominican Republic and other tropical 
areas, as well as the potential of advanced pond designs. 

A survey of fuel use in nual homholds in the Central PElippines was completed 
and evaluated by Hunt and Ponce (Chapter 5). Where commercial forms of fud are 
not affordable or available for household needs, dependence for necessary (cooking) 
energy is entirely upon wood and agricultural residues. Firewood and charcoal are 



used extensively by city households, street food vendors, and commercial establish- 
ments such as bakeries as well as in rural areas in many developing countries, 
including the Philippines. Observations of household and community fuel use in rural 
villages on Leyte are discussed. In addition, data are reported on amounts of 
traditional and commercial fuel used by 150 households in a rural area of Central 
Philippines, fuel costs, what it was used for, types ofstoves used, preferences for fuels, 
and where and by whom household fuels are obtained. Choice of energy technology 
can have long-term impacts on regions. Some observers suggest that the single most 
important development in terms of household energy conservation would not be a 
new source of energy but a more fuel-efficient stove than is commonly used 

FEASIBILITY ANALYSIS 

Hitzhusen and Boakye-Dankwa reported on a private and social cost-benefit 
analysis of pulp and fuelwood options in the Ghana Subri Forest Project (Chapter 6). 
In the early 1970s the Ghana Forestry Department embarked on an intensive 
reforestation program with the aim of converting about 100,000 hectares of degraded 
forest reserves to plantations of fast-growing species. To achieve this, exploited areas 
were clear-felled and the trees and other ground cover burned. To eliminate this ;vasle 
of existing resources, the government of Ghana proposed a charcoal produc&rr and 
utilization project. One of the areas selected for this program was the Subri Forest 
Reserve in the high forest zone situated 45 kilometers to the east of Takoradi in the 
western region. Financial (private) and economic (social) analyses of pulp and 
fuelwood alternative management strategies for the Subri Forest Reserve are com- 
pared. Under the two decision criteria used, net present value (NPV) and internal rate 
of return (IRR), the financial analysis shows the fuelwood option to be superior to the 
pulp option. The economic analysis includes' consideration of shadow wages and 
shadow exchange rates, and conclude that the fuelwood option is also socially 

The economic and political feasibility of establishmg a sugarcane-based alcohol 
industry in the Caribbean Basin was examined by Rask (Chapter 7). Both Caribbean 
domestic use plus fuel alcohol export to the United ~ g t e s  are considered. The 
national security and economic benefits of an alternative energy source that diversifies 
energy supply away from OPEC are clear. In addition, positive elements of the 
Caribbean Basin Initiative (CBI) are identified. They include increased employment, 
increased exports, reduced petroleum imports, and emphasis on the comparative 
advantage of sugar cane to produce a unique commality (alcohol) that offers the 
clear possibilities for one-way trade, private investment opportunities, and technical 
assistance. The projeuedlevel of US. alcohol production plus potential CBI imports 
together will meet only a fraction of projeued U.S. fuel alcohol demand, thus there is 
little economic basis for domestic U.S. producer objection to alcohol imports. U.S. 



sugar and ccrn sweetener produars should benefit from less sugar import price 

Hitzhusen, Macgregor; Southgate, and Veloz present an analysis of the hydre 
electric power and land u= trade-offs in the Dominican Republic (Chapter 8). A 
conceptual model contrasts private and social levels of economic analysis from an 
accounting stance perspective. These concepr are then applied to the Valdesia 
watershed and hydropoygr~~rvoii- in the Dominican Republic. The first phase of 
the case application involves assistance iinm agronomists, engineers, and foresters in 
making detailed'estimates of current ("withcst project") soil erosion and sediment 
delivery ratios. Best ergsion control practices are essblished by slope class, and "with 
project" estimates are made of erosion and deposition rates. The second phase of the 
Dominican w e  involves financial (private) and economic (socis!) estimates of the 
on-site and off-site costs and returns with and without the project. Finaricial analysis 
of on-site costs and revenues'to bil conservation by slope class shows benefits to 
some, but not all, farmers. When the on-site and off-site (foregone hydropower) 
economic or societal net returns are estimated, the net present value of the project 
increases substantially. Foreign exchange savings (primarily from reduced oil 
imports) are also sign%cant. 

Ecosystem structure and energy flow were analyzed by Sundarraj and Mitchell in a 
South Indian village (Chapter 9). Using supplementary imgation water from the 
Mettar dam and less than 260 hectares of land, the people of Panayakurichi produce 
3.3 times as much food energy as they consume, 96 percent ofthe fuel they bum, and 
the fodder for 539 head of livestock. The draft animal population matches the 
demand, and about 70 percent of the adult human population must work at critical 
times. There is a surplus of rice and moderate deficit in pulses, oils, vegetables, and 
sweets. With the growing fuel shortage, the villagers have devised alternatives from 
agricultural wastes and burn dung because market value of dung as a fuel is six times 
greater than the wst of nutrients in chemicsl fertilizer. Thesurplus of rice is obtained 
witb an input of f e r t i b  equivalent to 1034 million kilocalories of fossil fuel. The 
villagers have a wmprehensive view of their system and regulate resources so as ta 
harvest an average of 9 tons (29.8 X 106 kcal) of usable biomass from each heaare. 
This relatively closed ecosystem is an entity that can persist so long as adequate 
imgation water is available. 

Smith reviewed the environmental impacts of the Aswan High Dam and 
hydroelectric power station (Chapter 10). Primary areas of concern include 80 to 130 
million annual tons of reservoir sedimentation, riverbed degradation and coastal 
erosion, riverine changes in tenns of water quality, changes in the reservoir ecosystem 
such as fishery development and aquatic weed problems, waterlogging and soil 
salinization, and the potential spread of malaria through open water. 



IMPLEMENTATION OF PROJECTS 

Anthropological perspectives and research techniques were applied by Salazar and 
Hughes in a study of the implementation of an agroforesey project in the Philippines 
(Chapter 11). Intervention processes and their response to technological, ecological, 
political, economic, and sociocultural variables at the naf mal, regional, and I d  
levels are examined. Analysis begins wiih the factors that !sd to the establishment of 
the project and the choice of objectives, implementing structures, and strategies. The 
interests, resources, and capacities of the donor agency; the implementing agencies; 
and the local government are discussed. Problems with the mobilization of financial 
resources constrain thz procurement and delivery of supplies from the center to the 
periphery. Overcoming this constraint requires activating politicd and social 
networks both within and outside the project. The mobilization of human and 
organizational resources within the implementing unit relates to asystem of patronage 
which constrains rather than facilitates project performance, particularly with respect 
to the goal of community participation. Community participation is more apparent in 
the areas of implementation and benefits than in decision making and evaluation. 
Furthermore, participation is affected by some fadors inherent in the project, such as 
inappropriate land use techniques, insufficient seeds, and inadequate extension 
services, as weU as by other factors among the farmers afid their community, such as 
land tenure, land use patterns, economic diversity, and relations of power and 

Dryzek and Glenn applied the concept of a regime for natural resources manage- 
ment in a national-level study of the political economy ofdeforestation in Costa Rica 
(Chapter 12). A resource regime is composed of specific rights, rules, regulations, 
compliance mechanism, and transformation mechanisms. The existing regime does 
not promote ecological sustainability in forest management; the systems of property 
and weak transformation and compliance mechamsms embedded in this regime are 
actually largely to blame for the severity of current deforestation problems. In the 
unique context of tropical forest ecosystems, the incentive structures yielded by this 
regime promote ecologically destructive use of 1. .:,i on the part of squatters, cattle 
ranchers, aurl other private landholders. 

Several options are evaluated by Hansen and Erbaugh in a sodial analy& of a 
natural r e s o w  conservation project concerned with soil erasion and deforestation in 
the Ocoa Watershed of the Dominican Republic (Chapter 13). Options include 
relocation of billside farmers, off-farm employment, output increasing technology to 
reduce land use intensity, land conservation practices, and reductions in population 
growth. Involvement of local farmer associations is critical to the diffusion and 
adoption of new natural resource conservation concepts 



Roth presented a model for the ftrengthening of developing coutries' environ- 
mental education and informatior. abilities for building an appropriate institutional 
framework to deai with conservation and development problems (Chapter 14). He 
used examples from the Dominican RepuSlic and Barbados. Public environmental 
management education and training programs were discussed in rehtion to the 
establishment of sound redewabie resburce management plans, developmental goals, 
and an environmeptal ethic Evaluative data are discussed in relation to program and 
workshop effectiveness; knowledgegain and attitude shift are discussed in relation to 
selected environmental'and energy issues. The ability to educate and inform people 
about the effective management of natural resources may be an important prerequisite 
to eradicating poverty, fulfilling basic human needs, and achieving a quality life in 
developing countries. . . 

KEY FINDINGS AND IMPLICATIONS 

Several key findings and policy implications emerge from the 13 individual studies 
and 10 academic disciplines represented in this multidisciplinary research effort. They 
can be summarized as follows 

1. Kasile and Maxfield have developed a useful methodology for estimating both 
biomass volume and heating values in a dry forest region typified by acute 
scarcity of fuelwood. They also found up to a three-fold increase in energy 
availability when dry land forest species are air dried to 14 percent moisture 
content. This methodology and evidence can be readily generalized to similar 
regions throughout the Third World. 

2. Dieback and death of seedlings is a serious problem in efforts to establish wood 
energy plantations to off-set rapid rates of deforestation. Larson found a threefold 
increase in seedling root regeneration in pochote and melina from soaking roots 
in indoleacetic acid (IAA) at about 300 ppm, which may fadlitate increased 
feasibility of plantations. 

3. Solar ponds for electricity production have relatively high capital outlay 
requirements, but their operating costs are much lower than most conventional 
methods ofproducing electricity. They may also reduce some of the deforestation 
pressure on fuelwood-short regions. Some unanswered technical and economic 
questions remain, however. 

4. In developing countries as a group, household energy consumption is more than 
50 percent of total consumption, and househo'd energy needs consume a 
significant portion of poor household resources. Hunt aljd Ponce found that (a) 
fuel preference varied with type of cooking which increzes the opportunity of 
substitution to reduce deiarestation; (b) clay and steel sto ye  >redominate which 
makes adoption of other t7pes difficult; and (c) many Central Philippines 
villagers fear that community w o d ~ t s  could be a source of trouble in the 
community which should help focus implementation strategies. 



5. Private and social cost comparisons of pulp and fuelwood options in the Subri 
Forest of Ghana found fuelwood superior even when shadow pricing labor 

relatively less attractive. Thus, shadow pricing has important implications for 
both economic efficiency and income distribution. 

! 
! 6. Many developing countries are experiencing balance of payments problems 

$ 1  comparativc advantage and offas the possibility of increased trade and foreign 

I 
I 7. When off-site impacts on hydroelectric power in the Valdesia watershed of the 

2 j Dominican Republic are included in the economic analysis of soil erosion 
$ 

I control practices, very high rates of return are found. However, steep slope 
farmers will need to be compensated for the private losses they incur. Also, 

I policies of overvalued currency, interest rate controls, and illdefined property 
rights need revision. 

water and off-farm jobs as well as subsidized insecticides and fertilizer. Measuring 
labor value in calories of energy also ignores peak demands for labor and the 
opportunity cost of off-farm jobs. 

9. A review of environmental impacts of t5e Aswan High Dam finds that water 
storage and hydropower objectives have been met but that waterleng and, toa 
lesser extent, sedimentation are major negative impacts A management plan to 

10. The literature abounds with examples of problems in implementing renewable : I energy projects. Salazar and Hughes bring an anthropological perspective to an 

analysis in Costa Rica done fiom a political science perspective by Dryzek and 
Glenn adds an additional factor of weak enforcement capability. And the social 
analysis in the Dominican Republic by Hansen and Erbaugh finds local farmer 

more effective in implementing future renewable energy projects. 

The importance of a multidisciplinary approach to renewable energy issues in 
developing countries is highlighted by the complementarity of the alternative 
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