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FEASIBILITY STUDY
 

OF THE
 

KAYES-NIORO DU SAHEL ROAD
 

SUMMARY
 

GOALS AND OBJECTIVES 

The overall project goals are to overcome deficit and subsistence 

agriculture in the northern part of Mali's First Region and to foster the eco­

nomic well being and quality of life of the rural population. The project has 

been defined to achieve this goal by providing improved road access to an 

area long cut off from the urban and marketing centers of the remainder of 

Mali and by creating the type of access essential to the implementation of 

ongoing and plannad development projects. 

The objective of this study, as stated in the Terms of Reference, 

was to evaluate the feasibility of constructing an all-weather road, approxi­

mately 250 kilometers in length, between Kayes and Nioro du Sahel in the 

northwestern part of the First Region, 

To further the project's overall goals of regional development in the 

area, additional access needs and development potential were examined. 

Within this context, j branch road (68 km) providing access to )(eliman6 

was investigated and an agricultural project component was conceptually 

identified. Furthermore, special bridge studies were carried out in order 

to address the problem of the isolation of Kayes from its hinterland. 
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THE KAYES-NIORO ROAD AND ITS REGION 

The existing Kayes-Nioro road, including a branch to Yeliman6, is 

located in Mali's First Region, the northwest section of the country bordered 

to the north by Mauritania, to the west by Senegal, and to the south by 
Guinea. The road between Kayes and Nioro (National Route 1), and its 

branch to Yelimanei (Regional Route 5), provide the principal means of ac­

cess between the northern undeveloped region and the administrative and 

marketing center of the Fi-st Region, Kayes. Although variable in quality, 

the route is poorly maintained and is impassable or extremely difficult to 

travel during the rainy season. The combination of commercial traffic use 

and uncontrolled drainage has damaged the road to such an extent that in 

some sections it is virtually non-existent, except as a cleared path or a 

series of paths. 

The service area of the road is rural, poor and "enclavV"or essen­

tially cut off from the modern sector of the economy, both by access and by 
tradition. A USAID concepts paper about the transport sector in the Sahel 

identified the Kayes-Nioro road rehabilitation as representative of the type 

of intervention which can meet "crucial" access needs necessary for the 

development of a zone isolated from its marketing centers. 

Currently, there are two large scale rural development projects under­

way in the First Region: one undertaken by the Op6ration d'i D6veloppement 

Int~gr6 de Kaarta (ODIK) and the second, the Kayes-Nord (Guidimaka) Pastoral 
Area Livestock Development Project. The success of the development projects 

and the feasibility of improving the Kayes-Nioro road are integrally linked. 

THE ANALYSIS 

The analytical process upon which this study is based consists of: 

first, the identification of all reasonable alternatives, second, the 
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evaluation of said alternatives in accordance with established criteria, 
and third, the selection of two optimum alternatives, one for each of two 

investment options. 

The analysis Included engineering, economic/financial, social/ 
environmental and project implementation aspects. The Kaarta and Kayes-
Nord studies were used extensively, after review, as a data base. 

The Alternatives 

Two alternative corridors were studied: (1) a northern corridor
 
connecting Kayes with Nioro via Dialaka and Y6liman6, 
 and (2) a southern 
corridor linking Nioro with Kayes via Dialaka and Sandar&. The southern 
corridor was selected fur improvement, as an investment option for later 
evaluation. 

The study of alternative corridors revealed that one of the road
 
sections (Dialaka to Yeliman6), belonging to the discarded corridor, 
 if 
improved in conjunction with an added agricultural investment in its area 
of influence, could make a significant contribution to the development 
potential of the First Region. Therefore, a second investment option was 
identi^ed consisting of the improvement of the southern corridor, (Kayes-
Nioro Road proper), the road section to Y6liman6 and an added agricultural 

investment. 

Alternative road construction technologies assessed.were For 
technical and economic reasons, equipment-based construction methods 
were found to be more feasible than labor-based technologies. 

Seven road improvement alternatives were identified for study. 
These alternatives represent three different road design standards (double 
surface treatment, laterite/gravel surface, and minimum cost) for the 
three road sections into which the road network was subdivided for 
analytical purposes. These alternatives are schematically presented in 

the diagram given below. 
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The Evaluation 

The Terms of Reference identified four decision-making disciplines 

to assess the feasibility of the project: Engineering, Economics, Sociology 

and Environmental planning. The study addressed the road improvement 

alternatives from the standpoint of each discipline. 

The criteria of providing all-weather access guided the resolution 

of appropriate road design standards and road alignment, including drainage 

and bridges. Road maintenance needs, for the Kayes-Nioro road network, 

as well as for the entire First Region, were studied and maintenance methods 

were devised in conjunction with ongoing planning for a countrywide main­

tenance program. Two alternative implementation packages, one for each 

investment option and offering the flexibility of simultaneous construction 

and of joint financing with other international donor agencies, were pre­

pared for all alternatives. For that purpose, the road network was sub­

divided into a maximum of four sections. Both alternative implementation 

programs combine the use of force account and contractor construction, as 

equipment acquisition for force account work will help in providing addi­

tional road maintenance capabilities. 

A value added approach was adopted as the basis for the economic 

analysis. It combines an evaluation of the transport sector with those sec­

tors of the regional economy which are impacted by road improvements. The 

approach offers a comprehensive framework within which committed rural 

development programs, as well as additional development investments, can 

be incor-orated. This approach is particularly appropriate inasmuch as the 

Kayes-Nioro road network, if constructed, would dramatically improve re­

gional economic conditions. By contrast, simpler road user savings ap­

proaches would have accounted for only a portion of the generated benefits. 

The results of the economic analysis have demonstrated conclusively the 

validity of this choice. 
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A deterministic simulation model was developed specifically for 

this study to jointly assess construction investment and recurrent main­
tenance costs versus the generated regional net agricultural value added. 

Furthermore, this model of the region's agricultural and transport sectors 

was computerized to handle the many computations required in the value 

added analysis. 

A social soundness analysis, carried out to study the social feasi­

bility of the road, analyzed social impacts, spread effects and benefit 

incidence, This component of the study examined the effects of road im­

provement on the regional social system, and those factors which car 

enhance or constrain the diffusion of benefits generated by development 

projects. 

The overall environmental feasibility of the project road was studied 

by carrying out an environmental assessment of short and long-term environ­

mental impacts and by investigatinq the relationships of the road network to 

land use and resources. 

The Selcction 

The economic analysis was used to select two optimum road improve­

ment alternatives, one for each of two investment options: (A) multi-sectoral 

investment in an overall road network and in agricultural development as 

well, and (B) Inve3tment in the Kayes-Nioro road alone. The criterion 

utilized to make the selection was the maximization of regional income 

within the context of a national economy. 

The two selected optimum road improvement alternatives were tested 

for a range of possible future conditions. For investment option A, the 

selected optimum road improvement alternative was not found to be sensitive 

to the range of possible future conditions which were considered. For invest­

ment option B, the selected optimum road improvement alternative was found 

to be sensitive to the level of road maintenance and to the degree with which 

the populatJon of the area will respond to the economic incentive of reduced 

transportation costs. For this investment option, road m ntenance is a 

critical issue which needs to be resolved. 
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The social soundness analysis and environmental assessment were 
C¢arrie(' out independent of the economic evaluation. In general,both studies 
indicatfed that socio-environmental impacts do not differ markedly among
 
alternatives, 
 although higher levels of road improvements could have
 
marginall, o greater positive impacts. 
 Therefore, it is preferable, from a
 
socio-envlronmental point of view, select a
to higher level of road improve­

ment. 

The environmental and social analyses reinforce the conclusions
 
reached in the economic analysis. Thus, 
 for either of the two investment
 

optiorns the decision matrix for 
selecting the best alternative becomes a
 
rce alternative vector, the paramete's of which are the impacts of the
 

optinum alternative for that investment option being considered. 

TWO RECOMMENDED PROJECT OPTIONS 

-Project Option A 

The different aspects of this recommended project option A are
 

summarized in Table A, attached hereto.
 

The recommended road network is estimated to cost 11,493 million MF 
(1979 prices) and consists of: (1) a double surface treated road between Kayes 
and Dialaka to be completed by March 1984 using contractor construction, 

(2) a minimum cost road between Dialaka and Yeliman6 to be completed by 
December 1984 using force account construction, (3) a laterite/gravel sur­

faced road between Dialaka and Sandar6 to be completed by December l e.. 
using contractor construction, and (4) a laterite/gravel surfaced road between 
Sandar6 and Nioro to be completed by May 1985 using contractor construction. 
Road design and supervision of construction by GRM will be reinforced by a 

proposed technical as.,istance program, 

The recommended agricultural development, targeted to the Yeliman6-

S6gala areas, is estimated to cost 1,250 million MF (1979 prices)0 A Kaarta 
type development strategy is proposed. Also, this prolect component will 
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TABLE A
 

RECOMMENDED PROJECT OPTION A
 
KAYES-NIORO ROAD, YELIMANE BRANCH AND AGRICULTURAL DEVELOPMENT 

PROTECT COP61PONENT DESIGN STANDARDS MAGNITUDE PROCEDURE IMPLEMENTATION DAT! O[ COST 
TE KAYES-NIORO ROADMIIIn M 

KYyes-Dialaka 

DIalaka-Yeliman6 

Double surface treatment, 7 meterplat'orm, 5 meter surfacing 

.In'mum cost, 5.5 meter platform 

82 km 

68 km 

GRM in-house withTechnical assistance 

GRM in-house with 

Contractor byInternational bidding 

Force account wln equipment 

March 1994 

Deo. 1994 

3.863 

1.603 
Da'aka-Sandarfe' 

Sandar6-Nloroe. 

Laterite/gravel surface, 
p.atform 

Later~te/gravel surface, 
platform 

7 meter 

7 meter 

61 km 

107 km 

Technical assistance 
GRM in-house with 
Technical assistance 
GRM In-house with 
Technical assistance 

acquisition 
Contractor by 
International bidding 
Contractor by 
International bidding 

Dec. 1983 

May 199S 

2,954 

2.093 

THE AGRICULTURAL COMPONENT 
Dlalaka-S6gala area Kaerta type strategy for intro-

duction of improved production 

10,000 ha Funding Agency GRM in-house'with 

Technical assistance 
Dec. 1984 

1493 

1,250 

technology 

TOTAL FOR PROJECT n.a.* 318 km and n.a.* n.a.* May 1995 12.743 
10,000 ha 

* n.a., not applicable
"*TheDlalaka-Sandar6 and Sandar&-Nioru sections were combined, ir the economic analysis, into one sectIcn. 
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require further study by interested donor agencies. The proposed funding 

for agricultural development vll be completed by December 1981, at 

which time the agricultural program will become self-sufficient. A tech­

nical assistance program to GIM is proposed for the implementatlon phase. 

The total project costs are estimated at 12,743 million MF (1979) 

prices). In current prices (ten percent per annum inflation), the project 

cost is estimated at 18,985.5 million ME, of which close to 30 percent 

is in local currency. 

Project Option r3 

The different aspects of this recommended project option B are
 

summarized in Table B, attached hereto.
 

The recommended improvements to the Kayes-Nioro road are esti­

mated to cost 9,810 million MF (1979 prices) and consist of: (1) a double 

surface treated road between Kayes and Dialaka to be completed by the 

end of 1984 using contractor construction, (2) a laterite/gravel surfaced 

road between Dialaka and Sandar6 to be completed by February 1985 using 

force account construction, and (3) a laterite/gravel surfaced road between 

Sandar6 and Nioro to be completed by the end of 1984 using contractor 

construction. Road design will be entrusted to an A/E consulting firm. 

Total project costs, in current prices, are estimated at 14,670 mil­

lion MF, of which close to 23 percent is in local currency. 

Project Impacts 

Recommended project option A has an internal rate of return of 

16.4 percent and a net present value, i.e., the discounted value of the 

r 4fference between total benefits and total costs, at a ten percent oppor­

tinity cost .A c:xpital, of 7,261 million MF. Project option B has an 

internal rte of return of 13.0 percent and a net present value of 2,288 mil­

lion MF, at a 10 percent opportunity cost of capital. The feasibility of 
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TABLE B
 

RECOMMENDED PROJECT OPTION B
 

KAYES-NIORO ROAD
 

DESIGNPROTECT COMPONENT DATE OF COSTDESIGN STANDARDS MAGNITUDE PROCEDURE IMPLEMENTATION COMPLETION iMllion Mi. 1979)Kayes-Dialaka Double surface treatment, 7 meter 82 km A/' Consultant Contractor byp!atform, 5 meter surfacing December 1984 3,863
International biddingDlalaka-Sandar6* Laterlte/gravel surface, 7 meter 61 km A/E Consultant Force account with February 1985 2.9S4pla tform

Sandar&-Nioro* equipment acquisition**Laterite/gravel surfece,platform 7 meter 107 km A/E Consultant Contractor byC nr co December 1954yD c m e 9 4 2,9932 9:International 
TOTAL FOR PROJECT biddingn. a.*** 250 kr,, One A/S Con- One or several February 198S 9810 

sultant Contractors 

* The Dialaka-Sandar6 and Sandar6-Nloro sections were combined,** The Dla!aka-Sandar6 in the economic analysis, into one section.section could also be carried out using contractor construction, provided road maintenance issues in the First Region areresolved Independently of this project. 
n.a.: not applicable 



the two sel!cted project options Is due mainly to two major factors: (1) 

the 	reduction in transport costs, and (2) the spreading of effects, generated 

by 	ongoing deveiopment projects; the latter being the more significant. 

The two selected project options will significantly improve many 

of 	the conditions prevalent in the northern part of the First Region of Mali. 

These major changes are: 

g. 	 Transport costs will be reduced to about one-third of 
present costs, for either project options; 

" 	 Due to road improvements, about twenty percent of the 
rural population (about 35,000 or 40,000 persons, 
depending on which project option is implemented) will 
adopt improved agricultural production technology, 
which the Kaarta project is now introducing and which 
is appropriate for the additional agricultural investment 
recommended as part of project option A. 

" 	 Net regional agricultural production value will, in 
constant prices, increase close to fourfold and three­
fold by the year 1995, for project options A and B 
respectively, Average per capita Income in the 
region will increase by similar proportions. 

" 	 For those farmers who adopt an improved production 
technology, the per capita income will nearly Increase 
fivefold for either project option. 

" 	 Increased accessibility of the region will generate 
beneficial impacts, from the social point of view, 
and will create additional options for the population 
without requiring marked changes in existing ways of 
life; and 

* 	 Short-term negative environmental impacts can be 
mitigated by proper road construction planning. 
Improved access may exacerbatc unauthorized com­
mercial wood cutting. This effect could be mitigated 
by the introduction of a reforestation program and 
assistance in enforcement of the exzctinq forestry 
code.
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In conclusion, the two project options offer significant economic 

benefits at an attractive rate of return, have neither unmittgatable environ­

mental impacts nor adverse social effects, and permit the realization of 

significant social benefits. 

xii 



FEASIBILITY STUDY 

OF THE 

KAYES-NIORO DU SAHEL ROAD 

VOLUME I - REPORT 

TABLE OF CONTENTS 

Page 
CHAPTER 1 - INTRODUCTION 1.1-1.7 

1. 1 Goals and Objectives 1.1 
1,2 Project Background 1.2 
1. 3 Study Elements 1.5 

CHAPTER 2 - STUDY OF ALTERNATIVES 2.1-2.21
 
2, 1 No Action and Status Quo Alternatives 2.1
 
2,2 Alternative Corridors and Zones of Influence 2.3
 
2.3 Alternative Technologies 2.12 
2.4 Alternative Levels of Road Development 2.18 
2, 5 Additional Rural Development Investment 2.19 

CHAPTER 3 - ENGINEERING ASPECTS 3.1-3.43 
3, 1 Roadway Category Classifications 3. 1 
3.2 Existing Road 3.9 
3.3 Preliminary Design 3.15 
3.4 Special Studies 3.35 

CHAPTER 4 - PROJECT IMPLEMENTATION PROGRAM 4.1-4.24 
4. 1 The Construction Industry 4.1 
4.2 Implementation Program Alternatives 4.5 
4.3 Implementation Program - Alternative A 4.14 
4.4 Implementation Program - Alternative B 4.21 

CHAPTER 5 - CONSTRUCTION COSTS 5. 1-5.16 
5. 1 Unit Costs 5.1 
5,2 Construction Costs 5.6 
5.3 Comparison with Other Malian Roads 5.13 
5.4 Bridges on Kayes-Nioro Road 5.14 
5.5 Special Bridge Studies 5.15 

xiii 

http:4.1-4.24
http:3.1-3.43
http:2.1-2.21


TABLE OF CONTENTS (Continued 

CHAPTER 6 - ROAD MAINTENANCE PROGRAM 
6.1 Existing Road Maintenance System
6.2 Planned Improvements (Fourth Highway Program)
6.3 Maintenance Program Proposed Under Kayes-Nioro

Project 
6.4 Road Maintenance Budgeting Requirements 

CHAPTER 7 - APPROACH TO THE ECONOMIC ANALYSIS 
7.]. The Conceptual Approach 
7.2 Alternative Road Improvements 
7.3 The Transportation Sector 

7,4 The Agricultural Sector 

7.5 The Comprehensive Economic Analysis 

7,6 Sensitivity Analysis 

7. 7 Socto-Economic Parameters 

CHAPTER 8 - EXISTING ECONOMIC CONDITIONS 
8.1 Introduction 
8.2 Existing Development Projects 
8.3 Overview of Population and Resources 

8,4 Employment and Income 

8.5 Agricultural Economy 
8.6 Livestock Production 
8.7 Regulatory Systems and Marketing 

CHAPTER 9 - THE TRANSPORTATION SECTOR 

9,1 Existing Traffic 

9,2 Traffic Forecasts 

9,3 Organization of the Transport Sector in Mali 

9, 4 Changes in the Highway Network 
 in the First Region
9.5 Transport Costs and Revenues 

CHAPTER 10 - MODELING OF REGIONAL PRODUCTION 
SYSTEM 

10.1 General 
10.2 Crop Analysis 
10.3 Regional Summary Analysis 
10.4 Additional Rural Development Investment 

10,5 The Livestock Sector 


CHAPTER 11 - THE COMPREHENSIVE ECONOMIC ANALYSIS
11.1 General 

11,2 Investment in Road Improvement 

11.3 Additional Investment in Agriculture 
11.4 Sensitivity Analysis 

11, 5 Conclusions 


xiv 

6.1-6.27 
6.1 
6.9 

6. 12 
6. 16 

7.1-7o9 
7.1 
7.2 
7o3 
7.4 
7.6 
7.7 
7.7 

8.1-8.24 
8.1 
8.1 
8.9 
8.10 
8.11 
8.15 
8.18 

9.1-9.20 
9.1 
9.5 
9.8 
9.9 
9.9 

10.1-10.42 
10.1 
10.11 
10.29 
10.32 
10.37 

11.1-11.18 
11.1 
11.3 
11.8 
11.11 
11.17 

http:11.1-11.18
http:10.1-10.42
http:9.1-9.20
http:8.1-8.24
http:6.1-6.27


TABLE 	OF CONTENTS (Continued) 
Page 

C HAPTER 12 - SOCIAL SOUNDNESS ANALYSIS 12. 1-12.22 
12.1 Introduction 12.1 
12.2 Profile of Social Conditions 12.2 
12.3 Social Impacts of Kayes-Nioro Road 12.8 
12.4 Spread Effects 12.15 
12,5 Benefit Incidence 12.17 

CHAPTER 13 - ENVIRONMENTAL \SSESSMENT 13.1-13.39 
13.1 Project Description 13.2 
13,2 Definition and Evaluation of Alternatives 13.2 
13.3 Affected Environment 13.3 
13.4 Construction Impacts of Proposed Action 13.15 
13, 5 Long-Term Impacts of Proposed Action 13.19 
13.6 Relationship of the Project to Land Use Policies 

and Plans 13.33 
13.7 Probable Adverse Impacts 13.37 
13, 8 	 Relationship Between Short-Term Uses and Maintenance 

and Enhancement of Long-Term Productivity 13.39 
13.9 	 Irreversible and Irretrievable Commitments of Resources 13.39 

CHAPTER 14 - FINANCIAL ANALYSIS 	 14. 1-14.9 
14.1 	 General 14.1 
14.2 	 Disbursement Schedules - Project Option A 14.2 
14.3 	 Disbursement Schedules - Project Option B 14.6 

CHAPTER 15 - RECOMMENDED PROJECT OPTIONS 15.1-15.9 
15, 1 Recommended Project Option A 15.1 
15.2 	 Recommended Project Option B 15.4 
15.3 	 Comprehensive Summary of Project Impacts 15.6 

xv 



CHAPTER 1
 



1.1 

CHAPTER 1 

INTRODUCTION 

GOALS AND OBJECTIVES 

The objective of this study is ato prepare comprehensive evalu­
ation of the feasibility of constructing an all-weather road network approxi­

mately 318 kilometers in length, between Kayes and Nioro du Sahel and 
between Dialaka and Y61iman6 in the northwestern part of the First Region 
of the Republic of Mali. The analysis included engineering, economic/
 

financial, socio-environmental and project implementation aspects.
 

The overall project goals are to overcome deficit and subsistence 
agriculture in the northern part of Mali's First Region and to foster the 

economic well being and quality of life of the rural population. The pro­
ject has been defined to achieve this goal by providing improved road ac­
cess to an area long cut off from the urban and marketing centers of the 

remainder of Mali and by creating the type of access essential to the im­
plementation of ongoing and planned development projects. 

The intended beneficiaries of the project are low income herders 

and small 'armers, target populations for ongoing development schemes 
in the area, to whom the road will provide access for marketing, health 

care, education and extension services. 

To further the goals of regional development in the area, overall 

access needs anu develoip,*ent potential identified.were Within 
this context, a branch road (68 kin) which could provide access to 
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1.2 

Ybliman6 is included in the study. In addition, an agricultural project 
component Is conceptually identified to foster the economic development 
in the area around Y61iman6. Furthermore, special bridge studies were 
carried out o reduce the isolation of Kayes from its hinterland. 

PROJECT BACKGROUND 

The existing Kayes-Nioro road, including its branch to Y6liman6, 
is located in Mali's First Region, the northwest section of the country 
bordered to the north by Mauritania, to the west by S6n~gal, and te the 
south by Guinea (Figure 1. 1). The road between Kayes and Nioro (Na­
tional Route 1) was built under French colonial administration prior to
 
World War II. 
 The branch to Y61imane (Regional Route 5) was built to
 
lower standards at :ibout the 
same period. 

The road begins on the right bank of the S6n6gal River, at Kayes 
N'di, across the river from the center of Kayes. A ferry and an Irish
 
bridge currently provide passage 
across the S6n6gal. The route provides 
the principal means of access between the northern undeveloped region 
and the administrative and marketing center of the First Region, Kayes.
 
Kayes is located on the Dakar-Bamako railroad which presently provides
 
the only overland access between S~n c, il anrid 
 Mali. Furthermore, the 
Kayes-Nioro road is a link scheduled for inclusion in the anticipated 

Trans-Sahelian road linking Dakar in the west to Njamena, Chad, in the 
east. 

The service area of the road is rural, poor and "enclav6" or 
essentially cut off from the modern sector of the economy, both by access 
and ,y tradition. Although variable in quality, the route is poorly main­
tained and is impdssable or extremely difficult to travel during the rainy 
season. The combination of heavy vehicle use rnd uncontrolled drainage 

1.2
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has damaged the road severely and in some sections it is virtually non­

existent except as a cleared path, or a series of paths. 

The road and the region it serves have been cited as having sig­

nificant investment potential by foreign donors. A regional transport stu­

dy, (Bamako-Kayes) conducted in 1975, identified the Kayes-Nioro road 

segment as important to the future development of the northern part of the 

region and to the success of proposed development projects in the area 

(IBRD and UNDP, 1976). The 1977 analysis of assistance requested by 

Mali from the United Njations Development Program identified the First 

Region as being among Ine most isolated in the country (UNDP 1977). 

The Permanent lnterstat2 Committee for Drought Control in the Sahel 

(Cl ISS) and the Club 2 Sahel, in their diagnostic review of road main­

tenance in the Sahel, listed the Kayes-Nioro road as in need of rehabili­

tation (CILSS/Club du Sahel 1978). In a USAID concepts paper regarding 

the transport sector in the Sahel, in preparation for the CILSS/Club du 

ahel meeting on transport in 1978, the Kayes-Nioro road rehabilitation 

was cited as representative of the type of road which can achieve "cru­

cial" access for a development zone to major marketing centers. 

Currently, there are two large scale development projects under­

way in the First Region: one undertaken by the Operation du D6veloppe­

ment Int6gr6 de Kaarta (ODIK) and the second, the Kayes-Nord (Guidimaka) 

Pastoral Area Livestock Development Project. Canadian International De­

velopment Agency (CIDA) funds totaling some U.S.$21 million cover the 

first five years of the Kaarta program, while the Kayes Nord project is 

being implemented under a U .S.$15 million agreement with Saudi Arabia. 

The success of the development projects and the feasibility of the road 

improvemcnts to the Kayes-Nioro road are integrally related. 
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1.3 STUDY ELEMENTS 

The study, reported on herein, is comprehensive in Its scope. 

The feasibility of the road is addressed from the engineering, economic, 

soclo-environmental and implementation points of view. In addition, the 

study is Integrated with the ongoing rural development projects in the First 

Region and country-wide road maintenance planning. 

The analyses which were carried out are based on available sta­

tistics from GRM sources, development studies for the First Region* and 

from Information developed in the following special investigations: 

9 Soil sampling and testing;
 

e Origin-Destination surveys;
 

* Social soundness survey; 

* Exchange of views with World Bank staff in Mali; 

e Bridge reconnaissance including the area of Kayes; and 

* Road reconnaissance 

Two separate field trips were undertaken to the study area, the 

first in July-August and the second in September-October, 1979. During these 

trips said investigations were carried out and numerous interviews were 

undertaken. 

The study is presented in three volumes; Volume I is the Main 

Ri'port, Volume II contains the Ap:endices, and Volume III provides 

preliminary road plans. In addition, an executive summary volume is 

proviied. 

The main report is made up of -a Summary and fifteen chapters, and 

V-dlume II includes nine appendices, A through I. The appendices are 

referred to, where appropriate, in the various ,chapters of the report. 

The -hapters of the eport have been grouped into five parts. 

Thcse are: 

e Overview of the project (Chapters 1 &. 2); 

e Technical studies (Chapters 3 through 6); 

* Refer to Appendix A for the study bibliography and interviews. 
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" Economic analysis (Chapters 7 through 11); 

" Socio-environmental considerations (Chapters 12 & 13); and 

" Overall project evaluation (Chapters 14 & 15). 

The overview of the project consists of identifying the goals 

and objectives of the project and in outlining the background of the 

study (Chapter 1). In addition, this part of the report covers the study 

of dlternatives (Chapter 2). Therein, a road corridor is selected, the 

appropriate constructic technology is identified, the potential need 

for an agricultural componenent in tlie project is conceptualized and 

road improvement alternatives are defined for later analysis. 

The technical studies cover the subjects of road design, 

inclUding special bridge studies (Chapter 3), alternative implementation 

programs (Chapter 4), road construction costs (Chapter 5), and road 

maintenance 'Chapter 6). The preliminary road design is based on a field 

reconnaissance and available aerial photographs. Implementaion pro­

gram options are based on a survey of existing practices and corside­

ration of proje-t phasing and joint finan, ing. Furthermore, an 

implementation program is proposed for the agricultural component of 

the project. The road construction costs are based on recent bids by 

European contractors presently active ir, Mali. In addition, costs fqr 

new -ridges in the Kayes areas are presented, though not included in the 

bo-ly of the analysis. Road maintenance requirements for the First Region 

as well as for the project road are identified and related to the proposed 

rourth Highway Program of the World Bank. 

The economic analysis was carried out using a producer surplus 

or value-added approach (Chapter 7). Descriptions of existing economic 

conditions as well as reviews of ongoing development projects are 

covered (Ch:ptei 8). Unit impacts of road improvements on transport 

costs and tariff. are defined (Chapter 9). In order to facilitate the 

numerous computations involved in such an economic analysis, a 

comprehensive model was devised and computerized to evaluate the total 

impact of the proposed investments upcr, the agricultural.conomic 
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and transport sectors. Furthermore, an agricultural component is 

defined anu the impact ot road improvements on the livestock sector 

is addressect (Chapter 10). The impact ot the alternative road improvements 

upon all affected sectors in the region is assessed and projected, and net 

increases in national income are estimated for alternative design standards 

for each of thu major road sections of the route. All the costs and revenues 

without ana with all alternative investments, including an agricultural 

component, are quantified and economic feasibility indices are calculated. 

The optimum solution is considered to be the road that would maximize 

national income, taking into account potential administrative, environ­

mental and social constraints (Chapter 11). The broad perspective 

that is inherent in an approach of this nature links the road with the 

potential ior additional development in the area. The road, when 

analyzed together with existing and proposed agricultural development 

projects,provides a comprehensive package that covers all pertinent 

aspects of development. 

The Fourth Part of Lh, report covers the socio-environmental 

considerations. A social soundness study is carried out on the basis 

of field interviews, wherein benefit perceptions and social receptivity 

to economic incentives are addressed (Chapter 12). An environmental 

assessment is carried out, including the identification of mitigating 

measures which would insure the environmental viability of the project 

(Chapter 13). 

The finel part of the report provi.des a financial summary of 

project-costs for two alternative project options (Chapter 14). In 

addition, the project options are evaluated from a comprehensive view 

including all study aspects in one overall summary, (Chapter 15). 
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CHAPTER 2
 

STUDY OF ALTERNATIVES
 

The types of alternatives analyzed in the course of this study 

are:
 

" 	 The alternativ, of no road improvement; 

" 	 Alternative corridors or routes to serve the northern 

portion of the First Region; 

" 	 Alternative levels of road improvements; 

* 	 Alternative technologies of road construction (labor­

intensive and capital/equipment-intensive); 

" 	 The alternative of additional rural development invest­

ments, 

Based upon the USAID Project Identification Paper, this study 

fctuses on road access as no alternative to road access exists for rural 

development o the isolated northern part of the First Region, In addition, 

the Initial Environmental !xamination concluded that no alternative to road 

access producing similar results could be defined, 

2, 1 NO ACTION AND STATUS QUO ALTERNATIVES 

The no-build or no-action alternative can be strictly defined as 

doing nothing, This definition implies continued deterioration of the road, 

given the absence of necessary maintenance, i.e. a decline in the status 

quo, In contrast, the status quo is defined as maintaining the current 
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condition of the road and keeping vehicle operating costs constant. This
 

definition implies a larger and more effective maintenance effort than is
 

currently the case.
 

Investment costs of the no-action ilternative are none, However, 

this Iternatlve leads to a lessening of access opportunities to markets and 

services than is currently the case because of continued deterioration of 

the existirg rood, 

Furthermore, the no-action alternative, strictly defined, has no 

benefit potential and does not satisfy the goals established for the project. 

The potential social and economic gains to be foregone can be grouped in 

three categories: (1) no gains stemming from improved access to health and 

other social services and to marketing centers; (2) no benefits resulting from 

the road's relationship to development operations in the region, and (3) no 

increases in agricultural production and agricultural productivity re suiting
 

from cheaper transport costs,
 

In addition, the no-action alternative, by leaving the road in its 

current state, will imply a negative environmental impact: continued erosion 

and uncontrolled drainage along the road alignment. The no-action alterna­

tive can also have indirect deleterious consequences for the environment. 

The area's development operations have programs to combat desertification, 

to introduce range protection practices and to encourage reforestation. To 

the extent that lack of improved access will affect the success or increase 

the costs of these efforts, the no-action alternative can contribute to over­

all regional degradation, 

The status quo alternative is similar to the do-nothing alternative, 

except that it carries with it the costs of increased maintenance in order to 

guarantee a constant level of transport costs, and hence the same level of 

accessibility. This alternative is chosen as the reference alternative against 

which alternative road improvements are compared. This choice was made, 
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as opposed to the do-nothing alternative, because the comparison between 

actions relates to a comparison between levels of accessibility which are 

stable and do not vary with time. Furthermore, the terms cf status quo alter­

native Jnd without improvement alternative are used interchangeably through­

out this report. 

2,2. ALTERNATIVE CORRIDORS AN-) ZONES OF INFLT'ENCE 

Two corridors were available for preliminary examination, based 

upon the concept that an improved road in the region should serve existing 

development projects and utilize existing road alignments. These alternative 

corridors and their respective zones of influence are shown in Figure 2-1. 

The alternative Kayes to Nioro via Sandar6 follows National Route 1 

from Kayes to Nioro, The alternative Kayes to Nioro via Yeliman6 follows 

National Route 1 to Dialaka and Regional Route 5 through Y'eliman6 to Nioro. 

These two routes are compared in the following sections in terms of their 

costs and their benefits, iJe, development potential. 

The 'ones of influence for ')oth alternative corridors were defined 

after two field Lrips to the regions, extensive interviews in the villages of 

the area, and a study of the road network and vehicular traffic of the region. 

Several criteria were used in delimiting the zones of influence 

for both alternative corridors. These are as follows: 

* 	 The width of the zone of influence should be such that the 

road is reachable within a day's donkey ride. 

" The widt of the zone of influence is greater in the proximity 

of feeder roads, as compared to minor tracks and paths. 

" 	The width of the zone of influence is greater in areas that 

depend solely on the road. 

* 	 The width of the zone of influence is reduced when alterna­

tive roads are available. 
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The above criteria,when applied to the two alternative corridors, 

result in delimiting zones of influence v th an average width of about 

25 km on each .-ide of the road. Comparable variations in the width are 

from 15 to 35 km. 

2.2.1 CrPARATIVE COSTS 

In order to carry out a cost c ;mparison of the two corridors, a 

laterite /gravel surfaced road was chosen. This standard is a represen­

tative design level for comparison purposes. The section from Kayes to 

Dialaka is the same for either corridor. For some parts of the Dialaka­

Y61iman6-Nioro route, topographic maps (1:200,000) were used, rather than 
field reconnaissance, as the basis of the cost estimates. By correlating 

the map analyses with known field conditions and information supplied 

from other sources, however, a reasonable estimate could be made. 

The route via Sandar6 is distinctly shorter and less expensive 

than the alternative via Yeliman6. Table 2-1 compares the construction 

costs of the two alternative corridors. The Dialaka-Nioro route via 

Sandar6 is less costly by approximately 36%. Expressed in other terms, 

the route via Y6liman6 costs approximately 56% more. The higher cost is 

a function of the longer length of the Dialaka-Nioro via Y61iman6 route, 

the higher cost per kilometer for certain sections and the additional 

number of bridges and drainage structures which are required. Cost 

estimates for the Dialaka-Nioro via Y61iman6 route, however, did not 

include but a limited number of bridges on major water crossings. 
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Table 2, 1
 

Comparative Costs of Alternative Corridors
 
(Laterite/Cravel Surface)
 

Construction 6 
Length (km) Unit Cost Cost (NIF x 10 _/ 

Dialaka-Nioro via Sandar6 

Dialaka-Sandar6 61 38,279 (1,000 MF/km) 2,335
 

Sandar6-Nioro 107 21,832 2,336
 

TOTAL 	 168 27,804 4,671 

Dialaka-Nioro via Yeliman6 

Dialaka-Yeliman6 V 68 37,530 ( M,000 2,5524F/km) 


Y~liman6-Larongu6mou 50 37,530 1,877
Larongu6mou-Nioro- 3/ 	 27,84092 	 2,561 

Bridges (5@ 120m total) --	 2,500 (1,000 MF/meter) 300 

TOTAL 210 	 7,290 

i/ 	 Construction costs do not include mobilization, aesign and supervision,
2/ 	 Length based on calibrated odometer readings during field reconnaissance, 
3/ 	 Total length of these sections estimated during prior field reconnaissance by others on the basis of 

odometer readings. Actual lengths may vary. Road sections beyond Yelimar6 were not passable at 
time of field reconnaissances in August and September. 

4_/ 	 Study of topographic maps indicated chat Yeliman6-Larangu6mou section is similar to Dialaka-Yeliman6 
where costs are based on field reconnaissance, 

5/ 	 Average cost per kilometer based on similarity to Dioka-Birou portion of Sandar6-Nioro section and 
increased by 20% to account for lack of existing pavement and drainage structures, 



A sensitivity analysis was performed, showing that if the length of 

the YeLirnan6-Nloro segment were reduced by 10 %, cost per kilometer were 

reduced by 20 % and bridge costs were halved, the route via Yeliman6 would 

cost 5,369x 106 MF. If, in addition, thu cost of the route via Sandar6 were 

increased by 10 , (a-suming an uncleresti:nation of that route's cost), the 

route viL Sundar6 would cost 5,138 x 106 MF. The route via Sandar6 is 

still Lheaper des;pite highly unlikely conditions. 

2.2.2 	 COMPARATIVE BENEFITS 

In order to evaluate comparative benefits, the analy:As is carried 

out on the basis of development potential, the latter being a function of 

population and economic resources available in the zones of influence of the 

two alternativw corridors. Since each corridor shares some .ommon area of 

influence, four sub-zones were defined, as illustrated and labeled in 

Ficure 2-1. These four sub-zones can be combined to represent the specific 

zone of influence for each corridor. The zone of influence for Kayes-Nioro 

via Sandar6 is comprised of sub-zones A, B and D. The zone for Kayes-

Nioro via Yoliman6 is comprised of sub-zones A, C 1 , C2 and D. 

The benefit comparisons between the two alternative corridors are 

made, using said sub-zones, in terms of population affected (an indicator of 

agricultural potential), numbers of livestock, development programs, and 

general environmental impacts and overall social soundness. 

It is noted herein that benefits from road de'.'elopment do not accrue 

at a ronstant rate throughout the width of the zone of influence. These are 

maximum 	at the edge of the road and nil at the limit of the zone of influence. 

In the economic analyses, (Chapter 10) an average impact, applicable to 

the zone 	 of influence as a whole, is estimated and used. 

2.2.2.1 	 POPULATION 

The population served within each corridor is roughly comparable. 
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The 1976 census of Mall, by arroodissements, provided the basic data for 

estimates of population, Portions of an arrondissement's population were 

allocated to the sub-zone according to area within the sub-zone and the 

location of principal t -wns. Prevailing growth rates were then applied to 

estimate the 1980 population, The estimates, shown in Table 2-2, indicate 

that very -'.le difference exists between the population served by each 

corridor. The difference of less than 2% is not meaningful, given the method 

of estimation and the preliminary nature of the census data. This difference 

would not withstand any significancy test. In terms of population, the dif­

ference between the two routes is essentially the trade-off between serving 

sub-zone B and serving sub-zones C1 and C20 

2.2.2.2 LIVESTOCK 

The estimated number of livestock within the sub-zones of influence 

was developed using livestock statistics from documents for development 

projects operating in the area (ODIK 1979, ITC 1977, OMBEVI 1976). These 

statistics should be used with caution, since they are indicative only of an 

l /order of magnitude These estimates, shown in Table 2-3, reveal that 

approximately 13% more livestock (measured in 1980 UBT's) are present in 

the Kayes-Nioro via Yliman6 corridor than in the Kayes-Nioro via Sandar6 

corridor, While the Y6liman6 corridor is farther to the north and may well 

1/ The base estimates in the case of the Kaarta project (ODIK 1979, ITC 1977) 
came from the 1976 livestock census which is believed to underestimate 
cattle by a factor of 4 and sheep and goats by a factor of 2.5. Planners 
for Kaarta assumed that reported estimate.- were equally underestimated 

a morethroughout the region and applied the factors above to produce 

realistic estimate for Kaarta's plans, The base and method of refinement 

for statis'ics of the Kayes-Nord livestock project are not documented in 

their report, but by comparison with Kaarta, appear to produce realistic 

estimates. Livestock by arrondissements, in the case of Kaarta statistics, 

and by development zones, in the case of Kayes-Nord statistics, were 

then allocated to the zone of influence according to the proportion of an 

arrondissement or development zone's area that was also contained in the 

road's sub-zone of influence. Estimated growth rates (3% per year for 

cattle and 2% per year for sheep and goats) were applied to estimate cur­
rent livestock numbers. 
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Table 2.2 

Population Served (in thousand) 

Alternative Corridors 
Kayes-Nioro Kayes-Nioro 
via Sandar6 via Y61iman6 

Subzone 

A 117,1 117.1 

B 38.1 

17,4C1 

24,6C 2 

D 73, S -M 

232,6Total 228 7 

Tabie 2,3 

Livestock Herds (in thousand) 

Alternative Corridors 

Subzone 
Cattle 

Kayes-Nioro 
via Sandar6 

Sheep & Goats Cattle 

Kayes-Nioro 
via Yeliman6 

Sheep & Goats 

i 48,8 61.1 48.8 61,1 

B 25,9 51,1 

C1 23.0 23.9 

C2 27.6 49,1 

D 91,8 176,8 91,8 176.8 

Total (1979) 166.5 289.0 191.2 310.9 

(1980) 171.4 294,8 196,9 317.1 

Totctl UBT 
(1980)1 / 166.6 189,2 

i_/ Computed using OMBEVI formula: 60% of cattle equal 1 UBT per head; 40% 
of cattle equal 0, 5 UBT per head and one sheep or goat equals 0. 10 UBTo 
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have a greater concentration of livestock, the basis of the estimates is not 

sufficiently firm to make this difference a very important one. Furthermore, 

:;tih;oqu,,t oinalysis and field investigations indicated that road improvements 

havo a limited impact on the livestock sector. In addition, it should be noted 

that Kiyes:-Nord plans for livestock and range improvement aim at reducing the 

ov,,r-stocking and concentration of cattle In these northern zone.:; Therefore, 

the present size of livestock herds is not really indicative of future develop­

ment potential, 

2,2.2, 3 EXISING DEVELOPMENT PROGRAMS 

The relationship between an improved road and development projects 

is intrinsic to the feasibility study. An improved road be viewed as in­can 


frastructure necessary to accelerated and 
successful development but not in
 

itself sufficient to assurp development. The two principal development
 

projects in the 
grea are Operation Mil Kaarta and the Kayes-Nord livestock
 

dr.velopment project, 
 Roughly, Kaarta is directed to sub-zones B and D and
 

Kayes-Nord to sub-zones A and C, 
 Since either corridor serves both sub­

zones A and D, the critical comparison concerns sub-zone B (Kaarta) by
 

contrast with C 1 and C 2 (Kayes-Nord).
 

Wth respect to development projects, the choice of corridors rests
 

upon the magnitude of the impact that an improved 
road will have on serving 

one or the other of said development projects. Analysis of socio-economic 

traditions and of the marketing system revealed that an improved road would 

generate a greater impact on the agricultural sector, but that there were 

greater constraints to the role that a road could play in affecting livestock 

production, 

The Kaarta project places emphasis on agricultural production, 

including increases in area cultivated per farm unit and more orientation to 

cash crops, whereas the Kayes-Nord project stresses livestock development. 

Operation Vall6e du S6n6gal, Terakol6 - Magui or OVSTM is an agriculturally­

oriented project with an area that nearly overlaps that of Kayes-Nord, but 
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It has, not yet concentrated activities in sub-zone C and future plans appear 

oriented to sub-zone A. 

From the point of view of a road's relationship to development proj­

ects, the clear choice is the Kayes-Nioro corridor via Sandar6 because it 

better servu:; ongoing agricultural development programs. The impact (i.e. 

gentrtlu.. benletits) of said corridor should be greater, 

2.2.2. .1 SOCIAl. SOUNDNESS AND ENVIRONMENTAL CONCERNS 

A review of published sources in conjunction with field investigations 

of the I)ialaka-Yeliman6 segment showed that environmental conditions and 

thus impacts Vould not be significantly different, whichever corridor was
 

chosen.
 

The social feasibility or social soundness of the two alternative
 

corridors are not radically different, with one important exception. The
 

sociil customs and traditional economic role in which livestock production
 

is enm-shed make changes in livestock management practices especially
 

diffculI., From a social point of view, the route via Sandar6 would better
 

serve the region as a whole,
 

2.2.3 SELECTED CORRIDOR ANID ZON : OF INFLUENCE 

The Kayes-Nioro route via Sar.dar6 appears to be the most appro­

priate corridor for an improved road, principally because of lower cons­

truction costs, lower vehicle operating cosis, and its better relationship 

the agriculturil sector. 

The portion of the Yeliman6 route between Dialaka and Yeliman, 

however, coild be conceived as a branch from the principal Kayes-Nioro 

route, Such a branch would have the advantage of serving some of the 

population in the northern area sub-zone but not C 2)) and of establishing(C 1 n fetbihn 

a better link to the Kayes-Nord development project. 

Subsequent analyses included the option of this branch in order to 

determin,,, its marginal feasibility. its inclusion in the project would permit 
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the achievement of project goals for the Kayes-Nioro road in a wider area and 
open up the potential for an expanded network of economic linkages and spread 

effects. 

Figure 2-2 illustrates this expanded zone of influence and the network 
chosen for study. The zone of influence encompasses 15,600 square kilometers 
with an estimated total population of 240,000. Detailed descriptions of this 
zone are presented in Chapters 8, 12 and 13 and in Appendices F and G. 

2.3 ALTERNATIVE TECHNOLOGIES 

The technology applied to road construction can range from highly
 
labor intensive to highly capital 
or equipment intensive. The more labor in­
tensive the project, 
 the more it relies upon numerous unskilled laborers.
 
Such a technology 
can provide greater employment opportunities to the poorest 
of the poor. The more capital intensive the project, the more quickly the con­
struction can proceed and the higher the quality and level of construction.
 

Mixes of equipment-based and labor-based technologies, chosen according
 
to the demands of each field activity, are more typically appropriate than both
 

extremes.
 

The two groups of technologies are not mri. lally exclusive and repre­
sent a continuum of possibilities whose appropriate mix is defined by the
 
social, economic and political contexts 
and by the design and construction
 

needs of any given project.
 

2.3.1 PRE-CONDITIONS TO USE OF LABOR-INTENSIVE METHODS 

An important hinderance to the application of labor-based technology 

is the lack of experience with the concept and the reluctance of decision­

makers to reformulate design standards and administrative procedures to fit 
labor-based construction requirements. A pre-condition for the success of 
projects which replace equipment with labor is that the project be defined 
at the start as labor-oriented. Appropriate design standards must be developed 
and appropriate sets of specifications must be written. The timing of con­
struction must consider the seasonal availability of any agricultural labor to be 
employed. Means for contract financing must be made available, since 
labor intensive contractors are seldom able to secure advances to finance 
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mobilization expenses, as they do not have an inventory of equipment which 

could be used as a collateral. 

Training for unskilled labor is essential and a program must be 

devise1 for that purpose, otherwise the quality, cost and speed of the work 

will :;uffer. Those who adopt the labor-intensive method must recognize that 

the work is management-intensive and requires detailed advance planning and 

programming. In addition, constant rescheduling will be required, 

In cases where labor-based methods have a cost advantage, where 

modeSt road use can be anticipated and, therefore, modest design standards 

are adequate, and where employing the rural poor is a major consideration, 

efforts to meet these conditions are justified. 

2, 	3.2 EVALUATION CRITERIA 

In order to evaluate the appropriateness of labor-based methods for 

the Kayes-Nioro road, the following set of criteria were applied. These are 

derived from studies sponsored by the World Bank and From TAMS' experience 
,
 

with a labor-intensive pilot project in Haiti 

* 	 Sufficient labor must be available without disrupting other 

economically productive activities. 

* 	 Labor costs should be low, Studies indicate that for programs 

with an experienced labor force, the economic wage rate 

should be within the $2,00 per day limit, 

* 	 Lower quality construction in the initial phases of a program 

must be acceptable, i, e, for a period of 2-5 years. 

* 	 Mobilization of workers and supply of work camps with sub­

sistence needs must not pose major logistic problems. 

* 	 "Labor Intensive Road Construction: The Appropriate Technology?", 
R.F. Heins, UR. Abdus-Samad and P.J, Couniotakis; IRF Inter-American 
Regional Conference, Buenos Aires, 1980. 
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9 Conditions must be physically suitable, including good, 

easily available and easily movable materials. Also, 

labor-based methods do not produce satisfactory compaction 

of road embankment fills and bases, except where water is 

radily available to condition materials prior to compaction. 

2.3.3 FEASIBILITY OF LABOR-INTENSIVE METHODS: KAYES-NIORO ROAD 

Sampling:; in nine ,illages along the route indicated that villagers 

were interested in road construction work, but at the prevailing daily rainy 

season wage (150 MP) or daily dry season wage (750-1000 MF) plus food 

an lodging. Afternoon work (included in the previous figures) is considered 

",txt, a" work and not ordinarily desired. Furthermore, while elders of the 

%All,ges stated that young men would prefer rodd work at home to seeking 

long or short-trm seasonal employment elsewhere, it cannot be assumed that 

',!LIj men1 would indeed do so. The low lensit/ of population and the fact that 

labor a-vailability is already a constraint to agricultural production would 

necessitato the import of labor from other regions of Mali. Mobilization will 

be i serious problem. 

Labor costs are relatively high and would not be competitive with 

equipment-based technology. Table 2-4 compares the costs of specific con­
,
 

struction tasks where a labor-based appropriate technology could be sub­

titutei tor (,quipment-based construction, The comparison is made for the 

Didlaka-Yelima,: sction where field conditions are more appropriate to 

labor-intensive methods and where the most favorable comparison could be 

made. For the activities compared, labor-based technology is 90% more 

expensive or nedrly double the cost of equipment-based technology. By 

comparison to the total costs of this road section, labor-based technology 

would be 20V more costly. These are order of magnitude comparisons. 

* 	 The appropriate technology is defined herein as a mix of labor and light 

transport and compaction equipment. 
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Table 2. ,4 

Comparative Evaluation of Alternative Construction Technologies 
for Selected Field Activities on Dialaka-Yeliman6 Road 

Eauipment-Ba sed I Appropriate Technology, 
U onstruction Labor-Based 

-Unit Cost Total Productivity Unit Cst Total 
Quantity (MF) (1,000 MF) per manday (WE) (1,000 MF) 

Fill (borrow material) 40,800m3 2,000 82,000 0.7 3,570 146,000 

Ditching (shallow) 61,200m3 450 27,000 3.2 780 48,000 
3 

Base 59,160m 3,300 195,000 0.6 4,170 247,000 

Transport of material 3 
within free haul 99,960m -- -- 1.8 1,390 139,000 

Other Costs N.A. N.A. 1,026,000 N A. N.A. 1,02 ).000 

Total 1,330,000 1,606,000 

_/ Costs and quantities taken from Table 5.4. 
2_/ Unit costs are based on d wage rate of 1500 MF per day and the criteria that laborers' wages 

are approximately 60% of the total cost. 



The initial phases of a labor-based program (2-5 years) are 

relatively long given the time frame for construction of the Kayes-Nioro 

road. The present lack of training to reach acceptable productivity rates 

creates both time and cost problems, and is also likely to lead to poor 

quality construction. 

The small size of villages in the region (see Appendix Table F-1) 

and the distances between villages will make the recruitment of a regional 

work force difficult and will pose logistic problems. From wherever the work 

force was mobilized, the workers would need to travel along the road and 

live in large work camps. Food and other supply problems are likely to be 

much larger than if construction is equipment based. Availability of water 

for such large work camps could be a serious constraint in many areas. The 

impacts of such work camps could also be negative: competition with resi­

dents for available water and firewood, and disruption of nearby communities. 

Disease could spread easily under conditions where sanitation and good water 

supply are lacking and would be further worsened by the distance to adequate 

medical facilities. 

2.3.4 	 SELECTED TECHNOLOGY 

The Kayes-Nioro road is not well-suited to the application of labor­

intensive technology. Not only would such technology be more costly, but 

the road has limited physical suitability for its application. Added to these 

two conditions are the constraints of qualified available labor supply and 

serious logistical and mobilization problems created by importing a large 

work force to the region. 

Furthermore, the capital-intensive method offers the advantage of 

more rapid and higher quality construction. The better quality construction 

resulting from the equipment based method will also be a distinct advantage 

to subsequent maintenance requirements. 
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2.4 ALTERNATIVE LEVELS OF ROAD DEVELOPMENT 

The comparison of alternative levels of road development forms the 

crux of the feasibility analysis. To what level should the road be improved? 

What is the relationship between the costs and benefits of an improved road 

at each level of improvement; i.e. what is the rate of return for different levels 

of investments? 

In order to define alternative levels of investment, design standards 

and road sections must first be identified and later combined to define a set 

of alternative road improvements which then would be analyzed. 

2.4. 1 DESIGN STANDARDS 

Three types of road design standards were formulated for possible 

use in the reconstruction of the Kayes-Nioro road: (1) paved road with double 

surface treatment; (2) laterite/gravel surfaced road; and (3) minimum cost 

laterite/dirt road. Each would meet the criteria of an all-weather road. These 

standards (illustrated in Figure 3-1) are further defined in Chapter 3 and com­

pared to route standards currently in use in Mali. 

2.4.2 ROAD SECTIONS 

The selected corridor for road improvement includes the possibility 

of serving Yeliman6 through a branch from the Kayes-Nioro route at Dialaka. 

In addition, the Kayes-Nioro route can be segmented into two sections: 

Kayes-Dialaka and Dialaka-Nioro. These three sections represent different 

levels of road use, different combinations of topographic and soil conditions 

and form convenient units of analysis. 

2.4.3 LEVELS OF ROAD IMPROVEMENTS 

The three design standards can be applied to the three road sections 

to produce a number of combinations or alternative levels of road development. 

Based upon anticipated road use and sequential marginal investments, seven 

combinations were selected for subsequent analysis. These include the 
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alternative of not serving Yeliman6. These seven levels of development are 
illustrated schematically in Figure 2-3. 

All seven lev .s of deveiopment are analyzed in subsequent chapters 
in terms of construction costs, maintenance costs and regional value added, 
including transport,,tion cost savings. The synthesis of the economic analysis 
is presented in Chapter 1] where the relative costs and benefits are compared. 
Furthermore, the comparisons are made between each of the seven alterna­
tives and the status quo alternative, and sequentially between 
 each of the 

seven alternatives. 

2.5 ADDITIONAL RURAL DEVELOPMENT INVESTMENT 

The goals of improving the road extend beyond the road itself; the 
road isi but a part of the rural development of the First Region. For this reason, 
the approach to the feasibility analysis included from its inception the option 
of examining the effects of an integrated rural development package. Addi­
tional investment in rural development (agricultural), It was reasoned, could
 
further the general goals 
 of the project; i.e., to assist the rural poor and re­
duce dependence on deficit and 
subsistence agriculture, 

With additional investment in the agricultural sector, what degree 
of spread effects and what investment return could be realized? By comparison 
with the costs and benefits of a road improvement without additional invest­
ments, what net gains could be derived from the extra investment in rural 
development? These questions deserve answer, as anan added agricultural 
investment in the zone of influence has a great bearing on the feasibility of 
the road study. In addition, several attempts have already been made in the 
past by AID to define an agricultural project in the area. To combine road 
investments with agricultural investments does therefore seem to be quite 
an appropriate subject for analysis. 

For said reasons, the economic feasibility study was carried out 
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for two types of investments: 

e Investment in road development; and 

* Added investment in the Agricultural sector. 

However, no Social Soundness Analysis nor Environmental Assessment of 

additional rural development was made, as part of this study, since the 

agricultural compLnent of the project was defined at a conceptual level and 

not at a project preparation level. Further work on said component could 

require a Social Soundness Analysis and an Environmental examination and, 

where appropriate, an Environmental Assessment. 
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CHAPTER 3
 

ENGINEERING ASPECTS
 

3.1 ROADWAY CATEGORY CLASSIFICATIONS 

3.1. 1 MALIAN DESIGN STANDARDS 

Roads in Mali are classified in six technical categories as
 

follows:
 

Category D - Dry season trail: A single lane track, following 

the existing ground contours with no or very limited drainage structures. 

Surface is traffic compacted natural soils. Such trails can be traversed 

only during the dry season by trucks or by four wheel drive vehicles. 

Category C - Improved trail: A minimum standard all-weather 

road, except during heavy rains. The longitudinal profile is very close 

to the existing ground contours. Surfacing is either natural soils or 

borrowed select soils which would be stable except under inundation 

during heavy rains. Cross drainage structures are limited to small 

culverts and fords. 

Category B2 - Gravel Road: An all-weather road with iow 

geometric standards. Surface consists of compacted select materials 

throughout its whole length. Drainage structures include fords, submer­

sible bridges and single lane bridges. It can be traveled by all vehicles 

during most of the year. 
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Category B1 - Improved Gravel Road: An all-weather road having 

adequate geometric characteristics. The surfacing consists of a basecourse 

throughout its length; drainage structures are adequate to assure a constant 

driving speed. 

Category A2 - Paved Road: A road similar to type B1 road, with 

tie addition -f double bituminous surface treatment surfacing. 

Category A, - Improved Paved Road: A superhighway of inter-state 

or high volume standards. Geometric characteristics are higher than Type 

A2 . 

rhe principal design features of the various categories of roads are shown 

in Table 3.1. 

3.1.2 APPLICABILITY OF MALIAN STANDARDS TO PROJECT 

The project consists of a reconstruction and an upgrading of an 

existing road. The PIP anticipated that "the road alignment will generally 

coincide with the existing track". To accomplish this, with a capital 

investment compatible with projected development, the PIP offered the 

following design standards: 

"These standards include an all-weather surfacing, 5 

meter traveled way and 2 meter shoulders. The surfacing 

will be selected laterite, and it is anticipated the road 

alignment will generally coincide with the existing track. 

No massive cuts and fiils are anticipated, The road will 

follow existing contours wherever possible. No major 

drainage structures will be considered. Culvert pipe and 

headwalls will be used for small drainage areas, and 

concrete "dip" sections, with culvert pipe for low flows 
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Design Standards Of Each Rcid Category 

Dry Season Improved Gravel Road improved Paved Road Imp-cved
Trail, D Trail, C B2 Gravel A2 Paved RoadRoad, B2 
 A
 

Design Speed KmA 40 60 80 80 100 

Roadway Width m 3 4 5 6 6 6+ 

Platform Width m varies 6 7 9 9 9+ 

'Minimum Radius - Horizontal m 40 120 240 240 
 425 

Minimum Radius - Vertical crest m - 500 1600 4500 4500 10,000 

"IMininum Radius - Vertical sag - 700 1500 2200 2200 3000
 

vlaximum Grade % 8 7 6 6 5 

Subbase course cm - 0-20 0-25 0-25 0-25
 

Base (or rolling) Course cm - Min. 10-20 10-25 10-25 10-25 

Bituminous Surfacing 
- ­ - DBST DBST 

These are average standards for flat terrain. They are based on a review of the following: 

1) Etude des Transpcrts Baniako-Kayes, 1977.
 
2) L'Entretion des Routes au Mali. 
 D.N.T.P., 1975
3) Manuel sur les Routes dans les Zones Tropicales et Desertiques, BCEOM-CEBTP, 1975

4) Other information and data provided by D.N.T.P.
 



will be utilized for major flows. However drainage will 

be adequate to protect the integrity of the road bed in 

order to reduce the amount of maintenance required. 

The road will be designed to a 13 ton axle load, 

standard design in Francophone West Africa. Recog­

nizing the limited maintenance capability of the GOM, 

the PP team will thoroughly investigate possible trade­

offs between design level options and future mainte­

nance. It should be noted that the 1976 First Region 

Transport Study concluded that regional transport 

planning could include the reconstruction of the Kayes-

Dialaka section of the road to B1 standards (slightly 

higher than B2 ) and the Dialaka-Nioro section to B2 

levels, based on future traffic composition and volumes 

and an extensive economic analysis. It would not be 

impossible, therefore, that the PP team decide upon a 

split design level solution, such as the one presented 

in the previously mentioned Transport Study. "
 

In addition the ccnsultant was requested to investigate a "least 

cost" alternative, during the meetings held with USAID/Mali officials at 

the review stage of the Interim report. 

3.1. 3 PROJECT DESIGN STANDARDS 

Three alternative levels of improvement were developed for the 

project road: 

- Minimum cost improvement to make the road all-weather, 

except during heavy rains, (Consultant's classification "CC") 

- Upgrading to an all-weather gravel road with adequate geo­

metric characteristics. (Consultant's classification "BB") 
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- Upgrading to a paved road. (Consultant's classification 

"1AA") 

The design characteristics adopted for each category of road (average for 

flat terrain) are summarized below: 

Category CC Category BB Category AA 

Design Speed - km/h 60 80 80 

Roadway Width - m 5 6 5 

Platform Width - m 5.5 7 7 

Min. Radius Horizontal - m 120 240 240 

Min. Radius Vertical crest - m 1600 4500 4500 

Min. Radius Vertical sag - m 1500 2200 2200 

Max. Grade % 6 5 5 

Subbase Course - cm - 0-40 0-40 

Base (or Rolling) Course -cm 15 20 20 

Surfacing - - DBST 

The consultant's category AA has a roadway and platform width less 

than Malian standard A The consultant's categories BB and CC retain the 

but with narrower platforms. For categoriessame roadway width as B1 and B2 

AA, BB a smooth transition (1:4) from pavement slope to the embankment slope 

of 1:2 has been adopted. 

The overriding consideration in adopting said geometric standards 

was to provide for a sound and stable pavement structure at a limited level 

of construction costs. This could only be accomplished by choosing reduced 

geometric standards provided these were safe, operationally adequate and 

compatible with expected traffic levels and somewhat comparable to existing 

Malian standards. An alternative 8m wide platform roadway for Standards AA 

and BB was investigated, as shown in the following sketch. The latter was 

not adopted due to the reasons given therein as footnotes, but mainly due 

to increased costs with lesser advantages in the long run. 
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7 and 8m Alternative Platform Widths 

Standards AA & BB 

Expected future 
reduction in platform width GL 

Additional fill 
with use of 8m 

from frequent edge loading platform 

4 .4 .0 m 

II 
I 

NOTES: 

- A flatter cross-slope (1:4), for at least a portion of the embankment, will reduce side erosion due 
to lower runoff velocity. This will reduce maintenance requirements. 

- The flatter cross-slope (1:4) will provide for a safer cross section as one should expect reduced 
accident severity in case vehicles run off the road. 

- The narrower effective platform (7m) will require shorter cross drainage at significant savings in 
cost, in addition to some minor saving in earthwork, as shown above. 

- The wider platform (8m) will encourage consistent usage of the road as a two-lane roadway,
resulting in frequent critical edge application of wheel loads, with attendant subsidence of the 
embankment and subsequent reduction in the effective platform width to about 6m, as shown above. 

- The. narrower platform will reduce travel speed during vehicle passing and crossing. These maneuvers 
are so limited in number for the expected traffic volume as to significantly reduce the overall average 
travel speed. 



ror Standard AA, an additional typical cross section was investigated 
consisting of a 6m wide DBST roadway instead of the adopted 5m width. The 
increased roadway width is not believed to offer a significant higher level
 
of opei-ations, and therefore will not reduce vehicular operating 
costs.
 
When two commercial vehicles 
cross each other, they would still have to
 
reduce their travel speed to negotiate the maneuver and they would still
 
infringe on the shoulder in exactly the 
same manner as if the roadway width 
was 5m. On the other hand, the increased roadway width will increase the 
cost of surfacing by close to 20 percent. This is a significant increase for 
no anticipated benefit, since the road would still be used as a one lane
 
roadway except during passing and crossing maneuvers.
 

The increased costs of a 6m wide DBST roadway and the resultant
 
lower internal rates of return are 
listed below* for those roadway improve­

mont alternatives using standard AA:
 

Road Tmprovement Costs IRR IRR

Alt ernatives 
 (1979 million MF) Reduction
 
(See Figure 2.3) Increase Total W%) (o)
 
With Y61iman6 branch 

5 203.0 11,697.1 0.2 16.2 
6 629.1 14,253.8 0.4 15.1 
7 629.1 15,799.0 0.4 14.4
 

Without Y6liman6 branch
 
5M 203.0 10,014.2 0.2 12.8 
6M 
 629.1 12,570.9 
 0.5 11.4
 
7M 
 629.1 12,570.9 
 0.5 11.4
 

Should unit construction costs prove to be lower than estimated in 
this report, it could be possible to review the adopted typical cross sections 
with a view at providing higher standards without jeopardizing the economic 

conclusions of the study. 

The adopted typical cross sections for standards AA, BB and CC are 

shown in Figure 3.1. 

Estimates are based on costs provided in Chapter 5 and by interpolation 
of results given in Chapter 11. 
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3.2 

An analysis of the impact of each of these three standards was made 

on (a) construction costs, (b) maintenance costs, (c) development revenues 

and (dl) user savings. The economic feasibility analysis was carried out to 

select that road standard (for each road section) which optimizes the net 

present value of the difference between costs and revenues/savings. 

EXISTING ROAD 

3.2.1 ROAD INVENTORY 

A field reconnaissance trip was undertaken from Oct 4 to Oct 12 

by the Highwdiy Engineer. The purpose of the trip was to make an inventory 

of the existing road and structures and to obtain sufficient data to permit a 

preliminary study and cost estimate of the proposed inprovement. The 

reconnaissance covered the Kayes-Sandare-Nioro road as well as the 

Diolaka-Y61imanl branch. All road sections were traveled at 'east twice, 

once at regular driving speed without stops to form a general picture of 

the area and the prevailing road characteristics and conditions, and once 

at slow speed stopping every one or two kilometers to measure the road 

characteristics and examine road conditions. A DNTP Kayes Cngineer 

accompanied the team in all field trips and inspections. 

The itinerary of the field trip was as follows: 

Oct 4 - Inspection of bridges around Kayes 
Oct 5 - Kayes-Niaminga-Kay- 3 
Oct 6 - Kayes-Dialaka-Mongoro-Y6limane 
Oct 7 - Y6 1imane-Mongoro-Y6limane" 
Oct 8 - Y'elimane-Mongoro-Dialaka-Nioro 
Oct 9 - Nioro-Monsanbougou-Nioro 
Oct 10 - Nioro-Monsanbougou-Nali 
Oct 11 - Nali-Niaminga-Kayes 
Oct 12 - Inspection of S6n6gal River Bridge and Bridges in Kayes 
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Inventory methodology Is presented in Appendix B. On the basis 

of ratings given to (a) roadway surface, (b) geometry, (c) drainage ditches 

and (d) average running speed, the length of the existing road considered to 

be within the various Malian roadway classifications (see section 3. 1.1) 

was classified as follows: 

Category*
 
Section C
B2 D 

Kayes-Dialaka 34 km 14 km 34 km 

Dialaka-Sandar6 5 56 

Sandar6-Nioro 13 6 88 

Dialaka -Ye liman6 8 17 43 

The better sections of the Kayes-Nioro road were near Kayes, Sandar6 and 

Nioro, most probably because of regular maintenance and the better sections 

of the Dialaka-Yeliman6 road are those recently constructed and did not yet 

fail. 

3.2.2 BRIDGE INVENTORY 

In conjunction with the Highway Engineer (see paragraph 3.2. 1) a 

field trip was made from October 4, 1979 to October 12, 1979 to inspect 

major bridge structures on the Kayes-Nioro-du-Sahel road and in the vicinity 

of Kayes, at the request of USAID/Mali. The inspection was limited to 

visual means to locate damage and approximate repair costs for estimating 

purposes. All bridges were photographed. Bridges on Kayes-Nioro-du-Sahel 

road are at Station 11+41, 19+34, 29+77, 31+20, 57+67, 60+11, 93+67, 

*Note: 	 Classifications refer to present Malian standards, exclusive of 
small cross drainage culverts and pipes as well as pavement adequacy, 
both of which were judged to be inadequate throughout most of the 
roadway. 
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103+31, 11+43, 149+92, 156+78, 177+85, 177+89, 214+20, 217+08, 222+40 

and 250+25. 'rho bridges in the vicinity of Kayes are discussed in a later 

section of this Chapter. 

Generally, the existing bridges on Kayes-Nioro-du-Sahel road 

oppear t- b) in good condition. With some exceptions, the structural 

damwge under existing loading conditions is minimal. All bridges are 

The most common problem seendescribed and evaluated in Appendix D. 


on the bridges was erosion due to scour of approaches and footings.
 

3.2.3 DRAINAGE STRUCTURES INVENTORY 

As part of the field trip, discussed under paragraphs 3. 2. 1 and 

3.2, 2, all drainage structures were examined in detail and the results 

presented in Appendix B. 

A number of box culverts and pipe culverts on the Dialaka-Yeliman6 

section were found to have been uncovered because the approach roadways 

were washed out during floods. The roadway embankments constricted 

flat stream valleys.drainage waterways and thus caused flooding in broad, 

rloods backed up by these constricted waterways often caused washouts 

over­around the ends of the culverts. Lowering of approach fills to provide 

over the highway have been recommendedflow sections to pass flood waters 

one means of preventing the washouts around the structures. The lowas 

water crossing forms a large natural waterway which minimizes the flooding 

of causing a channel change. High approachesof adjacent lands and chances 

to achieve flood-free crossings may be expensive and maintenance costs may 

be high. 

A low level bridge consisting of a series of stone arches crosses 

the Terakole river outside Yeliman6. Since the rest of the roadway section 
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will be designed with low water crossings (Fords), It Is not desirable to 

up-grade this bridge. 

3.2.4, GEOTECHNICAL INVENTORY 

As reported In the TAMS Interim Report of September 14, 1979, the 
consultant conducted a "wind shield" reconnaissance of the project road 
during the last week of July 1979. Geotechnlcal visual observations were
 

conducted to confirm the results of earlier studies by others, to evaluate
 

ambient subgrade, roadway and construction materials conditions and to 

interpret causes and effects of roadway deterioration. 

3.2.4, 1 STATUS OF PRESENT TRAVELED WAY 

The trafficability of the roadway has been observed and reported 

by another USAID consultant, and by Messers. Thompson and Kowalczyk 

of USAID. All reports agree on the existence of major problems which make 

use of the road an adventure during the dry season and often an impossibi­

lity during the rainy season. Heavily laden trucks carry goods and passen­
gers on a commercial basis to desired destinations between Kayes and Nioro. 

During the driest months (March-May) the Kayes-to-Nioro trip can usually 

be made in one long day of travel. On the other hand, during the rainiest 

months (August and September) no guarantees of travel time made andare 

it is reported that trips to Nioro can take as long as one week and trips to 

Yeliman6 can be interrupted for a whole month. 

3.2.4.2 CAUSES OF ROAD'AAY DETERIORATION 

Many factors contribute to the deteriorated condition of the roadway. 

(a) Lack of Total Design: Portions of the roadbed are inundated by 
surface waters at various times of the rainy season as the embankments may 

be too low or cross drainage is not adequate. Washouts at bridges, culverts 

and fords occur where cross drainage does not handle surface water and 
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unprotected embankments are subject to erosive velocities. Soil Aggregate 

into soft subgrades bysurfacings hdve frequently been punched downward 

vehicle weights, inadequateas result of uncontrol],-'dheavily loaded trucks a 

and drainage conditions which contributesurfacings, unsuitable subgrades 

to softening of subgrade and/or surfacings. 

(b) Lack of Maintenance: Except for short sections near the terminal 

towns of Kayes and Nioro, most of the roadway maintenance has been limited 

to the patching up of emergencies. Where washouts have started, repair is 

An embankment submergedusually not effected until vehicles cannot pass. 

during heavy rains is not considered a situaLion to be addressed by mainte­

water erosion or 
nance. Soil-aggregate surfacing lost by traffic abrasion, 

wind erosion is not replenished. 

3. 2. 4. 3 CATEGORIZATION BY REHABILITATION NEEDS 

a deteriorated roadway are often maskedRehabilitation needs of such 

A deeply rutted sector may appear to have unsuitable
by overlapping causes. 


whereas in fact the rutting has all occurred during periods of

subgrade 

softening caused by inundation. Although moisture resistant materials would 

an adequate roadbed, adequate cross drainage and embankmentcontribute to 

in order to organize rehabilitationare the root causes. Nevertheless,height 


methodologies despite the possibility of misinterpreting root causes of
 

distress the roadway was categorized into sectors having similar needs. 

The limits of the sectors are tabulated in Appendix C wherein the findings 

of the reconnaissance are contained. Factors used in developing the limits
 

of similar ambient conditions are as follows:
 

(a) Level of Service 

(b) Subgrade Characteristics 

(c) Root causes of Deterioration 

(d) Traffic: Distribution and type 
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3.2.4.4 ENGINEERING INSPECTION AND COLLECTION OF SAMPLES 

Also as reported on Prige 16 of the TAMS Interim Report the soils/ 
materials engineer completed his assignment in the field during the height 
of the rainy season of August 1979. This consisted of a more detailed en­
gineering inspection of subgrade conditions, review of available borrow 

soil-aggregates and collection of representative samples for testing in the 

central laboratory in Bamako. 

The findings of subgrade inspection were incorporated in the recon­
naissance report to be found in Appendix C.
 

Location of borrow materials consisting of potential quarries for 
coarse aggregate; and potential pit run, soil-aggregates (laterite and 
broken schist) for potential subbase, base or surfacing materials as reported by 
13CEOM were spot-checked. The soil aggregate materials survey by BCEOM 

is included in Appendix C. 

Laboratory classification tests on representative samples and the
 
determination of moisture-density-CBR relationships of certain potential
 

troublesome subgrade soils included
are in Appendix C. 

3.2.4.5 GEOTECHNICAL REPORTS BY OTHERS 

Approximately ten years ago the French consulting firm, B.C.E.O.M. 
surveyed potential borrow sources for soil-aggregate materials within short 
haul distance to the then Kayes-Nioro alignment. The results of this survey 
are included in Appendix C. As alignment shifts in the, past decade have 

altered roadway distances and BCEOM personnel in Bamako and Paris were 
unable to provide enlightenment on location of stationing survey points, 
the exact "PK" stationings referenced in the survey could not be confirmed. 

It was possible to substantiate general sectors having an abundance of 

laterite and/or broken schist and to substantiate those sectors having a 

dearth of high quality materials. 
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Based on this spot-check type of review, the generalized borrow 

vaillbility mup shown as Figure 3.2 was developed. The information from 

these sources is the basis for the preliminary weighted haul distances 

d', rived for this study. 

Also, as part of this program, the detailed BCEOM design survey 

f.hr PK 1.4. to PK 56 (see paragraph 3.3.2.4.1) including subgrade survey, 

rntrials sources, and pavement design, were spot-checked. In general, 

all components of the design were verified. 

The World Bank is considering a highway maintenance program which may 

result in better upkeep in the future. During later design stages the question 

of maintenance should be resolved and with refined traffic projections the 

povement thickness adopted in this studies should be adjusted. 

The results of the BCEOM materials survey supplemented by field 

observations and limited laboratory testing, was compiled on the generalized 

materials source nap shown as Figure 3.2. Sufficient materials are avail­

able for road building purposes. Some selective borrowing will be needed. 

Some portions of the alignment have no quality materials and will need the 

importation of materials. 

3. 3 PRELIMINARY DESIGN 

3.3.i GENERAL 

The proposed preliminary design alignment is shown on 1:50,000 

scale plans, contained in Volume III of this report as half size reductions. 

The plans show the present and proposed location of the roadway and bridges. 

Approximate quantities and distribution along the alignment are shown for 

fill, subbase and base. Furthermore, structure span length, culvert dimen­

sions and ford lengths are given. 
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'rhe information shown on the preliminary plans might be sufficient 

for construction b,. force account if engineering expertise is made available 

as technical issistance on an as needed basis and as recommended in Imple­

mentation program - Alternative A (See Chapter 4). A design/construct approach 

similar to the ongoing UNSO program for the Didieni-Goumbou road, would 

be very appropriate, However, for construction by private contractor, detailed 

design plans, specifications and contract documents must be prepared, 

Cost comparisons, for all road sections and for the design standards
 

selected for study, are covered in Chapter 5.
 

3.3. 1. 1 KAYES-NIORO ROAD 

One of the objectives of the project is to upgrade the Kayes-Nioro 

Road to an all-weather standard. The improved Kayes-Nioro road will essen­

tially follow the alignment and profile of the existing road with minor modi­

fications to improve the horizontal and vertical geometry and elevate some 

low-lying sections subject to frequent flooding during the rainy season. 

The existing bridges and many of the major culverts were found to be in an 

operational condition and therefore will be incorporated in the new road. 

Three levels of improvement were considered: AA, BB and CC. The only 

difference between levels AA and BB is the double bituminous surface 

treatment course of level AA. 

3.3.1.2 DIALAKA-YELIMANE ROAD 

The large amounts of water drainage over the road area would 

require construction of several bridges and major structures which combined 

with the necessary high volumes of embankment would render road construc­

tion unfeasible. A more economic alternative would be to construct the 

road on low embankment and provide fords and small culverts for cross 

drainage. Two levels of improvement were considered for that road section: 

BB and CC. 
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3.3.2 DESIGN CONSIDERATIONS 

3.3.2.1 CLEARING AND GRUBBING, STRIPPING 

Because of the limited amount of vegetation along the project road, 
it will be sufficient to clear a 16 m wide strip along the road alignment. 

Removal of topsoil will be carried out over the width of the roadbed 
(average width 11 m) in the areas where embankment will be less than 40 cm. 

The above widths were reduced by the width of the existing pavement, 
expected to fall within the new roadbed, given below: 

Average width of Existing 

Section Station 
Pavement to be Incorporated
In New Roadbed 

Kayes-Dialaka 1-48 4.5 

48-60 3.5 

60-82 3.5 
Dialaka-Sandar6 82-95 2.0 

95-143 2.5 
Sandare-Nioro 143-177 2.5 

177-205 0.5 
205-250 3.5 

Dialaka-Y6liman6 80 - Yeliman6 1.0 

Preparation of subgrade will be carried out over the entire width of 
the roadbed. 

3.3.2.2 EARTHWORK 

To reduce drainage problems the proposed improvements in profile 
will be mostly carried out through filling lower areas rather than excavation 
of higher areas. Average embankment heights were estimated on the basis of 
the quality of subgrade: roadside drainage conditions and the existing profile. 
In areas where the present road is located within the confines of the natural 
drainage channels, the road will be moved to higher elevations and will be 
located on side hill slopes, using low rubble masonry retaining walls when 
necessary. The quantities of earthwork were estimated from typical cross 
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sections indicating terrain cross slopes, pavement thickness and embankment 

height. Four average cross slopes were considered: 3%, 7%, 25% and 60%. 

Four embankment heights were considered for the Kayes-Nioro Road: 15 cm, 

30 (:m, 50 cm, and one meter, and a 20 cm average embankment height for 

the Dialakt-Yelinian6 Branch (see preliminary roadway plans, Volume II). 

It was estimated that 20% of the road length in steep .3ide hill excavation 

would require protection by rubble masonry retaining walls (average 2 m high). 

3.3.2.3 DRAINAGE 

Ditching requirements are estimated at an average of 900 m/km. 

Drainage studies for the Kayes-Nioro and Dialaka-Yeliman6 roads 

were carried out on the basis of topographic maps (scale 1:200,000), rain­

fall data, and field trip notes and photographs. Available rainfall data for 

Kayes indicated a maximum 121.6 mm daily rainfall in 1936, which was the 

highest in an 84 year period from 1897, to 1979. Based on this maximum 

rainfall as well as isohyets from a 20 year observation period and monthly 

rainfalls for 1968 for Kayes, Yelimane and Nioro, the consultant developed 

Rainfall-Intensity-Frequency-Duration Curves (given in figure 3-3) for 1, 

5, 10, 25, 50 and 100 year frequencies. Observed monthly rainfall data 

was supple'r:ented by use of such data from Oklahoma City, Oklahoma, USA, 

which is considered similar to the monthly rainfall patterns in this study 

area. Using the topographic maps, runoff areas, times of concentration, 

and estimated runoff coefficients, the runoffs for 50, 1 year and 3 month 

frequencies were computed. 

For the Kayes-Nioro Road, it was estimated that, on the average, 

in addition to the existing structures, one to two pipe culverts per kilometer 

would be necessary for cross-drainage (A fifty-year frequency was considered, 

to assure protection of existing bridges). Existing structures thac need 

replacement as well as water crossings where no structures exist were 

identified during the field survey and new drainage structure requirements 

were estimated. A minimum of two 80 cm pipe culverts per kilometer were 
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provided to meet cross-drainage requirements. This is a usual provision 

for all-weather roads. 

Most of the existing structures are very inadequate for cross­

drainage on the Dialaka-Y6liman6 ioad. This inadequacy has resulted in 

excessive embankment washouts. As was noted earlier, adequate cross­

drainage would necessitate construction of several bridges with high 

embankment approaches. Furthermore, several of the catchment basins do 

not have well-o-flned cross-drainage channels, suited for bridge construc­

tion. As a result, it is advisable to accommodate cross-drainage with a 

series of fords and culverts (see Figure 3.4) rather than with bridges in­

cludincj significant training works, as the first scheme would be much less 

expensive. Indeed, local topography, soils and vegetation are well suited 

to a series of fords on the selected alignment. 

It is advisable that the depth of water in the proposed fords should 

not be deeper than 0. 5 m for average ford construction in areas where drainage 

channels are ill-defined. Any greater depth would require additional materials 

and earthworks and careful consideration of hydraulic factors up and down­

stream. On the other hand, definite natural drainage channels with depths 

of 0. 5 m to 1.0 will require reinforced concrete or corrugated pipes for run­

off crossing. For a one year rainfall frequency it is estimated that one 20 m 

long ford and one 80 cm pipe per kilometer would be sufficient for cross­

drainage. Most existing structures would not be used. (Recently, additional 

metal culverts were placed on the first sections of this road, in an attempt 

to salvage the existing structures, However, after one rainy season, most 

of them have washed away.) 

3.3.2.4 PAVEMENT 

3. 3.2.4. ] SUBGRADE BEARING VALUES 

The firm of BCEOM carried out a detailed geotechnical study as 

part of a final design construction plan and document analysis for the 

3,21 



-A 75m 2200m 150m200m _75m 	 500m 

WWF 9 	 7 LONGITUDINAL WIRE: AT 150mm I 

6 TRANSVERSE WIRE-- AT 300mmO 

TREILLIS SOUOE 0 7 FILSDECHAINEA 150am cc 
AMONT 6FILLS DE TR4ME .4 300mmcc j 

3°/% ! - AbIONS 1,301 50 x 200 

COUCHE DE FONDATION 
RP-RP-12> 

ER-RAP T CONCRETE SLAB-" 
ENROCHEMENTS CDLLE EN BETON 	 -RIP- RAP/ 

ENROCHEMEN TS 

VAR/ABLF L 	 CONCRETE WALL 
MUR EV BE TON 

CROSS SECTION/COUPE EN TRAVERS 

hi 
0I0
8 a 50cc 

7__, _ ,_ 	 --­7

1;s \_14 I 

CONCRETE SLAB 	 -CONCRETE WALL 
__ 	 DALL E EN BE TON MUR EN BE TON 

VARIES 	 DETAIL-SIGNALIZATION POST 
-VARABLE 	 DETAILS DE BORNE DE SIGNALISATION 

DETAIL-CONCRETE WALL 	 T-\IS 
DETAILS DE MUR EN BETON 

FIGURE 3 - 4 
ROADWAY FORD 

RADIER DE LA ROUTE 



sectors of rood from Kayes to S6gala (PK 1.0 to 60). The results of the 

analysis are available with the Minist~re des Travaux Publics in Bamako and 

are summarized in Appendix C. 

Numerous subgrade and potential soil-aggregate borrow soils 

were collected ind shipped to Bomako for laboratory testing. The four 

generil soil formations representing major portions of the alignment (beyond 

P.K. 60) were selected for classification 

Station Soil Type 

80 to 92 Very fine grained soils dis-

playing a poor performance 

record, 

98 to 148 	 Fine grained, silty, upland 

soils, 

148 to 177 	 Upland silty/sandy soils 

containing varying amounts 

of broken schist. 
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testings as 	follows: 

Remarks 

Laboratory results confirmed fine 

grained characteristics. CBR 

values are low but still are con­

sidered somewhat higher than 

indicated by the extremely low 

level of performance. Poor drain­

age and periodic inundation are 

considered contributing factors 

to pavement failures. 

Laboratory results indicated a 

very high silty and clay content. 

A-6 and A-4 	classifications are 

compatible 	with CBR values of 8. 

Laboratory results indicated little 

medium to coarse sand. Selective 

earthwork operations should result 

in higher concentrations of broken 

schist at the top of embankments. 

A CBR of 20 should be achievable. 



Station Soil Type Remarks 

177 to 250 "Dune" Sand If confined and provided with a 

wearing course to absorb traffic 

abrasion these soils should 

yield a CBR of 20. Due to the 

fine, rounded, uniform nature of 

the sand particles, compaction 

may be a construction problem. 

80 to Fine grained, silty Estimated CBR value of 
Y6liman6 upland soils about 10. 

3.3.2.4.2 HAUL DISTANCES 

Transportation of materials beyond free haul distances were com­

puted on the basis of the weighted haul distances estimated during the soils 

survey (See Table 3. 2) for the following materials: 

Subbase
 

Soil-Aggregate/Ba se/Surfacing 

Aggregate for D.B.S.T. and P.C.0. 

Subbase should be available between distances ranging from the 

free haul distance (1/2 kilometer) up to 9 kilometers. Base course material will 

have to be the subject of more selective borrowing and may have to be hauled 

as much as almost thirteen kilometers. Rock suitable for aggregate is available 

within economical distances considering the normal cost trade offs between 

hauling and quarry development, except near Nioro where a dearth of high qua­

lity aggregate must be anticipated. 

3.3.2.4.3 PAVEMENT NEEDS 

Experience of the consultant is in agreement with criteria, for the 

design of unpaved roads, in USAID publications for Malian-like conditions. 

The adequacy of surface maintenance often is the most influential factor in 

determining pavement life as the deterioration of unpaved roads results mainly 
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from the loss of surface materials through abrasion and erosion, the forma­

tion of corrugations, and the softening of the surface during the rainy season. 

Sophisticated analyses based on vehicle mix and ADT are less applicable 

than a pavement makeup based on published designs. 

Criteria for the BCEOM rvenient is from Chapter 5 of "Manual Sur 

les Routes dans les Zones Tropicales et Desertiques, Tome 2, Etudes et 

Construction". Within the past few years another USAID consultant reviewed 

this design and, as part of a transportation study, expressed general agree­

ment. No new geotechnical information was developed. 

The BCEOM pavement design appears to have been based on a con­

servatively high traffic prediction of 4x106 to 107 trucks. This approach may 

have been influenced by the known propensity in Mali of not maintaining road­

ways. Lack of maintenance can be partially compensated for by a conserva­

tive design. 

Criteria for pavement thickness for roadways outside the BCEOM 

design (beyond Station 54) was based on a conservative application of 

thickness design which is reproduced below from a USAID publication for 

i '-i. . .. . .... . - . .. . 

i _7 

C'ICy 

"St.'/ i , POH.. ., ' -4ILI V !1 i C W nIsc o,s=;nADE CI" A U 

" 1 . .... ' 1. i t I 3 r ... I 

Source: "La terite and Lateritic Soils and Other Problem Soils of the Tropics", 
by W. J. Morim and P. D. Todor, for USAID & AID/csd 3682. 
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conditions in Africa. A minimum base course thickness of 20 cm was used 

for all sectors and, in general, the required subbase thickness was rounded 

upward to more nearly agree with the above-referenced Fren~ch Standard 

which has been accepted in Mali since its publication in 1972. CBR 

design values and proposed pavement thicknesses are shown in Table 3.3. 

1. DBST Surfaced Pavements (Standard AA) 

Double bituminous surface treatment will include a prime 

coating over 5.20 m and a DBST (approximately 2 cm thick) over 5 m in width. 

Mali is a country with a very pronounced concentration of 

rainfall into a rigidly defined rainy season. Erosion of an unsurfaced road­

way is certain to occur during each rainy season unless the traveled way is 

covered with a bituminous surface course. 

The road surfaces include all traffic areas treated to resist 

traffic wear and dusting, and to prevent infiltration of surface water. Even 

the highest type of pavement will fail if base course and subgrade design 

strength is inadequate. The preliminary thicknesses tabulated on Table 3. 3 

should provide adequate support, subject to detailed investigations during 

later design stages. 

Bitu-minous surface treatments constructed upon a base course 

will serve as an abrasion and weather-resisting structural medium. The 

term surface treatment is reserved for wearing surfaces which are less than 

1 inch thick. 

Maintenance patrols should make frequent inspection of bit­

uminous pavements for early detection of failures. Small defects quickly 
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under the effects of 	weather and traffic, and maydevelop into greiter ones 

result in pavimtent fdilure unless promptly corrected. Minor repairs are 

hand tools, with a minimum interruptionIIe small 

more time, personnel, and 
quickly. m with crews and 

of traffic. Larger bituminous repairs require 

cases,equipment, and may 	result in interference with traffic, or in extreme 

of detours to avoid complete traffic stoppage.require construction 

2. Soil Aggregate Surfaced Roads (Standard BB) 

Grading requirements for soil-aggregate which are to be used 

in the table below.directly as surfaces are generally similar to those indicated 

size of aggre-Preference should be given to mixtures which have a maximum 

gate equal to 1 inch, or perhaps 1-1/2 inches, as experience has indicated 

thait particles larger than this tend to work themselves to the surface over a 

period of time under the action of traffic. Somewhat more fine soil is desirable 

base,in a mixture which is to serve as a surface, as compared with one for a 

and more resistantsince it is more resistant to the abrasive effects of traffic, 

to the penetration of precipitation which falls directly upon the surface, and 

can, to some extent, replace by capillary action the moisture which is lost 

by evaporation. 

Suggested Grading Requirements for
 

Gravel and Composite Type Surface Courses of
 

Processed Materials
 

Sieve Designation Percent passing, by Weight 

1 - inch - 100 

3/4 - inch 85 - 100 

3/8 - inch 65 - 100 

No. 4 55- 85 

No. 10 40- 70 

No. 40 25- 45 

No. 200 10- 25 
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Experience indicates that road surfaces of this sort should have 

a liquid limit not in excess of 35, and that the plasticity index should be 

between -1 and 9. The surface should be compacted as tight as possible and 

good surface drainage should be provided. It Is to be noted that, for best 

results, the plasticity index of a stabilized soil which is to function first 

,s a wearing surface and then as a base, with a bituminous surface being 

provided at d later date, should be held within very narrow limits. Consid­

erations relative to compaction, and bearing values are as important for 

surfaces of this type as for bases. 

A natural pit- or bank-run may meet these requirements without 

processing, other than screening. Other pit- or bank-run gravels may 

require both screening and washing to meet these requirements. Ability to 

carry heavy, sustained traffic will depend on the strength and hardness of 

the gravel, the cohesiveness of the clay binder, the thickness of the layer, 

and the stability of the subgrade. 

The thicknesses shown in Table 3.3 under the heading of "Base" 

will be applicable to "Soil-Aggregate Surfacing". With suitable selective 

borrowing sufficient, high quality laterite and/or broken schist should be 

available within the haul limits shown in Figure 3.2. The broken schist 

occurs in deposits of less than 1 meter in thickness. This material will 

need windrowing prior to loading on transporting vehicles. 

Maintenance is a continuing operation which commences as 

soon as a road is put into service and does not cease. It remains the aim 

of all road maintenance work to keep a road usable with a minimum of inter­

ference to traffic. All roads require maintenance and repair to render satis­

factory service, and keep unit transport costs at a constant level. 

Roud maintenance and repair includes all measures designed 

to keep the road surface, shoulders, ditches, slopes and drainage structures 
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in serviceable condition. Such minor improvements to existing roads as the 

widening of fills and curves, the betterment of road surfaces, and the elimi­

ndtton of traffic hazards are often considered repair operations rather than 

being considered new construction operations. Preventive maintenance of 

Surfdces;, sho)ulders, and drainage systems is an important phase of proper 

•iiuintenanct, ictivity. Prompt and adequate repairs at the first indication of 

failure jnd efficient planning for adequate supplies of labor, equipment, and 

material dre important in assuring a rapid, unhindered flow of traffic. Conti­

nudtl shaping using a motor grader is needed to maintain a smooth riding 

surface and a uniform crown, and the drainage system must be kept func­

tioning. 

Soil aggregate surfaced roads subjected to heavy traffic require 

constant attention by maintenance patrols. Intensive maintenance is required 

when the surface is first open to travel, since any bumps that are compacted 

at :his time remain in the surface and can only be corrected by scarifying or 

adding more material. Blading of the surface should be done soon after rains 

and it should be continued until all ruts and holes are filled. The crown 

should be maintained. Motor graders are necessary for heavy reshaping work. 

A slight excess of gravel should ba kept available at edges of the roadway 

and bladed uniformly over the surface in wet weather. Material added or 

spread on the surface during warm dry weather is of little value. 

Most potholes which are caused by displacement of material due 

to traffic are shallow and readily filled by blading when the surface is moist. 

Deeper holes require filling with additional material. In dry weather, new 

material should be moistened and compacted. All gravel roads tend to deve­

lop transverse or nearly transverse waves, called corrugations, which may 

progress into ruts as high as 4 inches and from 1 1/2 to 3 feet apart. After 

this stage, these corrugations become major grooves necessitating extensive 
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repair. Corrugations can be prevented to a considerable extent by securing 

greuter frequency in maintenance operation, and by greater care in the use 

of maintenance equipment. Once corrugations form, they can only be removed 

by thoroughly scarifying, reshaping, and compacting. Regrading, as this is 

called, should begin with a thorough cleaning and reshaping of the shoulders 

and ditches. 

3. "Minimum Cost" Alternative (Standard CC) 

It has been suggested that a minimum cost alternative 

consisting of a 15 cm lift of laterite (or broken schist) be applied uniformly 

over the existing surface. 

Such an approach violates most precepts of roadway pave­

ment design considerations. In order to carry the required volume and weight 

of traffic, the design must normally provide a road surface of pavement of 

adequate strength, quality, and depth for all-weather use. An adequate drain­

age system is required to insure subgrade stability during wet weather and 

under heavy traffic. In the structural design of surfaces and pavements for 

carrying the maximum sheel load, these basic principles must be followed: 

- Select a location that has a stable, easily drained 

soil of satisfactory bearing strength for the subgrade. 

- Protect this subgrade by adequate drainage. 

- Provide enough thickness of base or of base and 

pavement to spread the load sufficiently over the 

subgrade to prevent failure. 

If the "least cost" approach is adopted, frequent rebuilding 

of the pavement must be undertaken and benefits are reduced and/or become 

less likely to mature. This implies higher maintenance costs and considerable 

skepticism in estimated benefits. Since existing maintenance levels are 

ruefully inadequate, a minimum cost alternative is highly undesirable, 

since its adequacy is very sensitive to maintenance, 
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4. Pavement Needs. Conclusion 

Although a "least cost" road as defined under (3) is not 

sound from an engineering point of view, it nevertheless is a sensible ap­

proach from an economic point of view; i.e. to defer capital expenditures to 

the stage of recurrent maintenance costs. For this reason, standard cc was 

developed after Malian standard Cl as an alternative worthy of investigation 

as an option, Should this design standard prove to be the most economical 

when construction and maintenance costs are compared to expected benefits 

and user savings, then it would be appropriate to devise engineering solu­

tions to the inherent pavement under design of standard CC. Cement soil 

stabilization at the final design stage and a demonstration project at the 

construction stage would be two possible mitigating courses of action. 

Such actions,if used, would also be beneficial in possibly reducing the
 

construction costs attendant 
 with Standards AA and BB (see Chapter 4). 

3.3.2,5 EROSION PROTECTION 

In certain areas, where large drainage channels run near and parallel 

to the road, the embankment will have to be protected against erosion. Simi­

larly, most embankments of bridge approaches require slope protection. 

Also, most of the existing fords consist of only a concrete slab with almost 

no upstream or downstream erosion protection. Erosion protection will con­

sist of grouted rip-rap; existing fords will be protected with gabions, placed 

upstream and downstream. 

3.3.3 BRIDGES 

3.3. 3. 1 LOADING CRITERIA 

HS 15 - 44 truck as described in "standard specifications for 

Highway Bridges" adopted by the American Association of State Highway 

and Transportation officials is the recommended live loading for the design 

of bridge structures. 

3.3.3.2 DESIGN STANDARDS 

Standard Specifications for Highway Bridges - 1977 with appli­

cable interim specifications as adopted by the American Association of State 
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Highway and Transportation Officials are recommended as design standards 

for bridge structures. 

3. 3. 3.3 MAINTENANCE REQUIREMENTS 

During routine maintenance of the roadway, visual observations 

s,iould be made of the bridges for signs of obviouF serious problems. 

At least every 2 years, all malor structures should be inspected 

by an engineer having a knowledge of bridge construction. The abutments 

ond piers, bridge seats, pedestals, stems and footings should be inspected 

for signs of deterioration. Concrete should be inspected for mapcracking, 

sppalling, leaching, and hollowness. Stone masonry should be inspected for 

deteriorating joints, loss of stones, or splitting of stones. Bridges seats 

should he checked for accumulation of debris and leakage. Backwalls should 

be checked for signs of tipping or other movement as well as loss of backfill 

material through joints. Abutment stems should be checked for tilting, split­

ting or movement (vertical or lateral). If visible, footings should be ins­

pected for signs of settlement. Approaches should be inspected for stability 

of embankments and subgrade settlement. Excessive settlement may also be 

an indication of abutment tilt. 

The wearing surface should be inspected for scaling, spalling, 

cracking, pot holes and exposed reinforcing steels. Railings and parapets 

should be inspected for physical condition. Concrete slabs and beams 

should be checked for scaling, spalling, cracking, efflorescence and leak­

aqe,. "ecks should be observed during the passage of live loads for loose­

ness ind excessive deflection. Concrete should be checked with a mason's 

hammer t"fr soundness. 

Strcajm channels should be checked for erosion and scour at the 

hnk- Jnd It the boLom of the channel. It is desirable that Inspections 

f:,r .:c-our be made during or after floods. Footings should be checked for 

undermining. When water covers the footing, probing can be made with a 

rod. Bank protection should be checked for loss of material. 

Corrective measures should be taken as soon as possible depending 

upon the extent of the deterioration. 
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3.4 SPECIAL STUDIES 

to inspect and make recommenda-The consultant was requested 

tions for selected bridges in the vicinity of Kayes. These are in addition 

to those located on the Kayos-Nioro Road network. Several bridges were 

looked at, in the company of an engineer from D.N.T.P. These bridges 

were selected oy the Governor of the First region and the regional director 

of D. I.T.P. and are reviewed in Appendix D. 

3.4.] SENEGAL RIVER BPTDGE 

3.4.1.1 CONCEPTUAL DESIGN 

The Senegal River is one of the major rivers of Western Africa. 

meters wide. The purpose of this conceptualAt Kayes it is about 400 

study is to arrive at an approximate construction cost. It was necessary 

to make various assumptions regarding basic data, such as river cross­

section, flow characteristics, existing foundation materials, since very 

little data was available. 

The height of the bridge was selected assuming a 50 year flood 

frequency with additional clearance for debris to pass under it during 

flood stage. Spread footings were selected assuming that good rock is 

available at the bridge site. Solid reinforced concrete piers with rounded 

ends were selected to provide less obstruction to the flow and minimize 

scour. Based on the available information, and considering the height of 

piers, spans of about 28 meters were selected for economy and prFLcti­

cality of construction. -or this span length, two major choices for type 

structural steel and prestressed con­of superstructure were considered, 

crete girders. The technology for the construction of these types does 

not exist at the present time in Mali. However, the magnitude of the 

construction would anyway require international contractors. The use of 
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local materials and labor should be maximized. Thus, considering the 

.Ivaili ljjity of om-,,nt awl low cost of maintenance, post-Lensioned pre­
stru :; t;,i ,c r,_tl, I-beams are recommended for the superstructure, with 

a c',st- I -plict, re inforcedI concrete (leck slab. (See Figure 3-5) 

£ulffiCi ent data is not availIble to select a particular site for the 

brida.. ()hsrvitions made during the field trip showed that the river is 

nrrower, '.'.th !(ettrr dotned banks, approximately 500m upstream of the 

oxisting Irish bridge. During the field trip, water was flowing over the 

bridge. The length of the bridge is estimated at 420m, using hydraulic 

lata mdre ,.'ai libir to us y Service d'Hydrologie at Kayes, Mali. 

Because of the lack of available data, the cost of the bridge 

does not include constructing the approach roadways, river training works, 

slope protection, scour protection, lighting and other incidentals. 

Information was not available for computing unit prices. Unit 

prices for prestressed concrete are estimated on the basis of extrapolation 

from exi5.tinq reinforced concrete prices using experience gained on other 

projects in Africa and the U.S. 

3 .-1.1. 2 CONSTRUCTION CONSIDERATIONS 

During the site visit, it was noted that there was moderate bridge 

construction activity in the Kayes region. There is a certain amount of 

skilled labor available in some of the required construction specialties. 

This would include laborers experienced in excavation, concrete formwork 

and placement, reinforcing steel placement, as well as other general con­

struction labor. tHowever, because of the need for specialized experience 

in prestressed concrete structures, a contractor with international experi­

ence will most likely be rcquired. 

Most materials needed for the bridge are available locally. How­

ever, prestressing tendons, anchor blocks and other prestressing 
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appurtenances and equipment would have to be imported. Special forms 

would hiw'.' to he imported for the post-tensioned prestressed concrete 
beams. These would most likely be steel forms and be reusable. 

Construction of the bridge should require about two years, de­
pendinq upon the contractor's experience and available equipment. Pier 

construction should be accomplished within the eightmonths of "dry sea­

son . " Ilowever, completion of all piers during the dry season would not 

he required, since the piers would be designed to take the forces due to 

river flow without the superstructure being erected. 

3. .11.3 RACIKWATER COMPUTATIONS FOR BRIDGE DESIGN 

The analyses of bridge backwater elevations and scour depths
 

are based on the following data:
 

I. On-site photographs. 
2. Aerial Photographs. 
3. Site inspection observations by TAMS' field team. 
4 . Flood Frequency and Stage-Discharge Relationships. 
5. Two velocity measurements. 

The accuracy of these analyses would be greatly improved with 
detailed cross section data, sediment grain size distribution and field 

measurements of river velocity. 

The channel area and shape were estimated from the following 

velocity and discharge data measured 800m downstream of the existing 

Irish Bridge on 11 September 1979: 

W.S. Elevjtion = 4.6 m* 
Disc:hrge = 1200 m /s 
Velocity = 0. 94 m/s 
Chu:nnel Width = 400 m 

A W.S. Elevations are measured from the stream bed. 
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Based on aerial and on-site photographs, the bank slopes above 
b.irwere estimated to have a slope of 1 vertical to 2 horizontal. The 

banks appear to be 8 - 12 meters high. Based oi: the flood frequency and 
stage-,isch'ir,vo rolationships jiven in Table 3.4, backwater computations 
were performe~!tior the 100-year and 10-year floods. Backwater (h) is de­
finod as the rise in water above the normal water surface level upstream 

of the proposed bridge. 

The backwater analysis uses procedures described in Hydraulics 
ol Rridge \t'...,.. ".S. Department of Transportation, Federal Highway 

Administration, 1973.
 

A su mmary of the backwater and velocity computations for two.
 

b~ri(lge configurations much more restrictive to flow than the 28 
meter span 

!rilcce us:,d herein is presented in Table 3.5. The backwater effect is 

,,r'."
sr-,'ll. 
 5ackwater is primarily a function of flow contraction, due to 

winm'al e:fects anc,,or the natural narrowing of the channel cross section 

at the bridge site. Bridge piers, particularly across wide channels such 

as proposed herein, produce a minimal backwater rise. 

Scour depths were estimated from the equations presented in
 

Scour at Biriqo \Viterways, Appendix B, 
 Highway Research Board, 1970. 

Scour depth is defined as the equilibrium scour measured from the mean 

bed -levation. As sediment grain size distribution data were not available, 

tha'se equations requiring the mean grain size were not used.
 

As shown in Table 3.6, computed scour depths range from no 

scour to H.However, based on the limited data available, the 

equation that appears most applicable for the conditions under study (gene­

ral transport case) is the Larras equation. The Larras equation, based on 
scour data available from rivers following flooding, predicts a scour depth 

of 1 to 2 meters.
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Table 3.4 

Flood Freciuencv And Stage-Discharge Relationships 

Frequency 
N'oar s) 

Volume 
3m3/S (M) 

Height 
(ft) 

100 6600 12.25 40 
50 6300 12.00 39 
20 5800 11. 60 38 
10 5400 11.30 37 
5 4900 10.30 34 
2 4000 9.38 31 
1.25 3050 8.02 26 
1.05 2150 6.56 22 
1,02 1600 5.52 18 
1.01 1200 4.68 15 

Table 3.5 

Summary of Backwater Computations 

Flood Frequency (yr) 
100 10 

Flood Characteristics 

water (levation (i) 12.25 11°3 
volulme (m /sec) 6,600 5,400 

Brig.. (,Ch r,.wt(,ri stics 

height (11) 12.8 11,5 
numrber of spans 21 23 
spjn lengjth (i1) 19,8 18.3 
bridac lncith (in) 416 421 
winqwall (in) 2@ 9.6 2 @ 4.7 
Total (in) 435 430 

Backwater Curve 

height (cm) 1.5 1.2 
velocity (rn/sec) 1.5 1.3 
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Table 3.6
 

Estimated Scour Depths+
 

Scour*
 
Depth
 

Equa tion 
 (m) 	 Comments 

Ah1nd .7 - 11 Alluvial rivers, deep sand fill, Pakistani 
model and experimental 

Breusers 2 Model studies; drilling spuds in waves 
and currents 

In(lls-Poona 	 no Model ­scour tests India
 
(tihitale ,09 clear-water case
 

l.arras 
 1 - 2 Scour data French rivers following flood 

Nill 3 - 4 Model studies - approach stream bed
 

Sh,,n 2 - 3 
 clear water case 

3.4.2 	 PAPARA RIVER BRIDGE 

A bridge across the Papara river, under construction by force account 

was vlslte on October 4, 1979, This is to be a four span bridge. Work began 

three years igo. but to date, construction of the piers is still in progress. 

l.ack of financing is reported to be responsible for the delay. 

The workmanship of the construction was good and the placement of 

forms an,! reinforcing steel was properly clone; the quality of concrete ,ork was 

good and thte finish of concrete after removal of forms was smooth. 

3, .t. 3 	 OTPER BRIDGES IN THE VICINITY OF KAYES 

The following three (3)bridgeswere inspected after cnsultation with 

D.N.T.P. officials: 

1, Bridge near Bintinguela 
2. Bridge across Kamankole River 
3. Pipe 	culvert across the Papara River 

* Scour 	depth - measurej from mean bed elevation 
+ Based 	on 100-year flood data and pier width - 1.5 (5 feet)m 
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For eaich :;tructur,' a brief description, evaluation, estimate of quantities 

,
S: ti::t(. 0 O:;ts --rf included liAppendix D. In addition, a conceptual 

:;'1:.tc'h for i pr,)post;(i bridge across the Papara river is given in Figure 3. 6. 
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CHAPTER 4 

PROJECT IMPLEMENTATION PROGRAM 

I'he project js tecommende(d herein includes two options: A) The 

"
Kay s-Nloro ro idinc luding the Y( ,limamn branch pluS an a griculturail (1wvlop­

ment cortnpon, !It in the Y('iman, and Segla areas, and B) the Kayes-Nioro 

road. Thf, tra;iport uomporen.s of the project options mve boen identified 

in (haptbr 3. I'hf, hfinition of the Agjricultural component, being a hy­

proaiu't th, :on ea,,i ,l'.u':;i:;, is dfined ltter inChipter I0. 'I'he inclu­

sion of pro)j('t irplenmntation aIt thi.; stnI;,' of the report is. in(licotive! of the 

fact that later analyses (i (-.cosits of ir:1plem,,ntitioi and time series of costs 

a rid be :t -fits sitra ms) require critical iiiput prior to their being carried out. 

4.1. THEi CONS''RUC;TION INDUSTRY 

Roadway construction in Mali, fur varous social and economic 

reasons, has followe d th( pattern of worlowicto trends and has become equip­

ment intensiv(e. Construct on programs have been cordircted along either 

of two idmfini islraitiv arra ngt ,- cs, ontl- by government forces using force 

account procedures and the other by private contractors using construction 

contract procedures. 

4.1.1. l ORCI: ACCOUINT CONSTRUCTION CAPABILITY 

The Ministere des Travaux Publics EL Du Tourisme (MTPT) has
 

cievelopcd considerable expcribnce with force account opeiations.
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The Direction Nationale c.es 'I'ravaux Publics (DNTP) is charged with the 

ministry's r,:,o"siitt for planning, design, force account construction 

and lorct, a UccmLfma, :1:ptnce of the national road network (1,q,000 km s) 

The I )irke:tort L, is t. lorIL;'t within the ministry; it employs ovc r 1 , 100 

permanent worker ci some H0 engineers and technicians, and seasonal, Includinq 

latj. r ol up to 500 persons. The exccutive arm of the DNTP is it Division
-
1/ 

through 8 districts and 18 sub-districts.
Techniquu wuich functions 

Within the LDivision Technique there exists a brigade for bituminous 

surfacing and a brigade tar roaa rehabilitation. In addition, two specialized 

brigacdes hvce carried out the bulk of recent force account construction which 

has conctrrratedA on teeder roads. 

Several special nits have been set up to undertake the construction 

of specific roads. Presently, four such units are reported by GRM to be in 

operation and a new unit is reportedly being created to construct Section A 

of the Sevar:.1-Gac road from Sovar6 to Hombori (328 kilometers). The work 

of this unit will be limited to earthwork, drainage structures and bridges. 

The bituminous surfacing of the road will, however, be carried out by private 

contractors. 

During discussions with DNTP officials it was learned that MTPT 

had in the past made few attempts at feeder road construction by labor intensive 

means. However, the experiences resulted in failure as problems of logistics 

and health proved to be insurmountable. 

During 1979, the World Bank was engaged in discussion with the 

Government of Mali regarding a proposed Fo'urth Highway Program. The 

re.;ults ot these discussions are still pending. Propsed plans are presently 

being updated and would have, at earlier stages, required the torce-account 

1/ MTPT formerly was Ministere des Transports et des Travaux Publics. 

DNTP was formerly Direction National de i'Infrastructure des Transports. 

Division Technique was Division des Operations Techniques. 
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construction of 440 kilometers of bituminous seal coats ana surface treat­

ments and 260 kilometers of re-graveling by force account within a four year 

period. In addition, the DNTP professional staff would have had responsi­

bility for tile construction supervision ot 500 kilometers of roaa work to be 

carriedt out by private contractors. The Division Technique's bituminous 

brigade, the Service ace Renforcement des Routes (previously Unit6 de Bitumage), 

and the two feeder roads construction brigades would be committed beyona 

capacity if the lull program were implementea. (See Chapter 6 for further 

cietails on the Fourth Highway Program). 

Staff members of the Ministry in consultation with TAMS staff 

reachea the consensus that force account construction of the Kayes-Nioro 

road coula not be achieved in the context of present capabilities and 

programmed activities, unless the etfort was minimal, and relied on equip­

ment based construction technologies. 

In addition to MTPT, the Government at Mali operates a semi-public 

construction firm, SONETRA. This firm has in the past competed with private 

contractors for public works projects in Mali. Due to lack of equipment, this 

tirm has not undertaken road construction work for the past three to four years 

and most of its activities are at present directed to building construction. 

There are no plans at present, to rejuvenate its road construction capabilities. 

The Malian armed forces, through the Genie Militaire, have some 

road construction capabilities. In the recent past, this construction branch 

of the armed forces has participated in a countrywide road betterment program. 

ror example, the Genie Militaire has rehabilitated 20 kilometers of the 

road between Dialaka and Yelimane. In addition, the military has in-country 

capabilities for producing hot plant-mix bituminous road surfacing materials. 

No information was developed as to the condition and serviceability of this 

equipment, as their participation in this project did not seem likely. 

Cl 
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4. 1. 2. PRIVATE SIIWTOR CONSTRULTION CAPABILITY
 

Four foreign contractors are presently operating in Mali. Three 

have hoinuquarters in Ilamako (S. N.T.P. , SATOM, ABU) and one is located 

in Mopti (Bordin) . All are e:uropean and presently involved in major public 

works projects, inclualinq road construction. Several other international 

contractors have carriled out projects in Mali in the past few years and 

would be interestou in obtaining new work in the area. A recent international 

bid for road construction rceived 10 offers (from the four contractors men­

tioned above, plus Ont, tror Italy, four from France and one ftrm the Ivory 

Coast). This indicatt,; sonm, international interest in acquiring work in 

Mali. U.S. contractors hav not yet ent-rel the MaIli Market, or showed 

an active interest in doin , so. 

The threu Bamiko-based contractors were contacted. They indicated 

an interest in anoi capability to construct the Kayes-Nioro road, either in 

its entirety or in parl. The project considerably exceeds the capacity of 

any one firm in terms of equipment presently in Mali. One firm stated that 

its in-country heavy equipment pool consisted of approximately 55 units, 

including thirteen scrapers (mostly small and old), nine bulldozers D-8, 

eighteen dump trucks, a t)0 tons per hour crusher, two aggregate screening 

plants and surface treatment equipment. The contractors estimated that 

construction would last up to 5 years, should one single contract be awarded. 

Their estimates consider that work can only be carried out luring the dry 

season (9-10 months per year) at a rate of about five kilometers per month. 

There are no private sector Malian firms with a capability 

for road construction. This is partly due to the predisposition of MTPT to 

carry out feeder road construction and road rehabilitation by force account, 

when at all possible, and to utilize foreign contractors for larger works 

beyond the capacity of the ministry's manpower. [or these reasons and 
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4.2 

owing to relatively little road construction undertaken over a long period, 

non-public Malian firms have had no role in this activity other than vending 

equipment.-

Two Malian building contractors, Aliou Keita and Mali-Travaux, 

were interviewed. Mali-Travaux expressed interest and indicated capability 

to undertake minor structural work (small bridges, box culverts, pipes, 

ditches, etc.) in the capacity of a sub-contractor. Mali-Travaux stated 

familiarity with the Kayes area where it has previously carried out building 

construction work. rurthermore, neither firms indicated experience or interest 

in carrying out labor intensive construction. 

The foregoing survey of the construction industry indicates clearly 

the following: 

0 The use of several contractors could shorten the 

construction period; 

* 	 Contractors with experience or interest In Mali are 

likely candidates for constructing the road; 

* 	 rorce account construction .:an, to a limited degree, 

be introduced; and 

* 	 Private and public sector experience in labor intensive 

construction is minimal ana interest in this technology 

is missing.
 

IMPLEMENTATION PROGRAM ALTERNATIVES
 

For each project option, a separate implementation program is pro­

posed. Implementation program-Alternative A is proposed for project option A 

consisting of the Kayes-Nioro road, including the Yeliman6 branch plus an 

agricultural component, and implementation program-Alternative B is proposed 

for project option B consisting of only the Kayes-Nioro road, 
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4. 	2.1. TWO ALTERNATIVE IMPLEMENTATION PROGRAMS 

The discussion herein relates to two alternative implementation 

programs for the design phase of the project. The first alternative relies 

on technical assistance, the second uses an A/E consultant firm in the 

usual consulting manner. E;ach alternative possesses advantage.; and dis­

advantages when compared, with the other. These two alternatives are 

assesseu as follows in terms of quality of design, project cost, project 

schedules, other dcnor participation and technology transfer: 

e 	 It is usually accepted that design work, within the 

context of a technical assistance program, is of some­

what lower quality than design work carried out by a 

cohesive and experienced A/E consultant team that 

can bring to bear, on the quality of the work, the 

resources of an established firm. This does not imply 

that this is always the case or that technical assistance 

cannot, per so, provide an adequate product. The tech­

nical assistance approach is more sensitive to staffing 

and therefore greater risks are involved when it comes 

to the quality of the product, which in this case is a 

final design for a road. 

e 	 Design costs are expected to be higher when an A/E 

consultant is used. However, due to a more retined 

product whereirn construction quantities are minimized, 

it is expected that construction costs could be reduced 

such that total project costs remain equal whichever 

design approach is used; though, it is more likely that 

total project costs would be less chan if technical assis­

tance is used. For purposes of the economic analysis, 

costs were kept the same for both approaches. 
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" 	 The use of an A/E consultant for the design work will 
reduce the duration of this element. Furthermore, the whole 

road would be designed and bid dorcuments made ready 

fo. ill its sections at one single point in time. This will 
reduce the administrative work required by GOM agencies. 
As a result of a shorter design period, it is expected that 
the whole project would be completed in a shorter time; 

I.e., several months. 

" Should the design work he relegated to an A/ consultan'., 
funding for the design services would be easier to make 
as coordination requirements between different agencies 
and governments would be Issened. Should the design 

work be so carried out, the possibilities of attracting joint 
financing agencies into the project enhanced, sinceare 

work would be in progress as a result of a funding commit­

ment. 

" 	 Technical assistance will permit a certain degree of tech­

nology transfer. The needs in Mali, however, are more 
acute at the level of construction than at the level of design. 
Very limited possibilities are available for technology trans­
fer if an A/E consultant is used, unless part of the design 
package includes the training of Malian engineers as a 

component. 

In 	conclusion, project costs are expected to remain equal. The use 
of an A/E consultant for the design work will result in reduced administrative 
work, in a slightly shorter implementation period and in an increased prob­
ability of attracting joint financing. The use of technical assistance for the 
design work, however, will provide increased technology transfer. 
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4.2.2. ELEMENTS COMMON TO BOTH ALTERNATIVE IMPLEMENTATION PROGRAMS
 

It is herein proposed that the Ministry of Public Works and Tourism 

(MTPT), and specifically the National Directorate of Public Works (DNTP), 

be selected as the executing agency for either of the project options. 

The use of both contractors and a force account brigade, for either 

of the two project options, is recommended. F!_,u1owing are the major reasons 

f .. ~. rdiniq thaL soTTe force account construction he uniertaken: 

* 	 Force account construction reqires the put-chase of 

equipment which later could be used for road maintenance, 

should the Fourth Highway Program Le delayed or its suc­

cess be limited, 

* 	 Although construction costs could be somewhat higher, 

force account construction of the Dialaka-Y61iman6 

section would provide the opportunity of creating and 

training a construction brigade for the First Region. 

* 	 Force account construction could permit experimentation 

with differcnt construction management techniques whereby 

the construction brigade would be operated on an inde­

pendent "Cost Center" basis with expatriate consultant 

staff in decision making positions, both technically and 

from an administrative/fi.scal point of view,, Such a scheme 

is being used on the Didieni-Goumbou road with UN funding, 

and could prove less costly than either contractor construc­

tion or usual force account construction. 

For each of the project options, the road network is partitioned into 

several sections appropriate for individual construction contracts. Various 

criteria were utilized towards this end, and these are the following: 
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" Minimum overall construction period; 

" Flexibility for joint financing;
 

" Size in relation to construction capacity in Mall;
 

" Topography and availability of materials; and
 

" Possibility for MTPT force account participation.
 

The partitioning of the road network into several sections should not 

preclude the possibility of utilizing one single contractor for all sections 

slated for contractor construction. It is recommended that contractors be 

or any combinationpermitted 	to submit bids on any of the road sections 

'ihe bid evaluation will allow an accurate assessment of whether orthereof. 

not it is less expensive to utilize one contractor versus two or three. Tile 

a nature as to preclude an accurate assessment atavailable data is of such 

this stage. 

The length of the construction period should not he significantly 

affected by the number of contractors used, as this period is a direct function 

the number of contractors.of the mobilized equipment and not 

The Proposed alternativ" implementation schrduic : ircude a time 

arelag prior 	to start of implementation. Major among the activ.i'.es which 

required in said period are the preparation and approval of a project paper 

and discussions relative to the possible acquisition of joint financing. It is 

estimated that the bulk of this work could be completed early in the fall of 

1980 at which time the Term- of Reference could be prepared followed by the 

selection of a Consultant. It is expected that a Consultant could be brought 

on board sometime in the spring of 1981. 

out inter-The additional studies, listed below, could be carried 

changeably whether a consultant team or technical assistance is used. The 

additional studies are recommended for both project options, and these are: 

4.9
 

http:activ.i'.es


* 	 Reduction of construction quantities. It is recommended 

that studies be carried out on dry compaction and on 

cement stabilization of silty sands, commonly available
 

along the ro&d alignment, with a view at reducing the
 

pavement thicknesses used in this study; cement is
 

readily available in Mali. The results of these studies
 

could be later used in developing a "least cost" road
 

standard which is sound from an engineering point of
 

view. A demonstration project could be set up at the
 

construction phase of the work., during which experimenta­

tion with soil stabilization and dry compaction could be
 

carried out.
 

" 	 Socio-Economic base data. It is recommended that Socio­

economic data be collected with a view at providing a data 

base. This could be compared with data to be collected 

after the road is constructed. The comp-rison would
 

help in assessing the actual impacts of the projeci and the
 

value added to the region.
 

needs of the proposed executing" 	 In addition to the above, the 

agency are such that multidisciplinary assistance is required. 

This assistance would have to cover the subjects of monitor­

ing of construction costs, administrative support and equip­

ment procurement. Along this line, the feasibility of a COM 

construction brigade run on an independent "Cost Center" 

basis and directed by expatriate staff could be investigated. 

The Malian experience on the Didieni-Goumbou road should 

be 	instructive. Furthermore, additional analyses of road main­

tenance requirements in the First Region and the project road 

should be carried out as the issue of road maintenance is critical 

to the feasibility of the proposed investment options, especially 

as the Fourth Highway Program is not yet in place. 
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Construction of the 68 kilometer section of road between Dialaka 

and YjClirnani,or the 61 kilmeter section between Dialaka and Sandar6, by 

a Ministry!' brigade organized specifically for the purpose will require acqui­

sition of n(w equipment. This is necessary because construction equipment 

in the I'irst Region is lacking and the present availability and serviceability 

()f the invtitory of the Service du Mat6riel (i.e. the Ministry division re­

pon:;ihe for furnishing and repair of equipment) is very limited. New equip­

ment i:; normally more appropriate for heavier construction operations and 

would be recessary in any event to supplement the four-year World Bank 

Iourth Highway Program. 

Major items and estimated acquisition costs for equipment considered 

appropriale for force account construction of the Dialaka-Y6liman6 or Diilaka-

Sandar& road to all-weather standards are identified in Table 4-1. These 

cost estimates for force account road construction equipment are based on 

local dealer quotations, when possible, and upon U.S. equipment FOB quota­

tions to which a percentage is added for shipping and insurance costs. As of 

December 1979, equipment costs were increasing at the rate of i 1/2 percent 

of base price per month. 

The services of a short-term equipment specialist are advisable to 

assist the Service du Mat6riel and Division Technique of the MTPT in final 

selection, technical specifications and biI document preparation for acqui­

sition of new equipment. The equipment specialist could either be part of 

the A/E consultant or technical assistance teams. 

Origin and specific type of equipment should take into consideration 

local familiarity with and local availability of maintenance. Caterpillar 

equipment, Berlier trucks and Landrovers are the most common items in the 

inventory of the Service du Materiel. Since American trucks are not normally 

imported into Mali, there is no local dealer support. However, conversations 

with USAID Mission engineering staff indicated that commercial and dealer 
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I Table 4. 1 

Force Account Reconstruction Equipment 

(Millions of MF, 1979 prices, without taxes) 

Local Foreign 

Item Quantity Component Component Total 

1. Dozer, 150 kw with ripper 1 10.0 70.0 80.0 

2. Dozer, 48 kw, angle/tilt 1 5.1 35.9 41.0 

3. Wheel loader, 95 kw 	 1 5.9 41.1 47.0 

4. Motorgrader, 100 kw 	 1 7.5 52.5 60.0 

5. Dump truck, 	 5m 
3 

, low sides 5 9.0 63.0 72.0 

13.86. Flat bed truck, 2.5T. 	 1 1.7 12.1 

7. Roller, 3-wheel, 12-14 T 1 2.8 19.5 22.3 

8. Backhoe/Loader,0. 75m3 1 1.9 13.2 15.1 

9. Farm Tractor, 55 kw 	 2 1.2 8.3 9.5 

10. TowedTanker, 5000 1. 4 1.6 11.2 12.8 

11. Towed Tanker, 1500 1. 2 0.3 1.9 2.2 

12. Pickup Truck, 4 x 4 	 3 2.3 16.3 18.6 

13. Towed Lube/Tire Service Unit 1 0.4 2.8 3.2 

14. Towed Tilt-Trailer, 15T 1 0.7 5.3 6.0 

15. Concrete Mixer,0.3m 3 	 2 0.4 2.7 3.1 

16. Portable Light Set 	 1 0.1 0.9 1.0 

17. Water Pump 	50m 3/h 2 0.1 0.7 0.8 

1 2.2 15.0 17.218. Maintenance Truck 

19. Motor Bike, 250 cc 	 2 0.1 0.7 0.8 

20. Miscellaneous Equipment 	 0.2 1.8 0 

21. 20% Initial 	Spare Parts 10.7 7F.0 85.7 

22. 	 10% Contingency 5.3 37.5 42,8 

TOTAL 69.5 487.4 556.9 
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support for limited models of International Harvester trucks is presently 

under consideration. Delivery times for construction equipment (rollers are 

Procurement planning, for newin particularly short supply) are protracted. 

equipment purchases: should anticipate an overall period of not less than 

firm order to useful deployment in Mali. This time lag is15 months from 


due mainly to the remoteness of the site.
 

to the site is requiredSensitivity to the issue 0t mobilizing equipment 

due to the landlocked nature of Mali. Several possiblities -re available to 

bring equipment to the site. These are: 

* 	 Dakar-Kayes by Railroad 

a 	 Abidjan-Bamako by road, then either Baniako-Nioro by road 

or Bamako-Kayes by railroad 

All contractors established in Bamako seem to preler the option of 

because the railroad has a limitedAbidjan-Bamako alu [amako-Nioro by road 

long aelays. Typical transportation costscapacity, is unreliable and involves 

are detailed below: 

Costs of Typical Pieces of Iheavy EquipmentTransportation 


from Abidjan to Bamako by Road (1978 Prices, I000 ME)
 

6,300Bulldozer Cat D8 
Cat D7 4,900 

4,050Loaaer Cat 966 
3,500Cat 950 
2,950Cat 930 


Cat 920 
 2,550 
4,400Motorscraper Cat 623 

Cat 621 	 4,200
 

2,250Grader Cat 130 G 
2,400Cat 140 G 

Cat 120 B 2,250 
Compactor Cat 815 3,100 
Electric Generator 950
 

These i iciude Abidjan port charges and transport to Bamako; all taxes 
are 

Dakar.excluded. Said costs are slightly higher than by rail via 
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•1.3 IMPIEMtI'ITATION PROGRAM - ALTERNATIVE A 

'fl below ,.scribed implementation program is proposed for the 

purpose ( f carryinq mut project option A, consisting of the Kayes-Nioro road, 

the Ylim'. i -,branch and an agricultural development component in the 

Y61ima n(' cind 6(Ia1h1 area . 

4.3. 1. STRATELGY 

Apportionment of t' ,cKayes-Nioro road, for project option A, wouLd 

reduce the cOnstruction period that would be required under a single contract. 

This ienpertionment is considered optimal for a techrical assistance approach, 

given ,.obiliza tion problem:; and costs, the desirability of completing final 

designs in increments and flexibility for joint financing of construction costs. 

Division into four construction sections also permits contracts to be appor-­

tioned according to topography (flat, roliing or flat-sahelian) and among 

principal categcrie.; of construction materhis (laterites or shales). 

Utilizing the apportionment criteria discussed previously, the 

following methods and sections are recommended. These represent optimum 

size cowstruction packages, under a technical assistance program: 

;onstruction Approximate Length 

I ethod Section (Kilometers 

Contract Kayes to Dialaka 82 

Contract Dialaka to Sanrdar6 61 
Contract Sandar6 to Nioro 107 

Force Account Dialaka to Yeliman6 68 

318 

Advertisements for international bids are recommended for those 

road se,-tions which are slat,,d for contract construction. 

The Dialaka-Y61iman6 road is considered most appropriate for force 

account construction by a Ministry brigade organized and equipped for this 

purpose. Force account construction could be achieved for this branch 
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because construction materials are widely arid easily available, the length 

Is short and lower design standards are recommended. 

-1. 3,2 MANAGEMENT 

The preferred Technical Assistance program would maximize Malian 

participation to produce the gieatest benefit to Mali, but would also provide 

the necessary expatriate personnel experienced with procurement regulations, 

financial methodology and documentation of international lending agencies to 

prevent implementation delays due to mistiming or inadequacy of procedures. 

A team approach using a self contained unit set up within DNTP 

coulu prove to be an efficient meaas of carrying out the implementatiofi of 

thiO road project. This unit would be centralized in Bamako, with possibly a 

field office in Kayes. Although Bamako is quite removed from the site, closer 

control ot work activities can be achieved and higher caliber staff can be 

attracted. At the late stages of implementation the field office in Kayes 

would become the hub of activities as the construction phase would have 

supplanted the design phase. 

It is proposed that the design and equipment procurement phases be 

concentrated in Bamako, while field surveying and soils investigations be 

coordinated in the field office in Kayes. The level of detail in road design 

should be limited to the minimum acceptable for bidding purposes. There is no 

need to over-detail the designs, as flexibility of re-design would prove 

advisable during construction. In addition, the design of the Dialaka-Yelimanb 

branch (force account construction) could be carried out to a preliminary level 

of fixing the center line on the ground and directly proceeding to a construct­

design phase, provided close control of cost accounting is maintained. 

4. 3.3. .STAFFING 

An estimated 50 person-months ot expatriate technical advisory 

assistance is projected for completion of designs and contract bid documents. 
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An additional 100 person-months for assistance through completion of cons­

truction for the entire project is suggested. Although there would be some 

over-lap in function between design development, procurement and construction 

management and supervision, advisory team composition and duration of 

assignments woulc be approximately as given in Table 4.2. Experience with 

commensurately-sizecd design, construction and logistical conditions should 

be required of technical assistance personnel, in addition to French language 

capability. 

Malian staff requirements are estimated at 950 person-months 

during the design phase and 1,250 person-months during construction. 

These figures include estimated requirements for support labor as well as 

technical and administrative staff. Composition and approximate duration 

of assignments for Malian Ministry personnel would be as given in Table 4-3. 

The average cost per person-month for technical assistance, furnished 

by a consulting firm,is estimated at U.S. $10,000 (1979 prices). For the 

Malian staff shown in Table 4-3, the weighted average direct salary cost is 

67,600 MF per person-month. Budgetary estimates for per diem and other 

subsistence costs are 35 percent. When materials and intangibles are also 

added, the total direct cost is estimated at 100,000 MF per man-month. 

Program costs for the Malian counterpart component for design and 

construction supervision then become: 

(2,200 man-months) x (100,000 MF/mm) x (overhead factor of 2)= 

440,000,000 MFor U.S. $1,100,000 

Technical assistance component costs are calculated as: 

(U.S. $10,000/mm) x (150 ram) = U.S. $1,500,000 

TOTAL U.S. $2,600,000 

This amounts to about 10 percent of construction costs for road improvement 

alternative 5. As design and construction supervision costs can be directly 

related to the standard of construction which is eventually selected, it was 

deciled that the above figure would not be used as a fixed value throughout, 

but would be tied to the level of road improvement. 
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Table'L2
 

Estimated Expatriate Advisory Personnel (Person-Months)
 

Position 

Counterpart Coordinator/ 

Project Manager 

Design Engineer 

Advisor Kay;s-Sandar6 

Advisor Sandari-Nioro 

Advisor Dialalka-Yeliman6 

Short Term Specialists 

Total Person-Months 

Design 
Pha se 

20 

20 

10 

50 

Table 4, 3 

Construction Total 
Phase MM_ 

25 45 

- 20 

24 24 

24 24 

12 12 

15 25 

100 150 

Estimated Malian Counterpart Staff Requirements (Person-Months) 

Position 

Project Coordinator/ 
Counterpart Manager 

Highway Engineer 

Design Engineer 

Materials Engineer 

Chief of Survey 

Accounting 

Materials Technician 

Drafting/Estimating 

Secretarial 

Survey 

Drivers 

Miscellaneous Staff Labor 

Total Person-Months 

Design 

Phase 


25 


20 


40 

10 

20 

40 

25 

260 

60 

190 

150 

110 

950 

Construction Total 
Pha so (MM) 

30 55 

150 170 

5 45 

10 20 

-- 20 

80 120 

85 110 

10 270 

70 130 

250 440 

230 380 

330 440 

1,250 2,200 
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4.3.4. AGRICULTURAL COMPONENT 

This component, recommended in this study for inclusion in this
 
project option, is conceptually defined in Chapter 10 
 within the context of
 
the economic analysis of the Kayes-Nioro road. 
 Because of the conceptual
 
nature of the subject, an implementation program is proposed at a corre­

sponding rough level of detail. 

Additional work is required in further defining the agricultural interven. 
tion targeted for the Yelimane and S~gala areas. This work will aim at preparinc 
the decails of this intervention. Major among the issues which would be
 
addressed are the following:
 

a Choice 
of whether improved production technologies are to 
be rainfed or woula utilize some irrigation (possibly in 

conjunction with the water resources study presently 

underway for O.V.S.T.M.); 

0 Should some level of mechanization be introduced or reliance 
be placed on an4 .mal drawn implements? 

0 What are the crops to be encouraged? i.e. those for local 

consumption (cereals), cash crops or livestock forage or 
a mixture; ana 

* Where specifically is the intervention to be concentrated? 

What pilot areas are to be used? 

Once the agricultural component of the project has been further 
defined, a project paper could be prepared. It is assumed herein that the 
work will be carried out by donor agency staff. The time frame for all said 
activities is conjectural at this writing. However, it is estimated that an 
agricultural intervention could start by January, 1982. 

A three year program is assumed to be appropriate for an intervention 
of this magnitude. An agricultural technical assistance team for about 60 
person-months would provide the necessary coordination and detailed planning 
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of the proorlm i urthermore , equipment procurement, for extension services 

,indI be required. is suggested that thisother proj(:t ,clcmients, would It 

('wtlvity 1) .;tjrtcl prior to the arrival of the agricultural technical assistance 

t,. m , d r i,: hi with road equipment acquisition.S conjunction 

('cmrwnt, datons as to management of the intervention, such as 

which 6'1M i p.),rtment is to be the executing agency, will have to await 

mrthr d, 'isi,ns. Ilowever: one can anticipate that the intervention will 

;,,ik in Ii self-operating by the end Furthermore,])H?3lnd becon-e of 1984. 

it iS-propflL..s that a certain degree of flexibility be left in the program, such 

thft h.t<nlcJ plonning would be carried out during program implementation in 

th(' field. 

The implementation schedule for project option A, given in Figure 4.1, 

is based on the following rates of progress derived from an assessment of 

capabilities likely to be available in Mali: 

o Field surveys: about 5 to 6 km per month per survey crew. 

'iwo separate survey crews woula be required for each 

road section in order to meet the proposed schedule. In 

total, a maximum of four survey crews would be operating at 

any one Lime; 

o Road design: about 2 km per week per design crew; this 

is an optimistic rate selected in light of the limited 

amount of alignment changes and the recommended low 

level of detail; two design crews would be operating 

during most of the program; a higher rate of production is 

estimated .,or the Dialaka-Y61iman6 section; 

* Document preparation to Contractor mobilization: a period of 

five to six months is deemed to be the minimum feasible 

under conditions prevalent in Mall; and 
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Construction: about 5 km per month for contractor construction 

and less than 4 km per month tor force account construction; 

it is assumed that construction will proceed on an average 

of nine months per year ana that only a limited number of 

activities coula still be undertaken during the rainy season. 

The proposed schedule in Figure 4.1 is predicated on phasing and 

incremental production being timed for judicious overlapping between the 

different activities; i.e. design is carried out simultaneously with field 

surveying which would keep slightly ahead of design. 

0 

4.4. IMPLEMENTATION PROGRAM -ALTERNATIVE B 

The below described implementation program is proposed for carry­

ing out project option B, consisting of only the Kayes-Nioro road. 

-1. 4. 1. STRATEGY 

Similar to the previous implementation alternative, the Kayes-Nioro 

road is apportioned into sections, Utilizing the same apportionment criteria 

the following sections and construction methods are recommended: 

Construction Approximate Length 

Method Section (kim) 

Contract Kayes-Dialaka 82 
Force Account Dialaka-Sandar6 61 
Contract Sandar6-Nioro 107 

250 

As the design work on all three sections would be completed simul­

taneously by one A/E consultant, it would be possible to prepare the bid 

documents so that one or more contractors is/are selected for the construc­

tion work. The option should remain open to construct the Dialaka-Sandar6 

section using a contractor, though, it is recommended to use force account 

for reasons of technology transfer, creation of Malian construction capability 

in the First Region, and the provision of an equipment pool which could be 
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used for road maintenance. 	 The Dia!aka-Sandar6 section is selected for 

since it is the shortest and would still beforce account const:, ction, 

the other two sections in spite of acompleted at about the same time as 


reduced rate of construction progress by force account,
 

4.4.2. MANAGEMENT AND 	BUDGETING 

The preferred use of an A/E consultant for the design phase would 

soils and other surveys to be carriedbe in its headquarters with necessary 

Aerialout in the field. This would reduce the costs of the design work. 

it more likely is cheaper andphotography would have to be undertaken as 

more expeditious. Timing for the aerial photography is critical, and 

season is almost mancatory.scheduling outside the rainy 

team would also carry out the additional studiesThe A/E consultant 

namely with the purpose of minimizing construction quanti­listed in 4. 2. 2. 

road maintenanceties, establishing socio-economic base data, developing 

investigatingrequirements in light of an established Fourth Highway program, 


better force account management and cost control techniques, and establish­

ing equipment requirements.
 

The construction supervision and construction management are left 

open at this stage to provide maximum flexibility for acquiring joilit financing 

sum of about 90 millionfor the 	construction phase of the work. However, a 

MF should be earmarked for 	an expatriate advisor to help in construction 

management of force account activities. 

Following is the proposed budget for the A/E consultant portion of 

the work: 

Million 	Malian Francs 

(1979)Item 

140Aerial Photography 

Final Design (includes soils 500
 

investigation and testing)
 
60Administrative Studies 
50Soils Experimentation 
50Soclo-Economic Data 

8OO
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.1.4.3. PROPOSED SCHEDULE 

The irnplementatf:1 schedule for project option B, given in Figure 4.2, 

is based on the following rates of progress: 

e 	 Consultant design work: over 20 km per month, using 

aerial photography, provided the flying of the rcld is 

accomplished by the start of the rainy season of 1981. 

e 	 The period from end of design to start of construction 

is estimated at 7 months. This period includes bid 

advertisement, bid evaluation and contractor mobilization. 

* 	 Construction: at 4 and 5 km per month for paved and gravel 

roads by contractor, and at 3 km per month for gravel roads 

by force account. 
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5.1 

CHAPTER 5
 

CONSTRUCTION COSTS
 

UNIT COSTS 

5. 1.1 PRIVATE SECTOR CONSTRUCTION 

Unit cost estimates for the various construction items of the project 

were established by means of a review and analysis of the following: 

- Unit road construction costs available from existing reports; 

- Recent bids and engineer's estimates of other road projects 
similar to the Kayes-Nioro Road, provided by D. N.T.P.; and 

- Unit costi provided by the major, locally established European 
private construction firms. 

All costs were brought to a "without-tax", 1979 basis. To that 

effect, en annual inflation rate of 15% was used, which appears to be within 

the range indicated by D.N.T.P. staff, private contractors and the National 

Bureau ol Statistics. Average unit costs weL-. thus obtained and compared 

with similar costs from the Consultant's present and recent experience in 

other developing countries (particularly in Africa), as well as the U.S.A. 

Unit costs which showed great variation from one source to the 

other (possibly because of differences in the definition of construction work 

tasks included in each Item), were computed directly on the basis of the 

.Ls of the components constituting each item. This was particularly so 

in the case of structural work items. 
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Unit costs for private contractor construction are presented in
 

Tables 5. 1 and 5.2.
 

5. 1.2 FORCE ACCOUNT CONSTRUCTION 

A number of construction cost studies have been made by D.N.T.P. 

However, it was not possible to draw the required firm conclusions, since 

each study was dependent upon the nature of assumed work crews, equipment 

fleet and rates of productivity. Furthermore, as cost accounting histories of 

construction by Government forces were not available, unit costs of selected 

operations which could be carried out by force account were estimated on the 

F3sis of input costs, such as labor, equipment and materials combined with 

estimates of productivities. 

The consultant examined costs per kilometer of road construction 

for different serviceability levels (D through B), in mountainous, rolling and 

flat terrain, for both private sector contracts and D.N.T.P. force account 

studies. If a 30 percent overhead factor is applied for centralized super­

vision, the costs of force account construction would be equal to the costs 

incurred by private contract. However, the data base is small, variations 

from the average too high and the credibility of the basic assumptions too 

unsure for a reliable conclusion on force account construction costs. For 

analysis purposes, force account construction costs were therefore assumed 

to be equal to those de.ived for private sector construction. 

During discussions with D.N.T.P. officials it was strongly indi­

cated that public sector construction capabilities are being over-extended 

due to a shortage of management, supervisori and engineering staff as a 

result of the amount of present participation in several road and bridge con­

struction programs. Malian officials considered that it would be preferable 

to construct the Kayes-Nioro road by private contractors. 

The consultant's recommendation (refer to Chapter 4) is that most 

of the Kayes-Nioro road be constructed by private contractors. Selected 
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Table 5. 1 1 2 
Unit Construction Costs In Malian Francs - 1979' (Local Taxes Not Included) 

ITEM UNIT U'NIT COSTS 
Transport 

Source Study- Average Data Koutiala-

Bamako Unit Provi'ted Sikasso 
Kayes 3 Costs4 SNTP5 SATOM 6 by DNTP 7 Road Average Adopted 

2 
Clearing & Crubbing m 60 45 15 58 55 F9 50 60 

Topsoil Removal m2 70 310 355 370 - 305 280 200 

2 
Subgrade Preparation m 210 275 220 190 - 205 220 220 

3 
Excavation (Wasted) m 850 780 485 1120 740 1020 830 850 

Embankment 3 
(Excavated Material) m 1845 1485 1030 1620 1270 1580 1470 1600 

3
Embankment (Borrow Material) m 2840 1520 1120 1760 1050 1G50 1660 2000 

Ditching lm 1005 1610 285 785 500 650 805 900 

Subbase Course I 2840 1650 2300 4810 2110 3900 2935 3000 

Base Course m 3 3550 2155 2300 5000 2680 3900 3265 3300 

2 
Prime Coating m 440 400 430 390 450 310 405 400 

Double Bituminous Surface 2 
Treatment m 1600 1300 1035 1800 1260 1375 1400 1500 

3

Transportation of Materials m/km 250 160 150 200 185 160 185 200 

Additional Cost of Rock 
Excavation m 3550 - 4485 5300 3400 4185 4200 



" h,, ;. I (( nntinuc-d) 
linit Construction Costs In MNulln Francs - 19791 (Local Taxes Not Included) 

ITEM UNIT UNIT COSTS 
Transpcrt 

Source Study - Average Data Koutiala-
Bamako Unit Provided Sikasso 
Kayes 3 Costs 4 SNTP 5 SATOM 6 by DNTP7 Road Average Adopted 

Additional Cost of Ditch 

Excavation in Rock 1m 7,275 .... .. 1,685 -- 4,480 4,SOO 

Concrete Pipe or 80 Im -- 53,960 40,250 -- 53,870 -- 49,360 55,000 

Concrete Pipe ( 100 Im -- 97,125 57,500 ...... 77,315 80,000 

3 
Gabions m -- -- 33,550 43,700 34,400 -- 37,070 40,000 

C,, 

Concrete (B350) m ... 138,000 174,000 131,650 -- 147,885 170,000 

Steel kg .... 500 580 .... 540 650 

1 - In order to bring all unit costs to a 1979 basis, the consultant adopted an average construction cost inflation 
rate of 15% for the last 3 years. All costs shown are 1979-based.
 

2 -Taxes were deducted on the basis of information provided in the source data.
 
3 - Values are based on unit costs for 1976 in the First Reqion, including taxes.
 
4 - Values are based on average 1978 costs including taxes, from a survey of recent bids.
 
5 - Values are based on estimated 1978 costs, excluding taxes.
 
6 - Values are based on estimated 1979 costs, excluding taxes.
 
7 - Values are based on estimated 1978 Engineer's estimate for a major road, excluding taxes.
 
8 - Values are based on 1978 Lowest Bid prices, tax-free contract.
 



Table 5.2
 

Unit Costs Estimated By Consultant
 

1. Drainage & Structures 

Ford, 5m wide (Per linear m) 

Concrete 300 (incl. reinforcement) 3.35 m 3 at 175,000 
4.25 m 3 at 11,000
Rip-rap (not grouted) 


2 m at 40,000
GCIb ions 

Miscellaneous 


Gravity Retaining Wall, 2m high (Per linear m) 

Concrete 300 (ncl. reinforcement) 1.03 m 3 at 175,000 


Lxcavation, Backfill & Misc. 


Box Culvert lx 2m, 7m long, including headwalls (Each) 

3 
Concrete 350 1.18 mnim x 7 x 170,000 

Steel 160 kg/lm x 7 x 650 

Headwalls 
ExcavaLion, Backfill & Misc. 

J80cin RC Pipe Culvert, 7m long (Each) 

Pipe Culvert@ 180 cm 7 m at 55,000 

Headwalls 

flOcm RC Pipe Culvert, 7m long (Each) 

Pipe CulvertC $100 cm 7 m at 80,000 

Ie adwalls 

2. Miscellaneous Items 

Erosion protection: m 

Rip-rap (not grouted): m' 

Metal railings: Im 

Removal of existing pipe culverts: each 

Removal of other structures: m 


5.5
 

586,250FM 
46,750
 
80,000
 
87,000
 

800,OOOFM 

180,250FM
 
19,750
 

200,OOOFM
 

1,404,200FM 
728,000 
300,000
 
67,800
 

2,500,OOFM
 

385,OOOFM 
45,000430, OOOFM 

560,000FM
 
60,000
 

620,OOOFM 

11,OOOFM
 
11 OOOFM 
55,00OFM
 
80,OOOFM 
40,OOOFM 



sections of average construction difficulty (Y'eliman4 branch road or Dialaka-

Sandar6 section) would be accomplished by force account. This will develop 

sufficient equipment and expertise for roadway and equipment maintenance. 

The extent of such needs is dependent upon the pending World Bank funding 

highway maintenance program which is discussed in Chapter 6. Rigorous cost 

accounting for such force account work will make future comparisons of public 

versus private construction possible. 

5.2 CONSTRUCTION COSTS 

5.2.1 GENERAL 

Construction costs for the various levels of road improvements were 

computed on the basis of estimated quantities and adopted unit costs. These 

quantities and costs are summarized in Table 5. 3 (level CC), Table 5.4 

(level BB) and Table 5. 5 (level AA). The Kayes-Nioro road was sub-divided 

into four sections: Kayes-Dialaka, Dialaka-Sandar6, Sandar6-Nioro and 

Dialaka-Y~liman6. Improvements in alignment (levels BB and AA) will result 

in the total road length being reduced by ;bout 1%. However, the cost estimates 

are based on original road lengths, as the reduction in road length will be com­

pensated by an increase in the number of small drainage structures. 

Construction costs, reasonably estimated therein, are to a ±20 per­

cent accuracy, as would be expected at a preliminary design level. Table 

5. 6 summarizes the total capital investment costs for each of the seven alter­

native road improvements. 

5,2.2 MOBILIZATION DESIGN, AND SUPERVISION COSTS 

Mobilization Costs are estimated to be 15%, based on averaging 

various estimates given by local European contractors, and taking into ac­

count the remoteness of the project site and the general lack of adequate sup­

plies of water for cons'ructiono Chapter 4 illustrates the remoteness of the 

area by listing the costs of transporting construction equipment to the site. 

5.6 
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Suimmary (of (dpitdl Iivestment Costs (1 11011 N1 q79) 

ROAD IMPROVEMENT 

ALTERNATIVES 

CONSrRUCTION COSrROA IMROVMEN _________________________________________________ 

KAYT.S- DIAIAKA DIALAKA-SANDARI: SANDARE-NIORO DIAIAKA-YELI MANE 
SUBTOTAL TOTAL COST • 

I 

2 

3 

4 

5 

6 

7 

cc 

CC 

BB 

BB 

AA 

AA 

AA 

771.282 

771,282 

2.251,770 

2.251,770 

3,054,150 

3,054,150 

3,054,150 

CC 912,053 

CC 912,053 

CC 912,053 

BB 2,335,330 

BB 2,335,330 

AA 2,931,970 

AA 2,931,970 

('C 1,220,594 

C C 1,220,594 

CC 1,220,594 

BB 2,366,330 

BB 2,366,330 

AA 3,453,950 

AA 3,453,950 

-

CC 1,330,386 

CC 1,330,386 

CC 1,330,386 

CC ,,3 3 0 ,3 8 6  

CC 1,330,386 

BB 2,551,970 

2,903,929 

4,234,315 

5,714,803 

8,283,816 

9,086,196 

10,770,456 

11,992,040 

3,673,470 

5,356,408 

7,229,225 

10,479,027 

11,494,037 

13,624,626 

15,169,930 

* Total cost includes mobilization, construction, design and supervision. 
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Ii, the case of a technical assistance implementation program, 

the design and supervision costs have been estimated at 10% of total con­

struction and mobilization costs. When an A/E consultant is used, the 

design cost is estimated at 9%, including additional studies, and expatriate 

construction management at 1% of total construction and mobilization costs. 

Supervision of contractor construction and local construction management 

of force account work are estimated, in this later case, to be covered 

within the construction and mobilization costs. This is possible, due to 

a more economical design as provided by an A/E consultant. 

5.2.3 COST COMPONENTS 

Construction costs were allocated between the foreign and local 

currency components. In addition, costs were separated into equipment, 

materials and labor components. 

from private contractors in Mali,
Based on information obtained an 

bids and data provided in existing reports available withanalysis of recent 

D. N.T.P. , the total construction costs, excluding most local taxes, have 

been broken down as follows: 

A) Sources of funds 

Foreign Currency ................. 75%
 

Local Currency ................... 25% 

100%Total ............................ 


B) Application of funds 

Equipment ............... ..... .. 55% 

M aterials ....................... 25% 

Expatriate Salaries ............... 10% 

Local Salaries ...... ...... 10% 

Total ........................... 100% 
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In practice, it is very difficult to exclude all taxes since in many 

fuel and salaries and social"tax-free" contracts taxes are still paid on 

5. 7 summarizes these breakdowns for allcontributions are made. Table 

seven alternative road improvements. 

5. 3 COMPARISON WITH OTHER MALIAN ROADS 

Unit costs for the Kayes-Nioro road, including Mobilization but ex­

cluding Design & Supervision, are as follows: 

Road Improvement Level Cost (1,000 MF/km; 1979) 

CC 	 13,358
 
BB 31,986
 
AA 43,424
 

The above costs are compatible with recent experience when they are 

compared with those given below for 	other roads in Mali: 

Road Total Cost LenQth-km Unit Cost Date
 
(1,OOOMF) (1,oooFM/km)
 

Access to Selingue Dam 2,198,700 35 62,820 Current 
132 56,613(2)7,473,000Sikasso-Koutiala 

180 16,666(3) (6)
Didieni-Goumbou 3,000,000 


Ansongo-Anderambou- 4,312,400 310 13,911
 

Ka ne (4)
 

Sevare-Hombori 9,514,000 328 29,000(5)
 
Sevare-Kersedougou 1,237,000 100 12, 370(2)
 

71 9,3,830 Near FutureMarkala-Nioro 6,875,000 

(1) Actual completed 
(2) Bituminous surface 
(3) Feeder Roads 
(4) Cost does not include bridges and bituminous surfacing 

(5) Road improvement consists of only bituminous surfacing 
(6) 	 Force account construction with "Cost Center" approach using technical
 

but with somewhat thicker pavement.
assistance. Close to level CC, 

5.12 



Road Improvement 
Alternatives 

1 


2 


3 


4 


5 


6 

7 

Table 5.7 

Breakdown Of Costs Summary (1,000 MF, 

Source of Funds 

Foreign Cost Local Cost 

2,755,102 918,357 


4,017,306 1,339,102 


5,421,918 1,807,306 


7,859,270 2,619,756 


8,620,527 2,873,509 


10,218,469 3,406,156 


11,377,447 3,792,482 


1979) 

Application 

Local
 
Salaries 


367,347 


535,640 


722,922 


1,047,902 


1,149,403 


1,362.462 


1,516,993 


of Funds 

Other Costs 

3,306,123
 

4,820,767
 

6,506,302
 

9,431,124
 

10,344,633
 

12,262,163
 

13,652,937
 



5..4 BRIDGES ON KAYES-NIORO ROAD 

As discussed in Chapter 3, all bridges on the Kayes-Nioro road 

were 'nspocted and found to be in sufficiently good condition that only minor 

rehabilitation is warranted. Much of the needed work IS for rubuilt approaches 

1llowing fister and safer traffic use, erosion protection, and parapet and rail­

ing work. Estimated rehabilitation costs are presented in Table 5-8 for all 

bridges. These costs have already been included in the Construction Cost 

e.stimates given in Tables 5.3 through 5.7. 

Table 5-8 

Rehabilitation Costs of Bridges on Kayes-Nioro Road 

Station Estimated Cost (1,000 MF) 

11+41 1,406 
l19+34 3,028
 
29+77 5,292 
30+20 950 
57+67 16,154 
60+11 1,790
 
93+67 1,000 

103+31 2,820 
144+43 1,327 
149+92 666 
156+78 1,826
 
177+80 1,066
 
177+89 3,170 
214+20 1,510 
217+08 1,613 
2Z2+40 971 
250+25 1,970 

Total 46,559 

Foreign Component 34,919 

Local Component - Material 8,148 

Labor 3,492 
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5. 5 SPECIAL BRIDGE STUDIES 

As already discussed, USAID/Mali requested the consultant to assess 

the needs for bridges in the vicinity of Kayes, in consultation with First 

Region GOM officials. Following are order of magnitude cost estimates for 

those bridges which were selected and investigated. These estimates should 

be considered as very tentative. In addition, it will be noted that the costs 

for these bridges are not included in any of the later analyses as they do not 

relate directly to the study road. 

5. 5. 1 SENEGAL RIVER BRIDGE 

Based on the preliminary design given in Chapter 3, the following 

quantities and costs were estimated: 

No. Item Unit Price Quantity Cost 
_- 3 (1I,000 MF) _ (1,000 MF) 

1 Concrete (350 kg) - Super- m 170,000 1,050 180,600
 
structure
 

3 
2 Concrete (350 kg) - Substructure m 138,000 2,400 330,240 
3 Prestress Concrete m3 270,000 860 228,760 

4 Reinforcing Steel kg 650 470,000 293,750 

5 Other Items ...... 67,230 

Subtotal 1,100,580 
Add 30% for Mobilization, clearance, wingwalls, etc. 330,174 

Total 1,430,754 

Foreign Corponent 1,073,000 

Local Component - Material 250,000 

- Labor 108,000
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5. 5, 2 OTHER BRIDGES IN THE VICINITY OF KAYES 

Based on preliminary analyses given in Appendix D, the following 

c.)sts are estimaitecd: 

Type of 
Work Bridge 

Cost 
(1,000 MF) 

.:onstrUcLion NeL,.% bridge across Papara River on 112,000 

Kayes-Keni6ba Road, Near Bintiguela 

Rh,habilitation Bridge near Bintiguela, 14 km from Kayes 2,130 
Rehabilitation Bridge across Kamankol6 River on 13,224 

Keni6ba Road 

Total 127,354 

Foreign Component 95,515 

Local Component -- Materials 22,287 

- Labor 9 552 
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6.1 

CHAPTER 6
 

ROAD MAINTENANCE PROGRAM
 

EXISTING ROAD MAINTENANCE SYSTEM 

6.1.1 ADMINISTRATION, STAFFING AND FINANCE 

6.1.1.1 ADMINISTRATION 

A principal division of the Ministbre des Travaux Publics et du 

Tourisme (MTPT), the Direction Nationale des Travaux Publics (DNTP), has 

overall responsibility for road maintenance. In addition, it is responsible 

for studies, plans, designs, supervision an,.' execution of road construction 

and for technical studies of railways, ports ind airports. Periodic mainten­

ance by force account (seal coating and regi 3veling) is usually carried out 

by specially organi7ed mobile brigades fun ;tioning under the Division 

Technique of the DNTP. Routine and emergency maintenance is normally 

the responsibility of eight Regional Directorates located throughout the 

country. Regional Directorates administer a present total of eighteen sub­

division depots which support local maintenance workforces and equipment. 

Within the DNTP, the Division 4-s Etudes Gen6rales et des 

Programmes prepares investment and maintenance programs, budgets and 

does expenditure control; the Division des Etudes Techniques et de Recherches 

studies projects and supervises works; the Division Technique executes road 

construction and periodic maintenance. Five other principal divisions of 

the Ministry of Public Works all interact with and support the DNTP. Chief 

among these are the Service du Materiel (equipment services) which purchases, 

6.1
 



maintains and repairs road equipment; the Centre de Perfectionnement du 

Personnel (training center); the surveying institute; and the Centre National 

materials laboratory).de Recherches et d'Experimentation (soils and 

rented by the Service du Materiel to the regions andEquipment is 

to the Division Technique (the bituminous brigades, for instance). A sam-

The equipment can also be rented
ple of these rates is shown in Table 6-1. 

private companies and corporations but at higher rates.to 

6.1.1.2 STAFFING 

in planning, supervising and
The operational staff directly involved 

executing road and equipment maintenance numbers in excess of 1,300 engi­

skilled workers. There is a permanent workforce in 
neers, technicians and 

excess of 1,100 engineers, technicians and skilled workers in the Direction 

(DNTP); in excess of 200 personnel respon-
Nationale des Travaux Publics 

sible for mechanical maintenance are employed by the Service du Mat6riel. 

and
Total permanent personnel is considered sufficient for the operation 


The ongoing Third and pro­
maintenance of the present Mali road network. 

posed Fourth Highway Projects of the World Bank contain provisions for 

training which would reach almost all personnel in the DNTP and Service du 

Materiel. 

The ratio of permanent road maintenance and equipment maintenance 

high and would be judged
personnel to the road network and equipment fleet is 


in a developed country. Considering the extremely dispersed

excessive 

road network (0.01 km of roads of all types per square km of land area), plus 

centers,
difficulties in communications and transport between maintenance 

this ratio may not be excessive
and present levels of skills and efficiency, 

for conditions in Mali. 

staff is assigned to the First
Approximately 20% of the total DNTP 


Region (Kayes). This level of staffing is approximately equal to the First
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Table 6-1 

Equipment Rental Rates (1979), Applicable to Ministry Divisionsl / 

Type 

Valuev­
(Million FM) Rate Charged to Regional Divisions Rate Charged to Division Technique 

Daily Hour/Kilometer Daily Hour/Kilometer 

Bulldozer 88.5 142,400 17,800 160,600 20,100 

Loader 33.0 61,300 7,700 66,200 8,300 

Grader 44.1 75,800 9,500 82,500 10,300 

Roller 43.8 42,100 5,300 48,700 6,100 

Pneumatic Roller 68.1 117,000 14,600 127,000 15,900 

Tractor 7.3 10,700 1,300 11,800 1,500 

Tracled Roller 10.0 9,200 1,100 10,300 1,300 

Truck (5T) 9.8 17,500 55 19,000 60 

Truck (13T) 

Water Truck 

16.0 

28.2 

28,500 

40,300 

90 

125 

30,900 

44,600 

95 

140 

Low Boy 

Light Vehicle 

18.3 

3.4 

23,100 

5,500 

70 

15 

25,200 

6,000 

80 

20 

Pick-up 6.5 10,500 30 11,500 35 

1979. 
./ Source: Service du Materiel, Ministry of Public Works and Tourism, 

2/ All taxes included. 



Table 6.2
 

First Region Staff (1978)
 

Designation 

Ingenieur 20 degre 

Ingenieur 10 degre 

Techniciens 


Comptable 

Secretaires Dactylo 

Plantons 

Gardiens 

Magasiniens 


F1 Pointeau- Facturier 
X Surveillant chantier 

Pointeurs 

Contre-maitre T. P. 
Contre-maitre mecanique 

Mecaniciens 
Aide- meca niciens 
Ajusteur et chandronnier 
Soudeurs 
Forgerons- Ferrailleurs 
Menuisiers-charpentiers 
Mason 
Aides-Masons 

Peintres 

Chauffeurs et Chauff. mecanic 
Conducteur 
Aide s- Conducteurs 
Graisseurs 

Manoeuvre s 

TOTAL 


Direction 

Regionale 


1 


1 

3 

2 

1 

-
-
-3 
-


-

-
-
-
-
-
-
-

-

-

1 

-

-

2 


11 


Kayes 

1 

1 


3 

2 

3 

1 

3 

1 


2 

4 

6 


9 

5 

2 

1 

4 

5 

6 

4 

1 


10 

8 

4 

2 


15 


103 


Subdivision 
Nioro 

1 


1 

2 

2 

2 

2 

1 


2 

-

4 


5 

1 

-

-

-

3 

4 

1 

-

15 

3 

-
-

12 


64 


Total 
Kita General 

- 1
 
- 2
 
2 3
 

1 6
 
2 9
 
1 8
 
2 6
 
- 5 
2 4
 
- 3
 
1 5
 
- 4
 
7 17
 

- 14 
2 8
 
- 2 
1 2
 
- 4 
2 10
 
2 12
 
4 9
 
2 3
 
7 33
 
2 13
 
1 5
 
- 2
 

1 30
 

42 220
 



Region's proportion (23Y) of classified and unclassified road: In the national 
network. Table 6-2 lists classifications of First Region personnel and dis­

tribution of staft between regional directorate and smaller administrative 

units. The number of engineering personnel is relatively small in comparison 

to the total permanent workforce. 

6.1.1.3 FINANCES 

Road user charges in the form of taxes on petroleum products, 

vehicle and parts imports and vehicle registrations are the principal sources 

of revenue (957) for the Road Fund. The fund finances expenditures for road 
maintenance and equipment procurement, road studies and investments, the 
soils Lnd materials laboratory, street improvements, and road loan debt ser­

vice. The national budget, in addition, finances some administrative costs 

arid occasionally urgent investment work. Revenues from user charges during 

the period 1973-77 -xceecded actual road catlays as indicated by the comparison 
given in Table 6-3; however, only about 30% of the user charges are allocated to 

the road fund. 

Table 6-3 

User Charge Revenue and Road Outlay (in Million FM± / 

1973 1974 1975 1976 1977 

User Charge Revenue 5,200 5,261 6,904 6,679 7,594 

Road Fund Ouclay 2 / 3,159 4,738 6,127 5,616 6,146 

User Charge Revenue 
expended by Road Fund 1,430 2,388 1,882 1,883 2,446 

The International Development Association (IDA) states that due to 

severe inflation: "allocations for road maintenance in real terms have 

decreased over this period as Road Fund revenues have been increasingly 

used to finance Malian contributions to road investments." In addition, 

I/Source: GRM documents 
.2/External source financing constituted about 56% of actual outlays 

during this period. 
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the actual status of the Road Fund is problematic since many road user fees 

are paid into the Postal Checking System upon which the Road User Fund 

must draw chiecks tor much of its revenue. Because the Postal Checking 

System experiences problems in remaining liquid, the Road Fund is affected. 

Overall, the road fund, as presently funded, is not capable of handling road 

maintenance requirements for the country as a whole. 

6.1.2 EQUIPMENT AND WORKSHOPS 

6.1.2.1 REGIONAL FACILITIES 

for equipment maintenance and repair,Facilities in the First Region, 

parking and storage of maintenance materials are situated at Kayes, Nioro 

small depot for storing fuel in drums atand Kita. 	 Additionally, there is a 

Detailed inspections of district and sub-district facilities at KayesSandare. 


and Nioro by TAMS personnel indicated that these are only minimally func­

tional. Statements by various ministry personnel indicated that the Kita 

facility is in a similar status. 

Geographical distribution of the three facilities is good, since they 

but each facility is 200 kilometers are well-spaced witiin the First Region, 

In the future, should an additional sub-district facil­distant from the other. 


travel to the most distant portions of the
ity be established at Keneiba, 


entire First Region road network would seldom exceed 100 kilometers from
 

and buildings for equipment
the nearest maintenance facility. Land areas 


repair, storage and offices are adequate at both Kayes and Nioro. If sup­

they could support increased maintenance
plied with electricity and water, 


loads.
 

Shop equipment and supplies for proper fueling, preventive main­

tenance and light contact mechanical repair are lacking. These functions
 

are presently inadequately performed or not performed at all at Kayes dnd
 

Nioro, because of missing or inoperative equipment or lack of parts and
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supplies. Por example, 90 percent or more of the heavy equipment inspected-­

trucks, graders, dozers, loaders and tankers--has been out of commission 

for periods of six months to several years. On much of the inoperative 

equipment, tires or tracks were relatively new and in some instances 

appeared to be original. 

One result of these conditions is that the small amount of road 

maintenance presently carried out is inordinately expensive due to rental 

costs for ceadlined equipment and salaries of idle or underutilized staff. 

Another result is short life-expectancy of equipment. Throughout Mali, a 

widely quoted rule of thumb is that light vehicles have a four year life 

expectancy and heavy equipment lasts five years. Although road conditions 

diminish vehicle life, absence of proper mechanical maintenance is also a 

significant factor. 

The following factors require improvement in order to upgrade the 

low level of facility support for road maintenance: 

e 	 Funding. Adequate operating funds must be available to 

district and sub-district workshops to permit purchase of off­

the-shelf consumable supplies,and parts must be promptly 

received.
 

e 	 Preventive Maintenance Equipment (Regional Workshop). To 

remedy conditions in First Region workshops, complete re­

equipping will be necessary to support even minimal mech­

anized maintenance activity. The first priority is portable 

service equipment for daily repairs of equipment at the work­

shops and/or at work sites. Second stage improvements 

should concentrate on stationary equipment for workshops, 

in the event both objectives cannot be realized simultaneously. 

Absence of power and water at the Nioro workshop and 

inadequacy thereof at Kayes makes portable equipment a first 

priority. 
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6.1.2.2 CENTRAL WORKSHOPS 

Bamako is the headquarters for the Service du Mat6riel. Buildings 

and yards for equipment repair and overhaul are extensive and well planned. 

Interior layouts ana infrastructure of the machine shop and heavy and light 

equipment repair shops are well designed for large scale equipment main­

tenance, as are man.' of the out-buildings and speciality shops. 

Despite these good facilities, the Central Workshop was barely 

functioning during the period of the TAMS' team inspection. Obvious were 

shortages of electricity, spare parts and consumable supplies necessary for 

equipment repair. Conspicuously lacking in the spare parts warehouse were 

supplies of welding rods, gasket materials, hoses, belts, hydraulic fluids 

and stocks of nats and bolts, without which there can be little efficient 

equipment repair. Spare parts in warehouses appeared to consist largely of 

"dead stock", i.e., seldom required parts. 

The machine shop contained an impressive amount of equipment 

but, for example, only one lathe was in operation. There was a noticeable 

lack of equipment and tools in specialty workshops, i.e. , diagnostic equip­

ment, battery chargers, engine starters, welding equipment, etc. Only one 

air compressor (of five) in the facility was in working condition. There is 

no steam cleaning equipment and high pressure water cleaning equipment 

was inoperative. Available tools cannot always be located. In the engine 

rebuilding shop there was a large accumulation of truck and heavy equip­

ment engines (about 40) awaiting repair. 

These observations are indicative of a largely ineffective facility 

due to a critical lack of operating funds and experience. 
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6.1.2.3 ROAD MAINTENANCE EQUIPMENT INVENTORY 

Service du Mat6riel or equipment division has an inventory of 

approximately 625 units of road equipment and vehicles to support maintenance 

of some 14,000 kilometers of roads and tracks. As of July 1979, the status 

of this fleet was officially described as given in Table 6-4. 

Table 6-4
 

Status of Equipment Fleet
 

Number Percent of Fleet Condition or Comment 

56 9 Good Operating Condition 

232 37 Ir Service But Needs Repair 

125 20 Needs Major Repair 

212 34 Should be Scrapped 

625 100 

The amount of out-of-service or limited-service equipment can be 

expected to increase rapidly until such time as technical assistance inter­

vention, parts procurement and operator and mechanics training programs 

combine to improve significantly the overall proficiency within the Service 

du Materiel and hence in Mali. 

6.2 PLANNED IMPROVEMENTS (FOURTH HIGHWAY PROGRAM) 

The Fourth Highway Program of the International Development 

Association (IDA) contemplates financial, administrative and technical 

improvements to the road maintenance system. This project is still in the 

appraisal /negotiation stage at this writing. The information herein included, is 

unofficial, of an interim nature, subject to modifications, and based on an 

exchange of views with GRM and World Bank staff in Mali. The program 

is estimated to start within the year, if approved by GRM and the World 

Bank. 

6.9 



6.2.1 PLANNED FINANCING MECHANISM 

Under the Fourth Highway Program, the control division of the 

Ministry of Finance would propose increases on current fuel taxes in the 

order of 10 MF per litre to provide usable, ongoing revenues to finance GRM 

contributions to the planned extensive road maintenance work. The proposed 

changes would also raise the proportion of these taxes that would be allocated 

to the Road Fund. On the basis of the increased fuel taxes, it is estimated 

that the Road Fund would be able to meet the requirements of countrywide, 

limited routine maintenance, periodic maintenance for selected roads, local 

components of IDA projects, ongoinging and other priority road investments, 

and the amortization of debt service of past road projects. In addition, 

there would be a projected Road Fund surplus at the end of 1983. 

6.2.2 PLANNED TRAINING AND TECHNICAL ASSISTANCE 

Under the GRM/IDA 1980-83 program, no technical assistance is 

being provided directly to the DNTP. For the Service du Mat6riel, IDA 

intends to provide expert mechanical technical assistance during the on­

going Third Highway Program and the proposed follow-up Fourth Highway 

Program. Technical assistance to the Ministry's accounting office would 

be provided, should the need be identified during periodic program audits. 

The possibility for an accounting office training fellowship is included. 

Technical assistance for establishing a transport data collection unit in the 

Ministry is also contemplated. 

The 1980-83 Program (in its present unofficial stage) is designed 

to complete the training of Ministry road and equipment maintenance per­

sonnel, both at the center and in the regions. The center for training ministry 

personnel is located in Bamako. This center, designated the Centre de 

Perfectionnment du Personnel des Travaux Publics (CPPTP), was established 

under the Second and Third Highway Programs ahd began limited training 

operations in late 1978. The training staff will be increased from its 
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present level. Asc, funding will be made available for additional CPPTP 

facilities, teaching materials, equipment tools and vehicles and field 

equipment. 

6.2.3 	 PLANNED IMPROVEMENTS TO WORKSHOP AND ROAD MAINTENANCE 
EQUIPMENT 

The Fourth Highway Program presently includes planning and 

external funding for improements to workshops, including equipment and 

tooling. These improvements are to be centered on the central facility in 

Bamako as the keystone to an ambitious road equipment rehabilitation and 

ioad maintenance program. IDA proposes to fund a significant portion of the 

costs for shop improvements, new shop tools and spare parts in existing 

road equipment. However, direct IDA funding identified for improvements in 

workshops would not significantly affect capabilities of the 18 district and 

sub-district workshops, once the needs of the central facility were satisfied. 

The Fourth Highway Program anticipates repairing about 200 of the 

300 items of road maintenance equipment in the present inventory that are 

contemplated for use in the 1980-83 Program. A period of at least three 

years is estimated for the repair of this portion of the fleet. Much of the 

remaining and operational equipment will, however, reach the end of its 

scheduled physical life prior to completion of the Fourth Highway Program. 

Rehabilitated road maintenance equipment is to be reinforced with new ac­

quisitions to remedy deficiencies in type and number. Some of the new 

acquisitions would be used for force account brigades to increase capacity 

for carrying out deferred periodic maintenance planned for execution under 

the 1980-83 Highway Program. Overall, the Program is designed to be self 

sustaining at a level adequate for meeting country wide routine maintenance 

requirements. 

Programs for equipment rehabilitation and for new equipment ac­

quisition, if fully realized, might produce a combined fleet amounting to 
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some 350 	units of all types in service at any one time, assuming a relatively 

low equipment availability factor of 60%. This amount of equipment should 

be sufficient to support the amount of road maintenance planned during the 

Fourth Highway Program. 

6.3 	 MAINTENANCE PROGRAM PROPOSED UNDER KAYES-NIORO PROJECT 

The analyses made for the maintenance program proposed herein have 

examined maintenance requirements from two vantage points: recommendations 

for the First Region in general and recommendations specific for the Kayes-Nioro 

Road. The program is discussed by type of program element. Where pertinent, 

each of these two vantage points is addressed. 

As the Fourth Highway Program is, as of this writing, still in the 

appraisal/negotiation stage, the maintenance program proposed as part of this 

study is discussed for two conditions: 1) the Fourth Highway Program is 

implemented successfully and 2) said program is not implemented. Proposals 

are made for both possibilities. 

6.3.1 	 ADMINISTRATION
 

No administrative changes are recommended to carry out the required
 

road maintenance in the First Region and on the Kayes-Nioro Road. This also 

is the point of view of GRM officials. 

6.3.2 	 MANPOWER REQUIREMENTS 

As indicated in Section 6. 1. 1, the present overall total permanent 

staff of more than 1,300 engineers, technicians and skilled workers (DNTP 

plus Service du Materiel) is considered adequate to maintain the National 

Road Network, augmented as appropriate with seasonal laborers. The staff­

ing level of the First Region, now approximately 220 in the Directorate and 

subdivisions, is also considered adequate for road maintenance purposes. 

Adjustments in the distribution of personnel among classifications might be 

necessary to meet changing maintenance requirements. For example, the 

existance of a paved road will necessitate a different personnel mix. It is 

assumed that this can be accomplished by drawing upon the reservoir of per­

sonnel in DNTP and Service du Materiel. 

6.12 



6.3.3 TECHNICAL ASSISTANCE AND TRAINING 

No requirements for technical assistance in maintaining the Kayes-

Nioro Road in the immediate post-construction period can be identified at 
this time. Longer term requirements for technical assistance will depend 

upon the success of the training program conducted by the permanent training 

center in Bamako and the ability of the Ministry to retain trained and experi­

enced personnel. The turnover rate in DNTP personnel during the proposed 

IDA 1980-83 program period, estimated at 5% per year, is not considered 

excessive and has been taken into consideration in formulating training plans. 

In view of the extensive training plans for the Fourth Highway Pro­

gram period, no supplementary program is recommended for the same time 

frame. It is advisable that the IDA and GRM be consulted prior to the end 

of the program to determine whether or not additional financial assistance for 

the continued operation of the Centre de Perfectionnement du Personnel des 

Travaux Publics might be desirable. 

6.3.4 ROAD MAINTENANCE AND WORKSHOP EQUIPMENT REQUIREMENTS 

As discussed ini Section 6.2.3, the equipment situation at the end 

of road construction in 1985 cannot be easily projected. Without the Fourth 

Highway Program a very serious deficit is most likely for both road mainten­

ance and workshop equipment. With the Fourth Highway Program, however, 

a significant amount of change can be anticipated for the First Region, since 

routine annual maintenance is planned for all national and regional routes. 

In addition, the projected surplus in the Road Fund, if partially allocated 

for periodic maintenance,would further improve the maintenance situation in 

the First Region. If the Fourth Highway Program is implemented successfully 

as planned, most future First Region requirements for road maintenance 

equipment would most likely be met at a somewhat adequate level without 

further assistance. However, it is not anticipated that the Fourth Hi",.way 
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Program will be able to meet in a timely manner the requirements for workshop 

equipment. 

6.3.4.1 REGIONAL REQUIREMENTS FOR WORKSHOP EQUIPMENT 

Preventive maintenance and general workshop equipment is almost 

non-existent at present in sub-district facilities. Ix addition, it is not 

ar.ticipated that the Fourth Highway Program will change significantly this 

situation prior to the end of its IDA funding phase in 1983. Most likely, 

the lack of workshop equipment in the First Region will persist beyond the 

latter date well into the post construction period of the Kayes-Nioro Road. 

In order to insure the availability of workshop equipment for repair of road 

maintenance equipment in the First Region, minimum requirements have been 

estimated. Table 6-5 gives a preliminary list of the minimum preventive 

maintenance and daily service equipment for First Region Workshops. The 

drafting of a final list could be carried out at the design phase of the 

Kaycs-Nioro Road, in conjunction with the ordering of road construction 

equipment recommended in Chapter 4. This would permit further refine­

ment and more appropriateness to actual future needs. 

Table 6.5 has been developed on the basis of field visits to the 

Kayes and Nioro facilities. These visit., indicated that, expecially at Nioro, 

facilities for adequate fuel and water storage and power generation must be 

improved. Water is only available by tanker and there is no means for per­

manent water storage. Fuel storage is inadequate, considering the difficulty 

of re-supply and tanks cannot be utilized due to the absence of power. 

Additional tanks and new metering pumps for diesel and gasoline will be 

necessary, Two electric generators should be installed for reliability of 

service, but do not need to be of very large capacity. In addition, shop 

manuals or parts catalogs for equipment on hand must be made available. 

Lack of these, as at present, can generate protracted lost time in diagnosing 

problems, ordering correct parts and in making proper adjustments to road 
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Table 6-5 

Recommended First Region Workshop Equipment 
(MF million, 1979) 

Item Quantity Local Cost Foreign Cost Total 

Lubrication Equipment, 

Power and Hand 3 sets 1.8 12.6 14.4 

Tire Service Equipment 3 sets 0.6 4.2 4o8 

Refueling Equipment 3 units 1.5 10.5 12.0 

Cleaning Equipment, 

Steam or H.Po Water 3 units 0.2 1.3 1.5 

Battery Charger and 
Circuit Testor 3 sets 0o1 0.5 0.6 

Welding Machine, 300A 3 ea. 1.0 6.8 7.8 

Power Set 3 ea. 0.4 2,9 3°3 

Hand Tools 3 sets 0.1 0°8 0.9 

Building Improvements sum 5 24.6 30.0 

SUBTOTALS 11.1 64.2 75.3 

20% Spare Parts 2.2 12.9 15o1 

10% Contingencies 1.1 6.4 7.5 

TOTALS 14.4 83.5 97.9 
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maintenance equipment. In the long run, a fourth district workshop at 

Keneiba 	would reduce the relatively long travel distance now necessary to 

serve the 	region's roads, 

6.3.4.2 	KAYES-NIORO ROAD EQUIPMENT REQUIREMENTS 

In order 	to insure maintenance of the Kayes-Nioro road in the first 

post construction period, should the Fourth Highway Program fail for a number 

of reasons to affect road maintenance levels in the First Region, it is recom­

mended 	 to reconstruct one section of the road by force account, Reconstruc­

tion of a road section by force account, utilizing new equipment acquired 

for the work, would make relatively new equipment available for maintenance 

purposes in the First Region in 1985. Equipment recommendations and esti­

mated costs, totalling MF 557 million, have been itemized in Table 4-1. 

The Kayes-Nioro Technical advisory staff, or the A/E consultant retained 

for the design phase, would assist In final selection and procurement of 

the equipment. 

Priority for use of this equipment if given to the Kayes-Nioro Road, 

will insure adequate levels of maintenance on said road during the first post 

construction period, even if the Fourth Highway Program fails to mature as 

presently anticipated, A contract condition precedent to maintain on a 

priority basis, i.e., priority allocation of maintenance funds and equipment 

to the Kayes-Nioro Road, could be considered by donor agencies. 

ROAD MAINTENANCE BUDGETING REQUIREMENTS 

6.4.1 	 GENERAL 

The road maintenance costs, presented hereafter, are the total 

costs required for properly maintaining the Kayes-Nioro Road network, and 

that for the First Region. These would include costs to be incurred by the 

Fourth Highway program and costs to be incurred for maintenance activities 

not covered under said program. As this World Bank program is still 
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not finalized, it is not possible at this stage to allocate the total costs 

between said program and additional needed activities. Appendix H presents 

the total required costs for maintaining the Kayes-Nioro road network. 

If said World Bank program is not implemented, the budgeting 

requirements would be for the total costs, Should the Fourth Highway 

program materialize, then the budgeting requirements would be reduced by 

as much. 

6.4.1.1 STRATEGY 

Road maintenance involves a multitude of field operations each 

appropriately carried out using a specific technology. The recommended 

strategy for employment of labor-based, equipment-based and appropriate 

labor/equipment mixes for road maintenance in Mali is based upon previous 

studies of Mali's human resources, and economic and field conditions. In 

broad terms, the recommended strategy is identified as follows: 

" 	 Heavy maintenance should be carried out by equipment intensive 

means. This category of field operations includes resealing 

pavement, grading, regraveling, compacting and anti-corrugation 

dragging (tble ondul6e) of aggregate roadways. 

" 	 Light maintenance should be carried out by labor intensive 

means. This category includes clearing shoulders, cleaning 

drainage, hand loading trucks, pot-hole repair, etc. involving 

minimum skill and direction. 

" 	 Routine maintenance is appropriately carried out using a mix of 

equipment and labor. These operations include patching, 

spot emergency repair, regraveling shoulders and drainage 

maintenance other than simple clearance of debris. 
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6.4.1.2 ROAD MAINTENANCE SCHEDULES 

Road maintenance schedules recommended for the First Region also 

apply to the Kayes-Nioro Road. Recommended frequencies for road 

maintenance operations are reasonably consistent with GRM standards and 

maintenance strategies anticipated by the Fourth Highway Program. Actual 

frequencies should be determined for individual facilities after careful 

consideration of a number of strongly influential variables, including quality 

of initial design and construction, topography, climate and user traffic. 

Maintenance requirements for engineered gravel and paved (with 

a double surface treatment) roads would be as indicated in Table 6-6 and 

6-7 for routine and periodic maintenance. 

6.4.1.3 ESTIMATE OF UNIT MAINTENANCE COSTS 

Unit maintenance costs adopted for estimating maintenance expen­

ditures are shown in Table 6-8. These costs have been developed using 

GRM and IDA sources in conjunction with the adopted road maintenance 

strategy, presented in the previous section. These costs are without taxes 

and include costs of labor, materials, equipment amortization and operation 

and overhead. 

6.4,2 ESTIMATE OF BUDGETING REQUIREMENTS FOR FIRST REGION 

To develop First Region annualized maintenance expenditures (both 

periodic and routine), simplifying assumptions for road characteristics and 

bridges were adopted. Bridge estimates were assumed for the region based 

on the number of bridges per kilometer for the Kayes-Nioro road since no 

regional bridge inventory was available. Requirements for annualized expen­

ditures were estimated by accounting for the following factors: 

" Maintenance strategy 

" Maintenance requirements and schedules 

" Unit maintenance costs 

" Extent of road network 
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Table 6-6
 

Routine Annual Road Maintenance Requirements
 

Road Type 

Paved (DBST) 

Gravel Surface 

Feeder Road 

Seasonal Track 

Estimated Quantity 
(per km per year) 

1,000 m 
75 sq. m. 

1,000 m 

30,000 m 

65 cu. in. 

2,000 m 

1,000 m 
40 cu, m. 

1,000 m 

1,000 m 
30 cu. m. 
500 m 

Traffic 

(vpd) 

100-150 

50-80 

10-30 

minimal 

Ooeration 

- clear shoulders and clean drainage 
- patch 1.5% of surface area 

- clear shoulders and clean drainage 
- drag surface (anti-corrugation) average 

30 times per year 

- spot repair 8% of surface area 

- dry grading average 2 times per year 

- control vegetation and clean drainage 
- spot repair 10% of surface 

- dry grading once annually 

- control vegetation 
- spot repair 15% of surface area 
- dry grading average 0.5 times per year 



Road Type 

Paved (DBST) 

Gravel Surface 

Feeder RoadC-

Tracks 


Bridges 

Table 6-7 

Periodic Road Maintenance Requirements 

Traffic 
(vpd) Operation and Frequency 

100-150 - regravel shoulders (5cm) 
reshape ditches 

- seal coat 

and 

50-80 	 - regrade and compact 
-regravel surface (10 cm) 
- reshape ditches 

10-30 	 - regravel (5 cm) half length
reshape ditches 

- no periodic schedule
minimal 

- inspect and maintain as necessary 

Estimated Quantity 
(per km) 

1,000 M 
1,000 m 

1,000 m 
1,000 m 
1,000 m 

500 m 
1,000 m 

Frequency 
(years 

5 
8 

3 
6 
5 

8 
5 

5 



Table 6-8
 

Estimated Unit Maintenance Costs (1,000 MF, 1979)
 

Operation 

Light Maintenance 

Spot Repair 

Dragging Surface 

Dry Grading Surface 

Grading/Compacting 

Ditcl- Shaping 

Regraveling 

Bituminous Patch 

Bituminous Seal 

Regravel Shoulders 

Maintain Bridges 

Unit 

km3 
m 

km 

km 

km 

km 

m 
2 

m 

m 3 

m 

Im 


Cost (w/o Tax) 

157,000 

3,000 

2,200 

46,000 

125,000 

56,000 

2,800 

1,900 

1,400 

2,800 

16,400 



The road network in the First Region is summarized in Table 6-9. 

Presently, the total network consists of about 3 ,300 km of national and 

local routes, feeder roads and seasonal tracks. In addition, there are no 

paved roads in the First Region. 

Table 6-9 

First Region Road Network 

Traffic Length Width Thickness of 

Type (Vpd) (jkn_ m) Pavement (m) 

Gravel 35 862 5.5 .15 

Feeder or Improved Track 10 1775 4 .10 

Seasonal Track 5 693 4 .05 

3.330 

annu-
Table 6-10 summarizes the computed estimates for required 

It should be noted that
alized maintenance expenditures in the First Region. 

at 1,120 million MF,
the annual routine maintenance expenditures, estimated 


would make up about 78 percent of the annualized total for the First Region.
 

Audit of the financial accounts, made by others, indicates an ex­

during the 1976-78 period,
penditure level of over 200 million MF per year, 

in the First Region. A comparison with estimated
for road maintenance 

re­

shows clearly the need for substantial additional funds.
quirements 

6.4.3 ESTIMATE OF BUDGETING REQUIREMENTS FOR KAYES-NIORO ROAD 

Required expenditures for maintenance of the Kayes-Nioro road have 

These have been defined In Chapter 3
been estimated for three road standards. 

and compared to existing Malian standards. In addition, estimates of costs 

the road at its present level (i.e. status quo; vehicle operation
for maintaining 

Table 6. 11 summarizes said estimatescosts are constant)have been made. 

The bases for these estimates are those used to deter­
on a kilometer basis. 


mine required expenditures for maintaining the whole road network of the
 

First Region.
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Table 6-10 

Estimate of First Reqion 	Requirements for Annualized Maintenance Expenditures 
(W/O Taxes, Million MF, 1979) 

Network Cost per Kilometer Total 

Length Routine Annualized Annualized Annualized 

Road Class 	 (kin) Annual Periodic Total Expenditures 

862 0o510 0.285 0.795 	 685.6
Gravel 


0.037 0.360 	 639.4
Feeder Road/ 	 1,775 0.323 


Improved Track 

105.5
0.152 -- 0.152SeasonalTrack 693 


1,430.5
3,330 


3,6Bridge s 	 1.1 

1,434.1
TOTAL 




Table 6-11 

Kayes-Nioro Road Maintenance Costs (1,000 MF/km. 1979, W/O Taxes) 

Reconstruction Standard 
Maintenance Operation Status Quo CC BB AA 

Routine light maintenance 100 (annual) 1/  174 (annual) 174 (annual) 77 (annual) 

Rehabilitation 100 (annual) 327 (annual) n.a. n.a. 

Patching n.a. n.a. 171 

Ditch Shaping (included :n 56 (5 years) (included in shoulder 
rehab.) maintenance) 

Resealing n.a. n.a. 7,000 (8 years) 

Regraveling Roadway 1,145 (3 years) 2,450 (6 years) n.a. 

Regraveling Shoulders n.:. n.a. 200 (5 years) 

Grading/Compaction (included in 125 (3 years) n.a. 
rehab.) 

ANNUALIZED 200 883 635 1,163 

1_/ Notation in brackets refers to the frequency of corresponding 
maintenance operation, 

2_/ Not applicable. 



will be noted at this stage that there exists a radical differenceIt 

between a road constructed to a minimum cost standard (CC) when compared 

with an engineered road to either standards BB (laterite/gravel surface) or 

AA (DBSr surfacing). As the Kayes-Nioro road is intended for all-weather use, 

a minimum cost construction will require constant rehabilitation on an annual 

and periodic basis. The rehabilitation effort is orien.ed towards the repair of 

pavement failure due to inadequate pavement thickness and to pavrment 

from i ttendantdeterioration subsidence and significant erosion resulting 

The estimate for rehabilitation needs are based onsubstandard drainage. 

the lower the CBR the more frequent and more extensivesubgrade CBR values; 


is the rehabilitation effort which is required.
 

6.4.4 MAINTENANCE NEEDS AND AVAILABLE MEANS 

in the First Region and for theThe anticipated costs of maintenance 

projected to be availableKayes-Nioro road merit comparison with revenues 

can be estimated basedfor road maintenance. While future expenditures 

upon likely predictions about maintenance needs, future revenues are con­

tingent upon a number of unpredictable factors regarding the Road Fund and 

under considera­its use, including the implementation and success of changes 


tion by the IDA and GRM. This section, therefore, outlines some alternative
 

to estimated needs.
scenarios for means and compares each situation 

9 If the proposed increases in fuel taxes and the increased 

share of these to the Road Fund are not implemented (i.e., 

there is no Fourth Highway Program), then no change in ex-

In the firstisting road maintenance levels can be assumed, 

(1985-1990),post-construction period of the Kayes-Nioro road 

the equipment purchased for force account construction would 

still be available for maintenance, This equipment (including 

workshop equipment), plus priority allocation of existing funds, 

would permit adequate maintenance of the road until about 1990*. 

It is assumed that, with the recommended acquisition of workshop equip­

ment, the physical life of road maintenance equipment would last until 1990. 
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life of the force account equipment, however, no road
Beyond the 

To 	cover this possibility, the
maintenance would be likely. 

case wherein the Kayes-NiorosensitiviLy analyses included the 

road would not be maintained adequately beyond 1990 (i.e., 

or that revenues and 
revenues and equipment could be lacking 


to maintaining the Kayes­equipment would not be directed 

Nioro road). 

Under this scenario, First Region maintenance requirements 

will remain unfilled as is presently the case. 

e 	 If the Fourth Highway Program were successfully implemented, 

the prospects for road maintenance will be radically changed. 

Funds for routine annual maintenance (a goal of the IDA program) 

would be available to meet the requirements of the First Region 

and the Kayes-Nioro road. In addition, some funds would be 

available for a modest level of periodic maintenance. These 

funds would be forthcoming from a probable surplus in revenues 

after the routine maintenance requirements have been met. 

The force account equipment, purchased for road construction, 

would fill any gap that could develop during the first post­

on the Kayes­construction period in the periodic maintenance 

Nioro road. Beyond this period, periodic maintenance will not 

be adequately met on the Kayes-Nioro road and in the First 

Region in general unless the projected surplus of revenue is 

allocated with a high priority to periodic maintenance needs. 

a number of optimistic conditions in this scenarioThere are 

(e.g., use of force account equipment, existence of a surplus 

of revenues, and priority allocation of the projected surplus to 

periodic maintenance). However, should these conditions 

mature, future road maintenance requirements in the First Region 

and for the Kayes-Nioro road will be somewhat adequately met. 
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The more likely projuction for the future is a scenario somewhat in 

More realistic conjectures asbetween the two extrnees dliscussed above. 

once the Fourth High­to ro&d mintenince in the First Region could be made 

wa-" progra1m is finllized. However, as regards the Kayes-Nioro road, 

made to insure its maintenance at an adequaterecomnlen,l tions have been 

level until 1bout 1990, It is somewhat reasonable to assume that a 

similar to that which is being discussed between themaintenance program, 


World Bcink and GRM, will be forthcoming prior to 1990. If so, the Kayes-


Nioro road will still be maintained beyond 1990 but most likely at a level
 

less than required.
 

Still, the economic analysis has included a sensitivity test to 

consider the possibility that no improvements in maintenance levels, over 

occur except during the post-constructionwhat is presently the case, would 


period through 1990. This is defined as a "limited maintenance" possibility.
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CHAPTER 7 

APPROACH TO THE ECONOMIC ANALYSIS 

This chapter describes the conceptual approach and procedures for the 

economic analysis that were adopted in this study. In Chapter 8, existing 

economic crnditions within the study area are described; in Chapters 9 and 

l. which :ollow, the economic calculations that were made pertaining to the 

tr i .spotation, and agricultural and livestock sectors, respectively, are presented; 

:imll >' , in Chapter 11 the agricultural, livestock and transportation sector re­

.;ul ts ir(, n:ined into a comprehensive regional economic analysis. 

7. 1 'FlLE CONCEPTUAL APPROACH 

There are two basic approaches that may be adopted in the economic 

nanalysis of road projects: (1) the "traditional" approach, which essentially 

consists of estimating the road user and maintenance cost savings that will 

ne realizei through the proposed road construction, and (2) a "producer-surplus" 

as but one part of the economico- "value-ad;ed" approach, which views the road 

system of a region requiring an estimate of the costs and benefits associated 

with all impacted sectors within the region. 

The decision to employ one approach or the other is largely dependent 

upon the nature of future economic activity and the resulting demand for trans­

portation. The road-user cost approach is generally appropriate for roads with 

relatively high traffic volumes and for which long-term regional growth will not 

involve significant change in the character of the area of influence of the road. 

If major changes in land use, production and traffic patterns are expected, as 
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is 	the case for the Kayes-Nioro project, a "value-added" analysis is called 

for. 

In the road-user cost approach, the feasibility of the road is eval­

uated on the basis of benefits realized in the transport sector by the user; in 

a value-added analysis, the feasibility of the road is determined on the basis 

of benefits realized in all affected sectors within the area of influence, includ­

ing the benefits to the user, Therefore, the value-added approach permits 

the analysis of a total development package by incorporating all costs and 

revenues involved in achieving the projected developmental impacts. 

For the adopted value-added analysis, the feasibility of the proposed 

improvements was determined by comparing total costs with the improvements 

less total costs without improvements to total revenues with the improvement 

less total revenues without improvements, 

Implicit in a comprehensive approach of this nature is the need to 

assess at least three crucial aspects of development, listed below and de­

scribed in the economic analysis chapters that follow: 

* 	 the distribution of benefits among farmers, truckers and 
consumers; 

* 	 the linkages between transport cost savings and development, 
i, e, , how will producers respond to lower transport costs?, 
and 

* 	 non-transport constraints to development. 

7.2 ALTERNATIVE ROAD IMPROVEMENTS 

The object of a road feasibility study is to optimize capital invest­

ment in road improvement, This investment is a direct result of the level to 

which the road is improved. 

Road projects, for a variety of reasons, must be sectionalized. In 

addition, each road section can be improved to different standards. The 
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combination of both factors defines several possible road improvements. 

Seven such alternative road improvements were selected for analysis herein, 

-is indicated in Chapter 2. The selection was made in order to meet the follow­

ing objectives: 

" Study the feasibility of each road section separately; 

" Study the marginal feasibility of sequential road improvement 
levels; and 

" Select an optimum road system, for each of two Investment options. 

The adopted economic criterion for selecting the optimum investment 

(i.e. the optimum road system) is the maximization of regional income, or,in 

technical terms, the present worth of the regional value-added, provided all 

sequential investments for road improvement to higher levels are marginally 

feasible, 

7. 3 THE TRANSPORTATION SECTOR 

Within the transportation sector there are two general types of costs 

and benefits: (1) those that pertain to the road itself, i.e. , the construction 

and maintenance costs, and (2) those that pertain to the vehicles operating 

along the road. 

Construction costs and maintenance costs without and with the seven 

improvement alternatives under consideration were estimated and presented in 

Chapters 5 and 6, respectively, and Appendix H. 

For non-agricultural vehicles, operating costs were calculated for 

the existing road and for each of the road improvement alternatives. The 

difference in annual vehicle operating costs without and with the various 

improvements constitutes the savings or benefits for these vehicles. 

For agricultural vehicles, care was exercised to avoid a "double­

counting" of transportation savings for agricultural vehicles and the increase 

in production value for agricultural produce. An evaluation was made of the 
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distribution of transport cost savings made possible by the road between the 

(It has been assumed for purposes of theseaqricultura1 and transport sectors. 

Analyses that the market prices for the produce will remain constant, which 

implies thait consumers will not be direct beneficiaries of the road improvement.) 

The portion of savings passed on to the agricultural sector (i.e. , the farmers) 

would increase the ex-farm price of the produce, and therefore both the incen­

tive for and overall value of production. The portion of savings retained by 

for the truckers resulting from thatthe truckers would increase revenues 

portion of the agricultural production moving on the road. In Chapter 9, a 

description of he procedures involved in calculating unit transportation costs 

and revenues is presented. Chapter 10 presents a discussion of the above 

assumptions. 

7. 4 THE AGRICULTURAL SECTOR 

The principal impact of the road, in addition to the transport sector, 

is on the agricultural sector, The direct impact of road improvement invest­

revenue. This is termedments is the realization by the farmers of additional 

unit revenues from higheran "incremental unit surplus" , i.e. , incremental 

ex-farm prices less incremental unit costs. This incremental unit surplus, 

combined with ongoing and/or planned agricultural pro­when reinvested and 

grams, results in increased areas of cultivation and the adoption of higher 

production technology. The reduction in transport costs induces cropping 

pattern changes as the marketing of some cash crops is enhanced. As men­

tioned previously, it has been assumed herein that the market price for 

agricultural produce will remain constant; this assumption implies that the 

transport cost savings will be distributed between the farmers and truckers/ 

middlemen, and none to the consumer. 

The costs to the farmer involved in agricultural production include 

both operating and investment or overhead costs. These costs include ex­

penditures for farmer's time, hired labor, seeds, fertilizers, insecticides, 

implements and facilities, When the development package includes an agri­

all costscultural development component in addition to road investment, 
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must be included. Theserelating to the agricultural development component 

such items as feeder roads, storage facilities, manage­costs Would inc'lude 

services and credits, and all other capital andrnent '1nd economic costs of 

ovorh(md costs of the agricultural development component of the overall in­

v stlient progrLm. 

Revenues to the farmer are calculated by multiplying the projected 

tonnaqes of agricultural production destined for domestic, local or export 

price. The ex-farm prices are cal­consumption b, the appropriate ex-farm 

culated! by taking markeL prices less transport costs to the farmgate. The 

passed on to the farmers Isproportior of transport cost savings that is 

reflected in a higher ex-farm price. 

costs and revenues to the farmer are calculatedThese agricultural 

without an,! with the proposed road improvements and agricultural investments, 

production costs are the costs with the road improvements,if any. Incremental 

and agricultural investments, less the costs without; incremental revenues or 

production values are the revenues with, less the revenues without. 

Important factors in p" -jecting future impacts are: (1) the farmers' 

response to the incentives resulting from the higher ex-farm prices, and (2) 

In other words, will the increasesnon-transport constraints that might exist. 

in ex-farm prices be of sufficient magnitude to provide a rcal incentive for 

production, and further, what will the farmers do with the additional revenue? 

Will there be market limitations in terms of marketing practices adequateor 

demand for the produce? These issues and the calculations involved in the 

economic evaluation of the agricultural services are described in Chapter 10. 

It will be noted at this stage that due to consideration of the above 

issues, the project impacts on the livestock sector are judged to be only a 

marginal possibility. Therefore, the economic analysis did not incorporate 

the livestock sector in the basic computations but included it at the level of 

the subsequent sensitivity analyses. 
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The present agricultural marketing system within Mall involves fixed 

tariffs that are established by the Government. These tariffs are sometimes 

too low to offer production incentives for the farmers and are, In effect, a form 

of subsidy for urban dwellers within Mali. A significant portion of the agricul­

tural produce in Mali is marketed, therefore, in a "parallel" market at tariffs 

higher than the official ones, These parallel-market tariffs are considered in 

the analyses herein to reflect the free-market prices an are considered repre­

sentative of the economic values of the produce; they have been used in cal­

culating farmer revenues. Discussions of marketing constraints are included 

in Chapters 8 and 10. 

7.5 THE COMPREHENSIVE ECONOMIC ANALYSIS 

A computer package was developed specifically to model the agricul­

tural and transport sectors of the Kayes-Nioro road zone of influence on the 

basis of the above said approach. Two basic comprehensive economic analyses 

were performed using this model, one for each of the following investment 

options: 

* 	 For the development projects that are firmly programmed for 

Implementation, as described in Chapter 8, net income of the 

farmers and transporters with and without the proposed road 

improvements was determined, and economic feasibility indices 

were calculated, Each of the seven alternatives was compared 

to the base "without improvement" condition; in addition, mar­

ginal analyses were performed which involved comparison of 

each alternative with the lower standard alternative preceding 

it, 

* 	 The additional agricultural investment (over and above those 

projects firmly programmed) needed to realize economically 

feasible projects for some of those alternatives that were not 

found to be feasible in (1) above, was determined. 
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7. 6 SENSITIVITY ANALYSES
 

In order to perform a value-added analysis, it was necessary to make 

numnerous di.isumptions regarding short and long-term development prospects 

within .Mali ,s well as estimates concerning base data in cases for which they 

wtr,, not VaiJl!ble. It is likely that many of the developments and basic asump­

tions will not materialize as projected herein. For this reason, several sensi­

tivity inalyses were performed to determine how the study results and conclusions 

wouli chan if certain fundamental elemr.,ts of the analysis were modified. 

The sensitivity tests reflect the following conditions: 

* Investment and maintenance costs are modified by+ 20 percent; 

* Regional net revenues to the farmer are modified by + 20 percent; 

* The Kayes-Nioro Road is not properly maintained; 

* The livestock sector is impacted by the road project; and 

* The opportunity cost of capital is 12 percent. 

The sensitivity tests were selected to cover possible, if not probable, 

changes in projected conditions. The limits set for the changes in the basic 

assumptions are considered sufficient to ensure reasonable measurement of 

the conclusions' reliability; i.e. a ± 20% variation in cost is sufficient to 

ensure reasonable measurement of the cost side of the economic analysis. 

The results of the sensitivity tests are described in Chapter 11. 

7.7 SOCIO-ECONOMIC PARAMETERS 

The following three elements are an integral part of the economic 

analysis: 

* social price of benefits; 

* shadow-pricing of costs; and 

* the opportunity cost of capital, 

The concept underlying social pricing is that benefits to different 

socio-economic groups within society may be weighed differently, wtth 

priority given to projects which benefit lower income groups; the value of 

an extra dollar to the "poorest of the poor" is considered to be of more 

value than 3- extra dollar to higher income groups. 
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As indicated earlier, the beneficiaries for the project under study 

. 7' be grouped in three broad categories: (1) the farmers or producers; (2) 

the truckers or middlemen, and (3) the urban populace. Each of these groups 

has a vital role in the Malian economy. Clearly, benefits to the farmers are 

very important; no production or development will occur without incentives 

for the producers. On the other hand, without adequate benefits for the 

truckers, the transportation industry will not prosper, and consumers and 

suppliers will not be brought together in an efficient manner, In addition, 

the agricultural pricing policy in Mali indicates that the Government attaches 

high priority to the urban populace inasmuch as the official agricultural tariffs 

are often significantly lower than the "parallel-market" tariffs, thereby pro­

viding a subsidy for urban consumers, Differential social pricing of benefits 

has not been applied in this study since the validity of the concept is question­

able, as the social weight of the benefits to the three beneficiary groups is 

about equal, 

In developing project economic costs and benefits, adjustments are 

sometimes required for those costs (often foreign exchange and local labor) that 

do not represent what may be termed "real" economic value. In some countries, 

the official currency exchange rates do not reflect the scarcity of foreign ex­

change and the costs of imports are held artificially low. The Malian Franc, 

however, is fixed in relation to the French Franc and the demand and supply 

for foreign exchange are not imbalanced due to subsidies by France. Unemploy­

ment is not a problem in the study area inasmuch as essentially all available 

labor is employed in agricultural production during a significant portion of the 

year. In Mali, therefore, it is judged that both unskilled labor and foreign 

exchange do not differ sufficiently from their economic value to society as a 

resource to warrant shadow-pricing, and have not been adjusted herein. 

The opportunity cost of capital is the economic, as opposed to the 

financial, cost of capital and is the interest rate at or above which projects 

are considered economically feasible. In the absence of a free market 

and a comprehensive evaluation of the economic goals and investment 
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opportunities in Mali, it is difficult to determine the opportunity cost of 

capital with precision. It is judged, however, that the opportunity cost 

of capital for combined agricultural and road transportation projects in Mali 

is relatively low and has been estimated at 10 percent in this study. 

The choice of a 10 percent rate for the opportunity cost of capital
 

is a compromise between extremes which could have been used (6 and 14
 

percent). In light of capital scarcity, the use of the lower extreme would 

imply a societal commitment for developing the infrastructure of a depressed 

region, at the expense, possibly, of economically more viable projects in 

more developed regions and in more productive sectors. The use of the 

upper extreme would imply a societal commitment for only those projects 

with higher economic returns, irrespective of developmental objectives to 

"prime" depressed economies. As Mali and most funding agencies are 

ambivalent as to how and where capital is to be allocated, the compromise 

of a 10 percent opportunity cost of capital has been adopted herein. 
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CHAPTER 8
 

EXISTING ECONOMIC CONDITIONS
 

8. 1 INTRODUCTION 

For its entire length of approximately 318 kilometers, the Kayes-

Nioro road, including the Y61iman6 branch, lies within the administrative 

limits of Mali's First Region. This northwestern area of the country, wedged 

between Mauritania, S6n6gal and Guinea, accounts for approximately 10 per­

cent of Mali's total area and 14 percent of its total population. With an 

all-weather road there would be a year-round link between Kayes (45,000 

inhabitants), the Region's chief town, and both Nioro du Sahel (15,000 

inhabitants), and Y61iman6 (10 ,000 inhabitants). At present these centers 

are practically cut off from each other throughout most of the rainy season 

(June through September). 

8. 2 EXISTING DEVELOPMENT PROJECTS 

The Government of Mali has currently under execution in the First 

Region two large-scale, long-term development projects. One is entrusted 

to the Kaarta Integrated Development Organization (ODIK) and the other, to a 

small group of public sector agencies coordinated by the Malian Livestock 

and Meat Organization (OMBEVI). Canadian financial assistance through the 

Canadian International Development Agency (CIDA) and covering the Kaarta 

project's first live years of implementation totals some $21,000,000 for a 

global area of 35,210 square kilometers and a population of 301,500. The 

Malian Government's other large-scale investment in the First Region along 
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similar lines is the Kayes Nord (Guidimaka) Pastoral Area Livestock Develop­

ment Project, currently being implemented under a $15,000,000 agreement 

with the G;overnment of Saudi Arabia. It covers 15,000 square kilometers 

with a population of about 200,000. Figure 8-1 shows the relationship of 

these projects to the zone of Influence. 

rho improvement of the Kayes-Nioro road and the development projects 

within the First Rpgion are closely interrelated. The achievement of develop­

ment project goals will be greatly aided by the presence of an all-weather 

transportation link. On the other hand, the impact of road improvements is 

magnified by the presence of development projects. In general and although 

road improvements create specific directly traceable impacts, it is the "spread 

offects" which the road improvement creates which are the more important 

impacts of the road improvement. 

8.,:. 1 KAARTA DEVELOPMENT PROJECT 

This project has multiple economic, social and environmental objec­

tives. In the short term, the specific targets include increases in staple 

agricultural production during a five-year horizon, overcoming the area's 

grain deficit, placing greater emphasis on cash crops (peanuts) and forage, 

a near tripling of beef production and a similar increase in amount of beef 

marketed. In the long run, the project aims to have modernized the agricul­

tural sector, improved pasture use, protected and replanted forests, built 

feeder roads, carried out an adult literacy program and improved health through 

provision of medicine. Assistance to crop and livestock producers will be 

supplemented by applied agronomic and livestock research, studies of hydrol­

ogy, digging of wells and programs of training and community organization. 

The project has a life of 20 years during which Canadian assistance is avail­

able for the first five years. This assistance will probably be extended to 

cover the second five years with additional funding. The program began in 

1978 and the principal short-term interventions are scheduled for completion 

in 1983. 
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For the first five ,,,ears, agricultural investments from Mali and CIDA 

Abouttotal 1785 million PM and livestock investments total 1225 million FM. 

11210 million I'M will be spent for well-digging and hydrology and 1295 mil­

lion I'M is sl ited for feeder roads improvement. In the agricultural sector, 

intervntions include fungicidal treatment of seeds, improved seed selection, 

fertilizer, better equipment (plows, seeders, cultivators) , agricultural credit, 

andl org i:',ti n of rural farmers. In the livestock sector, interventions will 

inIcludte better selection of stock, encouraging sale of young stock, new wells 

in a rcas with richer pasture, veterinary services, feed supplements and 

establishing group rights to property around wells. 

The main objectives of the Kaarta project, in the agricultural sector, 

to increase production by introducing improved agricultural practices toare 

change crop patterns and to increase the area under cultivation. The goal is 

to reach about 20 percent of the population in five years (i.e. change tradi­

tional cultivation to improved cultivation on 20% of the family farms). 

Improveci cultivation is estimated to about double present yields. Further­

more, the goal is to direct cultivation towards cash crops, such as peanuts, 

and towards regional self sufficiency in staple cereals. 

The project's goals for increases in crop production and livestock 

marketing are ambitious, especially if the Kayes-Nioro road link is not 

constructed. The current managers of ODIK have indicated that the programs 

they aire carrving out are not contingent on the construction or reconstruction 

of the Kaves-Nioro road, in the sense that the minimum benefits projected 

from their proposed investments will be achieved whether or not the road is 

built, This program does, however, emphasize the First Region's poor in­

ternal transportation network and its isolation from the rest of the country 

(what they call its fenced-in-condition or "enclavement") as a major con­

straint on all development efforts. Some 167 of ODIK' s total five-year 

investment will go for a feeder roads construction program designed to 

correct this situation, with most of the trails radiating from a main trunk 

which is the Kayes-Nioro route. 
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It is noteworthy that in ODIK's projections, the yearly rate of in­

crease in the number of family farms (or production units, PU) to be progres­

sively converted from hand cultivation to the use of animal traction, more 

advanced igricultural production practices, and a closer integration of 

cropping and livestock activities, decreases from 31% in Project Year 2 to 

1l;Y, in (project year) PY3, 14% in PY4, and 10% in PY5. It seems likely
 

that other things remaining equal, better transportation resulting from the
 

construction of the Kayes-Nioro 
road would reverse the dampening trend in 

development impact and assist the development programs in maintaining their 

initial momentum. The transportation cost savings that are effected by the 

ro-id improvements will tend to increase the ex-farm prices of agricultural
 

produce and, therefore, overall farmer revenue. 
 A portion of the additional 

revenue may be re-invested in farming and will help generate additional pro­

duction. Further discussion of this issue is provided in Chapter 10. 

8. 2. 2 KAYES-NORD LIVESTOCK DEVELOPMENT 

This project has a primary focus on livestock production and its ob­

jectives have been articulated within the framework of the overall strategy
 

for livestock development 
in the S:hel. That strategy would concentrato on
 

the breeding of livestock in the northern Sahel where rainfall is less, and
 

the growing and fattening of livestock in further
zones south (closer to Kayes) 

where rainfall is greater. Specifically, the Kayes-Nord project aims to in­

crease livestock productivity through more rational use of rangeland and water 

resources, to provide herdsmen with greater income and to supply meat for the 

Bamako market and the S~n6gal export market. The project has a projected 

life of 25 years with initial funding by Saudi Arabia for five years. The proj­

ect is now in progress and the interventions funded for the first five years 

should be complete by 1984. 

Interventions which are contemplated include development of water 

resources and redistribution of cattle over the rangeland, extension of veter­

inary services and animal health care, better cattle feeding practices (mineral 
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and protein supplements) , training of herdsmen, a credit system, creation of 

foollot; anl fattening ranches, and better slaughtering and marketing facili­

tios ats part of the finishing and fattening program for animals. To reduce 

ovrqra2i: the program will enforce exclusive use of pasture through herds­iC; , 

men as:;ociations, create new watering points, undertake reforestation and 

e.stablish fire-breaks to control spread of fires. 

Tei Kayes-Nord project has earmarked 6% of the total five-year 

inve.stment for the construction of 430 kilometers of fire-breaks (tracks) or 

fire trails. Tike3e are albo intended to increase internal mobility. The 

openin(- of .,'ar-round safe and low-cost road communication between Kayes, 

Yliimane and Nioro would help in making possible the programmed objectives 

of this project. 

8.2.3 OTHER DEVELOPMENT PROJECTS 

A number of other projects sponsored by various international donors 

in cooperation with the Government of Mali, are presently at various stages 

of progress within the northern portion of the First Region. 

o USAID project to improve rural health services in Y6iman6; 

( An Irrigation study of the Lake Magui-Terekol6, Kolombin6 

,alleys within the framework of the Op6ration Vall6e S6n6gal 

Terekol6-Niagui (OVSTNM), for which a three-year agreement 

was entered into with a West German firm with a provision 

for assessing the cost of constructing three small dams 

and carrying out an anti -schistosomiasis campaign; 

a USAID assistance in the development of irrigated perimeters 

in the Kayes area; 

Various studies sponsored by the Organisation pour la raise en 

valour du fleuve S6n6gal (OMVS) for aerial mapping in the 

"ccrcles" of Kayes and Y6liman6. 

4 
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* 	 USAID First Region Pilot Development Project, proposed but not 

yet finalized in late 1979. This project would have multiple 

directions including agricultural development and would have a 

center of activity at S6gala. 

8.2.4 	 SOCIO-ECONOMIC DATA BASE 

Although many studies and references were consulted and reviewed, 

and although numerous interviews were conducted, the data base for this 

study relies heavily on the studies carried out for ODIK and the Kayes-Nord 

project. A complete list of references and interviews is provided in Appen­

dix A of this report. 

Several remarks are warranted reference the data base, the manner 

in which it was used, and the use to which it was put. These remarks, 

essential to properly assess the value and reliability of further analyses, 

are as follows: 

* 	 The data prepared for ODIK and the Kayes-Nord project 

is derived from field surveys, general GOM statistics, 

and aerial photo interpretation. Discrepancies and 

inconsistencies, which are present in the data, are 

attributable to differing field surveys being taken for 

different areas for different years. However, the incon­

sistencies are mostly of a minor nature. 

* 	 Data derived from field surveys ought to be looked at 

with some apprehension, as the rural inhabitant of the 

First Region tends to respond within a social context 

that is apprehensive of the motivation of governmental 

agents, or any other agent for that matter. The re­

sponses of the rural inhabitant are negotiable. All 

surveys in the area have accounted for this fact of 

life in the region. 
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* 	 The fact that the different studies, conducted indepen­

dently, show only minor inconsistencies in the base 

data, lends credence to the belief that the reported 

conditions represent a reliable portrayal of the area. 

* 	 Notwithstanding the general reliability of the data, all 

infor:ation which was used was assessed for its 

reasonableness by carrying out comparisons with 

similar areas and other sources of information, mainly 

GOM statistics Furthermore, whenever discrepancies 

were found, averages were taken or the unreasonable 

information was discarded, 

o 	 For projection purposes, the source data was manipulated 

to account for the following: 1) the assessment by the 

study team of the area, 2) the prospects for success of 

both the ODIK program and the Kayes-Nod project in 

light of more recent developments, 3) the results of inter­

views, and 4) the experience of the consultant with 

similar studies in comparable settings. 

* 	 In general, projections provided by previous studies were 

found to be ambitious. The projections which are later 

used in this study are significantly less ambitious. 

Mainly, they either were reduced in half or projected to 

take twice as long: or both. 

Th data base and projections, as used in this study, are considered 

to be reliahl- representations of the most likely conditions. However, it is 

prohabe t-y are not. For this likelihood two measures were taken: 1) Sensi­

tivLt', te:;L:;, pertaining to the variability in the agriculture and livestock 

sectors, werr, carried out and 2) it is recommendcd that socio-economic base 

data be systematically collected during the design phase of the project 
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(see Chapter -1) to corroborate the base data used and for later possible uses. 

8. 3 OVERVIEW OF POPULATION AND RESOURCES 

The area of influence of the projected road has a basic homogeneity, 

despite local differences. The backbone of economic life, as in most of 

Mali's First Region, is primary production revolving around agriculture and 

livestock, although the lack of water is a limiting factor to both. Livestoc Z 

accounts for a major proportion of regi -. l GDP, possibly as much as 55 per­

cort. Agriculture, however, employs a nigher proportion of the active rural 

population and about 25 percent of all the farmers are also cattle raisers. 

The area's endowment of natural resources is generally unfavorable. 

The soils are generally of poor quality; and average annual rainfall is low 

(see Appendix F) with sharp year to year variations, while the high amount 

of potential evapotranspiration leaves little margin for aquifer recharging. 

As a result, both agriculture and cattle-raising are of the extensive type. 

Total population within the zone of influence is approximately 

246,000 of which 190,000 are rural (outside Kayes urban area). The zone's 

area is about 15,600 hectares, making the man-to-land ratio in the rural 

portion of the zone of influence relatively low, about 12 persons per 100 

hectares. The critical constraints in this relationship are lack of water 

and fertile soils rather than land area. 

Farms are "owned" by a family unit. Little emphasis, however, as 

far as rural land is concerned, has been placed on formalities for title cession 

or transmission, deed recording, or the surveying of agricultural real estate. 

This goes hand in hand with a rotating system of cultivation. While the same 

approximate proportion of the total hectareage is cultivated and the rest is 

left fallow, the fields under cultivation can change from year to year. Grazing 
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resource and the best range lands,-that ls,....land is treated as a free, communal 

wells or ponds, are thus subject tothose closest to the seasonal streams, 

overuse.
 

Local consumption of food staples is estimated at 175/kg/person/year 

Presently, most agricultural pro­
of produce and 15 kg/person/year of meat. 


duction is for local consumption with the exception of peanuts and miscellaneous
 

other cash crops.
 

f8. 4 EMPLOYMENT AND INCOME 

Poverty is a way of life for the rural farm families. Average per 

capita income in the regions is reported at about $50 per year and is probably 

less in the rural areas. An important supplementary source of income in the 

region is the savings sent by postal mandat from wage-earners abrt ad who 

have migrated to seek employment. 

The proportion of economically active males in the population ranges 

13 percent to 33 percent in Kaarta arrondissements. This wide disparity
from 

reflects the varying impact of heavy emigration in search of better economic 

which takes away for several years the younger and often more
opportunities, 

When women are included and the
enterprising elements of the labor force. 

59 year group is considered, the economically active population ratio
14 to 


ranged from 39.7 percent to 58.9 percent in one of Kaarta's arrondissements.
 

The relationship between employment and emigration is more fully covered in 

Appendix F. 

113,900 wage-earners, representingNationwide, Mali in 1977 had 

only 5.7 percent of the active population; of these, 45 percent were govern-

Taking into account the state enterprises, it was estimated 
ment employees. 

salaried person out of two was employed by
that in the country at large, one 

Within this context of few salaried workers, standardthe public sector. 

unemployment and underemployment can be applied
concepts of employment, 


to the area of influence only with greater circumspection than that typically
 

warranted in areas of predominantly rural production.
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and livestock activities are essentiallyThe area's basic agricultural 

seasonal. Moreover, they are carried out by many ethnic groups of which the 

Peul, Moor andSarakol6 are the majority and the others include Bambara, 

are a way of life as much asKhassonk6. Crop production and stock rearing 

and the typical productionan economic pursuit. Social mobility is limited 

com­unit is the family farm. Therefore, analyses based on reference to a 

common man-power pool would be misleading. As
petitive labor market or a 

pointed out by the World Bank, comparisons of real incomes between farmers 

and herdsmen are near impossible because of the different life styles and 

From the fact that few nomads have settled in thesets of social values. 

post-drought years, it may be deduced that they regard their present quality 

of life to be equally as desirable as that of traditional farmers in areas of 

possible settlement. 

From the above it may be inferred that the area of influence has no 

unemployment problem, if one accepts emigration as a fact of regional life. 

As long as people continue to emigrate, one would not find in the area people 

are able to work and are looking for jobs. It is difficult to disagree withwho 

"what is felt in that sub-region (westernthe conclusion of OMBEVI (1976): 


Sahel) ... is a shortage of labor power..." Limited availability of labor
 

Implies, among other things, the following:
 

" the growth of the region is dampener'; and 

of labor cost has limited applicability." shadow pricing 

8. 5 AGRICULTURAL ECONOMY 

8,5.1 T'PES OF FARMS 

of small familyThe road's zone of influence is generally an area 

as purely economicfarms, whose respective sizes reflect tradition as much 

such as current marketing opportunities and constraints, factorconsiderations 


availability and entrepreneurial risk-weighing.
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.. .For the Kaarta project area, about 37 percent of all the productlon.... 

units recorded in a 1976-77 sample survey were farms of 4.5 hectares each, 

often cultivated with ox-drawn plows by Sarakol6 families with an average 

size of 12. This group combines stock rearing with agriculture and practices 

both division of labor and some specialization. 

Some 21 percent of the Kaarta production units in 1976-1977 were 

farms of 3. 85 hectares cultivated by families ot the Bambara and Khassonk6 tribes 

composed of,on the average, 8 members. These farms were usually tilled 

by hand (chiefly with the traditional short-handled hoe or "daba"). 

About 42 percent of the Kaarta production units consisted of typical 

plots of 1.85 hectares, also hand-farmed by the Peul/Moor groups. Produc­

tion units averaged 6 members each. Only a part of the family is fully engaged 

in agriculture. The other members are full-time herdsmen for their own cattle 

or for other groups. They may take animals to graze on the outskirts of their 

village beyond the crop fields or shepherd cattle farther away for days or 

weeks in semi-nomadic search for the best pastures around the watering 

points. The latter become scarcer and scarcer as the dry season advances. 

The majority of Peuls are cattle breeders, while the Moors generally, tend 

sheep and goats. 

8.5.2 AGRICULTURAL PRODUCTIVITY 

Based on Kaarta's cropping survey, the smaller farms in the hands 

of the Peul/Moor families show a higher gross tonnage productivity, 1.17 

tons per hectare, than either the Bambara/Khassonk6 farms (0. 59 tons/ 

hectare) or the Sarakol6 farms (0. 50 tons/hectares). This may be due in 

part to the use of cattle manure to fertilize fields and in part to more careful 

tilling concentrated on a limited area. Average yields are given in Table 8-1, 

indicating that the area's yields are substantially below those of the whole 

of the First Region. 
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Table 8-1 

Averaqe Gross Yields (kq/hectare) 

Area of Influence 2-/ 

Traditional 
Cultivation (present) 

Improved 
Cultivation (future) 

9.1.3 650 1,000 

ilot 8.-ti 500 770 

~u.L!nut:; 

1 ,23, 

1, 234 

750 

660 

1,500 

1,300 

.ource: :'inistry', o: Rural Development and OVSTM (Op6ration Vall6 
.-e6n6gl - Terekol-lac ,agui). 1977-1978 yields. 

:r*()!: J rdview of statistics reported for the Kaarta Project 
)IK 1979 111 1 TO 1977). 

Table 8-2 

Estimated (Croppincl Pattern of the Area of Influence 

Percent 

Bon' 1. 1 plus 19.9 in simultaneous 
cropping 

Sorghum 33.0 

Millet 24.0 

Mai;:e 7.5 

~roo,,dnuts 21.2 

Milscellaneous 13, 2 

100.0 

Source: 2,inistry of Rural Development. 
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The cropping pattern for the area was synthesized from statistical sour­

ces of GRM and the Kaarta project. Table 8-2 gives the estimates adopted for 

subsequent analyses. Miscellaneous crops include such items as: rice, pulses, 

tobacco, cotton, pepper, niebe, voanjazou and other types of kidney beans. 

8. 5.3 CROP PRODUCTION PRACTICES 

Crop fields are cultivated in rotation, with fallow cycles of 2, 3, 5 

Md ecv,: 15 years succeeding each period of active exploitation lasting from 

2 to 5 years; at any given time, land under cultivation represents only some 

3. 5 to 4 percent of the total area. Cultivatable land, through one form or 

cinuLhur in rainfed farming, is estimated at 1 percent of gross area. 

There are several reasons for this low overall productivity in the 

area of influence of the road, of which variable and uncertain rainfall is only 

the first. Land preparation starts in May, towards the end of the dry season, 

with the first seeding usually in May. Harvesting takes place from October 

to January, depending on crop variety and the need for frequent late seeding 

or mixed cropping to take advantage of above normal rainfall in a given year. 

The limiting factors to a greater volume of production are: the use year after 

year, without renewal, of the same low-yield seeds; the primitive level of 

agricultural tools and implements which make possible only casual land-clearing 

and minimal weeding; and the limited use of fertilizers, pesticides, and herbi­

cides,the costs of which are prohibitive for the poorer farmers despite a subsidy 

program by the Government. Even the producers anxious to experiment with 

modern inputs are likely to misuse them in the beginning; agricultural exten­

sion services, as well as health and education facilities, are either non­

existent or very limited, and the few agents actually in place are hampered 

by very bad roads and the wide dispersion of the farms to be reached. It is 

also estimated that as much as 30 percent of total crop volume is lost in 

some years through the action of birds, rodents, termites and locusts and 

from infestations in inadequate silos. 
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1975 sorghumIt is noteworthy in this context to note that as early as 

..... and millet-yields on the order of 1 ,000 kg/ha in Chad-and Sbn~gal and peanuts 

the order of 1, 300 kg/ha in Mali itself were achieved. These yieldsyields on 

were accomplished through cultivation using draft animals for thorough weed­

ing, with fairly simple agricultural implements (plows, seeders, carts and 

In Maliversatile tool-bars), and with some modern inputs (CILSS 1977). 


also, the use of animal traction with a full line of tested improved practices,
 

zone ofunder conditions roughly similar to those of the best parts of the 

influence, has resulted in yields of 1,100 to 1,000 kg/ha for millet-sorghum 

and 1,000 to 1,500 kg/ha for peanuts (USAID 1976). 

8. , 	 LIVESFOCK PRODUCTION 

The division of the study area's livestock activities between seden­

tUry andl 	 nomadic rearing is sharper in theory than in practice, as a number of 

her;ts call be considered as either semi-sedentary or semi-nomadic; the major 

duration and periodicity of theirdifference Is often only in the distance, 

migration, spurred by seasonal cycles. 

In the area of influence as a whole, current use is on the average
1 

. Total 	UBT estimatedS. 3 hectares of land per unit of tropical cattle (UBT) 

in the zone of influence were 192,800 for 1980. Estimates made for develop­

mont projects indicate that with changes in management practices and redis­

tribution of cxttle plus provision of new watering points, overall carrying 

capacity (now close to or less than use) can be increased. The variation in 

current carrying capacity is great according to soil type, yearly rainfall and 

dry season versus rainy season (for Kaarta from 1 hectare per UBT to 12). 

_/ UBT: 	 Unit of tropical livestock, corresponding to a liveweight of about 

250 kilograms. It, accordance with the generally accepted equiv­

alence table: 
60% of cattle, 1 head - 1. 0 UBT 

40% of cattle, 1 head - 0.5 UBT 
1 sheep 	or goat - 0.1 UBT 
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As one moves northward away from the wetter Sudanian climate, the 

rangelands become less able to support year-around grazing, except around 

prmane'nt la 11: ! -;troams, hand-duc; slowly drying ponds.an' wells or Here 

th, local, gnui l, :edntary herds, must compete for the yellowing forage 

with migrtor, cattle sometimes coming from far away. This way almost all 

th,, w.'ell-water d pa stures are plgued with overstocking and are threatened 

with ,ra&itu,i1 impoverishme nt. Each year in the last clays of June, on the eve 

(,lthe(:rie.. months , the. shepherds start their slow migration north towards 

the Maiuritanian hordor. The movement is reversed from November to January, 

as th,,,, time thtir r'tulrn with grain harvesting in the southern part of the 

!'ir:;t R;:in. A:; thy progress farther south, they keep bartering or selling 

their inimal ; n the hoof in various market towns, to resupply themselves in 

C',1r0 11! for th*, rst of the year. 

This; I :isu -fair, approach to a nimal husbandry is, on the whole,
 

:iuqhly ine,fficient. %Vhile it relies entirely on 
natural forage, it does not
 

prote,.t r. n Ind .aiter resources. In sonae sectors 40 percent of the
:l i 


pastures r- ruined each year by brush fires; since there has been no 
reforesta­

tion proram, destruction of the land cover is usually followed by soil erosion. 

There .'.s systematic herd with planned gelding,no management, 

Cattening and :lauchterinn at the optimu, liveweight of the male animals not 

noede! for reprcd!uction. Th, bulls lose during the dry months a large part of 

the t cino:: ,urinqii~jh the rainy season and it takes 7 years or more, instead 

of 3 to .1, to irinc: an ox to full maturity. Over most of this prolonged life, 

gro,.%.th in tetial m'a t value i.; ,, r; mic in proportion to real feeding 

cost.T h cows' ,,onomic pot(nt; Iso underutilized; the average calving 

interval i, 22 months nd the calve ,e not weaned before 10 months. With 

proper cr( , the :;ucling period could be limited 6 months. sameto At the 
time calf :nortailitv' is high, dlue to lack of shelter, complementary feeding or 

veterinary care. 
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Improvements in herd structure and corresponding changes in live­

%vwightpor heti of cattle could result from technical Inputs (better post-natal 

health care, :;heiltering, early weaning, and complementary feeding of calves, 

teether with darly The following computer­destocking of male animals). 


n:sistoi livestock dev.lopment analysis, carried out in 1976 in the Karakoro
 

scctor ,o the First Region for the Kayes-Nord project, Is representative of 
,Xi:xtinq condiLion; and planned improvements (Table 8-3). 

Table 8-3 

Technically Feasible Improvements 
in Herd Composition and Cattle Head Liveseight 

First Region, Karakoro Sector, 1976=-' 

Average Liveweight 
!lead Composition (percent) per Head of Cattle (kg/head) 

Present Projectecdi Present Projected2/ 

_,_,__ 29.2 20.7 

13u IIk 1. 6 01.4 280 280
 
C ;,;lce 07.6 36
; 0-1 10.7 36
 
3te,,.'r, di;e 1-2 06.0 05.3 150 163
 
Ster , * 2-3 05.0 03.3 200 217
 

F,': 1, 70.8 79.3 

-14.6 44.1 250 269
 
" ,',I , , -1 07.6 10.7 36 36
 

,f1-2 06.6 09.1 148 161 
i,,r:, ag, 2-3 06. 1 08.1 190 202 

; + 05.9 07.3 230 242 

r,,suItI of the se improverients, over the next 18 years, the 

cullnc: rntr, for males could rise from a present 19.6 percent to 50.7 percent. 

For th.: femles , it would likely dtecrease from 7. 3 percent to 7. 1 percent. 

1/ Projected for Year 1 5 of Kayes-Nord Project 
2,/ Projected for Year 18 of Kayes-Nord Project 
/ Source: OMB.VI (Office Malien du Betail et de la Viande) 

Wt_,;tern Sahel Livestock Development Project in Mali, 1976 
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Thus, the weighted average offtake could advance from a current 10.9 percent 

to 15. 8 percent. These projections are substantially in line with the experience 

of it livestock development project-presently in execution in neighboring S~n6gal 

with partial financing by a loan from the World Bank. Over the project's first 

1,4 years of implementation, the calving rate would rise from 56 percent to 

62 percent, the calves' mortality rate would decline from 35 percent to 25 per­

cent, while total offtake would jump from 10.6 percent to 14.4 percent. 

Although there are loss data available for smaller animals, it is 

believed that exploitation of sheep and goat herds in the zone of influence is 

,as inefficient as that of cattle. Parasitical infestation is probably heavier, 

Cund there is a higher proportion of overage males and sterile females, 29 per­

cent altogether. It is therefore safe to assume that a program similar to the 

ono contemplated for cattle, with emphasis on better veterinary care, system­

atic (testocking before the dry season and a sharper demarcation between 

lamb breeding and fattening activities,could increase productivity and bring 

about improvements with the order of magnitude given In Table 8-4. 

Table 8-4 

Present Conditions and Programmed Improvements, Sheep and Goats * 

Present Programmed 

Fertility rate 85% 95% 

Mortality rate 22% 4% 

Offtake rate 27% 47% 

RICUIATORY SYSTEMS AND MARKETING 

8.7. 1 REGULATORY SYSTEMS 

The ending of physical isolation is not likely to yield its full benefits 

unless It goes hand in hand with a lowering of the barriers to integrated and 

self-sustainingj development presented by certain of the existing marketing 

•Sotirce: 	 O'BEVI, Western Sahel Livestock Development Project 
In Mal 1976 
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and economic regulation systems. Those pertinent to the area's major
 
products, cereals, peanuts and meats, 
 are particularly relevant. 

From the viewpoint of cereal (coarse grains and rice) production and
 
consumption, the First Region is a at present.
deficit area Through 1974-1976
 
It accounted for, on 
the average, 3 percent of the regional purchases of OPAM
 
(Office des Prodults Agricoles du Mall), the government agency exclusively
 
responsible for cereals' purchase and distribution, including imports and ex­
ports. Private trade in those commodities has been illegal for a number of
 
years. But as the prohibition is flexibly enforced, 
 there has developed from
 
year to year a "parallel" or "clandestine" market which is tolerated as long
 
as it 
 remains within certain bounds. (These bounds are quite extensive: 

60 to 80/, of total market.) 

Each year an official price schedule or "bareme" applicable through­
out the year to the whole country is promulgated after formalized inter-ministry
 
and inter-agency consultations; these price schedules take into account poli­
tical, social and economic considerations. The rationale for the "bareme" is
 
to guarantee adequate supplies at equitable prices to Mali's urban population
 

,s well as to remote 
areas such as most of the First Region. Producer, whole­
sale and retail prices, as well as collection and all intermediary charges, 
,ire specified. The system also provides for subsidies to agricultural inputs, 

to avoid excessive penalization of the farming sector. 

In June 1979, the official price for millet, sorghum and maize was 
raised from .10.O0 FM to 50.00 FM per kilogram, that of peanuts (unshelled), 

from 60.00 FM to 80.00 FM and that of rice (paddy) from 50.00 FM to 60.00 FM. 
While the issue has always been controversial and had a number of ramifica­

tions, the fact is that, at those levels, the official prices amounted to about 
half what the Malian products could command once they had crossed the 
country borders or If marketed unofficially. In many instances, official 
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prices are similar to or even less than the estimated production costs of 

farmers In a position to react to market Incentives. 

In analyses of future development potential, it must be acknowledged 

that even If development programs make available to cereal and peanut pro­

ducers the possibility of achieving higher yields, their response to these new 

opportunities is likely to be related to their perception of the flow of real 

benefits which will accrue to them, rather than to the State, the transporters 

or other intermediaries. The official policy is a disincentive to production. 

lowvewr, the existence and significance of the parallel market is the agent 

which hopefully will insure a positive perception on the part of the farmer 

for 	increa sed production. 

The provision of an improved road network in the region, it could 

ho drcgued, would make it easier for the regulatory agencies to further 

penetra t the area and therefore to control a larger share of the production. 

Should this happen, it would distinctly reduce the anticipated beneficial 

impacts due to road improvements. However, it is not expected that this 

itcreased penetration would occur to a significant degree as to jeopardize 

the incentives for increased production. The reasons for this are: 

* 	 The quotas set by OPAM are more the result of a 

political decision rather than being a function of 

,accessibility. Nevertheless, for purposes of later 

economic analyses, it has been assured that this 

quota will somewhat increase. This fact is accounted 

for in the projection of road improvement impacts. 

e The ongoing development projects have the distinct in­

tention of entering the chain of marketing to provide 

the 	necessary incentives to those farmers that would 

be 	reached through their intervention. 

8.20 

J
F' 




9 	 There are too many socio-political pressures within 

the region to ensure that OPAM's share of the pro­

duction is not increased by a margin significant 

enough to affect the created economic incentives of 

increased income. 

a 	 Tho position of OPAM, as well as other semi-public 

agencies, is already precarious due to the fact that it 

is operating with a deficit which is subsidized yearly 

by GOM, when the latter is experiencing extreme 

fiscal problems not likely to abate in the near future. 

Although the region is deficient in the production of cereals, the 

official regulatory system still results in some regional exportation of millet, 

sorghum and maize. This forced exportation implies an increase in the needed 

amount of imports, at higher prices, for regional consumption. 

The trading of meat,as well as livestock on the hoof, is subject to 

numerous formalities including seven taxes totalling 6,279 FM in 1977 on an 

average animal with a livewelght value of 30,000 to 100,000 FM plus five 

slughtering, marketing, licensing and other dues which vary according to 

the locality. These taxes are charged in spite of the fact that in most cases 

the cattle markets are nothing more than a place in the open where sellers and 

buyers get together. Here again, the uncertainties surrounding the net gains 

to be e:pected from production will continue to be a deterrent to higher effi­

ciency, even if Investments in development and transportation are successful 

In eliminating some obstacles to the realization of larger profits. 

8.7.2 MARKETING 

Most of the regional export production is funneled towards Kayes. 

However, some of the export production destined for Mauritania does not 

use the Kayes-Nioro road, Generally, Kayes acts as the regional marketing 
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center where products are exported either for domestic consumption within 

the other regions of Mali or to foreign destinations, mostly S6negal. 

ror the purposes of this study, the demand for products exported
 

trom the region was assumed to be much larger than any increase in the
 

supply from the region. Thus, product prices were assumed to be inelastic
 

in response to increases In supply.
 

This assumption of constant market prices was based on a review 

of Mali's needs and market potential in staple cereals. The production of 

the First Region is only a small proportion of Mali's production. The anti­

cipated production increase in the area of influence would not account but 

,or a small percentage of the supply. The assumed inelasticity of price to 

a marcjinal increase in supply is therefore justified. 

In the case of cash crops, i.e. , peanuts, potential market prices 

were Investigated. Prices In S6n6gal, the focal marketing point for peanuts, 

were reviewed over the recent past. World Bank projections of market 

prices were taken Into account to determine future cash crop prices. The 

use of a constant peanuts market price over the life of the project is a 

somewhat conservative assumption, as slight increases in price are anti­

cipated and increased production of the area of influence is marginal in 

comparison with the total supply in the S6n6gal market. 

Merchants and transporters are middlemen between the rural farmer 

and the marketplace. Merchants from urban areas and farmer merchants from 

rural areas both play a role in a relatively active trading network for agricul­

tural produce. Livestock merchants are a specialized group who collect 

cattle on the hoof in livestock markets or who gather from shepherds taking 

cattle on transhumance, Details of existing marketing conditions are pro­

vided in Appendix r, Sectioni r.8.2, r. 8.3, and F. 8.4). Chapters 9, 12 and 

13 also provide discussions of the social and regulatory forces on the 
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marketing conditions and the probable road improvement Impacts on those 

conditions. t'ollowing are the main conclusions pertaining to Marketing: 

Transporters are part of a cooperative whose tariffs 

are regulated. They nevertheless operate at a profit 

through the parallel market. This will endure irrespective 

of any action by GOM to the contrary, actions which should 

not be expected to occur. 

The parallel market should be expected to maintain Its 

9 

* 

relative importance within the marketing system. Relative 

changes, with respect to the official market, should be of 

a slight nature and should not affect the premise that eco­

nomic incentives for added production will be created 

through investments in road improvements. 

e 	 Transporters are an important link in the marketing chain; 

they, however, do not have a stranglehold on this chain. 

The merchants and the Inhabitants of the area are too 

entrepreneurial to permit such a state of nature to occur. 

In adoition, ongoing development projects in the area 

intend to enter the marketing chain, as an alternative to 

the transporters. The provision of an adequate all-weather 

road will Increase the competitiveness In the system. 

* Due to the competitiveness, though still limited but ex­

pect(d to increase as a result of rc.d improvements, in 

the marketing chain, benefits from reduction of transport 

costs should ho e;<pccted to filter down to the producer in 

significant proportions. The exact proportions of benefit 

split between transporters and producers are not critical 

to the econorni( analysis, as the social value of benefits 
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to transporter and to producer is considered equal. This 

is true as long as the benefit split provides the adequate 

incentives for increased production. _ 

Chapter 10 provides a further discussion of this subject and other 

basic concepts used in the modeling of the regional production system, 

Details on data usage are given in Appendix H. 
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CHAPTER 9
 



9.1 

CHAPTER 9
 

THE TRANSPORTATION SECTOR
 

EXISTING TRAFFIC 

In order to definu existing traffic along the Kayes-Nioro road, all 

available tratl ic data wure reviewed, and traffic counts and origin-destina­

tLion surveys were conducted by the study team. Annual average daily traffic 

(A.A. D.T.) volumes were established for 1979 and projected throughout the 

study period as described in the following sections. 

9.1.1 EXISTING TRAFFIC DATA 

There are two principal sources of traffic data for the First Region: 

(1i the semi-annual traffic counts conducted by the Ministry of Public Works, 

and (2) the traffiL counts and origin-destination survey data collected in 

1975 by the firm of Louis Berger International, Inc., in preparation of the 

"Etude des Transports Bamako-Kayes." 

The semi-annual traffic counts are carried out in lanuary and June 

for a two-week period, 24-hours per day. Vehicles are classified as either 

liJht or heavy vehicles and the number of tons and passengers carried are 

recorded at six stations along the Kayes-Nioro road. In some cases,the 

count stations are located near small villages and the counts, therefore, 

include some local "urban" traffic. Traffic levels have fluctuated signifi­

cantly from 1972 through 1979, but there has been no net growth during this 

period. In 1979, volumes varied from a high of 30 vehicles per day near 

Kayes to 8 vehicles per day at Youri. 
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In the Louis Berger study, two of the origin-destination survey 

stations were located along the Kayes-Nioro road. The surveys were carried 

out for a one week period, 24-hours per day. Annual average daily traffic 

volumes were estimated in this study to vary from a high of 32 vehicles per 

day near Kayes to 11 vehicles per day between Dialaka and Youri. The 

origin-destination surveys revealed that about 90 percent of the total traffic 

was traveling between Kayes and either Nioro or Yeliman6. 

9.1.2 TRAFFIC SURVEYS CONDUCTED BY THE STUDY TEAM 

Both origin-destination surveys and manual classification counts 

were carried out by the study team during October 1979. 

9.1.2.1 ORIGIN-DESTINATION SURVEYS 

The two origin-destination stations were located on the Kayes-

Nioro road, one near Kaves with the second near Nioro. At each station, 

the survey was conducted for a one week period, 24-hours per day; a 100 

percent sample was obtained. For each vehicle, the following information 

was recorded: (1) type of vehicle (passenger car, pick-up truck, light truck, 

or heavy truck); (2) the brand of vehicle; (3) country of registration; (4) origin 

of trip; (5) final destination of trip; (6) intermediate stops; (7) purpose of trip 

(official, private, tourism, other); (8) number of passengers; (9) carrying capa­

city of the vehicle, and (10) type of cargo and number of tons carried. (See 

Appendix E for a copy of survey form used) 

Of the vehicles surveyed at the Kayes survey station, it was 

found that about 24 percent of all vehicles were traveling between Kayes 

and Yeliman6, and that 50 percent were moving between Kayes and S6gAla 

or intermediary locations. Only 13 percent of all vehicles surveyed were 

traveling between Kayes and Nioro. 

Of the vehicles surveyed at the Nioro survey station, some 36 

percent were traveling between Nioro and Kayes. The majority of vehicles 
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were moving between Nioro and small villages within about 40 kilometers 

of Nioro. Appendix E presents origin-destination tables for the two survey 

stations, and an origin-destination figure combining the traffic data col­

lected at both stations. 

Average truck carrying capacity was found to be in the range of 

10 tons for the larger trucks and about three tons for the smaller trucks. In­

asmuch as the surveys were conducted prior to the harvest season, the trucks 

were loaded at about 30 percent of capacity. Average vehicle occupancy was 

about six passengers per vehicle for light vehicles and slightly more than 

ten passengers per vehicle for trucks. 

The timing of the origin-destination survey, being October where 

little agricultural evacuation of crops is taking place, was not ideally suited 

such that a study of commodity and passenger flows could be of value in 

understanding the area's interactions. Unfortunately, October was not a 

good month to study the size, composition and direction of principal merchan­

dise flows. Any tabulation of available data would be nonrepresentative. 

For this reason, the analysis of the data was limited to assessing the zone 

of influence of the road, to determining traffic volumes by road section, and 

corroborating subjective impressions of traffic conditions such as truck 

load factors, the proportion of non-agricultural truck traffic and travel purposes. 

9.1.2.2 MANUAL CLASSIFICATION COUNTS 

Manuai classification counts were conducted at three locations: 

(1) between Marena and Koniakari; between Sandar6 and Diema; and between 

Dialaka and Y6liman6. The counts were made for two or three days at each 

location, 24-hours per day. 

The average daily traffic volumes recorded at the traffic count and 

at the origin-destination stations are summarized in Table 9-1. 
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Table 9-1
 

Recorded Average Daily Traffic (A.D.T.)
 

Kayes- Koniakari- Sandar6- Gavinane- Dialaka-
Segala Marena Diema Nioro Yelimanb 

Camionette 12 2 1 8 3 
(Pick-up truck) 

Camion-faible tonnago 5 2 2 1 3 
(Light truck) 

Camion-poids lourd 8 1 3 3 2 
(Heavy truck) 

TOTAL 25 5 6 12 8 

9. 1. 3 ESTIMATED ANNUAL AVERAGE DAILY TRAFFIC (A.A.D.T.) 

Estimating annual average daily traffic volumes for the various road 

sections that comprise the Kayes-Nioro road and the branch road to Yelimane, 

involved a review of previous traffic counts and the counts conducted by the 

TAMS study team, as well as an assessment of seasonal variations in traffic. 

Limited data are available concerning seasonal traffic variations but it is 

known that the fluctuations are significant due to the agricultural nature of 

the area and the effects of the rainy season upon transportation. 

The latest monthly traffic statistics published by the Office National 

des Transports (1973 and 1974) revealed that traffic volumes in October 

(the month during which the study team surveys were conducted) were only 

marginally lower than the yearly average volumes. In addition, three inter­

views were conducted with the transporters' cooperative in Kayes, corrobo­

rating the fact that traffic volumes in October (very early in the agricultural 

evacuation season, and a month when merchants start replenishing their 

stocks) are slightly below the anndal average. Conversations with gas 

station owners and the police in Kayes indicated a similar finding. A review 
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9.2 

of gasoline consumption, by month as reported in a previous transport study 

of the area, was used as the basis for translating the traffic counts under­

taken in October te an average annual daily traffic (AADT). Similar ratios 

between October and AADT were used, as these ratios tend to change 

slightly with time. 

For this study, 1979 annual average daily traffic volumes were 

estimated as shown in Table 9-2. 

Table 9-2 

Estimated 1979 Annual Average Daily Traffic (A.A.D.T.) 

Road Section 
Light 

Vehicles 
Heavy 

Vehicles Total 

Kayes-Segala 15 20 35 

S6gala-Dialaka 10 15 25 

15Dialaka-Sandar6-Nioro 	 7 8 

4 6 10Dialaka-Yeliman& 

TRAFFIC FORECASTS 

wereAnnual average daily traffic; volumes and traffic mix for 1979 

estimated for each of the road segments under consideration. Traffic volumes 

for three basic types of traffic as describedwere projected to t.e year 2005 

in the following sections: 

(a) normal traffic; 

(b) generated traffic; and 

(c) diverted traffic. 
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Since "development" traffic estimates were presented in terms of 

projections of tonnages of agricultural produce, as described in Chapter 10, 

the traffic forecasts described herein relate to the light vehicle or non-agri­

cultural traffic. 

9.2.1 NORMAL TRAFFIC 

Normal traffic is the traffic that will occur: in the study area under 

present road conditions; this component of traffic is considered to be the 

same on Lhe existing road segments and on the improved roads proposed to 

replace them. 

Histori.;al growth in traffic levels, vehicle registration and study 

area population are vuluable indicators of normal traffic growth. As indicated 

in a previous section of this chapter describing historical traffic data collected 

by Ministry of Public Works, traffic volumes have fluctuated over the past five 

years but there hasn't been any net growth. A comprehensive survey has never 

been made of the vehicle fleet in Mali, although some limited data are avail­

able. The "1977 Rapport Annuel de I'O.N.T." indicates that the commercial 

vehicle fleet in the First Region amounted to 219 vehicles in 1977. The 

Depo-.illement des Cartes de TransporE in 1978 showed a total of 182 com­

mercial vehicles in the First Region. 

Available population data (see Chapter 12) indicate that rural pop­

ulation growth in the First Region amounted to about 1 . 9 percent per year 

between 1967 and 1976, with the urban population growth in the First Region 

amounting to about 5.7 percent per year during the same period. 

if a road improvement project is not undertaken in the study area, 

it is untikely that traffic volumes would increase by more than token amounts, 

based on recent expurience and the limited data available. Normal annual 

traffic growth rates have been estimated at two percent per year through the 

year 2005. 
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9.2.2 GENERATED TRAFFIC
 

Generated traffic results from the stimulative effect of easier, 

more pleasant, or cheaper travel or transportation, and usually occurs in 

the first year or two after completion of a highway improvement project. 

In the absence of specific experience in Mali showing the relationship 

between road improvements and resulting volumes of generated traffic, it 

has been estimated that the generated traffic immediately subsequent to 

completion of the roads under study would equal a percentage of the traffic 

volume in the opening year. 

This percentage was estimated as one-half the peicentage savings 

in road-user costs for light vehicles made possible by the improvement. 

For example, if road-user costs for 2:uch vehicles were reduced by 18 per­

cent, then generated traffic would be estimated at 9 percent of the forecast 

normal light vehicle traffic volume in the operning year. It was assumed 

that no truck traffic would be generated. Due to the poor condition of the 

existing road, road-user cost savings for all proposed road improvements 

would be very significant (see the section of this chapter %vhichfollows on 

Transport Costs and Prices). Based on past experience in similar a:eas, 

however, generated traffic was limited to 25 percent of normal traffic, and 

was assumed to grow at the same rate as normal traffic. 

9.2.3 DIVERTED TRAFFIC 

Diverted traffic is that traffic which could be attracted to an 

improved route from existing routes because of distance, time or cost 

savings. The only possibilities for diverted traffic involve international 

traffic but this potential diversion would not occur until very late in the 

study period and would lil;ely involve only a few vehicles per day. Road 

user cost savings for c;vertecd traffic are considered to be negligible aad 

have not beern included in .he analyses presented herein. 
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9.2.4 	 TRAFFIC FORECAST SUMMARY 

Table 9-3 summarizes the projected levels of light vehicle (non­
agricultural) traffic (A.A.D.T.) expected during the years 1985, 1995, and 
the year 	2005, for each of the road sections under study. 

Table 9-3 

Projected Light Vehicle Traffic (A.A.D.T.)* 

Year Kayes-S~gala Segala-Dialaka Dialaka-Sandar4-Nioro Dialaka-Yelimane 
1985 17 11 8 5 
1995 21 14 10 6 
2005 26 17 12 7 

9.3 	 ORGANIZATION OF THE TRANSPORT SECTOR IN MALI 

There are several institutions within the transport sector in Mall 
chaL impact transportation within the First Region: (1) Union Nationale des 
Cooperatives des Transports Routiers du Mali (U.N.C.T.R.); (2) O.P.A.M.; 

and, (3) individual private truckers. 

The U.N.C.T.R. functions at national and regional levels as well 
as at the level of "cercles". The cooperatives organize the vast majority 
of private trucking companies, and control almost half of the cargo carrying 
vehicles within Mali. Most of the private transporters have less than five 
trucks within their fleet. Those private companies that do not belong to the 
U.N.C.T.R. are located in Bamako. The transportation of produce is but one 
of the functions of O.P.A.M. (Office Des Products Agricoles du Mali). As 
a public enterprise responsible for the purchase and distribution of cereals, 
O.P.A.M. presently has about 40 vehicles in operation. 

* 	Only light vehicle traffic wls projected as no hard data was available on 
non-agricultural truck traffic, Furthermore, non-agricultural commodities 
are mostly transported in conjunction with agricultural produce, with the ex­
ception of liquid commodities, The purely non-agricultural truck traffic is 
estimated to be small enough not to warrant its inclusion in the analysis.
Besldes,.its non-inclusion is a rather conservative assumption which lends 
more confidence to the conclusion of feasibility. 
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In section 9.5.4 of this chapter, the truck tariff structure that 

exists for the movement of all cargo and agricultural produce in Mali is 

described. 

9.4 	 CHANGES IN THE HIGHWAY NETWORK OF THE FIRST REGION 

By the end of the study period in 2005, there will have been many 

changes in the transportation network of the Firsi Region. Within a five­

year time span it is expected that it will be possible to travel by road from 

Kayes to Snegal via the proposed road in S~negal through Tombacounda, 

which will be essentially parallel to the railway line. By about 1990, a 

southern route from Bamako through Kita and then on to Kayes may be com­

pleted if projected road construction is completed. For the long-term, by 

about 1995, the Malian Government is planning to complete a direct link 

between 	Nioro and Bamako via Kolokani. 

Each of these road projects will help to reduce the relative isolation 

and help integrate the First Region into the mainstream of the Malian economy. 

It is not expected, however, that these road improvements will have a signi­

ficant impact upon the traffic levels along the Kayes-Nioro road and this 

effect has not been quantified herein. 

9.5 	 TRANSPORT COSTS AND REVENUES 

9.5.1 	 INTRODUCTION 

Vehicle operating costs were calculated for the various types of 

agricultural and non-agricultural vehicles expected to use the Kayes-Nioro 

road. The transportation savings for each of these categories of vehicles 

were calculated in a different manner. 

For non-agricultural vehicles, vehicle operating cost savings were 

calculated in the traditional manner; operating costs were calculated for the 

existing 	road and for each of the road improvement alternatives under con­

sideration. The difference in annual vehicle operating costs without and 

with the 	various improvements constitutes the savings or benefits for Lhese 

vehicles. 
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For agricultural vehicles, care was exercised to avoid a "double­
counting" of transportation savings for agricultural vehicles and the increase
 
in production value 'or agricultural produce. An evaluation was made of the
 
distribution of transport cost savings made possible by the road between the
 
agricultural and tranSoort sectors*, 
 The portion of savings passed on to the
 
agricultural sector (i.u. , the farmers) would increase the ex-farm price of
 
the produce, and therefore both the incentive for and the value of production. 
The portion of savings retained by the truckers would reduce trucking costs 
and increase revenues for the truckers. This chapter presents a description
 
of the procedures involved in calculating agricultural transportation costs
 

and revenues, while increases in production value are described in Chapter
 

10. 

9.5.2 UNIT VEHICLE OPERATING COSTS 

Sufficient empirical data on vehicle performance are not available 
in Mali to prepare a comprehensive set of vehicle operating costs. Consump­

tion data, (e.g. , liters per kilometer for gasoline and oil), presented in the 
"Kenya Road Transport Cost Study: Research on Vehicle Operating Costs", 
by H. Hide, S. W. Abaynayaka, I. Sayer, and R. J. Wyatt, and in the World 
Bank occasional paper, "Quantification of Road User Savings", by Jan de Weille, 

were used as a basis for the vehicle operating cost analysis. 

Interviews with local truck and light vehicle operators in Mali, 

along with experience of the study team during the field investigations, 

revealed that the consumption figures for fuel, oil, tire wear, depreciation 
and maintenance, as shown in those studies, are significantly lower than the 

values that were obtained in Mali. Based upon this field experience, there­

fore, it was estimated that fuel and oil consumption is about 10 percent 
high r on paved roads, 50 to 100 percent higher on gravel roads and about 
150 percent higher on poor earth roads in Mali than the values indicated in 

* 	 The implicit assumption herein is that the market price for the produce 
will remain unchanged, i.e. , that consumers will not be directly affected. 
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either the "Kenya Road Transport Cost Study" or the "Quantification of Road 

User Savings"; In addition, the other vehicle operating cost components 

were estimated to be about 10 percent, 20 percent and 50 percent higher on 

paved, gravel and poor earth surfaces, respectively. Local unit costs were 

used for the various vehicle types analyzed, for fuels, tires and lubricants, 

and local wages for vehicle maintenance (Table 9-4). 

Table 9-4 

Unit Economic Values Incorporated in Vehicle Operating Costs 
(103 1979 MP) 

Vehicles (without tires) Unit Price 

1. Berliet GLR 200 (10 ton-Diesel) each 16,100.00 

2. Land Rover 109 7,100.00 

Tires for: 

1. Berliet GLR 200 (10 ton-Diesel) each 176.00 

2. Land Rover 109 63.00 

Fuels and Lubricants: 

1. Gasoline liter 0.161 

0.1202. Diesel 

0.6723. Oil 

4.00
Maintenance: hour 
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The Berliet GLR 200, with a 10-ton carrying capacity was selected 

as 'epresentative of heavy vehicles, and the Land Rover 109 Station Wagon 

wds considered the representative light vehicle; there are no buses in 

operation at the present time nor is it expe7tcd that there will be a sLgnifi­

cant number in the future. Tab'e 9-4 indicates the unit economic prices 

used in calculating the unit operating costs. These unit values were 

developed from a survey of automotive dealers in Mali. Note that these 

are ece-omic values - all taxes have been removed. 

Unit vehicle operating costs per kilometer were developed for the 

represcntative vehicles on paved, gravel and earth surfaces in good condition 

and along the existing road for a full range of running speeds. Benchmark 

speeds refer to average running speeds on level tangent roads in good con­

dition. Benchmark speeds for light and heavy vehicles for paved, gravel 

and improved earth surfaces as well as for the existing Kayes-Nioro road 

are summarized in Table 9-5. 

Table 9-5 

Benchmark Speeds 

(Kph) 

Paved 
Surface 

Gravel 
Surface 

Improved Earth 
Surface 

E.d<sting Kayes-
NIioro Road 

Light vehicle 70 70 55 35 

Trucks 60 60 47 25 

The calculated vehicle operating costs at. benchmark speeds are 

summarized in Table 9-6. In addition to these vehicle operating costs and 

the resulting savings with and without the proposed improvements,there 

would be savings in time value for vehicle passengers. Inasmuch as the 

eoconomic impact of Lime savings is difficult to define, this element was 

not inccporated in the analyses presented herein. 
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Table 9-6
 

Unit Vehicle OperatinQ Costs
 

(10 31MF per KM)
 

Paved Gravel Improved Earth Existing Kayes-* 

Surface Surface Surface Nioro Road 

Light vehicle 0.0971 0.1410 0.1523 0.2792 

Heavy vehicle 0.1759 0.2425 0.2635 0.4692 

9. 5.3 NON-AGRICULTURAL VEHICLE OPERATING COST SAVINGS 

Using the anticipated levels of non-agricultural traffic presented 

earlier in this chapter, savings in vehicle operating costs were calculated 

for all road network improvement alternatives for the period 1985-2005. 

The full difference in vehicle operating costs with and without the road 

improvements under consideration was taken for normal non-agricultural 

traffic and one-half the difference was taken for generated non-agricultural 

traffic. The resulting savings for each of the seven alternatives are shown 

in Table 9-7. 

9, 5.4 AGRICULTURAL TRANSPORTERS' COSTS AND REVENUES 

Transporters (truckers costs and revenues were calculated without 

road improvement and with all road improvement alternatives. 

Transporters' costs were derived from the heavy vehicle operating 

costs described earlier and summarized in Table 9-6. It was assumed that 

a 10-ton truck would be used for transportation of produce and that it would 

be filled while traveling in one direction and empty in the other (i.e., 

The unit vehicle operating costs for the existing road were derived by 

considering it as a poor earth road. The unit costs were thus computed 
by applying the modified consumption and wear rates (Section 9. 5.2) to 
the unit economic values given in Table 9.4. 
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Non-Agricultural Vehicle Operating Cost Savings*
3 

(10 1979 MF) 

Year 

2005Alternatives** 1985 1990 1995 2000 

Alt. 1 131,230 144,860 164,490 180,550 197,600 

Alt. 2 146,150 159,740 183,360 202,210 219,130 

Alt. 3 153,250 167,480 192,020 211,910 229,820 

Ali. 4 160,410 175,600 201,200 222,050 240,670 

Alt. 5 184,930 202,610 231,220 255,330 277,940 

Alt. 6 208,740 229,090 261,690 288,440 313,760 

Alt. - 210,570 230,850 264,020 290,910 316,400 

Alt. 1M 131,230 144,860 164,490 180,550 197,600
 

Alt, 2M 131,230 144,860 164,490 180,550 197,600
 

Alto 3M 138,330 152,600 173,150 190,250 208,290
 

Alt. 4M 145,490 160,720 182,230 200,390 219,140
 

Alt, 5M 170,010 187,730 212,350 233,670 256,410
 

Alt, 6M 193,820 214,140 242,820 266,780 292,230
 

Alt, 7M 193,820 214,140 242,820 266,780 292,230
 

Derived from results of computerized regional production system model;
 

applied to that option when investment is made in road improvements 
only. 

** Alternatives IM through 7M are the same as 1 through 7, except that 

the Y6limane branch is taken out of the road network (See Chapter 11). 
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equivalent to a load factor of 50 percent).* This would result in an average 

cost per ton-km along the existing Kayes-Nioro road of about 94 MF/ton-km, 

and on the "minimum-cost" improved road of about 53 MF/ton-km. 

In Mali, official truck tariffs exist for the movement of all cargo and 

agricultural produce; these tariffs were established in inter-ministerial act 

number 2960/MFC-MTTP of October 14, 1977. For the harvesting of crops, 

the official tariffs are established by region of the couniry involved and, 

therefore, are independent of the category of routes involved. The tariffs 

are based upon an empty trip in one direction, and are as follows: 

1, 	 -Ist, 6th and 7th Regions : 104 MF/t-km 

-2nd Region : 84.5 MF/t-km 

-3rd, 4th and 5th Regions : 71,5 MF/t-km 

2, Paddy: 

Throughout the country 84.5 MF/t-km 

3. 	 Cotton (coton) 

Throughout the country 106.6 MF/t-km 

4. 	 Cereals (Cereales) 

-In "normal" Regions : 52.00 MF/t-km 

-In "difficult" Regions : 61.24 MF/t-km 

These tariffs ire applied for all transactions undeitaken by the 

Government of Mali. In many cases of private trucking, however, truckers 

find that these tariffs are too low and demand higher rates. For traffic along 

Although trucks could actually end up being more loaded than assumed 

above, due to the picking up of more cargo either during the trip or addi­
tional cargo during the return portion, the computation of costs and tariffs 
per ton-km should be made on the basis of a reliable and consistent load 
factor. If truckers pick up additional cargo, the tariffs that are charged 
will amount to additional profit over and above that which is made on the 
transport of agricultural commodities, 
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the tariffs that are actually applied are generally
the better roads in Mali, 

such as 
quite close to the official tariffs. For travel along very poor roads, 

100 percent higher than the
in the First Region, the tariffs are often 50 to 

rates vary considerably and cannot be precisely
official rates; these applied 

For purposes of the analyses presented herein, it has been estimated
defined. 

about 40 oercentthe existing Kayes-Nioro road are
that average 	truck tariffs on 

or about
higher than the economic cost per ton-kilometer previously estimated, 

133 MF/ton-km, 

For each of the seven road improvement alternatives under considera­

it was estimated that thj transport cost savings that will result will be 
tion, 

manner that the absolute dif­
distributed between trucker and farmer in such a 

tariff charged and the cost of operation per ton­
ference between the trucking 

to 25 percent higher than along the existing road;
kilometer would be about 20 

go to the farmer in the form of a higher
the remainder of the cost savings would 


ex-farm price for the produce. The difference between the estimated truck
 

tariff and cost along the existing road is 132 MF/ton-km less 94 MF/ton-km,
 

The tariffs for the study alternatives were derived by add­
or 38 MF/ton-km, 


ing 45 MF/ton-km to the estimated costs per ton-km.
 

The rationale for splitting the savings in transport costs 20% and
 

the truckers and the producers, respectively, follows:
80% between 	 is as 

e Although the transporters' cooperative is a monolethic 

organization, adherence to its ranks is open to any and 

all. In addition, some few truckers do not belong to it. 

Therefore, competition within its ranks will increase when 

the road is improved, resulting in the transmittal of some 

transport savings to the farmer. 

* 	 The farmer is entrepreneurial by nature and would, in a 

society, pool resources to enter the marketingcommunal 

improved (less vehicle maintenancechain if the road is 

costs) and if he feels he is not getting a fair shake from 

the trucker. 
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The split of 20% to the trucker and 80% to the fv rmer, 

under reduced transport costs condition due to road 

improvements, represents a set of conditions whereby: 

1) the trucker is operating at about a profit rate of 100% 

compared to costs of operations, instead of about 40%, 

2) the truckers' profits are increased by 20% for a 

constant tonnage moved and 3) the tonnage moved is 

expected to increase several folds, thus accommodating 

enough room for competition in the market since total 

profits to truckers would be expected to about double. 

9 

a 	 The 20-80% split is not sacrosanct. It was used to 

represent the fact that the major share of the benefits 

deriv2d from reduced transport costs will filter down to 

the farmer and result in increased ex-farm prices, thus 

providing the necessary incentives for increased produc­

tion and the means for reinvestments to be made in the 

agricultural sector by the farmer. The fact that the social 

price of benefits to both farmers and truckers was taken 

as equal, the findings of the economic analysis to follow 

would not have changed had a different split been used, 

provided the split was not radically different. A different 

split would only change the split between agri-transport 

revenues and agri-value added, but not the sum which 

is 	 used to represent the benefit side of the economic 

analysis. 

Table 9-8 shows the estimated average costs and prices per ton­

kilomeiter for the existing road and the seven road improvement alterntiveso 
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Table 9-8
 

Estimated Average Truck Operating Costs and Prices *
 
(1979 MF/ton-km} 

Average Average 

Alternatives ** Transport Price Transport Co.,t 

Without Improvement 132 95 

With Improvement 
Alt. 1 99 54 

97 52Alt. 2 
Alt. 3 95 50 
Alt. 4 93 48 

41Alt. 5 86 
Alt. 6 81 31 
Alt. 7 81 31 

Alt. IM 99 54 
Alt, 2M 99 54 
Alt. 3M 97 52 
Alt, 4M 95 50 
Alt, 5M 88 43 
Alt, 6M 83 33 
Alt, 7M 83 33 

• 	 Derived from results of computerized regional production system 

model; applies to that option where investment is made in road 
improvements only, 

•* 	Alternatives IM through 7M are the same as 1 through 7, except 
that the Y6liman6 branch is taken out of the road network (See 
Chapter 11). 
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Table 9-9
 

To!,.I /Agricultural Transport Costs and Revenues *
 

(103 1979 MF) 

Year 

Alterna.ttvs o - 1985 1990 1995 2000 2005 

Ccs ts 257,376 303,878 323,477 345,813 357,525 
RL'vcmiuf's 360,531 425,476 452,920 484,138 500,536 

V.' ith . rc',,';:: ntS 
Alt. 1 - Cos t, 257,376 206,873 220,429 237,130 247,232 

- Ruvunues 360,531 381,785 406,806 437,263 455,892 
Alt. 2 - Costs 257 ,37C 203,437 222,446 241,039 252,984 

- Reven-'es 360, 551 380,438 415,987 451,415 473,784 
Alt. 3 - Cost 257 376 198,331 215,330 233,760 245,406 

- le.'.r.-es 360,531 378,713 411,171 446,390 468,633 
Alt. . - Ccots 257 376 195,557 210,952 228,048 23q,592 

- Revenues 360,531 380,217 410,146 443,123 465,553 
Alt. 5 - GCosts 257 376 170,346 183,734 198,403 207,681 

- Reoven'mu:s 360,531 358,252 386,407 417,273 436,765 
Alt. 6 - (;osts 257 376 148,816 160,651 173,475 181,159 

- P,Cvenucs 360,531 339,528 366,575 395,970 413,500 
Alt. 7 - (t:;s 257,376 148,813 160 ,674 173,568 181,322 

- !.*C -nI-, 360,531 339,605 366,674 396,275 413,973 

. .1.:-Crt :'t,; 257,376 206,V73 220,429 237,130 247,232 
-, ev.. IiuZs 360, 531 381,785 406,806 437,263 455,892 

it. 21.'-Co-;t:; 257,376 206,873 220,429 237,130 247,232 
-Rev enue0s 360,531 381,785 406,806 437,263 455,892 

ilt. 3M-C osts 257,376 201,767. 213,313 229,851 239,654 
-Revenues 360,521 380,060 401,990 432,238 450,741 

A]t, .:M- oS's 257,376 198,993 208,935 224,139 233,840 
-RcvIU s 360,531 3_'L,564 400,965 428,971 447,661 

Alt, 5M-C: n;t 257,376 173,782 181,717 194,494 201,929 
-R(.'(nues 360,531 359,599 377,226 403,121 418,893 

Alt. :..-C ';.t 257,376 152,252 158,634 169,569 175,407 
-Rcw'uc'S 3(,n,531 340,875 357,394 381,818 395,608 

Alt. 7%. -C .t: 257,376 152,252 1S.-,634 169,569 175,407 
-Ic ve-s 3,0,531 340,875 357,394 318,818 395,608 

I 	Privod from (e'ulsof cc i.putcrized reglon1 production system model; 
olt,t t:.;:t option wh'2n !nvestrmcnt is made in road improvcments only. 

1/.1tcrn. tive' I M tlrouciii 7M zre the same as 1 through 7, except that the 
Y~l~'li6 Lr,,.,ch is taken out of the road natwork (See Chapter 11). 
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With the projected levels of produce expected to move along the 

road, both without and with road improvements, total agriculLural transport
 

prices and costs were calculated for each year from 1985 through 2005*
 

for each of the road improvement alternatives and for the without improve­

ment case. The results of the calculations are summarized in Table 9-9
 

for the years 1985, 1990, 1995, 2000 and 2005.
 

* 	The projected tonnages of cargo are presented in Chapter 10 - Regional 
Production. 
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CHAPTER 10
 

MODELING OF REGIONAL PRODUCTION SYSTEM
 

10.1 GENERAL 

The overall approach to the economic analysis was outlined in 

Chapter 7. Later in Chapter 8, the existing economic conditions within 

the zone of influence were described as well as the ongoing development 

projects, Chapter 9 discussed the transport sector and the expected impact 

of alternative road improvements on transport costs and prices in the zone 

of influence. Herein, the impacted economic sectors of the regional economy 

are quantified 

I o. 1, 1 THE PROCESS 

A computer model was devised spccifically to determine the impacts 

of road improvements on the region's economy. The model deals with the 

agricultural sector as well as the transport sector it. an integrated manner. 

The modeling of regional proluction was carried out for applicat-i-n uindJer 

two base situations: 

* 	 Capital in'estment in road improvements only; and 

a 	 Capital investment in integrated rural development, I.e. in 

road improvement and in the agricultural sector, 

The capital investment in integrated rural development includes an 

agricultural component: the scope and magnitude of which is described in 

Section 10. 4. 

The model for iegional production is made up of three successive 

parts. These are: 
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" Crop by crop analysis; 

" Regional production summary for a given alternative road 

network; and 

" Regional added value (i.e,, overall impact), comparing one 

alternative road network with another. 

The model deals with the combination of six agricultural crops, eight 

alternative road networks and thirteen comparisons between seven improved 

road netwvorks and the status quo condition. As stated earlier, the model 

wa'; applied under two base situations relating to whether or not an added capi­

tal investment is made in the agricultural sector in addition to road construction. 

Furthermore, sensitivity analyses later carried out for each of the two basewere 

conditions. each sensitivity analysis involving one additional run of the 

computerized regional production model. 

The base information for modeling the regional production system is 

derived mostly from the Kaarta and Kayes Nord Projects. It should be noted 

that the information was used after review, but the results of the economic 

analysis are nevertheless contingent upon the data sources. A discussion 

has been made in Chapter 8 on the data base and its uses. The data used 

and the projections made therefrom are given in Appendix H. 

The aim behind computerizing the regional production system model 

is to provide the necessary flexibility for analyzing numerous options and alter­

natives. For this reason, the model was developed so that: 

* Analyses can be made for different investment options 

* Analyses can be made for different road design standards 

* Analyses can be made for the road network, one road 

section at a time. 
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" 	 Several economic sectors could be analyzed con­

jointly to account for inter-sectoral relationships; 

i, e. , agriculture and transportation sectors 

" 	Analyses can be made for different project imple­

mentation programs 

" 	 Future conditions could be analyzed on a yearly 

basis or in a series of time periods 

* 	 Sensitivity of the findings can be assessed with 

a minimal amount of data manipulation for either 

one factor at a time or a combination of factors 

all at once, 

10.1.2 MAIN CONCEPTS 

The economic studies are based on the real economic value of 

products and services to society as determined by the market place. All 

taxes, subsidies or governmental pricing schemes are disregarded in 

such a case since none of these factors affect the economic value of a 

product or service, 

Since taxes, subsidies and pricing schemes are a reality, they 

do affect the market place in that these factors create incentives and 

disincentives to production and to the provision of services and com­

petition therein, The modeling of the regional production system takes 

account of these market place realities, 

Two bsic concepts are adopted for assessing the impacts of 

road improvement on the region's economy. These are: 
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9 	 The savings in transport costs due to road improve­

ment will be split between the trucker and the producer; 

and will reach the farmer through the parallel market; 

and 

9 	 The benefits derived by the producer will be partially 

reinvested in additional production. 

In Chapter 8, a discussion was presented wherein it was argued 

that competition in the marketing chain exists at present and that the 

degree of competition should increase with improved access to the region. 

As a result of this competition, a major portion of the transport cost 

savings will filter down to the producer. Chapter 9 presented the 

rationale for estimating that portion which is expected to reach the pro­

ducer. A graphic representation of this process is given in Figure 10-1. 

What are the effects on the findings of this study if the assumed 

split of transport co st savings between trucker and farmer does not mate­

rialize as expectea? If none of the savings are transmitted to the farmer, 

then there will be no incentive for him to produce any differently than at 

present. Should a small portion of the savings reach the farmer, the 

created incentive would be insignificant for changing existing production 

patterns. Under these conditions, impacts due to road improvements are 

marginal, ,t best; the project would not be feasible, However, these 

conditions dre not expected to be a realistic projection of the future. 

What possibly could happun is that the assumed split of transport cost 

savir., between truckei and farmer would be slightly different. 

Once it is accepted that the major portion of transport cost 

savinqs is transmitted to the farmer, and therefore an economic incentive 

for increase d production has been put in place, then the findings of the 

economic analysis are not affected by what actual value is placed on 

"major portion" of savings. This is true: provided the social prices 
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FARMER/AGRICUL TEUR TRANSPORTE RITRANSPORTEUR 

PRODUCTION COST/ 50,000 FM/TON/ 

COUTDE PRODUCTION 

+ 
I EX-FARMRICE 

PRIX A LA FERME 
82,500 FM/TON/ 

FARMER'S PROFIT/ 32,500 FM/TON 

PROFIT DE L"AGRICULTEUR 

+ 

TRANSPORT COST/ 12,500 FM/TON 

COUT DU TRANSPORT 

TRASRT PR 1T 17,500 FM/TON/ I 

I 
PROFIT DU TRA NSPORTU 

MARKET PRICE! 100,000 FMON 
100,000 FM/TONI=MARKET PRICE/PRIX DU MAIICHE IPIDMRHI 

LEGENDILEGENDE 

FM/TON BEFORE ROAD IMPROVEMENT 

1.000 FM/TON A VANT AMELORA TION DE LA ROUTE 

., . , , , 

FIGURE 10 - 1 
BENEFIT DISTRIBUTION 

REPARTITION DES BENEFICES 



aru taken as equal (See Chapter 7).of benefits to trucker 

The i~ssue of economic advantage (i, e., 	higher ex-farm prices) 

upon the existence of aand resultant production incentives is contingent 

to the totalparallel free market of a significant nature in comparison 

This study assumes that the existing inter-relationship betweenmarket. 

parallel and yovk-rnment controllcd markets will remain somewhat un­

(See (hapter 8). As long as this is the case, then the economicchaniued 

Should the government controlled marketadvantage to the farmer is real, 

be the only market, the economic advantage to the farmer would be ficti­

are at or below costs of production.tious as government controlled prices 

In thiL case, no increased production should be expected and the project 

would not be feasible. This case, however.. is not realistic given the 

it could be possible that governmentrecent past in Mali; nevertheless: 

slightly greater portion of the productionaagencie; (OPAM) would market 

iii the regio:n due to improved access, As long as the change is slight 

the findings of the economic analysis(actually issumed in this study) 

as one is dealing in termsshould remain unchanged. This is true as long 


the first being the proper method.
of economic value and not prices; 

For decision making purposes: a sensitivity test of the economic 

analyse-; to follow was established to assess in part possible changes in the: 

free and controlled1) split (ot transport cost savings and 2) 	 split between 

markets. When less savings are transmitted to the farmer and the con­

trolled market increases, thc economic incentives to the farmer are 

reduced; whor,the opposite happens, the incentives to the farmer are 

increased. The rusult i- that regional production grows at either a lower 

or a higher rate--i. C, ..net value of production is lower or higher than 

projected,
 

The second main concept in assessing the impacts of road
 

improvements on the region's economy relates to the reinvestments to
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be made by the farmer for increased production. Figure 10-2 represents 

the process of reinvestment graphically. 

Once the farmer is the recipient of increased profits from the 

sale of agricultural products at higher ex-farm prices, he will be in a 

position to invest this added income. It is believed that he will do so 

on: 1) consumer goods, 2) livestock, 3) increased area of production, 

-1) change toward cash crops, 5) improved cultivation techniques, and 6) 

,marketing. As a result of the increased production deriving from the re­

investment of higher profits, the farmer would increase his income and 

therefore his reinvestment as time elapses. A cycle of development is 

thus established clue to the provision of improved access at lower prices. 

Should the reinvestment process be adopted by the whole of the 

rural population as soon as the road is improved, this would amount to 

an icdealistic situation. In reality, the adoption of the process will start 

with a limited number of farmers and a step at a time. The degree and 

rate of adoption of this reinvestment cycle can vary due to social con­

straints aind the magnitude of the incentives. Variations in degree and 

rate should be expected as time elapses. The study used an "S" like 

time series curve for projecting road improvement impacts to duplicate 

the expected "S" like curve of the reinvestment process. In addition, 

the sensitivity test of lower/higher net production value, discussed pre­

viously, is used to partly measure possible variations in the rate and 

degree of relnvestments in the agricultural sector. 

10.1.3 MAJOR ASSUMPTIONJS 

Inherent in the development of the model is the basic assumption 

that road improvements will have a significant impact on the agricultural 

sector; however, positive effects on livestock development are possible 

but not likely, Livestock development is dealt with at the level of 
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80% REDUCTION IN 1 
TRANSPORT COSTS/ 
80%DE REDUCTION

DANS LES COUTS 

DE TRANSPORT 

IMPROVED AGRICULTURE 
AND INCREASED ACREAGE! 


AMELIO RA TION DE 

L AGRICULTURE ET 

AUGMENTATION DES 


SUPERFICIES CULTIVEES 


HIGHER FARMGATE 
PRICES/

PRIX PLUS ELEVES 

A LA FERME 

INCREASED INCOME 
AND PROFIT/ 

AUGMENTATION DU 

REVENU ET DU PROFIT 

REINVESTMENT IN 

LIVESTOCK/ 
REIN VESTISSEMENT 

DANS LE BETAIL 

IN FARM/ 

REINVESTISSEMENT 

DANSL "AGRICULTURE CNUE OD 

CONSUMER GOODS 
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CONSOMMA TION 
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AUGMENTATIONDES 
VOLUMES A DES PRIX 
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subsequent sensitivity analyses and not directly within the computer model.
 

In light of the discussions in Chapters 8, 9, 12 and 13, and Appendices
 

G and H, this approach is justifiable. Later in this chapter (10.5), how­

ever, the probable impacts on the livestock sector are defined.
 

The model postulates the following cause and effect impacts: 

9 	 Increase in area under cultivation; 

e 	 Crop mix change with a shift towards cash crops; 

* 	 Improved levels of cultivation due to spread of rural development 

projects effects; 

* 	 Change in the marketing of agricultural produce towards exportation; 

v 	 Increase in ex-farm prices of agricultural produce and reduction in 

price of imported crops; 

• 	 Reduction in transport costs and prices; and 

e 	 Increase in per capita consumption of food stuff due to increased 

per capita income. 

Several remarks are made relating to said impacts. First, the 	area 

areunder cultivation, the crop mix an- the technology levels of cultivation 

three factors which were considered to form a whole. All three are affected 

by the economic advantages that are created, and which are perceived by 

the agricultural producer as an incentive for increased production. The 

latter's response is the impact of road improvements, and must consider 

simultaneously all three said factors in order to adopt a coherent production 

strategy. He will decide on the area to cultivate, the crops to produce and 

the technology to use in one step. The production strategy for the region, 

assumed herein, is to reduce the deficit in cereal crops and increase the 

production of higher value cash crops, as this is perceived to 	be the 
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response of the producer in the region, in addition to the adoption by 

some of improved cultivation technology. 

Second, the impacts due to road improvements are not constant 

throughout the zone of influence of the road. Maximum impacts will be 

reached in areas adjacent to the road; no impacts will be felt at the limits 

of the zone of influence, In addition to this variation in impacts along 

the width of the zone of influence, a variation along the length of the 

road should be anticipated. Areas which are furthest from the market 

should experience the greatest impacts, as the savings in transport costs 

will be the greatest due to the longer travel distance, Finally, the 

areas, where development projects are ongoing,should experience the 

greatest spread effects from the adjacent developmental activities. 

Recognizing all of these variations, the impacts in the northern area of 

the zone of influence were projected to be larger than those in the southern 

area. Later an average impact for the whole area was arrived at, and used 

as the input to the computerized model. 

Third, prices of agricultural produce were assumed to be constant 

throughout the life of the project. Increased production in the area will 

not affect the supply market but in a limited manner and therefore inelasticity 

of price to increased supply is a reasonable assumption (See Chapter 8). 

However, time series effects on prices could exist. Although a limited 

attempt was made to study past trends of cereal pric~s, it was considered 

appropriate to be on the conservative side and to assume no time series 

effects on prices, Should prices rise in the future, the project would have 

a higher internal rate of return than reported.herein. 
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Finally, several road improvement impacts were not quanitified; 

nevertheless they will occur. These are: 

0 	 Savings in transport costs for [ac-aoricu,.ral truck 

traffic; 

o 	 Additional revenues to truckers, derived whe, the 

average truck load factor (used herein at 50%) Is 

greater than assumed in this study; and 

e 	 Savings in transport costs for government and develop­

ment agencies which are present in thu area. 

The above impacts were considered to be either marginal or to 

be unreliably predictable. Had said impacts been included in the analysis, 

the resulting internal rates of return for the project would have been larger 

than reported in this study. 

10.2 CROP ANALYSIS 

The discussion made herein covers the system of agricultural crop 

production, production values and costs, and transport costs and revenues. The 

presentation uses one specific crop(sorghum) as an example of the workings of the 

model. In addition, a sample computer printout is given as Figure 10.3 for 
reference in following the process of calculating regional production, produc­

tion value, production and transport costs. This sample output covers only 

the first stage of the model and applies to the following conditions: Alternative 

road improvement no. 5 with no additional agricultural investments. The 

second stage of the nindel is discussed in section 10, 3 while the third and 
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(i~;ic ANAI.IU IW 

ROAD IMPROVEMENT ALTERNATIVE W5 - SORGHUM (:ROPANAly:;I3 
c:ASE: No AIu1W1A A(;l((1t'i.jflJ{AL r.'IV1-:;iN .L T 

YEAR 1981 1982 1983 1984 1985 19?6 1987 19h. 19M9 1990 1991 

2 CULTIVATED AREA IN CROP 
3 CUM INCREMTL NEW ARA 
4 YEARLY INCRMTL NEW AREA 
AREA IN LVL 8 CULTVTION 

6 AREA IN LVl B CULTVTION 
7 NET YIELD - LVL A CLTV 
8 NET YIELD - LVL B C IV 
9 AGRI PRO,)CTION - LVl A 

AGRI PROLCTION - LVL B 
11 AGRI PROD:TION - TOTAL 

HA 
HA 
HA 

% 
HA 

TON/HA 
TON/HA 

TON 
TON 
TON 

19800 
0 
0 

.000 

0 
.485 
.800 

9603 
0 

9603 

19784 
0 
0 

.030 

594 
.485 
.O0 

9307 
475 

9782 

19688 
0 
0 

.060 

1181 
.485 
.800 

E976 
945 
9921 

19635 
0 
0 

.090 

1767 
.485 
.800 

8666 
1414 

1008 

19565 
0 
n 

.120 
2348 

.485 

.800 
8350 
1878 

10228 

19 6 11 
0 
0 

.160 
5141 

.2 
-450 

8575 
?670 

11245 

19065 
0 
0 

.200 
95! 

3543 
11524 

19 9e, 
N 
0 

.21f) 
4 0S 

) 
1O15O 

7744 
39 

11142 

1956'. 
n 
0 

.2'0 

54715 

.0o 

.50 
7325 
4t56 

11981 

19t00 
0 
0 

.320 
6240 

.520 

.eso 
6195 
5304 
1199 

1910 
0 
0 

.3?o 
t.282 

.520 

.g50 
6941 
5340 

12251 

12 RURAL POPULATION 
13 PER CAP CONSUMPTION 
14 TOT LOCAL CONSUMPT!ON 

UNIT GOVT QUOTA 
16 TOT OUTBOUND QUOTA 
17 PROD CONSUMED LOCALLY 
18 INBOUND LOCL CONSMPTION 
19 DOMESTIC OUTBOUND 

FOREIGN OUTBOUND 
21 EXPT PROD NOT ON ROAD 
22 TOT DOMSTC OUTBOUND 
23 TOT FOREIGN OUTBOUND 
24 EXPT PROD NOT ON ROAD 

P'ERS 
KG/PRS 

TON 

KG/HA 
TON 
TON 
ION 

% 
% 
x 

TON 
TON 

TON 

191804 
75 

14385 

25 
495 

9108 
5277 

.95 

.00 

.05 
0 
0 

0 

193627 
75 

14522 

25 
495 

92F7 
5235 

.95 

.00 

.05 
0 
0 

0 

195466 
75 

14660 

25 
492 
9429 
5231 

.95 

.00 

.05 
n 
0 

1) 

197323 

14799 

25 
491 

9589 
5210 

.95 

.00 

.05 
0 
0 

0 

199197 
75 

14940 

25 
489 

9730 
5201 

.95 

.00 

.05 
0 
0 

0 

2n1 588 
75 

15119 

25 
491 

10754 
4165 

.90 

.05 

.05 
0 
0 

0 

204007 
75 

15301 

492 
11032 
4269 

.90 

.(15 

.05 
0 
0 

0 

?06.55 
75S5 

154F4 

490 
11252 
4232 

.90 

.05 

.05 
0 
0 

0 

2(089 2 

15670 

25 
4119 

11492 
4178 

.90 

.05 

.05 
0 
V 
0 

211439 
7 

15858 

25 
488 

11711 
4147 

. v0 

.05 

.05 
0 
n 

0 

213976 
80 

17116 

35 
687 

11594 
5524 

.90 

.05 

.05 
0 
0 
0 

DOMSTC OUT PRICE 
26 LOCL CONSMPTION PRICE 
27 DOMSTC IN PRICE 
28 FOREIGN OUT PRICE 
29 NOT ON ROAD OUT PRICE 

TOT PRODUCTION VALUE 

103FIT 
103FIT 
103F IT 
103F/T 
103F/T 

103F 

85.4 
83.4 

103.0 
100.0 
92.0 

258349 

85.4 
83.4 
103.0 
100.0 
92.0 

277603 

85.4 
83.4 

103.0 
100.0 
92.0 

289602 

85.4 
83.4 

103.0 
100.0 
92.0 

305024 

85.4 
83.4 

103.0 
100.0 
92.0 

318290 

91.4 
89.4 
97.0 

106.0 
9?.0 

58280 

91.4 
89.4 
97.0 

1n6.0 
92.0 

617136 

91.4 
F9.4 
97.0 

106.0 
92.0 

640210 

91.4 
F9.4 
97.n 

106.0 
9>.0 

666813 

91.4 
99.4 
97.0 

106.0 
92.0 

6h9307 

91.4 
89.4 
97.0 

106.0 
9?.0 

563467 

31 UN!T PROD COST LVL A 
32 TOT PROD COST - LVL A 
33 UNIT PROD COST - LVL B 
34 TUT PROD COST - LVL B 

"NIT NEW LAND PROD CST 
36 TOT NEW LAND PROD COST 
37 TOTAL PRODUCTION COST 

103F/HA 
103F 

103FIHA 
103F 

103F/HA
103F 
103F 

29 
574200 

51 
0 
7 
0 

574200 

29 
556510 

51 
30294 

7 
0 

586804 

29 
536703 

51 
60231 

7 
0 

596934 

29 
518172 

51 
90117 

7 
0 

608289 

29 
4992?3 

51 
119748 

7 
0 

619041 

29 
478210 

51 
160191 

7 
0 

658401 

29 
456228 

51 
2n05P3 

7 
0 

656811 

29 
431897 

51 
239P53 

7 

0 
67175n 

29 
408494 

51 
279378 

7 

0 
687872 

29 
384540 

51 
318240 

7 

0 
702780 

29 
387092 

51 
320382 

7 

0 
707474 

38 AVRGE TRANSPORT PRICF 
39 TRANSPORT PRICE REVNUE 

AVRGE TRANSPORT COST 
41 TOT TRANSPORT COST 

103F/T 
103F 

103F/T 
103F 

17.58 
101472 

12.55 
72439 

17.58 
100733 

12.55 
71912 

17.58 
100610 

12.55 
71824 

17.58 
i00224 
12.55 

71548 

17.58 
100030 

12.55 
71410 

11.63 
56475 

5.53 
26854 

11.63 
55370 

5.53 
?6328 

11.63 
54917 

5.53 
26113 

11.63 
54277 

5.53 
25809 

11.63 
53905 

5.53 
25632 

11.63 
72234 

5.53 
34347 

Figure 10.3. Sample output of First stage computations, 

Alternative road improvement no. 5, sorghum., 
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final stage is presented in Chapter 11. In addition, the input for all crops 

and alternative road improvements are given in Appendix H for the two invest­

ment policies (i.e. in transport only and in integrated rural development) under 

consideration, ,:id for whether or not the Fourth Highway program Is imple­

mented. 

10.2,1 AREA UNDER CULTIVATION 

The zone of influence of the road was estimated to cover an area of 

about 1.57 million hectares. The Kaarta study indicated that about 3.8 percent 

of the land within the jurisdiction of Kaarta is under cultivation at present. 

It has been assumed in this analysis that the same percentage of the overall 

zone of influence is under cultivation in 1981,or 60,000 hecLares. 

1981 through 1985 is the projected design and construction period 

for the various alternative road improvements under investigation. Based upon 

an evaluation of historical trends and the Kaarta projections, it is estimated 

that without road improvements, this total area under consideration will increase 

at a moderate pace to a total of about 65,000 hectares in 1985, 68,000 in 

1990 and 72,000 hectares in the year 2005. 

With each of the seven alternative road improvements, it is expected 

that this area under cultivation will increase, with the increase being larger 

as the road standards are higher. The rationale is that the transport cost 

savings that are realized through the road improvements will generate an in­

crease in the ex-farm price for agricultural produce; a portion of this increased 

revenue would likely be reinvested in developing and cultivating additional 

agricultural land, The pattern of expenditure of these additional revenues is 

largely governed by the attitudes of the farmers towards financial assets and 

towards the concept of development. The results of the interviews carried out 

by the study team's sociologist and environmentalist in the service area r.' .he 

existing road provided some insight into prevalent attitudes. 
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Empirical data relating new road construction to increases in cul­

tivated agricultural area do not exist. The procedure used to estimate 

additional aqrlcultural acreage is intended merely as a guide to evaluate the 

impact of the road upon agricultural production as opposed to being a rigorous 

analytical tool. To provide an order-of-magnitude estimate, the following 

general steps were followed: (1) the average additional revenue to the farmer 

due to increases in ex-farm prices was estimated at about 3,000 MF/ha; (2) 

ai portion of this additional revenue (20 percent) was assumed to be reinvested 

in expanded agricultural acreage; and (3) the additional revenue was divided 

by estimated agricultural (yearly) production costs (about 30,000 MF/ha) to 

derive an order-of-magnitude rate of increase in area under cultivation over 

that which would occur without the road: 3,000 x 0.2/30,000 = 0.02/year, 

or 2'/ per annum. 

Existing and projected a'eas under cultivation with the existing road 

and with the seven road improvement altrnatives throughout the study period 

are summarized in Tables H. 1, H. 19, H 26, and H. 31, 

10, 2.2 CROP AREA BREAKDOWN 

There are six types or groups of crops that are presently under cul­

tivation in the study area: (1) beans; (2) sorghum; (3) millet; (4) maize; 

(5) peanuts, and (6) miscellaneous crops. Il is expected that these are the 

crops that will continue to be cultivated throughout the study period, although 

the crop mix is expected to change over time and will differ with and without 

the proposed improvements. 

Table 10. 1 presents the projection of crop mix with and without the 

proposed road improvements* The estimates for year one (1981) are based on 

data from the Kaarta study. The trends for the without improvement case are 

similarly based on those projected by said study. Without road improvements, 

* All data inputs are given in Tables H.2, H.20, H.27 and H.32 
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plans for the future are such that bean, sorghum and maize hectarageKaarta's 

will represent a lower share of total cultivated area, with nuts and miscellaneous 

crops representing a somewhat higher share, 

Table 10, 1-

Estimated Future Crop Area Breakdown (percent) 

Year Beans* Sorghum Millet Maize Peanuts Misc 

1. 	 Without Road Improvements 

1981 22.0 33.0 24,0 7.5 21.2 13.2 

1985 18.0 30.1 24.0 7.1 22.5 13.6 

28.4 24.0 6.8 23.5 14.01990 16.5 

2005 16.5 28.4 24.0 6.8 23.5 14.0 

2. 	 With Road Improvements 

1981 22,0 33.0 24.0 7°5 21.2 13.2 

1985 18.0 30.1 24.0 7.1 22.5 13.6 

1990 12.0 26.0 22.8 6.0 26.0 15.0 

2005 12.0 26.0 22,8 6.0 26.0 15.0 

The impact of the road is assumed to accentuate the trend planned
 

by the Kaarta project for its study area, provided basic local consumption needs
 

are not adversely affected. The accelerated and greater change in crop mix is
 

attributable to changes in marketing potential of cash crops, such as peanuts,
 

when transport costs are drastically reduced due to road improvements. 

Multiplying the total area under cultivation in any one year by the 

crop area breakdown percent for one given crop for the same year gives the
 

hectarage under cultivation in that year for that crop. Sorghum, for example,
 

is cultivated in 1985 on: 65,000 x 0,301 = 19,565 ha. (Refer to row 2 of Figure 10.3)
 

* 	It should be noted that the total is greater than 100 percent inasmuch as beans
 

are produced simultaneously on the same piece of land with other crops.
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lO...3 IMPROVED CROP AREAS 

The improved crop areas are those for which additional operating 

costs will he expenied on foiillzers, insecticides, seeds, implements, etc. 

during the study period. The yields in these improved areas will be higher 

than on land under cultivation using traditional methods. 

The estimated future percentages by type of cultivation of the 

various crops were estimated based upon the Kaarta projections and a postu­

lation of the spread effect impacts of the alternative road improvements.* 

Table 10,2 summarizes the projected areas in improved sorghum cultivation 

expressed as a pe:centage of total area in sorghum cultivation. Multiplying 

the area in sorghum cultivation by the percent in improved cultivation, let us say 

for alternative road improvement no. 5, gives the hectarage in improved culti­

vation: 19,565 x 0.12 = 2348 ha. (Refer to row 6). The area in tradi­

tional cultivation is 19,565 x 0.88 = 17,217 ha. 

The basic idea in assessing road improvement impacts is that the 

road improvement will spread the effect of the ongoing rural development 

projects in the zone of influence. The spread effect depends on the 

Table 10.2 

Imoroved Crop Area, Sorghum (percent) 

Year 
Alternative 1981 1985 1990 2005 

1. Status Quo 0 12 18 18 

2, Road Improvements 

Alt 1 & 2 23 23 
3 26 26 

4I 30 30 
5 32 32 

6 & 7 4 35 35 

* All data input are given in Tables H. 3, H. 21, H. 28 and H. 33 
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level of road improvement. The road spread effect was postulated for the 

highest level of road improvement (equal to the effect of the development 

project) and later apportioned for each level of road improvement. 

Care was take to ensure that postulated road improvement im­

pacts took account of the difference between areas within the jurisdiction 

of ODIK and areas not covered by ODIK's operations. Specifically, the 

propagation of improved technology in the areas outside ODIK's opera­

tions was assumed to be one-third as much as that projected for the areas 

controlled by ODIK. For example, under alternative road improvement 7 

in year 2005 the spread effect would result in reaching about 25 percent of 

the area in ODIK's territory and about 8 percent in other areas within the 

zone of influence, The average for the whole zone of influence would 

then be 18 percent. This is equal to the average effect over the zone of 

influence of ODIK's operations without road improvement; the effect of 

ODIK in its area is set at about 30 percent. 

The modeling of changes in the area under cultivation, changes 

in crop patterns and changes in production technology was carried out as 

one unit. Several trial computer runs were made for different sets of as­

.;umptions and the ensuing results were analyzed. The analysis aimed at 

finding that set of assumptions which resulted in reducing the deficit of 

staple cereals in the area of influence and in increasing the production of 

high value cash crops, provided the changes in the production system are 

commensurate with the created economic incentives and within the social 

and regulatory constraints at play in the region. 

10.2.4 AGRICULTURAL YIELDS 

The estimated agricultural yields per hectare for unimproved (tra­

ditional) and improved cultivation are shown in Table 10.3.* 

* All data input are given in Table H, 4 and H. 5 
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Once again, sample values are shown for sorghum production. Net
 

yield Is, dfined as gross yield minus losses and seeds. 
 The change in 

net yields with alternative road improvements is due to a differential re­

duction in transport losses. 

Transport losses are reduced for higher road improvement 

lvels. Transportation services are provided when needed and therefore 

losses from extended storage, during periods when the road is impassable, 

are reduced. Furthermore, transport costs of inputs are reduced when the 

road is improved; this was considered as equivalent to an added produc­

tion, i. e , higher net yield. 

Table 10, 3 

Net Agricultural Yields, Sorghum (kg/ha) 

Type of Cultivation 
Alternative Year Traditional Improved 

1. Status Quo & 1981 - 2005? 485 	 800 

Road 	 Improvements 1981 - 1985 

2. 	 Road Improvements 1986 - 2005 

Alt 1 500 	 825 

2 505 	 830 

3 	 510 840 
4 	 515 850 

5, 6 & 7 520 	 850 
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It is now possible to compute agricultural production for all crops, 

for all yers, for ll alternatives. For example, production of sorghum in 

1983, under alternative road improvement 5, is equal to yields by areas 

under cultivation: 

2348(ha) x 0.80 (ton/ha) + 17,217 (ha) x 0.485 (ton/ha) = 10,228 tons 

(Refer to row 11.) 

The next analytical task is to apportion this production into its 

component usages. If production exceeds the sum of local consumption and 

domestic export quota, then the surplus is exported either to domestic 

markets or foreign markets,using the road, or exported out of the region not 

using the road. If on the other hand there is a deficit, this latter is met by 

importation to the area. 

10. 2. 5 DISTRIBUTION OF AGRICULTURAL PRODUCE 

The first step in tracing the movement of agricultural produce is to 

determine whether or not the zone of influence is a surplus or deficit area. 

Three variables are involved in this determination: production, local con­

sumption, and domestic export quota. Production has already been computed. 

10,2,6 LOCAL CONSUMPTION 

Local consumption is a function of rural population and per capita 

consumption. The rural population in 1980 for the zone of influence has been 

determined to be 190,000 and to increase at 1.2% per annum*when the road is 

improved to any of the alternative levels, while without road improvement the 

increase is estimated at 0.95% per annum. The difference is due to an ex­

pected decrease in the mortality rate (mostly children) due to improved acces­

sibility Lo medical facilities. 

* Data input are given in Table H. 6 
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As the road presently exists, it provides the necessary access 

for migration from the area. Improving the road will make migration 

cheaper but not more desirable. Chapters 12 and 13 and Appendices G 

and Ii treat this subject in more detail. Therein, the subjects of migra­

tion/resettlement are fully discussed. Migration is not expected to 

change due to roId improvements. 

Per capita consumption is given in Table 10.4.* The projected 

increase in per capita consumption is due to an expected increase in the 

standard of living traceable to the improvement of the road. 

Per ripita consumption of cereals is not as elastic as the con­

sumption of perishable foods. Nevertheless, GOM projections** anticipate 

an increase in the consumption of cereals to a higher level than herein 

projected. The basic reason is that, at present, the equivalent protein 

intake in the First Region is below the level of normal sustenance. The 

projected increase is in line with dietary requirements. 

Table 10,4 

Per Capita Consumption, Sorghum (k/person/year) 

Crop 

1981 - 1990 

All Alternatives 

1991 - 2005 

Status Quo &Alt 1 Alt 2 - 7 

Sorghum 75 75 80 

5) is equal to:The local consumption of sorghum (1985, Alt. 

190,000 x (1.0095) 5 (pers) x 0,075 (ton/pers/year) - 14,940 ton/year (Refer 

to row 14 ) 

* Data input are given in Table H. 7 
* Five year National Plan 

10.21 



10.2.7 DOMESTIC EXPORT QUOTA 

The domestic export quota may be expressed, for simplicity purposes, 

as a function of the area under cultivation. It is estimated that 25 kg/ha is the 

present quota of sorghum and that it would become 35 kg/ha starting in 1991. 

This quota is what OPAM buys for later distribution to the different markets 

within Mali. I'his domestic export quota in sorghum is therefore equal to 

(1985, Alt 5): 0.025 (ton/ha) x 19,565 ha - 489 ton/year (Refer to row 16.) 

10,2,8 DOMESTIC IMPORTATION
 

The production consumed locally is equal to:
 

10,228 - 489 =.9.739 ton/year (Refer to row 17.)
 

The sum of domestic export quota and local consumption:(489 + 14,940 

15,429 ton)is larger than production (10,228 ton). Therefore, the zone of influence 

is a deficit area. The deficit: 15,429 - 10,228 = 5,201 ton/year (Refer to 

row 18.) 

10.2.9 EXPORTS
 

Had the region shown a surplus of production over the sum of local
 

consumption and domestic export quota, said surplus would have been 

exported. The exports can be destined either to domestic Malian or 

to foreign markets,or exported without using the road, Table 10.5 gives the 

(in percent) into the above components.**assumed breakdown of exports 

Since the area of influence does not show a surplus (1985, Alt 5), then 

domestic exports, foreign exports, and exports not using road are all nil. 

(Refer to rows 22, 23 and 24 respectively.) 

* All data input are given in Table H. 8
 

**All data input are given in Table H.9
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Table 10, 5 

Distribution of Sorgum Exports (percent) 

Exports on Road Exports Not 
Alternative Domestic Foreign Using Road 

1, Status Quo 95 -- 5 

2, All alternative 90 5 5 
improvements 

10.2.10 PRICES OF AGRICULTURAL PRODUCE 

The ex-farm prices are used herein at the free market rate, as this 

rate is truly representative of the economic value of the products, The ex­

farm price is the price at the farmgate, ie, , the price in the market less 

transportation costs to the farmgate, As described in detail in Chapter 9, 

the unit transport cost savings that will be realized through the road improve­

ments will be distributed between the truckers and farmers. The portion that 

is passed along to the farmers will increase the ex-farm prices. These prices 

are shown in Table 10,6 for sorghum as an example. The values shown are 

weighted averages inasmuch as the ex-farm price varies depending on what 

point along the road the production takes place, 

Table 10,6 

Ex-farm Economic Prices. Sorghum (1,000 MF/ton, 1979) 

Alternative 5 
1981-1985 1986-2005
 

Domestic Export 85.4 91.4 

Local Consumption 83.4 89.4 

Domestic Import 103.0 97.0 

Foreign Export 100.0 106.0 

Export not on Road 92.0 92.0 

* All data input are given in Table H. 10 
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The use of the ex-farm price as the starting point and the allocation 

of transportation costs savings between farmers and truckers insures that 

double accounting of transport costs savings does not occur in the analysis. 

Following are some notes on Table 10, 6: 

" 	 The base price is that of the local consumption case. This 

price was derived by deducting the appropriate transport 

costs from the free market prices in Bamako. This price in­

creases when a better road is provided. The increase is 

assumed equal to the incremental transport cost saving 

allocated to the farmer, 

" 	 The domestic export price is assumed to be marginally higher 

than the base price due to an assumed better quality of the 

product. This price increases when a better road is provided. 

The increase is the same as in the previous case. 

" 	 The domestic import price is equal to the free market price 

in Bamako plus transport costs to the farm gate. This price 

decreases when a better road is provided. The decrease is 

as large as the increases of the previous two cases. 

" 	 The foreign export price is based on study of prices in 

S6n6gal, This price increases when a better road is provided. 

The magnitude of the increase is the same as the first two 

cases, 

" 	 The price of exports not using the road was assumed to be 

an average between the domestic and export prices, This 

price remains constant as the improvement of the road has no 

bearing on the matter. 

10.2,11 PRODUCTION VALUE 

The task at hand is to estimate the value of production (ie. revenue 

to the farmer), Two distinct situations present themselves: (1) deficit and 

(2) surplus of production, In the present case, the area of influence shows 

a deficit in the production of sorghum in 1985. In this case the production 
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value equals (value of production consumed locally) + (domestic export 

quota value) - (domestic Import value). The value is defined as the multipltcation 

of production by price, Therefore, sorghum production value (1985, Alt 5) = 

9,739 x 83,4+ 489 x 85,4 - 5,201 x 103.0 = 318,290,000 MF/year (Refer to 

to row 30.) 

Should the area show a surplus of production, the latter's value 

equals = (value of production consumed locally) + (total domestic exports 

value) + (foreign export value) + (value of exports not using the road). 

10, 2, 12 PRODUCTION COSTS 

Agricultural production costs were estimated for land under tradi­

tional cultivation and for land to be under improved cultivation, Also, the 

cost of clearing new land was estimated* Labor costs and direct costs were 

determined independently and added to derive total costs to the farmer, 

Table 10, 7 summarizes total costs per hectare. The values therein given do 

not consider the existing subsidies, as the latter are cost transfers with no 

economic value within a national economic context. 

Table 10, 7 

Average Economic Production Costs, Sorghum (1,000 MF/ha, 1979) 

Traditional Improved Clearing of 

Crop Cultivation Cultivation New Land 

Sorghum 29 51 7 

* All data input are given in Table H. 11 
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About 90% and 70% of production costs, for traditional and 

improved cultivation respectively, are attributable to labor costs, pro­

jected herein at 500 MF per day. The balance of the cost is made up of 

agricultural inputs, i.e. , 3,000 and 15,000 MF/ha in traditional and 

improved cultivation, respectively, The transport cost savings to the 

farmer, due to road improvements, are only a small proportion of said 

values. Instead of undertaking a detailed analysis on quantities of in­

puts and deriving actual production cost reductions, the net yields were 

increased by a small percentage believed to be of a magnitude to produce 

the equivalent result. 

The total production cost for sorghum (1985, Alt 5) is the sum of 

the component production costs. Since no new areas are projected to be 

cleared for sorghum cultivation, the total production cost = (traditional pro­

duction cost+ improved production cost): 17,217 (ha) x 29,000 + 2,348 (ha) x 

51,000 + 0 (ha) x 7,000 = 619,041,000 MF/year (Refer to row 37) 

10.2.13 AVERAGE UNIT AGRI-TRANSPORT PRICE AND COST 

The transport price is the tariff which the trucker charges the farmer. 

The cost refers to the trucker's expenses. The bases for estimating these 

parameters have been fully discussed in Chapter 9. In order to determine 

the average unit transport price and cost for the area of influence as a whole, 

the agri-production must somehow be allocated to the different sections of 

the road. The sketch given in Figure 10.4 is helpful in discussing the way 

in which the average unit transport price was modeled on the computer. The 

data pertinent to the present case (Alt 5, 1985) is given in Table 10.8.* 

All data input are given in Tables H. 12, H. 13, H,16, H.22, H.29 and 

H. 34 

10.26 



/-1ioto 
qo 

Figure I04 	 Schematic repre sentaton 

of Agri traffic distribution. 

Table 	 0,10 

Average Unit TransportData 	 Input for Modeling 
Price and Cost (1,000 MF, 1979) 

Alternative 5, 1985 

Length Cost peTransport Tr'nsport
Road Section (kin) Price per 

Veh-kmVeh-km 
0.461282 	 0.6457 ,..es-Dial a La 
0. 4806168 	 06728

Dialaka-Nioro 

0. 459968 	 0. 6439
Dilalka-Yelimne 
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The agr'-production is subdivided into three elements., each attri­

butable to the zone of influence of one road section. For example, 67% of 

the total production is estimated to originate between Dialaka and Nioro. 

The respective agri-traffic of 0.67 ton travels a distance of: 168/2 

81 km at a cost of .180.6 MF/veh-km to Dialaka, and an additional dis­

tance of 82 km at a cost of 461.2 M'F/veh-km to Kayes. Expanding this 

example on the assumption of 5 tons per vehicle, the average unit transport 

cost and price are computed as follows: 

Average Unit Price = 0.67 [(0.6728 x 168/2) + (0.6457 x 82)] /5 

+ 0.12 [(0.6439 x 68/2) + (0.6457 x 82)] /5 

+ 0.21 [ 0.6457 x 82/2 ] /5 = 17.58 (1,000 MF/ton) 

(Refer to row 38) 

Average Unit Cost = 0.67 [(0.4806 x 168/2) + (0.4612 x 82)] /5 

+ 0 12 [(0.4599 x 68/2) + (0.4612 x 82)] /5 

+ 0.21 [ 0.4612 x 82/2 1/5 = 12.55 (1,000 MF/ton) 

(Refer to row 40) 

10.2.14 AGRI-TRANSPORT PRICE AND COST 

The price and cost of transporting sorghum on the road in 1985 is 

the multiplication of the tonnage of sorghum moving on the road times the 

average unit price and cost, respectively, developed above. When the 

area shows a deficit the tonnage of agricultural produce moving on the road 

is made Lp of the sum of the following: imports for local consumption and 

domestic quota exports. In the case at hand the agri-transport price and 

costs are: 

Total price = 17.58 x [5,201 (ton) + 489 (ton)] = 100,030 (1,000 MF) 

(Refer to row 39) 

Total cost = 12.55 x [5,201 + 489] = 71,410 (1,000 MF) 

(Refer to row 40) 

Had the area shown a surplus, the tonnage of agricultural produce 
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moving on the road would have been computud by taking the sum of the 

following: tLU.1 domestic exports and foreign exports. 

101.2.15 SUMMARY
 

In the previous sections four main results have been obtained.
 

These are, for one crop:
 

* Total production value 

* Total production cost 

* Total transport price revenie 

* Total transport cost 

Ti2e md:l, in its first part, carries out the analysis for all six crops under 

study° Th s.econd part of the model, titled Regional Summary Analysis, under-
Lakesi to su:.: up the results of the crop analyses for any given alternative road 

,etw.rk c,,:-.guration. Also, the second part of the model Incorporates addi­

tIo.-al ..cL,::s v;hicih directly apply to an alternative network. 

10.3 RLGIONAL SU MMARY ANALYSIS 

The discussion made herein aims at quantifying the impacted sectors 

of the reglon-l economic system for a given road network configuration. For 

pVtaposc.; (f presentation, Figure 10.5 is attached. It is a sample computer 

o,,tpt fr.:; the second part of the model pertaining to road improvement alter­

v with no additional agricultural investment. 

10.3, 1 NON-ACRI VEMiCLE OPERATING COSTS 

Chapter 9 has already discussed the bases for determining the 

operatinc costs of normal non-agricultural traffic. The computer model 

Computcs; the total costs attendant with this traffic in a manner similar to 

that wich was discussed in section 10.2.13. However, the projected 

Vehicular traffic on each road section is used instead of relying on a weight­

ing system for the different paits of the area of Influence. Using the 
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KAN':S-NIORO ROA)
 
tEIIONAL SU MMARY
 

CASE: NO AI)I)ED AGRICULTURAL. INVESTMENT
 

ROAD IMPROVEMENT ALTERNATIVE W5 - ALL CROPS
 

yEAR 1981 1982 1983 
 1984 1985 1986 1987 19P8 
 1989 1990 1991
 

1 AVRGE NON AGRI TRAFFIC VPD 
 9.38 9.42 9.42 10.13 10.13 10.44 10.44 10.72 11.25 11.44 11.83
 
_2 AVRGE VEHCLE OPER COST 103F/VK .2723 .2724 .2724 .2727 .2727 .1214 
 .1214 .12f7 .1216 .1211 .1?1S
3 TOT NON AGRI VHCL COST 103F 296463 297837 297837 32fl63 320638 
 145952 145952 14903 17535 159537 165930 
4 TOT AGRI PRODUCTION COST 103F 2505780 2602189 2692985 2781F76 2870612 3018536 3159576 3?953?0 3436944 3581650 3594546
 
5 TOT A jL.JRANSPORT COST 103F 204879 215698 227393 241939 257376 
 127296 138184 14P459 159470 170346 177447
6 ROAD CONSTRUCTION COST 106F 184 1476 6583 2677 
 572 0 0 0 0 
 0 0
7 ROAD MAINTENANCE COST 104F 6360 6360 6360 6360 6565 
 8314 9069 1704 10?77 24460 43370
 
8 TOT AGRI PRODUCTION VALUE 103F 2707056 2985779 3259852 3520389 3774465 5053752 5491446 5905663 
 L154231 6762675 6608199
9 AGRI TRANSP PRICE REVENUE 103F 286993 302147 318532 338905 360531 267711 
 290611 31221m 515375 358252 373184


10 TOT NET AG VALUE (8+9-4-5)103F 283390 470039 658006 
 835482 1007008 2175631 24Q4297 277?4%? !073192 
 3368931 3209090
 
11 TOT AREA IN CULTIVATION HA 72540 73195 73814 74397 
 74945 76313 77556 7b597 79716 80850 
 81389
 
12 TOT AGRI PRODUCTION TON 33919 35989 38049 40110 42156 
 48358 51521 54519 57639 60763 61169
 

1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 

11.83 
.1218 

165930 
3618620 
179022 

0 
65154 

6637677 
376498 
3216533 

81928 
61574 

12.02 
.1213 

167903 
3643077 
180566 

0 
9069 

6667059 
379742 
3223158 
82467 
61979 

12.12 
.1211 

169020 
3667153 
182153 

0 
19386 

6695713 
383081 

3229488 
83006 
62384 

13.10 
.1219 

183894 
3690926 
183734 

0 
8907 

6724789 
386407 
3236536 

83545 
62790 

13.10 
.1219 

183894 
3714709 
191677 

0 
23867 

6752705 
403125 
3249444 
84084 
63195 

13.17 
.1218 

184725 
3738505 
193366 

0 
43370 

67C0494 
406675 
3255298 

84623 
63600 

13.45 
.1211 

187568 
3762310 

195052 
0 

8314 
6808054 
410223 

3260915 
85162 
64006 

13.45 
.1211 

187568 
3786074 
196698 

0 
11032 

6834777 
413687 
3265692 

85701 
64409 

14.45 
.1218 

202678 
3509879 
198403 

0 
74857 

6861375 
417273 
3270366 
86240 
64813 

14.45 
.1218 

202678 
3F33684 
200132 

0 
8314 

6A87443 
420906 

3274533 
86779 
65220 

14.64 
.1214 

204669 
385745P 
201824 

0 
23867 

691334P 
4?4467 

3278533 
87318 
65624 

14.64 
.1214 

204669 
"h1?31 
2n3625 

0 
43370 

6938130 
'2F255 
3?P1529 
?7857 
66030 

15.42 
.1216 

215929 
3905049 
205657 

0 
10277 

6960E48 
432527 
3282669 

88396 
66436 

15.71 
.1211 

219085 
3928854 
207681 

2299­
9662 

6982581 
436785 

3282831 
88935 
66840 

14848706 PRESENT WORTH OF NET VALUE STREAM, I = 10% (1,000 MF) 
77787 YEARLY AVERAGE OF HECTARES IN CULTIVATION 
48986 YEARLY AVERAGE OF TOTAL TONS PRODUCED 
190.89 PRESENT WORTH OF NET VALUE PER HECTARE (1,000 MF) 
303.12 PRESENT WORTH OF NET VALUE PER TON (1,000 MF) 

Figure 10.5 Sample output of second state computations, 

Alternative road improvement no. 5, 

No added a~ricultural investment. 



appropriate data input from Tables H. 14, H. 15 and H. 16, the normal non-agri 

traffic averages at 10. 13 Vpd (refer to row 1, Figure 10.5) in 1985 with an average 

vehicle operating cost of 2727. MF/vehicle-km (refer to row 2) for road 

improvement alternative 5, The total non-agri vehicle operating cost is 

estimated at 320,638,000 MF/year (refer to row 3). 

10, 3,2 AGRI PRODUCTION AND TRANSPORT COSTS
 

The model adds up the results of the computations made in part
 

one, for all crops (refer to rows 4 and 5 respectively).
 

10. 3. 3 	 ROAD CONSTRUCTION AND MAINTENANCE COSTS 

Chapters 5 and 6, respectlvely,provided the basis for estimating
 

the required data input to the model, This resultant data is given in Table
 

H. 17 and 	H. 18, respectively. ** 

10,3.4 	 AGRI PRODUCTION VALUE AND TRANSPORT PRICE REVENUE 

The model adds up the results of the computations made in part
 

one, for all crops (refer to rows 8 and 9 respectively),
 

10.3.5 	 SUMMARY FOR TOTAL NET AGRICULTURAL VALUE 

The net agricultural value is defined as the sum of revenues minus 

the sum of costs associated with agricultural production and transport. 

Furthermore, 	 the main results of this part of the model are: 

" Total non-agri vehicle operating costs; 

" Capital investment costs; 

" Road 	 maintenance costs; and 

" Total 	net agricultural value of region. 

The model carries out this analysis for all eight road network con­

figurations (i, e. status quo plus seven alternative road improvements prior 

* All other data input are given in Tables H. 23 and H. 35.
 
**All other data input 3re given in Tables H,24, H,25, H. 30, H. 36 and Ho.37.
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to carrying out inter-alternative comparisons with the aim of estimating 

regional added value, These comparisons are discussed in Chapter 11, 

wherein the results of the value added analysis are presented, 

The discussions in this chapter have so far centered on the trans­

port and agricultural sectors of the region's economy. In addition, the 

sample used for the above presentation applied to the case where capital 

is invested only on improving the Kayes-Nioro road, The discussions to 

follow cover the subjects of added rural development investment and the 

livestock 3ector, 

10, 	 4 ADDITIONAL RURAL DEVELOPMENT INVESTMENT 

So 	far, the agricultural sector of the region's economic system has 

been modeled on the basis of existing conditions and ongoing development 

projects. Herein, an agricultural development program is conceptually 

defined for inclusion as a component in the project. 

10,4,1 BACKGROUND 

The main reasons for considering the issue of an agricultural program 

in conjunction with a road improvement project are as follows: 

9 	 The goals of improving the road extend beyond the provision 

of access; the road is but a part of the rural development of 

the area it serves, Additional investment in the agricultuial 

sector would further the general goals of the project; i.e. to 

assist the rural poor and reduce dependence on deficit and 

subsistence agriculture; and 

* 	 The feasibility of road investments is a function of the impact 

of road improvements, This impact is a direct function of the 

base economic conditions, If these are depressed, the impact 

is slight; on the other hand, if the base conditions are "primed" 

(I, e, funds are invested in the economy) the road impact is 

magnified, 
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The process which was adopted to define the proposed agricul­

tural program is closely interwoven with the feasibility analysis of road im­

provement investments, Tie objective of the agricultural program is to 

°"prime" the economy of that area ,within the zone of influence of the road, 

which is not yet developed to the level necessary to justify the feasibility 

of improving a road section to minimum standards. This objective will result 

in defining the target area and magnitude of the agricultural program. 

It is proposed that this program be targeted to the Yeliman6 and 
S6 galt areas, This recommendation stems from the fact that the Yeliman6 

branch of the Kayej-Nioro road is not feasible without added agricultural in­

vwstinont ill these areas which it serves (Refer to Chapter 11) . In addition, 

it will be :-:oteU- thit USAID has some interest already in both of these areas. 

I'urt:rtmr, th, proposed locations provide the required potential and are 

closer to the macin regional market (Kayes) than areas covered by the Kaarta 

project. Tho closeness to market is a factor which affects the total cost 

of production including transport cost. 

In order to define the magnitude of the agricultural program, it 

is necessary to choose a development strategy and attendant program goals; 

(i,e, scope), Once this tS carried out it becomes possible to quantify the 

effects of the igricuLttural program on the economy of the 'target area. Sub­

sequently, the impact of road improvements can be modeled. 

10, 4,2 SCOPE OF AGRICULTUPJL PROGRA M 

The agricultural develo-)ment program is defined using the Kaarta 

project as a lnodel, This strategy was chosen, as pertinent data necessary 

to quantify the effects of other possible development strategies are not 

available. Should other and possibly more effective strategies be adopted, 

the dcve ic pment of the target areas would be larger and road improvement 

impacts would be greater, Therefore, it can be concluded that the choice of 

Kaarta as a model is a safe choice that can possibly be improved upon, It 
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will be noted at this stage that the agricultural program was developed only 

a projectto a conceptual levr'. Further work is required prior to reaching 

stage. However, the level to which the agricultural project ispreparation 

herein defined Is adequate for establishing its preliminary feasibility and for 

analyzing the feasibility of the Yeliman6 branch of the Kayes-Nioro road. 

It is envisioned that the added agricultural program will include the 

Farm Credit, Agri Physical facili­following components: Extension Services, 

ties and Feeder Roads. 

To transfer the improved and appropriate technology to the individual 

farmers, local extension personnel will be recruited, selected and given 

training in education/extension methodology. Beginning with the first to be 

selected piloL area, a cadre of extersion agents will begin the process by 

farms, where the improved technology will beestablishing demonstration 

"hands on" trainingintroduced. The extension agents will receive practical 

so that they will be able to effectively train other extension personnel. Ex­

tension agents will assist selected farmers in every procedure of crop produc­

tion, from land preparation, -- eding, fertilizing, cultivating, weeding, etc. 

to introduce improved agricultural tech-The object of extension services is 


nology and insure that this technology is adopted by the local farmer,
 

One of the most important items contributing to the successful 

adoption by the farmer of an improved technology is farm credit Far too 

either assumed to be provided, or encumbered byoften this vital element is 

or prohibit the smallrestrictive or ill-defined parameters which discourage 

a strong and all­farmer from participation. In this program, we advocate 


inclusive farm credit component comprising three elements:
 

on 	a& 	 A Revolving Loan rund which is provided to farmers 

short-term basis to enable them to (1) develop their land 

(2) purchase annual inputs such as improved and recom­

mended varieties of seeds, fertilizers, plant protection 

materials, implements, etc. 
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* Incentivw, Funds which during the initial promotional period 

will be tkseI to defrav a percentage of the costs of inputs 

until the f irmtr ha,:; proven to himself that it is economically 

beneficil for him to use the recommended improved tech­

nology, I'his; is a once only introduction cost for each 

selected area. 

* A promotional and shared cost fund to introduce and promote 

the use of appropriate implements and on-farm storage facili­

ties. This is a once only introduction cost for each selected 

ar(!a, 

The plysical facilitic •required for this program will include pri­

marily warehouse and storage space sufficiently adequate to maintain an 
inventory of inputs such as seeds, fertilizers, plant protection materials and 
equipment, demonstration and pilot implements and equipment, and collection 
and temporary storage of airicultural products. Provision will be made for 

such facilities construction in each target area, 

In ordoer to distribute farm inputs and tc ,iacuate agricultural pro­
duce, it is proposed that a limited number of seasonal tracks be improved to 

provide adequate access to the Yeliman6 branch, 

10.-4. 3 COSTS OF AGRICULTURAL PROGRAM 

The maqnitude of an agricultural intervention in the chosen target 
areas is related to 'he impacts (ie, goals) which are required to justify a 

minimum i:ivstment for improving the Yeliman6 branch. In addition, the 
absorption capacity of the target areas must be considered, A review of 

interim (part 2) re:sults provided by the model for the agricultural pro ,,ction 

systeh and the Kaarta project leads to the following conclusions: 

* The absorption capacity of the target areas, on the basis 

of Kaarta type in',estment geared to the agricultural sector, 

is in the range of one to 1,5 billion Malian Francs; 

10.35 



" Such an agricultural program will introduce improved agri­
cultural technology (Kaarta type) on about 10,000 hectares 
and will affect about 2,000 production units. 

" A smaller program wili result in a reduced return on invest­
ment as the proportion of program overhead costs to total 
program costs would be larger; i. e, the impact of the program 

per unit of investment is lower. 

On the basis of the above, the proposed program budget is given 
in Table 10,9. 

Table 10,9 
Proposed Budqet for Agricultural Program (Million MF, 1979) 

Item Cost
 

Extension Services 
 240
 
Salaries 
 160
 
Support items 
 80
 

Farm Credit 
 280
 
Revolving Loan Fund 
 140
 

Input Incentives 
 100
 
Physical Incentives 
 40
 

Feeder Roads 
 200
 
Storage Facilities 
 60 
Management & Operations 470
 

Technical Assistance 
 240
 

Counterpart Salaries 
 70
 

Operations 
 160 
TOTAL 1,250 

The task now at hand is to incorporate this added agricultural in­
vestment in the economic feasibility analysis, using the developed model 
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previously presented. The results of this endeavor are discussed in 

Chapter 11. 

10, 5 THE LIVESTOCK SECTOR 

For reasons previously enumerated, the livestock sector was not 

incorporated into the main body of the analysis. Hereia, however, this eco­

nomic sector is quantitatively described and the possible impacts of road 

improvements are determined for later use in a sensitivity test of the project's 

economic feasibility, 

10,5.1 BACKGROUND TO ANALYSIS 

The object of studying the livestock sector is to assess the pos­

sible impact of road improvements. Therefore, the analysis that follows 

concentrates on those elements of the livestock sector which would be 

impacted as a result of improving the road. 

The livestock sector in the zone of influence is fully described 

in Chapters 2 and 8 and Appendix F. The social constraints which are 

placed on this sector are described in Chapter 12. In order to simplify 

the analysis, cattle, sheep and goats are expressed,in its later stages,in 

terms of tropical livestock units (UBT). 

The analysis is carried out using market prices instead of farm 

gate prices, as the farm gate concept is not so clear in this situation as 

it is with the agricultural sector. This implies that the benefits which 

could accrue to the herder and to the transporter are not split up. In other 

words, the two beneficiary groups are considered as one. Since no social 

weighting of benefiLs was adopted in this study, as discussed in Chap­

ter 7, the herein adopted method of analysis is valid. 

10.5.2 PROGRAMMED TRENDS 

Chapter 8 discussed the programs being implemented by the 
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Kayes-Nord and Kaarta projects in the zone of influence. These programs, 

in quantitative terms, aim at changing the herd composition in order to 

increase the offtake and the value of such offtake, 

An analysis of herds by sex and age group was carried out 

to project these herds to the planning horizon. In addition, the liveweight 

of these herds was estimated, and unit market prices were adopted depending 

on the average age of the offtake. Later, the above input was expressed in 

terms of tropical livestock units, Table 10,10 presents the projection of the 

programmed trends, wherein the calculation process is indicated. The work 

is based in part on the studies carried out by Kayes-Nord and Kaarta and the 

discussion to follow relates to the basis upon which the inputs were derived. 

The size of herds in the zone of influence was projected to increase 

at a linearly changing rate until 1995 when it is programmed to stabilize at 

1, 7% per year, The offtake, presently at a low level of about 13%,i.s ex­

pected to increase to the 20% range by 1985. The offtake will experience 

a drop in the late eighties and early nineties as the herds would be in a re­

building phase, By the year 2100 the offtake is programmed to reach over 

20%. 

Local meat consumption is placed by GRM at 20 kg/person per 

year for Mali. However, it is reported that this consumption is lower in 

the rural areas. A constant rate of 15 kg/person has been assumed in the 

analysis. 

The average liveweight of livestock in the zone of influence is in 

direct relation to the herd composition by sex, age group and type. As live­

stock is presently marketed by treking, the weight of meat sold in Kayes is 

lower than if the sales took place within the zone of influence. Due to death 

and walking during the trek to market, livestock losses are placed at about 

15% of marketable liveweight prior to arrival at Kayes. 

Production costs include all component elements which are mostly 
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T1le io,in 

The Livestock Sector. Proqramme-l Trends 

(constant 1979 prices) 

Calculation Year 
1981 19R5 1990 1995 2, 2 Q_5 

I. Size of herd in zone of Influence (1,000 UBT) Input 193 195. 1 202.8 216.9 23-,.0 256.8 

2. Offtake (Percent Input 12.7 19.2 18.3 17.7 20.5 21.9 

3. Offtake (1 000 UBT) (1) x (2) 24.5 37.5 37.1 38.4 48.1 56.2 

4. Local Consumption (1,000 kg) Input 2,850 2,970 3,120 3,279 3,433 3,. 00 

5. Average liveweight in zone (kg/UBT) Input 343.5 31 .3 308.4 299.2 281.6 267.5 

10 
6. Average liveweight at Market gate (kg/UBT) (5) x 0.85 292.0 269.7 262.1 254.3 239.4 227.4 

7. Weight of MNrketed livestock (1,000 kg) [(3) x (6)] - (4) 4,304 7, ,14 6,604 6,486 8,148 9,180 

8. Production Cost (MF/UBT) Input 2,887 2,805 2,859 2,735 2,721 2,681 

9. Total Production Cost (Million MF) (1) x (8) 557.2 547.2 579.8 593.2 642.2 688.4 

10. Market Price (MF/kg) Input 361.1 355.8 372.6 396.2 401.9 414.2 

11. Regional Revenue (Million MF) (7) x (10) 1,554 2,542 2,461 2,570 3,275 3,802 

12. Regional Benefit (Million MF) (11) - (9) 997 1,995 1,881 1,977 2,633 3,114 



composed of labor costs. The market price of meat depends on the age of 

the livestock being sold. This is therefore estimated in conjunction with the 

projection of herd composition. 

10, 	 5. 3 IMPACTED TRENDS 

Several possible impacts can occur as a result of road improvements. 

These are postulated as follows: 

" 	 Reinvestment in livestock by purchase from transhuman's 

herds; this will result in a slight increase in herds' size and 

unit production costs; 

" 	 Due to possible trucking of livestock, losses in marketable 

liveweight are reduced; this impact is assumed to be gradual; 

" 	 Due to better quality meat, resulting from trucking, a slight 

increase in prices can be expected; this increase is tied to 

the rate at which trucking is adopted as a means of transport; and 

" 	 Trucking costs are introduced into the chain of livestock produc­

tion and marketing for that portion of livestock which is trucked 

to market, 

Table 10,11 gives the results of the impact estimates made for 

purposes of the economic sensitivity analysis. The assumptions inherent 

in the computations are given as footnotes to the table. The results therein 

given were derived using road improvement alternative no. 5 as a reference 

case. Later these estimated impacts were marginally distributed to each 

road improvement level in proportion to a heuristically derived allocation 

ratio. These rations account for road standards, road section length and 

presence of ongoing livestock programs. 

The difference between the benefit streams for the programmed case 

(without improvement) and the impacted case (with improvement, alt. 5) is 

the projected net benefit from road improvement alternative no. 5. The net 
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Table l0, II 

The Livestock Sector, Trends With Road Improvement 
(constant 1979 prices) 

Calculation __'ear 
1981 1985 1990 1995 2000
 

1. Size of herd in zone of influence (1,000 UBT) InputI- / 
193.0 195.1 203.8 220.5 243.4 268.7 

2. Offtake (Percent) Input 12.7 19.2 18.3 17.7 20.5 21.9 

3. Offtake (1,000 UBT) (1) x (2) 24.5 37.5 37.3 39.0 49.9 58.8 

4. Local consumption (1,000 kg) Input 2,850 2,970 3,120 3,279 3,439 3,600
 

5. Average liveweight in zone (kg/UBT) Input 343.5 317.3 308.4 299.2 281.6 267.5
 

6. Average liveweight at market gate (kg/UBT) (5) x (0 -2 / 292.0 269.7 265.2 260.3 249.2 240.8
 

7. Weight of Marketed livestock (1,000 kg) [(3) x (6)] (4) 4,304 7,144 6,772 6,873 8,996 10,559 

8. Production Cost (MF/UBT) Input -3 / 
2,887 2,805 2,862 2,738 2,728 2,688
 

9. Production Cost (Million MF) (1)x (8) 557.2 547.2 583.3 603.6 663.9 722.1 

10. Market Price (MF/kg) Inpur' 361.1 355.8 374.5 400.2 407.9 422.5 

11. Regional Revenue (Million MF) (7) x (10) 1,554 2,542 2,536 2,751 3,669 4,461
 

12. Trucked livestock (Percent of Marketed) Input V 0 0 8 15 23 30 

13. Trucked livestock (1,000 kg) (7) x (13) 0 0 542 1,031 2,069 3,168 

14. Transport Cost (1,000 MF/fon) Input V 38 41 42 42 44 46 

15. Transport Cost (Million MF) (13) x (14) 0 0 23 43 91 146 

16. Total Cost (Million MF) (9) x (15) 557 547 606 647 755 868 

17. 
Regional Benefit (Million MF) (11) - (16) 997 1,995 1,930 2,104 2,914 3,593 

I/ Size of herds is assumed to increase at a rate of 0.25%/year, by 1995, greater than when the road is not improved.
 
2/ The factor (f) is directly related to the proportion of livestock marketed 
by trur' . (f) - 0.87 in 1995 and = 0.90 In 2005. 
3/ Production costs include reinvestment in livestock at a rate of 1% and 2.5%of without road production costs, for years 1995 and 

2005 respectively.
 
4_ Market price is increased by 5% by year 2005.
 
, Assumes that 1/7 of cattle and 1/3 of ovines are trucked 
by 1995, and 1/4 and 1/2 are trucked respectively by 2005.
 
6/ Based on analysis from Chapter 9.
 



benefits which could result from alternative levels of road improvements are 

then derived as previously stated. The resultant analyses are presented in 

Chapter 11. 
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CHAPTER 11
 

THE COMPREHENSIVE ECONOMIC ANALYSIS
 

11.1 GENERAL
 

This chapter presents the results of the comprehensive economic 

carried out to compare the costs and savings/revenuesanalysis which was 

resulting from all alternative road improvements with those resulting from 

maintaining the road in its present condition, i.e.,without improvement. 

The economic analysis was undertaken for two distinct investment 

options, those being: 

" 	 Investment in road improvement, assuming that only those 

agricultural programs (i.e. , Kaarta and Kayes- Nord/, that 

are firmly programmed for implementation would impact 

development in the area; and 

" 	 Investment in road improvement and in additional 

agricultural development. 

Furthermore, the sensitivity of the results to changes in key 

elements of the analysis was evaluated. 

sevenTwo types of comparisons were made. First, each of the 

proposed road network improvement alternatives was compared to the with­

out improvement alternative. Second, marginal analyses were performed, 

which involved the comparison of each alternative with the one prece ding 

it, in order to assess the feasibility of each incremental investment 

associated with the next higher road improvement level. Table 11. 1 defines 

the nomenclature used for the comparisons between the different alternative 

road improvements. 
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Table 11. 1 

Definition of Nomenclature
 
Used for Comparisons Between
 
Alternative Road Improvements
 

Improvement NomenclatureDescription of Improvement 

Kayes -Dialaka Dialaka-Nioro Dialaka-Yelimane"' ToFrom 

Min. Standard Min. Standard Without Improvement (w/o) Alt. 1 (WI) 

Min. Standard Min. Standard Min. Standard " IN Alt. 2 (W2) 

Laterite/Gravel Min. Standard Min. Standard " " " Alt. 3 (W3) 

Laterite/Gravel Laterite/Gravel Min. Standard " " " Alt. 4 (W4) 

DBST Laterite/Gravel Min. Standard " is Alt. 5 (WS) 

DBST DBST Min. Standard Alt. 6 (W6) 

DBST DBST Laterite/Gravel " " Alt. 7 (W7) 

Description of Incremental Improvement 

Kaves-Dialaka Dialaka-Nioro Dialaka-Yeliman6 From To 

Min. Standard Alt. 1 (W1) Alt. 2 (W2) 

Alt. 2 (W2) Alt. 3 (W3)Laterite/Gravel ­

Laterite/Gravel - Alt. 3 (W3) Alt. 4 (W4) 

Alt. 4 (W4) Alt. 5 (WS)DBST -

Alt. 5 (W5) Alt. 6 (W6)DBST ­

Laterite/Gravel Alt. 6 (W6) Alt. 7 (W7) 



The economic analyses were performed on the computer; In effect, 

a deterministic simulation was prepared to evaluate the economic impacts of 

all 	alternative levels of investment upon the study area. Figure 11-1 is a 

sample output summarizing the incremental costs and savings/revenues 

streams resulting from a comparison of road improvement alternative No. 5 and 

the 	without improvement alternative. This sample applies to the case when 

capital Investment is limited to road improvements. 

Internal rates of return and net present values were calculated for 

each of the comparisons. The internal rate of return is the interest rate at 

which the discounted present values of the cost and benefit streams are 

equal. The net present value is 'he difference between the present worth 

of the cost and benefit streams, discounted at the opportunity cost of capital, 

assumed herein to be ten percent. 

Since the overall objective is to maximize regional (within the con­

text of national economy) income, the development alternative that generates 

the 	highest net present value is, in economic terms, the optimum solution. 

11.2 INVESTMENT IN ROAD IMPROVEMENT 

Table 11-2 summarizes net present values and internal rates of 

return for all road improvement alternatlves as compared with the without­

improvement case, and as compared with one another. The comparisons 

with the without-improvement case indicate the feasibility of the overall 

alternative, while the marginal or sequential comparisons indicate the 

feasibility of the incremental improvement or difference between alternatives. 

The marginal comparisons reveal that: 

* 	 It is not feasible to improve the Dialaka-Yeliman6 section 

even to a minimum standard; 
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KAYES-NIORO ROAD 
VALUE ADDED ANALYSIS 

CASE: NO ADDITIONAL AGRICULTURAL INVESTMENT 

COMPARISON BETWEEN ALTERNATIVES - W5 AND STATUSQUO -. 

____YEAR 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 

1 INCRMTL AGRI PROD COST 104F 0 0 0 0 0 10532 19955 29282 38681 48507 48886 
2 111CR AGRI TRANSPO COST 104F 0 0 0 0 0 14085- 13942- 13697- 13566- 13353- 13756­
3 INCR RD CNSTRCTION CST 104 F 18400 147600 65830- 267700 57200 0 0 0 0 0 0 
4 INCR RD MAINTNANCE CST 104F 0 0 0 205 1954 2709 11064 3917 18100 37010 
5 TOTAL INCRMTL COSTS 104F 18400 147600 658300 267700 57405 1599- 8722 26649 29032 53254 72140 
6 INCRmTL AGRI PROD VALUE 104F 0 0 0 0 0 108887 141609 172632 204377 235928 223897 
7 INCR NON AGRI VEH SAVING 104F 0 0 0 n 0 18493 18493 19000 19913 20261 20842 

_8 INCR AGRI TRANSPO REVENU 104F 0 0 0 0 0 10773- 9809- 8742- 7786- 6722- 6788­
9 TOT INCR REVENUE/SAVINGS 

10 TOT NET BENEFITS (9 ­ 5) 
104F 
104F 

0 
1840C-

0 
147600-

0 
658300-

0 
267700-

0 
57405-

116607 
118206 

150293 
141571 

182890 
156241 

216504 
187472 

2 4 P467 
196213 

237951 
165811 

.11 Pu NET BENEFITS 1=10% 104F 16727- 121983- 494590- 182842- 35644- 66724 72648 72887 795C6 75648 58115 

1992 1993 1994 1995 1996 1997 1998 1999 200 2001 2002 2005 2004 2005 

1 .... 50053 51287 52475 53643 54807 55943 57091 58254 59422 60590 61748 62916 64086 65254 
2 13812- 13865- 13922- 13974- 14507- 14557- 14619- 14677- 14741- 14796- 14861- 14913- 14948- 14984­
3 0 0 a a 0 0 0 0 0 0 0 0 0 229900­
4 58794 2709 13026 2547 17507 37010 1954 4672 68497 1954 17507 37010 !917 3302 
5 95035 40131 51579 42216 57807 78396 44426 48249 113178 47748 64394 85713 53055 176328­
6 226570 229221 231833 234525 237103 239685 242304 244875 247356 249901 252434 254930 257184 259368 
7 20842 21189 2143, 23122 23122 23291 23847 23847 25533 25533 25852 25P52 27296 2779' 
8 6755- 6721- 6689- 6651- 6832- 6783- 6751- 6717- 6686- 6642- 6614- 6560- 6467- 6375­
9 240657 243689 246579 250996 253393 256193 259400 262005 266203 268792 27167? ?74222 278013 280787 

1U 145622 203558 195000 208780 195586 177797 214974 213756 153025 ?21044 20727M 1192P9 224958 457115 
11 46399 5A963 51349 49980 42565 35176 38665 34950 22746 29869 25463 21130 22839 42190 

96034 PRESENT WORTH OF TOTAL NET BENEFITS, I - 10% (10,000 MF) 
10579 

1065277 
1161311 

ANNUALIZED WORTH OF TOTAL NET BENEFITS, I - 10% (10,000 M[')
PRESENT WORTH OF TOTAL INCREMENTAL COSTS, I - 10% (10,000 M[') 
PRESENT WORTH OF TOTAL INCREMENTAL REVENUE/SAVINGS, I = 10% (10,000 MF) 

1.09 BENEFIT COST RATIO, I - 10% 

INTERNAL RATE OF RETURN = 0.1109 

Figure 11. 1 Sample output of third part of model. 



Table 11.2 

Economic Feasibility Indices: 
Without Additional Agricultural Investment*** 

Net Internal Rate 

Improvement Present Value of Return 

From To (Million 1979 MF) M 

Without Improvement (w/o) Alt. I (W1) 1,933.7 16.4 

" Alt. 2 (W2) 605.5 11.7 

Alt. 3 (W3) 676.0 11.4 

" " " Alt. 4 (W4) 549.3 10.8 

Alt. 5 (S) 960.3 11.1 

"" Alt. 6 (W6) 408.1 10.5 

"" Alt. 7 (W7) (301.0)** 9.8% 

From To 

Alt. 1 (Wi) Alt. 2 (W2) 

Alt. 2 (W2) Alt. 3 (W3) 70.4 10.5 

Alt. 3 (W3) Alt. 4 (W4) (126.8) 9.5 

Alt. 4 (W4 Alt. 5 (W5) 411.0 14.5 

Alt. 5 (W5) Alt. 6 (W6) (552.3) 5.8 

Alt. 6 (W6) Alt. 7 CW7) 

* 	 At zero percent, the present value of costs exceeds the present value of benefits; 

there is no interest rate at which discounted costs equal discounted benefits. 

** Values between parenthesis are neg'itive. 

***Appendix 	 I (pages 1.24 to 1.44) presents the computer output on which this table 

is based. 
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9 It is feasible to improve the Kayes-Dialaka section to a laterite/ 

gravel surfaced road (W3-W2) and even to a double surface 

treated road (WS-W4); and 

e 	 It is feasible to improve the Dialaka-Nioro section to a laterite/ 

gravel surfaced road (W4-W3). 

Alternative road improvement No. 1 (WI) provides the highest internal 

rate of return, at 16.4 percent, and the highest net present value at 1.934 

billion MF, inasmuch as road improvement alternatives No. 2 through No. 7 

[(W2) through (W7)] include a non-feasible component, the Yelimane branch. 

Therefore, the Dialaka-Yelimane branch was omitted from the network and the 

road improvement alternatives were redefined; henceforth, these will be termed 

"modified" alternatives. The adjusted results for said modified alternatives 

are 	summarized in Table 11.3. 

As may be observed, modified Alt. 5 (W5M) has the highest net pre­

sent value at 2. 288 billion MF, and has an overall internal rate of return of 

13 . 0%. Since this is te alternative that will generate the largest increase 

in national income level, it is the preferred alternative in economic terms. 

Assuming that there is no additional investment in agricultural development 

other than those programs firmly programmed for implementation, the optimum 

network would consist of the following: 

" A double surface treated road between Kayes and Dialaka, and 

" A laterite/gravel surfaced road between Dialaka and Nioro. 

Should this network be adopted, the following points are made in regards to 

the system as a whole: 

* 	 Road construction represents the highest cost factor in the 

analysis, amounting to more than three times the present 

value of agricultural production costs; 

* 	 Incremental agricultural production value, which increases at 

an annual average rate of about 5.4%, from 997 million MF in 
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Table 11.3 

Economic Feasibility Indices For 
"Modified" Alternatives*: 

Without Additional Agricultural Investment 

Improvement Net Internal Rate 

Present Value of Return 

From To (Million 1979 MF) (%/ 

Without Improvement (w/o) Modified Alt. 2 (W2M)** 1,933.7 16.4 

..... Modified Alt. 3 (W3M) 2,004.1 14.4 

" Modified Alt. 4 (W4M) 1,877.3 12.8 

" Modified Alt. 5 (W5M) 2,288.4 13.0 

to to Modified Alt. 6 (W6M)** 1,736.2 11.9 

* 	 The "modified" alternatives are the original alternatives less the Dialaka-Yelimane branch road. 

**Modified 	alternatives 1 and 2 [(WlM) and (W2MN are the same, and modified alternatives 6 and 7 

[(W6M) and (W7M)] are the same. 



1986 to about 2.714 billion MF in the year 2005, is, by far, 

the 	major element in the revenue/benefit stream; and 

* 	 Non-agricultural vehicle operating cost savings amount to only 

about 10 percent of the agricultural production value, and in­

cremental truckers' profits represent an even smaller share. 

The last two points demonstrate conclusively that the value added approach 

is the appropriate one for the economic analysis. 

The overall impact ,nf capital investment in improving the Kayes-Nioro 

road proper to the level of modified Alternative 5 (W5M)is vividly represented 

by the following: 

" 	 The average regional net present value added (total revenues/ 

savings less total costs) for each ton of agricultural produce 

is projected to increase from 183,000 MF in the without 

improvement case to 303,000 MF; and 

* 	The corresponding increase in regional net present value 

added for each hectare under cultivation is from 102,000 MF 

to 191,000 Mr. 

The first criteria, used to measure the effect of road improvement 

represents mainly the combination of projected ex-farm price increases with 

changes in crop patterns towards higher value crops. The second criteria 

combines, in addition to the above, the projected adoption of improved 

agricultural technology. 

11.3 ADDITIONAL INVESTMENT IN AGRICULTURE 

Herein, the impact of additional agricultural investment in the 

area of influence upon the feasibility of each road section and the entire 

road network is evaluated. 
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Based on the analysis in Chapter 10, it is Judged that an additional 

agricultural Investment, on the order of 1.0 to 1.5 Billion MF, may be 

assimilated into the service area of the Dialaka-Yelimane branch road. For 

purposes of this analysis, the impact of an investment of 1.250 Billion MF 

was evaluated and a -lw stt of feasibility indices were calculated. These 

are summarized in Table 11-4. 

As can be seen, the marginal improvements from W1 to W2, from W2 

to W3, from W3 to W4 and from W4 to W5 are all economically feasible with 

rates of return greater than 10 percent. Road improvement alterndtive No. 5 (W5), 

including the Dialaka-Yelimane branch, has the highest net present value at 

7.261 Billion MF and is therefore the optimum solution in economic terms. The 

resultant network, if an additional agricultural investment of 1.25 Billion MF is 

made in the Yeliman -Segala areas, would consist of the following: 

" A double surface treated road between Kayes and Dialaka, 

" A laterite/gravel surfaced road between Dialaka and Nioro, and 

" A minimum standard road between Dialaka and Yellman 6 . 

Since the net present value is higher than that associated with modified 

alternative 5,(7.261 billion MF versus 2.288 billion MF), it would be econom­

ically advantageous to invest the additional 1. 250 billion MF in agriculture 

and to construct the Ye~imane branch. Additional agricultural investment over 

and above said amount would not be warranted -- the area will not likely 

be able to assimilate a markedly larger investment modeled on the Kaarta 

strategy. 

The behavior of the regional system, as a whole, is similar to that 

reported in the previous section. Capital investment costs are the major 

elements in the overall incremental cost sLream, and the incremental agri.­

cultural production value is the most significant factor (about 90%) in the 

overall incremental revenue/savings stream. 
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Table 11,4 

Economic Feasibility indices 

With Additional Agricultural Investment* 

Improvement Net Internal Rate 
Present Value of Return 

From To (Million 1979 MF) (%) 

Without Improvement (w/o) Alt. 1 (W1) 1,925.0 16.4% 

.. Alt. 2 (W2) 4,174.6 17.3% 

" Alt. 3 (W3) 5,557.5 17.3% 

" " " Alt. 4 (W4) 5,587.2 15.8% 

Alt. 5 (W5) 7,261.0 16.4% 

Alt. 6 (W6) 6,705.7 15.5% 

Alt. 7 (W7) 6,407.7 14.8% 

From To 

Alt. 1 (WI) Alt. 2 (W2) 2,250.6 18.6% 

Alt. 2 (W2) Alt. 3 (W3) 1,382.8 17.3% 

Alt. 3 (W3) Alt. 4 (W4) 29.7 10.2% 

Alt. 4 (W4) Alt. 5 (W5) 1,673.8 23.3% 

Alt. 5 (W5) Alt. 6 (W6) ( 555.4)** 5.5% 

Alt. 6 (W6) Alt. 7 (W7) (298.0) 6.4% 

* 	 Appendix I (pages 1.2 to 1.22) presents the computer output on which this 

table is based. 

** 	 Values in parenthesis are negative. 
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The overall impact of capital investment in road improvement alter­

native No. 5 as well as in an additional agricultural program can be vividly 

represented by the following: 

The average regional net present value added (total revenues/* 

savings less total costs) for each ton of agricultural produce 

MF in the withoutis estimated to increase from 183,000 


improvement case to 367,000 MF; and
 

* The corresponding increase in regional net present value 

added for each hectare under cultivation is from 102, 000 MF 

to 260,000 MF. 

11.4 SENSITIVITY ANALYSIS 

As noted in Chapter 7, seven types of sensitivity tests were con­

with twenty percent higher and twenty percent lower constructionducted: 

and maintenance costs; with twenty percent higher and twenty percent lower 

net revenues; with limited maintenance ; with a positive impact on livestock 

development; and an increase in the minimum opportunity cost of capital to 

twelve percent. The main analysis represents the best judgment as to the 

most likely or most probable future course of events. The sensitivity 

analyses provide an indication of how the results would change if various 

key elements in the study differ from the projected values; i.e. , whether future 

pessimistic than anticipated. Theseconditions are more optimistic or more 

tests were carried out for the two investment options discussed in the pre­

vious two sections. 

The two sensitivity tests pertaining to the cost side of the economic 

analysis are necessary to account for possible variations in the cost streams 

which are made up of capital investment in construction and recurrent ex­

penditures in maintenance. The higher cost test assesses the conditions 
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where construction quantities* or unit prices or both are larger than 

estimated in this study; in addition it assesses the conditions where higher 

unit costs and/or more expersive maintenance activities are required. The 

lower cost test assesses the opposite conditions. The limits of these tests, 

as set at the ±20% level, measure reasonably the possible variation in the 

cost side of the analysis. 

All economic analyses, reported on, used implementation program 

option A (see Chapter 4) as the basis for estimating the disbursement schedule 

of construction costs. An analysis of the net present value of the construc­

tion cost stream under implementation program option B revealed an extremely 

slight variation from that one under option A, for the adopted opportunity cost 

of capital. This implies that the numerical results of the economic analysis 

are not affected by which implementation program option is selected. 

The two sensitivity tests pertaining to the revenue side of the eco­

nomic analysis are necessary to account for probable variations in the revenue 

streams which are made up of recurrent benefits to the farmers and truckers. 

The higher net revenue test assesses the conditions whereby production and 

market prices are larger than estimated in this study. Such a turn of events 

could be the result of underestimating the incentives created by road develop­

ment and the response of the agricultural sector to these incentives. The 

lower net revenue test assesses the opposite conditions resulting from having 

overestimated the incentives created by road development. Furthermore, both 

tests account for possible variations in the socio-economic base data and 

the rate at which road development impacts take effect. 

The maintenance cost estimates derived in this study (See Appendix 

H) are those required to carry out the adequate maintenance of the road im­

provements. Provided the Fourth Highway Program is successfully implemented, 

* Larger construction quantities could derive from the later adoption of 
higher design standards; i.e. , wider platform and/or wider double surface 
treatment - 6 meters instead of 5 meters (See Chapter 3). 
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these estimates represer.. a realistic projection. As the implementation and 

success of said World Bank program are not yet finalized, and in light of 

past experience in Mali whereby road maintenance is relegated to a low 

was devised to assess the feasibility of roadpriority, a sensitivity test 

improvements should road maintenance remain at Its presently inadequate 

This test is referred to as "limited maintenance" and is defined aslevel. 

an adequate level for thefollows: Maintenance of the road 	is carried out to 

after which only very limited routine roadfirst five post construction years, 

maintenance is undertaken at a level comparable with present efforts in the 

First Region. The maintenance of the road during the first five post con­

struction years relies on the equipment acquired for force account construc­

tion, a recommendation for either 	investment option. 

It is possible, but not likely, that road improvements will have a 

For this reason, said sectorsignificant impact upon the livestock sector. 


view at including possible impacts as a sensitivity
was analyzed with a 


test rather than being incorporated in the main analysis.
 

Finally, as discussed in Chapter 7, it is difficult to estimate the 

A middle range rate of 10 percentopportunity cost of capital with precision. 


was used for the main analysis. It is necessary, however, to test the
 

reliability of the conclusions should this rate be judged to be on the low
 

side.
 

can be seen from Tables 11.5 and 	11.6, the recommended roadAs 

have an internal rate ofdevelopment levels, for each investment option, 


return larger than 12 percent. This implies that the recommended project
 

options are still economically feasible. Although the recommended project 

A study of Tables 11.2 and 11.4options are feasible they are not optimal. 

show that the optimum road improvement levels are as follows: 1) When 

capital investment is limited to road improvements, the optimum level of 

double surface treated road between Kayes anddevelopment consists in a 
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Dialaka, and a "least cost" road between Dialaka and Yelimane, and 2) 

when capital investment is multi-sectoral, the optimum level of development 

is the same, excepting the Yelimanb branch road is included at a "least 

cost" standard. 

The project feasibility indices for all alternative road improvements 

are summarized in Tables 11-5 and 11-6, each table relating to one invest­

ment option. The resultant conclusions are as follows: 

" Should capital investment be limited to road improvements, 

modified alternative road improvement No. 5 (W5M) still 

defines the optimum network under all sensitivity tests re­

lating to optimistic future conditions. However, this con­

clusion would not be valid for all pessimistic sensitivity 

tests. Should these situations come to pass, no road 

improvement would be feasible if net revenues were twenty 

percent lower than expected, (none of the alternative im­

provements would generate a positive net present value), 

and modified alternative road improvement No. 2 (W2M) 

would otherwise define the optimum network (i.e., minimum 

standard road between Kayes and Nioro. 

* Should capital investment include an additional agricultural 

component, alternative road improvement No. 5 (W5) defines 

the optimum network under all sensitivity tests, whether rep­

resentative of optimistic or pessimistic conditions. These 

results indicate that the additional agricultural investment 

tends to stabilize development in the study area. 

Should the option of only investing in road improvement be the one 

which is selected, then road maintenance is the critical issue which needs to 
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Table ]11. 5 

The Sensitivity Tests:
 
Without Additional Agricultural Investment
 

(1979 prices) 

IMPROVEMENT OF EXISTING ROAD TO: 

Sensititity Tests 

Modified 
Alt. 2 
(W2M) 

Modified 
Alt. 3 
(W3M) 

Modified 
Alt. 4 
(W4 M) 

Modified 
Alt. 5 
(W5 M) 

Modified 
Alt. 6 
(W6M) 

Limited Maintenance 

0 

NPV (Million MF)** 
IRR (Precent) 

1143 
14.4 

893 
12.3 

262 
10.5 

701 
11.1 

156 
10.2 

S 
0 

o 
o 
U) 

-,.Higher 

Lower Net Revenues 

NPV (Million MF)** 
IRR (Percent) 

Costs 

(206)* 
9.2 

(389) 
9.0 

(875) 
8.6 

(702) 
9.0 

(1468) 
8.2 

C" 
NPV (Million MF)**
IRR (Percent) 

1110 
13.2 

932 
11.8 

408 
10.5 

631 
10.7 

(278) 
9.7 

L1 

BASE ANALYSIS 

NPV (Million MF)€* 
IRR (Percent) 

1934 
16.4 

2004 
14.4 

1877 
12.8 

2288 
13.0 

1736 
11.9 

Lower Costs 

C 
0 

4. 

S 

0 

NPV (Million MF) k* 
IRR (Percent) 

Higher Net Revenues 

NPV (Million MF)** 

2757 
20.6 

4073 

3076 
17.9 

4397 

3347 
15.8 

4629 

3946 
16.0 

5279 

3750 
14.9 

4940 

IRR (Percent) 22.1 18.8 16.3 16.4 15.1 

E Livestock Impact 

O NPV (Million MF) k* 
IRR (Percent) 

2153 
16.9 

2406 
15.1 

2427 
13.4 

2896 
13.6 

2395 
12.6 

* Numbers in parentheses are negative.
 

** The present, for the Net Present Value (NPV) is 1980.
 



Table 11I 6 

The Sensitivity Tests: 
With Additional Agricultural Investment 

(1979 prices) 

IMPROVEMENT OF EXISTING ROAD TO: 

Alt. 1 

Jyl 
Alt. 2 
(W2) 

Alt. 
(W3)f 

3 Alt. 4 Alt. 5 
(WS) 

Alt. 6 Alt. 7 
(W7) 

Limited Maintenance 

o 
NPV (Million MF)** 
IRR (Percent) 

1318 
14.8 

3367 
16.4 

42J2 
16.1 

3694 
14.2 

5067 
15.2 

4569 
14.2 

4090 
13.6 

F Lower Net Revenues 

NPV (Million MF)** 
IRR (Percent) 

(216)* 
9.2 

1167 
12.3 

2037 
13.0 

1678 
11.7 

2868 
13.0 

2102 
11.7 

1693 
11.4 

I Higher Costs 

NPV (Million MF)k* 
Ir,: (Percent) 

1101 
13.3 

2881 
14.5 

4016 
14.8 

3648 
13.3 

5134 
14.2 

4222 
13.0 

3748 
12.3 

BASE ANALYSIS 

NPV (Million MF)F* 
IRR (Percent) 

1924 
16.4 

4175 
17.3 

5556 
17.3 

5587 
15.8 

7261 
16.4 

6706 
15.5 

6408 
14.8 

Lower Costs 

NPV (Million MF)** 
IRR(Percent) 

2747 
20.5 

5468 
21.1 

7099 
20.8 

7526 
18.9 

9388 
19.8 

9189 
18.6 

9067" 
18.0 

V 
0
U 

Higher Net Revenues 

NPV (Million MF)** 
IRR(Percent) 

4064 
22.0 

7182 
21.7 

9078 
21.1 

9497 
18.9 

11654 
19.8 

11309 
18.3 

11122 
17.7 

5 Livestock Impact 

NPV (Million MFY* 
IRR (Percent) 

2329 
17.3 

4394 
17.6 

6177 
17.9 

6137 
16.0 

7869 
16.9 

7365 
15.8 

7140 
15.2 

* Numbers in parentheses are negative. 

** The present, for the Net Present Value (NPV) is 1980. 



be resu!ved: otherwise the optimal level, to which it is recommended that 

the Kayes-Nioro road be improved, is no longer optimal, and a "least cost" 

level of improvement is preferable from an economic point of view. Engi­

neering wise, this would not be sound (See Chapter 3); furthermore, the 

Kayes-Nioro Road would deteriorate to its present condition some time at 

the turn of the century, and the cycle of development will need to be retraced 

anew, unless planned obsolescence of infrastructure improvements is an 

acceptable policy. 

11.5 CONCLUSIONS 

1. With only those agricultural programs firmly programmed for 

implementation, the optimum investment [modified alternative 

No. 5, (W5M)], in economic terms, is to improve the Kayes-

Nioro Road as follows: a double surface treated road between 

Kayes and Dialaka, and a laterite/gravel surfaced road bet­

ween Dialaka and Nioro. It would not be feasible to upgrade 

the existing Dialaka-Yeimane branch road. 

2. 	 If an additional 1.250 billion MF is invested in the agricultural 

sector in the Yelimane-Segala areas, the Dialaka-Yelimane 

branch road would become feasible and the optimum improve­

ments of the road network (Alternative No. 5, W5) would be 

as follows: a double surface treated road between Kayes and 

Dialaka, a laterite/gravel surfaced road between Dialaka and 

Nioro, and a minimum standard road for the Dialaka-Yeliman6 

branch. 

3. 	 Although alternative improvement No. 5, with the additional 

agricultural investment, provides the highest regional net 

present value under all conditions, it need not be considered 

the 	most favorable investment option; issues, additional to 
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economic considerations, could be introduced into the decision 

making process. For this reason, it is deemed more appropriate 

to offer a choice between two projects, one for each invest­

ment option. 
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CHAPTER 12
 

SOCIAL SOUNDNESS ANALYSIS
 

12.1 INTRODUCTION 

The Social SouIdness Analysis ha3 been prepared specifically to 

answer th, s'e questions: 

Will people who are expected to participate in this piojeet want 

to partvi pite? 

That is, can the innovationWtill tihis prol(2ct have spread effects? 

project he adopted by others in contiguousintrcyuced by. this 


regions, classes, groups, etc. ?
 

Who will benefit from this project? Will the project Introduce
 

benefits for some a-tt the expense of others?
 

For the Kaves-Kioro road, these questions were addressed by surveys 

nine villages along or near the road, by interviewing of govern­conducted in 

ment offici : ,.d merchants and collateral review of documents and literature. 

In t!h., villa,', nvstigations focused on how villagers perceived the bene­

fits of til. improvei roan, how the, would view participation in road construc­

tion at bonw the improved road would fit within the social context and 

organi? ition of fairming and livestock raising. A copy of the questionnaire 
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and data summarizing responses to selected questions are presented in 

Appendix G. 

12. 2 PROFILE OF SOCIAL CONDITIONS 

This social profile summarizes information pertinent to evaluating the 

road. It was! obtained from the nine village survey, other interviews and rele­

vant literature. More detailed information can be found in Appendix G and in 

Appendix r, The Existing Environment, which provides data pertinent to both 

the Social Soundness Analysis and the Environmental Assessment in order to 

avoid duplication. 

12.2. 1 GENERAL BACKGROUND 

The Kayes-Nioro road passes through an area inhabited primarily by 

members of Sarakol6 (or Sonink6), Khassonk6, Peul, Maur6, Bambara and 

Malink6 ethnic, groups. The primary ethnic groups are Sarakol6, Khassonk6 

and Peul. Villages included in the survey represented the Khassonk6, Peul, 

SarakolC? and Bambara. In each of the ethnic groups represented in the 
survey, descent is patrilineal and authority is vested in male heads of 

families. 

Hlistorically, there have been major differences among these ethnic 

groups: the Sarakol6 and Bambara were known as traders and agriculturalists, 

the Peul as cattle nomads, the Khassonk6 as agriculturalihts and pastoralists. 

The survey revealed more similarities than differences. Each village was 

located nen.r a water source, surrounded by cultivated lands and separated 

from neighboring villages by uncultivated savannah used for pasturage. 

Vestiges of traditional orientaLions remain; the Peul village in the 

survey ,ind investigations undertaken for the Kaarta project verified that 

Peul were not traditionally farmers and that they did not cultivate as much 

land as other ethnic groups. While Peul groups may specialize relative to 

other groups in raising livestock and other groups are oriented to farming, 
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.. .these distinctions have boon somewhat lost in this area. 

Villagers practice rainfed agriculture during the rainy season of June 
through August. Some villages practice flood recession (dcrue) agriculture 

near rivers and streams as water recedes after the rains. The major crop is 
grain--one of many varieties of millet, sorghum, maize or rice, or a combina­

tion of these. These are supplemented by peanuts, cotton, ladle gourds and 

a large variety of vegetable crops including beans, onions, tomatoes, okra, 
melons, squash, calabashes and rootcrops. Agricultural technology remains 

basic; although plows and oxen exist in a few places, the short-handled hoe 

is the principal tool of cultivation. 

Villagers own cattle which are put to pasture on areas unused and 

generally unsuitable for agriculture. Usually the cattle are herded by Peul 
shepherds who take them on transhumance into Mauritania during the rainy 

season. None of the surveyed villages depended solely on livestock for 
their livelihood, although such groups may exist in the northern areas. 

12.2.2 THE ROLE OF GRAIN AND LIVESTOCK 

Grain buying in times of shortage and grain sale are important issues 

for villagers. Each year at harvest time, OPAM government representatives 

deposit a predetermined number of sacks in each villages. The village is 

obliged to fill these they are soldsacks with grain and then to the OPAM at 
fixed government prices which are After the sacksbelow free market prices. 

have been filled and economic police are no longer on the roads, normal 
(parallel) market prices return. Farmers with no capital reserves sell at 

harvest time when prices are lowest. Some store surplus grain until prices 
are higher. Villagers were concerned that they were forced to sell to the 

government at fixed prices when grain prices were low, but when their grain 

supplies ran out they were forced to buy back when prices were high. (See 

Appendix G for quoted prices of grain.) 

The issue of government marketing of grain is beyond the scope of 

I12.3 



this analysis. Villagers, however, were not enthusiastic about raising more 
grain to be sold at government prices; many of the development projects in 
the region are aimed at Increased grain production; and truckers feel that they 
lose money on the transport of OPAM marketed grain from this area. Despite 
these sentiments, the parallel market in grain is economically larger than
 
the controlled market and 
 both farmers and truckers make up their losses by 
tariffs chargled to the parallel grain market. 

Livestock piay a special role in the economy of these villages. Livr­
"tock represent a form of Investment, savings and a display of wealth. Money 
invested in cattle does not depreciate since cattle reproduce themselves, nor 
does it require further investment or maintenance since cattle graze on lands 
outside the cultivated areas. Cattle are assold much one would take money
 
out of a savings bank: for a marriage, to pay taxes, 
 or when for some reason 
one needs money. If the harvest Js bad and farmers are forced to buy grain,
 
then cattle are sold. Thus, 
 the availability of cattle is linked on the market
 

to the shortage of grain.
 

The marketing of cattle is done by merchants who buy and assemble
 
herds of cattle large enough 
 to walk on foot to Kayes or Bamako. In Nioro,
 
members 
of the Livestock Merchants Cooperative estimated that 75% of the
 
livestock from the Nioro region 
were marketed in Kati (near Bamako); only
 
25,' went to Kayes. It takes 22 days 
to walk the cattle to Kati and 16 days 
to Kayes; during the trek about 10% (5 out of 50) of the cattle die. For a herd 
of 50 (100) animals going to Kayes, herders are2 (3) employed at 20,000 F 
each plus 5,000 F for food. 

12.2.3 ORGANIZATION OF WORK AND ROLE uF WOMEN 

Work within the village is organized by age and sex division of labor, 
with specific tasks assigned to men and women varying from one ethnic group 
to another. Men are most likely to be responsible for providing grain for the 
:amily. Women are more frequently responsible for production of vegetables 
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and spices which go into food sauces (see Appendix G for crops of women). 
This production is Important nutritionally since it provides most of the 

proteins and vitamins which complement the basic starch staple. Women 
may also raise grain but this is not considered her primary responsibility. 
Women work on common fields with men and, in addition, they cultivate their 
own fields. In some villages, men and women have separate fields. The
 

produce from a fields is
woman's considered her own. If there is a surplus, 
she may sell it anid dispose of the income. 

In some of the villages visited, women were extremely active in trade 
and In the production of items for sale. A number of village women were en­
gaged in nothing but trade. 
 Women travel large distances over the road to
 
sell such items as tomatoes, onions, okra, mangoes and ladle gourds. 
 They
 
bring back fruit, spices, cloth, peanut oil, shea butter, black pepper, tea
 
and sug';ar. In Sandar6, for example, 
 young women take onions to sell in Kayes 
and buy cloth and cooking utensils which serve as their dowry. In S6gala, 
women take cloth they have dyed to sell in Kayes and return with indigo and
 
fruit. Reciprocally, women 
from Kayes will market products in local villages
 
and return with dried okra, 
 ladle gourds, bitter tomatoes, and onions. Men
 
appear typically responsible for commerce 
in calabash and other products.
 
Grain is 
 usually bought from special merchants in local markets or sought in 

Ka ye s. 

There is some difference among ethnic group tratitAons concerning 
women and trade. Male , Peul villagers in Dioka were insistent that their 
wives' principal role was that of housewife and that they did not engage in 
commerce. Different castes also play different roles in the production and 

marketing of goods (see Appendix F). 

Wage labor does exist in the villages, primarily for agricultural 

work. Laborers are paid a sum for the morning's work and a supplement for 
work done in the afternoon, In addition, they are provided with food and 
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housinq. WVages in the area are currently 1,000 MF for the morning, 500 F 

for the afternoon. Reported wages did go as low as 750 MF in the morning 

plus 500 in the afternoon. Dry season wages are less than rainy season 

w,,qes, sometimes as low as 500 for the morning and 250 for the afternoon. 

There is a tradition in some villages, but not all, that members of the same 

ethnic group do not work for each other. 

12.2.1 lABOR MIG(RATIONS 

Flindin, themselves on the margins of cultivable land, with few re­

sources and with little work In the dry season, villages have responded to 

the existence of labor markets elsewhere by large scale temporary migration. 

The Sonink6 in particular have established a pattern of migration for young men 

who work a-; manual laborers in France. Typically, they work in France for 

priods of four to eight years, send money home in the form of mandats and 

subsequently return to their hone village. While the Sonink6 villages are 

:..or depe:ident than others uri labor migration to France, villages visited 

sharod the reliance on migratory labor of their young men for economic sur­

vival. Laborers also travel seasonally and for longer periods to the Ivory 

Coast or S6n6gal; some villages reported having young members as far as 

Gabon, Zaire and Rhodesia. In the villages visited, young wamen might go 

with their husbands, but traditionally did not, nor did they seek employment 

themselves. 

This form of labor migration has been observed in many developing 

countries. In other plac- it tends to follow a trend. At first, young men 

emigrate alone, seniin. y., to villages. Later they may establish them­

selves abroad and retui. ,vives and family. Long periods of absence also 

lead to loosening of family bonds and authorities and the abandonment of 

traditional obligations by some of the men. In some places, men emigrate 

with their wives, thus beginning patterns toward nuclear families. Despite 

this social change, the strength of traditional loyalties remains. 
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In addition to migrant labor, the people of the area have traditions in 
trade and commerce. They spoke of relatives who werein commerce- in Kayes 

or In Bamako. These economic links with areas of greater wealth and eco­
nomic opportunity are important to the villages. Sometimes they create wealth 

which is repatriated to the villages. 

12.2.5 USE O KAYES-NIORO ROAD 

Villagers use the road primarily for commerce, but also to obtain mJi­

cal care, to visit relatives and to obtain mandats from the post office (often 

via trusted emissaries). (More detailed data regarding services 

can be found In Appendix F.) The road is sometimes not used for transport of 

fr(qile products because of its condition. From Sandar6, for example, mangoes 

are sent to Yeliman6 on donkeys. In towns south of Sandar6, a dominant 

orientation to Kayes was noted. North of Sandare, Nioro became a major point 

of orientation but villagers still traveled to Kayes. In the Yeliman6 vicinity, 
In the one village where interviews were conducted, the road going directly 

to Kayes rather than via Dialaka was preferred. In one village south of Nioro, 

villagers had a dominant orientation to Bamako. 

The price of transport is officially regulated by the Malian government 

based upon the classified state of the road. The fixed passenger price from 

Kayos to Nioro is 3,000 FM. The official transport price for freight on the 

Kayes-Nioro road is fixed at 64.24 FM per ton kilometer. The 250 kilometer 

journey from Kayes to Nioro should therefore cost approximately 15 F per kilo­

gram. According to the President of the Transporters Cooperative in Kayes, 

the official price for the Kayes-Nioro road is too low to make transport profit­
able, 

The costs paid by villagers were obtained In the nine village survey. 

Prom Kayes to Nioro passengers paid approximately 5000 FM and over the 

same distance freight cost approximately 30 FM per kilo. (Details regarding 

Intermediate points are provided in Appendix G.) While current fixed transport 
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prices would appear to be a subsidy to the passengers, in fact real costs
 

d,, sSd to the consumer.
 

12.2. t) VIIIA(;I: ROAD CONSTRUCTION AND MAINTENANCE 

Ihf,re I,; currently operating a system of maintenance for village trails.
 
Each vill~tge Is responsible for maintaining half the distance of the trail 
between 

It.sol , the, next village. The work consists of tree cutting, grass clearing, 

rock remov,tl ind hole filling, but such maintenance does not always occur each 

year. This existing system indicates the willingness of villagers to participate 

in ro.td maintenanc, when It is in their interest. 

According to the survey results, labor would be available in the area 

on atto work roads, the going wages. Respondents volunteered the informa­

tion that their .toung men would prefer to work at home rather than to migrate 

for work e'lsewhere. Young men, however, were not directly sampled and there 

exists the possibility that psychological and social reasons as well economicas 

ones motivate external migration. Villagers were concerned that labor be paid 

at qoinq wage rates since they had memories of forced labor under French 

colonization. 

12.3 SO('IAL IMPACT OF KAYES-NIORO ROAD 

This section examines the impact or benefit perception of those affected 

by the road and the road's impact on existing social patterns. The road's soclo­

cultural feasibility and an evaluation of the appropriateness of the intervention 

are summarized in a concluding discussion. 

12.3. 1 IMPACT PERCEPTION 

The nine villages surveyed are considered representative of impact 

perception by villagers, the rural poor, who are intended to be the principal 

beneficiaries of Lhe proj ,ct. 

Tne answer to whether or not villages perceived the improvement of 
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the road to be in their benefit was, with one exception, unequivocally yes. 

closer to the road .fromNioroThe exception was the village of Fassoudeb6, 

to be of 
to Bamako, where villagers perceived the road from Nioro to Bamako 

greater importance. (See Appendix G.) 

The villagers frequently used the French word of the administrative 

Their area was cut off, isolated fromofficials for the region, "enclav 6 ." 

long, arduousanything but itself, during the rainy season of the year and a 

journey at other times. Benefit perceptions of an improved road focused 

around these principal themes: 

Better access to medical care. 

buying goods and having goods 

B 

EEase in marketing products, 

available, particularly viewed as beneficial to women who
 

participate in commerce.
 

Possibility of selling different types of agricultural produce,
* 
which nowespecially fresh produce and milk and butter, 


spoils, and of obtaining better materials and farm implements.
 

Lowered costs for transport, vehicle repair and fuel with the 

costs for goods purchased and more profitlikelihood of lowered 

(or higher prices) for goods sold.
 

• 	Savings of time. 

* 	 Improved comfort of travel for sick and old persons.
 

Visiting relatives with greater ease and frequency.
* 

in vehicles, a more worthwhile expenditure since* 	 Investment 

they wouldn't be damaged so quickly.
 

* 	 Transport of sheep and goats by truck. 

cover the variety of comments made by villagers.This summary does not 

listed by village in Appendix F and illustrate specifically the readi-These are 


the road to improve their
 ness of villagers to think of ways they could use 


livelihood.
 

12.3.2 TYPES AND DIRECTION OF IMPACTS 

variety of social impacts in addition to the perceivedThe road has a 
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social impacts voiced by villages. This section reviews these effects by
 

category. Section 12. 6 profiles the incidence of impacts and their spread
 

effects by beneficiaries.
 

The economic impacts of the road improvement, under a variety of 

design options, are thoroughly discussed in Chapters 10 and 11. The magni­

tude of economic benefits stemming from accelerated farm production and the 

expansion of farm units varies, but generally involves enhanced production 

and marketing of cash crops, including vegetables, and some increases in 

livestock marketing in accordance with the development goals of the Kaarta 

and Kayes-Nioro development projects. This review emphasizes the primarily 

social impacts of the project and points out those areas where mitigative 

measures are appropriate to consider. 

PSYCHOLOGICAL ACCESS: The psychological value of opening up 

an area that sees itself as cut off or isolated from the modern sector and 

from the rest of Mali should not be underestimated. Although active adults 

do indeed travel and market, they know the constraints of the road's travel 
time and conditions and sense themselves to be lacking in opportunities. 

Psychological access creates more receptive conditions for the exploitation 

of new markets and different products to be marketed. The existing road is 
a severe constraint to younger people who cannot visit home if they are away 
at school, to the sick who cannot get to the hospital and to the elderly who 

find it difficult to visit relatives. 

SERVICES: The road assists most in improving access to medical care 

in the regional centers of Kayes and Nioro and allows extension services to 
reach villages more effectively. Some benefits to "ducation, principally for 

administrators, teachers and students who travel long distances will be 
achieved. Since bearing and raising children is a significant aspect of 

women's lives in villages and carries the risk of maternal and child death, 

easier access to materhal and child care will be of special benefit to women. 
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ORGANIZATION OF WORK AND ROLE OF WOMEN: The improved road 

will have a definite beneficial impact on marketing by lowering the costs of 

..... .transportpaid-by villagers and thus raising the ex-farm prices, for products. 

(See Chapter 11.) The lowered transport costs and the Improved condition 

of the road will provide incentives to villagers to market more products and 

in turn, ds they reap more profit, to reinvest in the farm unit. Villagers may 

also choose to market their own products and to invest in vehicles. Improve­

ment of the road will enable women to increase their already active trade in 

vegetables. Getting fresh vegetables to market has economic advantages 

to villagers since fresh produce, as opposed to dried produce, brings higher 

prices. This vegetable production and marketing is seen by the villagers as 

the province of women. Although special questions related to livestock and 

grain production were included in the questionnaire because development 

projects in the region emphasize these two aspects of production, villagers 

did not share the bias of the questionnaire toward this largely male production 

system. They consistently emphasized the importance of vegetable production 

and marketing to their economy and the benefits the road would bring to this 

sector. 

In the future, the project is likely to lead to greater specialization 

of roles, particularly in marketing, but also in villagers' provision of their 

&wn transport. The organization of work, now divided according to sex, may 

also change with increased commercialization. Encouragement of the vege­

table sector in the O.P.I, (Irrigated Perimeters Operation along the S6n6gal) 

has taken the form of irrigation and commercialization and this sector has 

come to be dominated increasingly by men. This effect, should it occur, 

will not be mitigated simply. There appears to be no group or development 

project which would take action to prevent such a change. It is suggested 

that the proposed USAID First Region Pilot Development Project pay parti­

cular attention to the role of women in their agricultural expan~ion and 

extension efforts. 
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MIGRATION: Rural outmigration, both seasonal and long-term, 

already exists and population data indicates a significant rural-urban flow. 

The building of the road will not stem the rural exodus from this-area. In. 

the short run, the road may have the opposite effect since it permits an 

easier route for short term migrants who have already demonstrated their 

willingness to travel long distances in search of better employment opportu­

nitles while retaining their family homes. 

The demographic trends for this area will be most affected in future 
J 

years by two major factors: the death rate and the differential imbalance in 

economic opportunities between this region and urban centers in Mali and 

abroad. One can anticipate a decline in mortality rates resulting from ex­

tension of rural health services. Unless this is accompanied by a decline 

in fertility rates, which appears unlikely in the short run, this will result 

in an increasing rural population. Since the agricultural potential of the 

area is not high, there is little reason to believe that economic opportunities 

in the region will come over the next years to correspond with those elsewhere. 

Therefore one can predict that with increased population growth the actual 

number of out-migrants will increase. 

rrom the point of view of population policy, the importance of the 

road is in the stabilization of the existing equilibrium. If such low income 

rural areas are ignored by government services and development programs, 

they are subject to Increasing stagnation. In the extreme, it leads to a 

situation where productive land is not only underutilized but abandoned. 

rrom a national point of view, this results in loss of agricultural produce 

and an oversupply of urban labor. 

The construction of a single high quality road through the region will 

cause Imbalance in access between those on the road and those not on the 

road. This will predictably cause some migration of villages and markets 

to the road. The most obvious benefit imbalance of a road project is that 
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those fir fro:,. the road are relatively disadva ntaged. Its obviousness does
 

not, how,.ver , mpl'i Ick of Importance. It therefore seems important that
 

futur,, i,.lup~mt ~projects in the area Investigate and plan secondary and
 

feeier rod'; -vith rt,:;p,'ct to the location of existing population.
 

ROFAP ( *'(),:s'IRuC.TION AND MAINTENANCE: The project will not
 
diroctl,..' c-Ill 1,),' p~trtiuip,,tion o~f villagers in road construction. (See Chap­

t, I I L: t ,,;tiv sociil Impact, but its absence eliminates the 

....i. ' : ' . , ir:.i2j 0 construction skills and the transfer of such 

.,,.Ill:; to :>. m It~n oof bush or connector roads, One of the major 

prei ,,:.:; t, > . ;port isi :Y i tri s , stem the lack of road maintenance, 

Fro"!.: t".. ,-i:-t ,,: v i,,', t he villa;er, not only may the Kayes-Nioro road
 

2, t#,rier t, 12 1 0ut if he does not live directly on the road, he
'.vIt :1'.'.',.,or-;, 

ill f ' : :.:;po..t hurdles. Ad itional .ttention could be given to the 

,:. i.; 1i:,::. V l .t ':v .:;tm ,n-f roAd maintenance which operates within each 

vill. , t, :%*.12t,0i: ,111,a tracks. If simple investments could be made 
-.cilit improvt, the o-xistinl community effort, then villages off 

t.,, ro ; '.,ill r, ip ,;r.iter benefits from the Kayes-Nioro road and the Yeliman6 

brancth. 

12. 3, 3 SOCIO- UI.TURI IF EASIBILITY 

One of t!",o oblectives of a social soundness analysis is to identify, 

!, proje"t p m .ntition, areas in which the motivation of people whommpbi, 

tlt, prop,,t ,',,: iiflors from that a ssumed by project designers and that 

will miK. . p'o,'t :ncc& s;sful The socior:ultural feasibility or appropriate­

,' ,I- improved road, is hased upon the answers- to two 

:',l~t,i t. .tic , i irst, is thw road project consistent with the values and 

1.1 2: 2. i t in , tho:;-, :. use of the road is assumed ? Second, are 

, rt 1 rti'ipn.t.; ',villin, to 12.paniv i production and trade and respond to 

th-e .: ,,_. i:.i' i c .,tive:;, i. e. how is the road project dependent upon 

or linke! to larmer development goals ? 

12. 13 



The rural participants welcome an improved road; their motivation to 

participate can be defined as their stated desires to have better access to 

markets, to Improve their economic state and to improve the quality of their 

lives by access to services. Since people already make long journeys on the 

existing road, the road and its use is not a new innovation which requires 

villagers to alter basic values. Rather, the road feeds into the values, social 

structure and organization of communities, particularly those of the Sarakol6 

who are renowned as traders and merchants. 

From the vantage point of those who use the road to deliver services 

to the rural population, an improved road 3s also welcome; improvement removes 

an impediment to the accomplishment of their goals. It permits agencies of 

the Malian Government to carry out their educational, health and cultural pro­

grams more effectively and with less costs. The time lost in travel and the 

extra expense of fuel, vehicle maintenance and vehicle repairs engendered 

by a road in extremely poor condition create difficult and often impossible 

jobs of responsibility for public services and risk the prematuie destruction 

of scarce government vehicles. 

Rural participants sampled were genuinely interested in increased 

marketing of products and in the availability of more equipment and ways of 

reducing the 6estruction to crops. Respondents were especially enthusiastic 

about marketing perishable vegetables and fruits. Generally speaking, 

villagers are likely tc respond to the road's economic incentives since these 

are largely consistent with their social values. A few caveats which do not 

undermine the road's sociocultural feasibility are, however, in order. One 

of the major intentions of government and dor.or acy:ncy development programs 

for the Kaarta region surrounding Nioro du Sahel, is to increase production 

and marketing of cereal grains and livestock. For the Kayes Nord project 

serving the region west of Kaarta, livestock developmeint is the major goal. 

Village investigations revealed that farmers were somewhat unenthusiastic 

about increased grain production at controlled qovernment prices. They did 
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not yet see cattle production as a form of income generation. The function 

still very important in these relatively
of cattle for investment and savings is 

isolated village economies. 

The existing role of livestock production is open to change and evolu­

be sold and more goods purchased.more cattle cantion as villagers discover that 

to marketing of livestock was encountered 
Evidence of increased responsiveness 

When asked if cattle sales had 
In the village of Diandioum6 , north of Nioro. 

now come to their market to 
they said they had because merchantsincrea -:ed, 

buy and that the largest sellers were 3-5year old steers. Reasons for sale 

included buying grain, children.'s clcothing and goods such as salt, sugar and 

goods and houses may become 
Under these circumstances, consumertea. 

to see what the villagerbut it is difficult new symbols of wealth and status, 


will rely upon as a form of secure savings, unless more attention is paid to
 

From this point of view, development planners would do 
credit and savings. 


and how development

to consider how this evolution might take place,

well 
self­consistent with the

assist increased commercializationinterventions can 


interest of the inhabitants of the region.
 

12.4 	 SPREAD EFFECTS
 

PROJECT
12.4,1 SPREAD EFFECTS OF THE ROAD 

project is not easily appli-
The original concept of spread effects of a 

a pilot project: will an 
road project. It is typically applied tocable to a 

introduced be copied elsewhere and will the beneficial effect 
innovation once 

success of a particular project. The most 
of the investment be greater than the 

to the Kayes-Nioro road regards construction and main­
immediate application 


the ability
for construction,If foreign contractors are responsibletenance. 

to the Malian construction industry.not impartedto construct similar roads is 

account rather than contractors on the Yeliman6-Dialaka road 
The use of force 


section has been proposed and is analyzed in Chap­
or the Dialaka-Sandar" 


ters 2 and 4,
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Since a road project does not reproduce itself but deteriorates and 

disappears without maintenance, the way to increase the spread effects of 

the project itself is to amplify the capacity of the Ministry of Public Works 

to maintain roads. 

12.4.2 SPREAD EFFECTS OF DEVELOPMENT PROJECTS FACILITATED BY THE ROAD 

An improved road can bring to an isolated area opportunities for the 

diffusion of ideas, of technology and services. By connecting the administra­

tive cent!:-s of Kayes and Nioro du Sahel, the road will increase contact among 

helth an ; education staff and others engaged in service delivery and with the 

areas under their jurisdiction. The easier access will also permit enhanced 

communication among the agents of the existing development projects in the 

road's zone of influence (Kayes-Nord, Kaarta, O.V.S.T.M. and the USAID 

Yeliman6 health project) and the proposed USAID First Region Pilot Development 

Project. Since both those responsible for social services and for development 

projects have leadership roles and wide patterns of mobility (two criteria for 

spread effects of the Social Soundness guidelines), the diffusion of informa­

tion among this circle and beyond it to other aaministrators is likely. In 

turn, those engaged in development projects and service delivery have rural 

clienteles whom they serve and to whom they can communicate the informa­

tion, ideas or technology to which they have been exposed. By making contact 

less difficult and less time-consuming and by removing the barriers to frequent 

travel, the road permits the spread of knowledge. 

The rural poor who participate in development projects and benefit 

from service delivery also use the road and are likely to communicate with 

others regarding the results or benefits of their participation. This type of 

spread effect, dependent upon communication of information among small 

groups, will be difficult to quantify. The effects will be difficult to monitor 

because of the varying exposure to development projects and the relatively 

short time horizons for the development projects. Conceptually, however, 

the road as a facilitator of communication and travel among people who do 
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travel and desire to travel more should facilitate the spread of techniques and 

asknowledge as well products. 

The economic feasibility analysis has compared development with the 

This analysis indicates that increased production
road and without the road. 

and marketing of goods will result and goals of development projects will be 

and diffused among the rural population. This feasibility analysis
accelerated 

which quantifies economic spread effects took into account the general social 

to economic incentives in the zone of influence,
receptivity of the population 

including constraints to increased grain production and motivation to change 

livestock practices. Based upon the social receptivity of villagers and leaders 

to the road, the process of economic spread effects related to the road has been 

conceptualized in the diagram on the next page. 

12.5 BENEFIT INCIDENCE 

from an improved road:Two principal types of benefits will accrue 

user cost savings. The principal beneficiaries of
value added benefits and 


these benefits are farmers and transporters or merchants, i.e. those who use
 

use such as visitors, ill

the road to transfer products. Others who the road, 


use the road to distribute

people, laborers and the like and agencies who 


or deliver services, are the beneficiaries primarily of user cost

supplies 


savings.
 

12.5. 1 VALUE-ADDED BENEFITS TO FARMERS AND TRANSPORTERS/MERCHANTS 

i.e. the savings achieved by
The benefits of reduced transport costs, 

will be distributed between the rural farmer 
transport of goods on a better road, 

and the transporter such that 80% of the savings will go to the farmer and 20% 

10-1 outlines diagramatically how the process is con­
to the transporter. Figure 


typical product with prices and costs averaged over the

ceptualized for a 


The farmer will benefit from the savings in the form of

distance of the road. 


higher prices received at the farm gate, i.e. a higher profit and greater
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Income than he had before the road was improved. The transporter will 

realize an increase in profit (approximately 24% for the case shown) with the 

result that a transporter's profit becomes approximately equal to his cost or 

a profit rate of about 100%. The bulk of the benefits can go to the farmer 

and still permit an absolute increase in profit and an increased profit rate 

to the transporter, principally because of the relatively large reduction in 

transport costs. The case shown in Figure 10-1 assumes the minimum cost 

road, i.e. the least savings in transport costs. For other design options 

the transport savings are higher. If the transporter's profit is kept constant, 

then the proportion of savings going to the farmer increases. While the pro­

portion of savings going to the transporter decreases in those cases, his rate 

of profit, given the lower transport costs, still increases. 

The merchant or middleman will benefit in different ways according 

to the type of merchant. A merchant who is among the rural poor, i.e. living 

in a rural village and part of a farm production unit, will at the level of the 

same way in transporthousehold benefit like the farmer and share in the 

savings. The rural village merchant benefits as an individual only from the 

increased volume of products which will be sold: the unit profit remains the 

same, but total profit increases. The urban merchant or the atypical case of 

the rural merchant who is not part of a farm production unit, will benefit pri­

marily from the increased volume of transported products, i.e. a net higher 

profit but no change in profit rate. To the extent that merchants may bargain 

with transporters for a reduction in transport costs, they will share in the 

savings realized by transporters. 

The process outlined above also has ramifications and responses 

beyond these initial benefits. Figure 10-2 traces these for the rural farmer. 

With increased income and profit the farmer will reinvest in the farm, both 

through expansion of the farm unit and inputs applied to its cultivation. 

This increased volume of production, i.e. the achievement of development 

goals which depend upon the assistance of Kaarta and O.V.S.T.M. , will 
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then lead to the sale of more products at the new higher price and the use of 
extra income for reinvestment in the farm, in livestock and in consumer goods. 
For the transporter, a similar chain of effects carr be anticipated: reinvest­
ment goes partly to increased capital stock, e.g. trucks; increased
more 

volume of goods to be transported and better ways of doing leads to
so 


increased income.
 

Benefits to the farmer and to the rural merchant could be increased
 
to the extent that these groups 
use some income to invest in vehicles to
 
transport goods or form 
a rural cooperative serveto the entire village. Some
 
villagers indicated they could already afford 
to do so. This particular avenue 
of development warrants further exploration by USAID in its conception of the 
proposed First Region Pilot DevelopmeiL Project. 

Livestock merchants will benefit in a way similar to other merchants
 
but to a 
 lesser extent than other types of merchants since the bulk of live­
stock movement will continue to be on foot rather than by truck.
 

12.5.2 USER COST BENEFITS 

The benefits of user cost savings (a reduction in transport price of
 
approximately one-third to one-half) will flow to all road 
users and to recipients 
of services whose delivery depends upon the road. Generally these benefits
 
are available to the 240,000 people In the 
zone of influence, but certain 

groups are singled out here for discussion. 

Women: Women, who benefit as merchants from the increased volume 
of transport, carealso benefit by lower costs for medical when they seek 
medical care outside the village. Reciprocally,they benefit when health 
care becomes more available within the region as the costs of vehicle travel 
and improved accessibility permit better service delivery. To a lesser extent, 
but likely to gain in importance in the long-run, are accessibility to and 
availability of educational and literacy programs. 
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Elderly: The elderly will have enhanced and cheaper opportunities to 

visit relatives and to receive medical care. 

Development rrograms: Extension agents will better serve the region; 

the transport of goods necessary to the mobilization and implementation of 

development programs will cost less and the benefits of these programs will 

be multiplied. 

Service Agencies' Costs of service delivery will be reduced which can 

lead to more money available for the service itself. The services (social, 

educational, health and extension work) can reach people more effectively. 

This benefit will have a relatively large impact on relatively small administra­

tive budgets for such services. 

12.5.3 SUMMARY 

Guidelines for Social Soundness Analysis suggest four criteria for 

assessing social costs and social benefits. 

1. The majority of benefits to be derived generally fall within the 

domain of access to resources and opportunities. This access results in a 

higher distribution and amount of income to the rural farmer and the farm family. 

The project will not limit or deny access to any group. 

2, Employment benefits are not directly attributable to the road 

project, except for construction work (see 4.7 of Environmental Assessment); 

in the long run increased employment in marketing and merchandising as the 

volume of productior, expands can be anticipated. No employment will be 

eliminated because of the project. To the extent that the road provides for 

greater use of labor-replacing devices in agriculture, the existing constraint 

of available labor on the expansion of farm production will be lessened. 

3. Rural displacement, migration and urbanization were discussed 

at 12.3. 3. No other social costs nor social benefits are anticipated in this 

regard since the road project will not alter the more basic changes occurring 
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in Malian society. The road pay stem somewhat the exodus to urban areas, but 

such a change cannot be assumed. 

4. 	 Chanoes in power and participation between the target group of 

occur as farmers gain more income andrural farmers and other groups may 

more widely in the regional economy. It is possible that theparticipate 

emphasis of benefitb on production and marketing will be differentially taken 

advantage of by the Sonink6 ethnic group who already have a dominant position 

to size of farm units and participation in
in the zone of influence with respect 

commerce. 
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CHAPTER 13
 

ENVIRONMENTAL ASSESSMENT
 

The feasibility study of the Kayes-Nioro road includes the prepa­

ration of an environmental assessment. The scope and emphasis of the 

assessment is based, in part, upon the Initial Environmental Examination 

(lEE) of August 9, 1978, completed by USAID. The IEE concluded that re­

construction of the Kayes-Nioro road would produce little or no negative 

impacts on the natural environment. The examination recommended, 

however, that effects upon the human environment be investigated in 

greater detail and undertaken in conjunction with the Social Soundness 

Analysis, Preliminary economic and engineering reconnaissance of the 

road suggested that the road's impact on desertification be addressed; 

subsequent discussion with agency officials of the Government of the 

Republic of Mali corroborated that desertification, particularly related 

to fire, deforestation and reforestation, should be included. 

This assessment is based upon field reconnaissance, investigations 

in selected villages and interviews with officials of the Government of the 
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Republic of Mali. The bibliography includes a list of interviewees. The 

names and locations of villages where investigations were performed and a 

copy of the questionnaire used are contained in Appendix G. Field investi­

cations were conducted jointly for the Environmental Assessment and the 

Social Soundness Analysis. Aspects of the analysis pertinent to changes 

in production and in employment were derived from the economic analysls 

prc sented in the feasibility study, Greater detail or documentation on these 

topics may be found in the feasibility study, referenced as appropriate. 

13, 1 	 PROJECT DESCRIPTION 

13. 1. 1. 	 REASON FOR THE PROJECT 

13. 	1. 1, 1. BACKGROUND 

Please refer to Chapter 1, INTRODUCTION 

13, 1.1. 2 	 PROJECT GOALS 

Please refer to Chapter 1, INTRODUCTION 

13,1.2. 	 PROJECT ACTIVITIES AND FEATURES 

13.1.2. 	1, KAYES-NIORO ROAD 

Please refer to Chapter 3, ENGINEERING ASPECTS 

13.1.2,2, 	PROPOSED DEVELOPMENT OPTIONS 

Please refer to Chapter 11, ECONOMIC ANALYSIS 

13.2 	 DEFINITION AND EVALUATION OF ALTERNATIVES 

13.2, 1, 	 NO-ACTION AND ROUTE ALTERNATIVES 

Please refer to Chapter 2, STUDY OF ALTERNATIVES 

13.2.2. 	 DESIGN AND MAINTENANCE ALTERNATIVES 

Please refer to Chapter 2, STUDY OF ALTERNATIVES 
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13.2.3. 	 CONSTRUCTION METHODS 

13.2.3.1. 	LABOR BASED VERSUS MECHANIZED 

Please refer to Chapter 2, STUDY OF ALTERNATIVES 

13.2.3.2. 	FORCE ACCOUNT VERSUS CONTRACT 

Please refer to Chapter 4, CONSTRUCTION IMPLEMENTATION PROGRAM 

13.3 AFFECTED ENVIRONMENT 

13.3.1 INTRODUCTION 

The Kayes-Nioro road links the northern undeveloped part of the First 

Region to the principal center of Kayes, situated on the S6negal River and the 

Dakar-Bamako railroad. The route connects this administrative and marketing 

hub with Nioro du Sahel, center of Nioro Cercle, and via the Yeliman6 branch 

with the center of Yeliman6 Cercle. The zone of influence encompasses 15,600 

square kilometers, approximately a 25 kilometer band (both sides of road) de­

fined as a day's donkey journey and adjusted for the location of feeder roads. 

Figure 1-1 illustrates the regional context; Figure 2-2 shows the zone of 

influence and administrative units. Figure 8-1 outlines the area of three 

principal develcpr-ent projects within the zone: Operation Mil-Kaarta; Kayes-

Nord Livestock Development and Operation Vall6e Sen6gal Terekol6-Lac Magui 

(OVSTM). This zone lies within the Sahel, a landscape subject to variable 

rainfall and drought risk, constrained in its past development by limited 

resources, lacking in infrastructure and technology and typified by low 

population density, subsistence agriculture and extensive use of range for 

livestock. 

The following description of the affected environment is drawn from 

the extended discussion in Appendix F, Existing Environmental, Economic 

and Social Conditions and from a nine village survey, described in Appen­

dix G, conducted in the road corridor. 

13.3 



13.3.2 CLIMATE AND AIR QUALITY 

The zone nearest Kayes receives an average of 760 irim of yearly 

rainfall, while the Nioro area averages 616 mm. The rainy season lasts from 

May through October but rain falls principally in July and August. November 

to February is dry and cooler with northeast winds; March to May is hot with 

desicating (Harmattan) winds from the east. Extreme variation in annual rain­

fall and thus in soil moisture content, under conditions of high potential 

evaputranspiration, leads to unpredictable crop production. Smaller rain­

falls, of which the drought is a dramatic instance, have been attributed to 

long-term climatic changes, but scientific debate surrounds this issue. 

No significant sources of industrial or urban pollution exist; the
 

principal sources of pollutants are dust haze and brush fires.
 

13, 3.3 PHYSIOGRAPHY, GEOLOGY AND SOILS 

The route crosses geomorphologically different areas. From 

west to northeast, these are: the S6n6gal River Basin and the southern ex­

tent of the Lake Magui Basin (Terekol6-Kolombin6 and Krigou Rivers); the 

dolerite plateau (sedimeiit'uy schists with dolerite intrusions) approximately 

midway; and the schist plateau (slate) to the east. The Yeliman6 branch 

follows the elevated terrace of the river basin to the west of the escarpments 

marking the dolerite plateau (elevations of 250 to 400 meters). Soil. are 

typically shallow and lateritic throughout, but floodplain soils are richer. 

Areas of sandy soil are present, especially in the north and between north 

of Samantara to north of Dioka along the route. Overall, soils have .lmited 

agricultural capability, but pockets of fair and good capability do exist, 

principally in river valleys. Within the Kaarta region, approximately 16% 

of the land is classified as having fair (average) or marginal capabilities 

but none is prime agricultural land, 

13.3.4 HYDROLOGY AND WATER RESOURCES 

The S6n6gal is the only permanent water source in the zone which 
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streams 	and rivers. In the Terekol 6 ­number of intermittentcontains a 

Magui system, swamps and ponds dry slowly and provide
Kolombin6-Lake 

studies indicate that
watering points for livestock. In the Kaarta region, 

probably not large, but localized aquifers could
groundwater reserves are 

Further studies for the Kaarta operation and a three-year study
be exploited. 

by the Federal Republic of Germany for the Terekol&-Kolombine-Lake Magui 

region will provide baseline information on streamflow and water resources 

which Is nowi lacking. Village wells, typically placed in alluvium and col­

supply and quality (livestock may use the
luvium, are not deep and water 


same source) are major concerns to villagers.
 

13. 3. 5 	 TERRESTRIAL RESOURCES 

13.3.5.1 	VEGETATION 

Savannah vegetation, characterized by singly occurring trees (es­

bushy scrub and seasonal grasses, varies in
pecially baobab and acacia), 


seen as bands of lusher vegetation near
 
type with depth to water table, 


watercourses, and with rainfall, shown by increased tree density in the
 

southern zone.
 

Among the species present and protected by Mali's Code Forestier
 

are Acacia albida and Acacia senegal. Ronier palm, also protected, may be
 

found in selected areas,
 

13.3.5.2 	 FORESTRY
 

The route passes through the Classified Forest of Nioro and other
 

areas considered part of the classified or protected forest domain under the 

Commercial exploitation of trees
Malian Code Forestier (explained at F. 5.2). 


but cannot be enforced; typically trees are cut by

is regulated by permits, 


areas.
entrepreneurs to sell for firewood in urban 

Within the Sahelian zone, the practice of 6branchage, the uprooting 

is illegal. Done in order to
of trees 	or stripping and tearing of tree limbs, 
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fced livestock, the practice causes death and injury to trees, but its control is 

impossible to enforce, In the same zone, special fire restrictions apply. 

Although fires have traditionally been set to favor growth of palatable grasses 

and improve range, careless and accidental fires are thought to be more 

common and can destroy range land, if set at the wrong time of year. 

Reforestation is planned by the Kayes-Nord and Operation Kaarta 

projects; the Federal Republic of Germany is sponsoring a greenbelt program 

around Kayes and establishing nurseries, The clearing of firebreaks to dis­

courage large-scale spread of fires forms a major component of the Kayes-Nord 

livestock project. 

13.3. b.3 WILDLIFE 

Limited wildlife information indicates that protected birds likely to 

be present are vLltures, calalos and spatule herons; protected mammals in­

clude gazelles and oryx. Wild boar, weresmall mammals and lizards observed 

during field reconnaissance. Hunting has been forbidden in the zone because 

of diminishing wildlife populations, 

13.3,6 POPULATION 

13, 3,6.1 CCOMPOSITION AND DISTRIBUTION 

The population within the road's zone of influence, including the 

branch to Yeliman6, numbers around 246,000. Its distribution by administrative 

district is shown in Table 13-1. The absent population (included in "popula­

tion de droit") is from 2.5% to 5% of the population present and predominantly 

male. Visitors (included in "population de fait") constitute 1.5% to 2%. Some 

nomadic population appears to be included in the census statistics; based 

upon estimates made for Kaarta, nomads could increase the population by 15%. 

Average population density in the zone (Kaves excluded) is 12 persons per 

square kilometer, but is unevenly distributed and is largely influenced 

by availability of water supply, Based upon nationwide statistics, the birth 
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Table 13-1
 

Distribution of Population in Zone of Influence
 

By Administrative District
 

Total Population 

Administrative in District 
Population Population 
De Droit De Fait 

Kayes Cercle 
Kayes Commune 
Kayes Central 
Lontou 

44,700 
19,900 
10,200 

44,500 
19,100 
10,100 

S6gala 
Remainder Kayes Cercle 

30,500 
102,800 

28,800 
100,000 

Total 208,100 202,500 

% of Cercle Pop, served 38% 

%of Zone Pop. in Cercle 

Yeliman6 Cercle 
Yeliman6 Central 33,400 33,200 

Kiran6 17,600 17,100 

Marena 6,100 6,100 

Tambakara 17,100 16,900 

Remainder Yeliman 6 Cercle - -

Total 74,200 73,300 

% of Cercle Pop. served 59% 

% of Zone Pop, in Cercle 

NioroCercle 11 

NioroCommu 11,600 11,400 

Nioro Central-: 33,000 31,900 

Bema 23,100 22,800 

Gavinan6 22,600 21,800 

Gogui 6,500 6,500 

Lakaman6 12,800 12,700 

Sandar6 10,200 10,400 

Simbi 9,000 8,700 

Tourougoumb 6 

Remainder Nioro 
18,300 
53,800 

17,800 
52,100 

Total 200,900 196,100 

% of Cercle Pop, served 48% 

% of Zone Pop. in Cercle 
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Estimated Population 
in Zo of Influenc, 
1976 19802 

45,000 56,500 
4,000 4,400 
2,000 2,200. 

26,000 28,900 
--

77,000 92,000 

35% 

28,000 29,400 
4,000 4,200 
6,000 6,300
 
5,000 5,400 

--

43,000 45,300 

18% 

12,000 12,000 
32,000 32,000 
6,000 6,000 

18,000 18,000 
1,000 1,000
 
3,000 3,000
 

10,000 10,000
 
4,000 4,000
 
8,000 8,000
 

--

94,000 94,000
 

38%
 



Table 13-1 (cont'd) 

Administrative District 
Total Population 
in District 

Estimated Population 
in Zore,of Inf1uen 

Population Populatiorr2- 1976 -/ 1980 
De Droit De Fait 

Bafoulab6 Cercle 
Diakon 13,600 13,000 10,000 10,600 
Oussoubidiana 25,800 24,900 4,000 4,200 
Remainder Bafoulab6 64,600 63,700 - -
Total 104,000 101,600 14,000 14,800 

% of Cercle Pop. served 14% 
% of Zone Pop. in Cercle 6% 

Total Population 587,200 573,500 246,100 
7%of Cercles Pop. served 43% 
2 of Zone Pop. in Cercles 100% 

~1Z 
Population de droit also called resident population is composed of residents who 
are present and residents who are absent. 

Population de fait is composed of persons physically present at the time of 
enumeration, i.e, residents who were present and visitors. 

Estimated to nearest thousand based upon proportion of arrondissement within 
zone and location of major villages. 

E:trapolated from 1976 population using past annual growth rates: Kayes urban 
at 6,05%; Kayes rural at 2.67%; Yeliman6 at 1.25%; Nioro at -0.05% and 
Bafoulab6 at 1.4%, 

Nioro Commune including town of Nioro du Sahel estimated by Kaarta (ITC 1977) 
as 18,300 and Nioro central as 36,500 to make total of 54,800. 

Source: Ministere du Plan, Bureau Central de Recensement. Recen.,ement General 
de la Population du Mali (1976); Resultats Provisoires. Favrier 1977. 
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is approximatelyrate Is approximately 50 per thousand and the death rate 

120 and29 per thousand. Infaint mortality has been estimated at between 

210 per 1,000 live births and life Pxpectancy is 37 years for males and 

40 years for females. 

13.3.6.2 ElHNIC GROUPS 

Sarakol6, Peul, Bambara, Khassonk6 and some Maur' and a few 

Malink6 inhabit the zone. The Sarakol6 (also called Soninke) are thought 

to be in the majority. Known as travellers and entrepreneurs, they both 

practice agriculture and keep livestock; women play a relatively active role 

in trade and vegetable production. The Peul in the zone are sedentary and 

groups who raise crops and who have a point of attachmentsemi-sedentary 

cycle of transhumance andin a home village. Peul herders move cattle in a 

centeredoften move livestock of other groups. The Khassonke of Mali are 

primarily in the area near Kayes; they are agriculturalists and keep live­

ethnic group encountered in the nine village survey practiced Islam. 

stock. The Bambara, the largest ethnic group in Mall, are a minority in the 

area. They are agriculturalists who raise limited numbers of livestock. Each 

A three­

part class division of society is common to these groups: nobles who control 

land distribution; a casted class of artisans; and less esteemed members of 

"serfs and/or caste". 

13.3.6.3 POPULATION MOVEMENT 

Three types of migration occur: rural-',,rban; seasonal; and long-term 

temporary migration. The past growth rate of urban Kayes at 6,05% per year 

average of 1,4% for the whole First Region. This urban flowcontrasts to an 

is likely to continue as part of the process of modernization. Seasonal mi­

grations occur during the dry season when villagers (predominantly male) 

or the Ivory Coast and work as laborers orseek agricultural work in S6n6gal 

artisans in cities of Mall and larger towns of neighboring areas. Long-term 

temporary migrations of male Sarakol6 to France for four to eight years to 
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work as laborers are followed by return home, marriage and another shorter 

migration abroad before permanent return. This and other ethnic groups also 

move for a few years at a time in other directions (S6n6gal, Ivory Coast and 

other African countries) in response to labor market opportunities. Women 

are not generally among the migrants. Earnings, sent home via postal mandat, 

provide significant capital inflow and journeys to or from the post office are 

an important use of the road. 

Some population movement associated with transhumance occurs, 

but generally herders, rather than populations, move north to Mauritania in 

the rainy season and into Mali in the dry season. Little reliable information 

exists regarding Peul and Maur6 nomads who are known to move within the zone. 

13, 3.7 LAND USE 

Land nearest a village, distributed by the elders, is typically culti­

vated each year and fertilized with manure, Outlying areas of less desirable 

land are farmed less frequently and left to fallow for two to fifteen years. 

Distant lands are cultivated by establishment of hameaux de culture during 

the cultivating season; they may eventually become permanent settlements and 

they provide a way to practice itinerant agriculture. Staple crops ar-) millet, 

sorghum, rice and maize, Peanuts, beans, calabash and numerous vegetables 

and some fruits are also grown. 

The perce-nt of cultivated land area is estimated to be higher in the 

southwestern part of th- zone of influence than in the Kaarta region for which 

statistics are available. Here 3% is cultivated intensively and 10% is mod­

erately or non-intensively cultivated (including fallow). Approximately 9% 

is not utilized; the remainder or dominant use (78%) is rangeland. 

Three types of rangelnd use exist: sedentary stocking and grazing 

on the outskirts of villages; semi-nomadic or seasonal grazing with herds 

moved north and south by shepherds; nomadic grazing along defined paths 

by nomadic groups. Watering points, especially in the Lake Magul sector 
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area and along routes of transhumance, are over­of the Kayes-Nord project 

grazed; estimates of range carrying capacity for Kaarta show the northeastern 

zone (Gavinan6, Nioro, Gogui, Tourougoumb 6 ) especially subject to over­

grazing. 

The number of cattle within the zone is estimated for 1980 at 195,000 

and the number of sheep and goats at 319,000. Translated into tropical animal 

units (UBT) this number of animals is equivalent to an average range use of 

8.3 hectares per animal unit (12 animal units per square kilometer). The carrying 

capacity of parts of the range is judged by Kayes-Nord and Operation Kaarta to be 

somewhat larger than present use, if redistribution of cattle from points of 

concentration can be .mplemented. Without redistribution or reduction in 

in many areas exceeded or precariously closestocks, carrying capacity is 

to excess, especially in a dry year. 

13.3.8 ECONOMIC CONDITIONS 

of influence is based upon agricultureThe rural economy of the zone 

toand livestock production. The estimated annual per capita income is $45 

$50. Women and men each cultivate specific crops (see Appendix G) 

onions and ladle gourds. Wagebut women specialize in okra, tomatoes, 


labor is employed during the cultivating season, an occurrence believed to
 

stem from the long-term absence of young men. Av tilability of labor constrains
 

agricultural production, largely dependent upon the short-handled hoe.
 

Less than 1% of the active or working ,opulation is engaged in non­

agricultural employment, but the rural population engages in home industries
 

weaving and cloth dyeing and other artisanal pro­such as pottery making, 


typically the artisans; division of labor between
duction. Casted classcs are 


men and ', i varies with ethnic groups,
 

The products of home industry (dyed cloth, calabash bowls, mats 

and fans) and excess agricultural production are sold in t.,e markets of Kayes
 

or Nioro or in the weekly markets of villages. Women play an especially
 

13.11
 



active role in commerce, 

Grain sales are officially controlled, but a strong parallel market 

exists, including clandestine sales to Mauritania. The farmer in an isolated 

zone such as this one, according to the Club du Sahel report on grain mar­

keting (CILSS/1977), is especially disadvantaged. The costs and risks of 

shipping mean that, in a good year with falling prices, the supply may not 

be absorbed by the parallel market or is sold at a low price by the farmer. 

In a bad year, the farmer in an isolated zone may pay higher parallel market 

prices in order to buy grain, 

Livestock are sold when villagers need money and herds are not 

managed for production and sale. The numbers of cattle needed for year­

round lactatioi, the vulnerability of cattle to disease or death, the use of 

older animals to manage herds and the role of cattle as an inflation-proof 

investment, make livestock sales a complex affair governed by social custom 

and environmental conditions. For instance, movement of cattle over common 

range both keeps them away from fields during the growing season and allows 

owners to respond to variations in rainfall and available pasturage. Special­

ized merchants gather livestock from herders or at collecting markets. After 

regrouping, cattle are walked to Kati or Kayes (with a loss of about 10%); 

sheep and goats are sometimes trucked but are mostly walked. 

13, 3.9 SOCIAL SERVICES 

Health conditions are poor; health facilities are inadequate, under­

staffed and undersupplied, 

Poor road conditions affect transport of the ill and absorb adminis­

trative budgets for health in vehicle repair and maintenance. Figure 13-1 

shows the location of medical facilities. The regional hospital at Kayes is 

the principal point of orientation for serious medical needs. In addition to 

the administrative structure of health care (based upon arrondissement dis­

pensaries and regional centers), a USAID rural health project is centered 
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at Yeliman6 to provide low cost health care at the village level. A new 

national strategy for primary health care (Soins de Sant6 Primaires) organized 

around village health teams is now beginning and will emphasize public health 

and preventive care, 

The rate of school attendan:e is not high in the rural areas; and 

nationally the rate was around 24% in 1972--1973. Statistics available for 

tl~e S~gala arrondissement show that for the first six grades the school service 

Officials estimated it generally at 10 kil­radius is limited (see Table 13-2). 

ometers. Attendance beyond the first cycle and at lyc~e typically requires 

home in the rural. area because of the distances involved.absence from 


Figure 13-lalso illustrates school locations in the zone of influence.
 

Extension services for agriculture, livestock and literacy currently 

originate through the three principal development projects in the zone. 

13. 3. 10 DESERTIFICATION 

to indicate how much desertificationNo statistical data is available 

exists within the zone. Overgrazing, fires and deforestation do occur and 

these are precursors to desertification, Causes of desertification have been 

linked to herding and livetock management practices and to the "tragedy of 

the commons" or the unchecked exploitation of a free resource. This ex­

planation has led to a policy focus on cbhnging the social organization of 

the livestock sector and the common use of rangeland. Some climatologists, 

however, argue that desertification is part of a long-term climate change; 

others link desertification to increases in the earth's reflectivity, affected 

by the increasing proportion of cultivated land, which alters rainfall patterns. 

Some social scientists stress as causes the impetus of development which has 

removed taditional constraints, such as water and disease, altered livestock 

practices and compressed available rangeland. Despite differences in theory 

and policy, the trio of deforestation, fires and overgrazing, can be seen as 

three changes to be avoided in order to combat desertification. 
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Table 13.2
 

Attendance Statistics for Schools of First Cycle
 
in Segala Arrondissement
 

Location 	of Schools No. of Studen's/ Distance 
in S6 gala Arron- Villages Sending No. of Eligible Ethnic to School
dissement Students 	(5 highest) Children Group in Kms. 
So ;11a S6gala 75/92 Peul
 
(1 68 students) S6galaba 
 52/60 Bambara 

Kalaou 4/23 Sarakol6 3 
Marena-Diomboko Marena Diomboko 79/107 Sarakol6 3

(159 students) Ma-lina-Kouta 26/31 Khassonk6 3
 

Doro 18/18 5 
Kabat6 16/16 Peul 12 
Niamiga 20/63 8 

Koniakary Koniakary 109/175 Peul 
(199 students) Miarintoamaniya 20/25 5 

Gouvel-Smaba 30/22 3 
Tintiba 15/32 8 
Oussoubidiana 25/57 	 Khassonk6 7 

Source: 	 G.0, M. Inspection de 1'enseignement fondamental de Kayes. 
Rapport de rentr6e: Ann6e scolaire 1978-1979. 

13,3. 11 	 CULTURE AND HISTORY 

Traditional modes of 	production and social organization remain in 
the rural 	area, despite the emigration of young men,who return to assume tra­
ditional roles, Modern medical and
care 	 access to education, however, are 
concerns 	of villagers, Villages are also receptive to other innovation and
 
noted that they were interested in better implements 
than the daba or short­
handled hoe, in purchasing vehicles and in marketing more produce (see
 

Social Soundness Analysis), 

History, 	 the tracing of lineage and pride in ethnic group and clan
 
are important features of Malian 
culture, 	 The griots or storytellers perpetuate 

oral history and the clan's conventional wisdom. Superstition, although in­
quired about in the 
survey of villages, was not much revealed, Administrative
 

officials 
and published materials indicate that traditional practices , super­
stition surrounding the appropriate places for childbirth and female excision 

do exist.
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13.4 CONSTRUCTION IMPACTS OF PROPOSED ACTION 

13.4.1 	 INTRODUCTION AND SUMMARY 

The proposed action includes alternative options for design stand­

ards. These options, defined in Chapter 2, were subsequently analyzed for 

physical and economic feasibility. The magnitude of the impact can be con­

sidered greatest for a paved road, somewhat less significant for a laterite 

gravel road and least for a low cost upgrading, but are not greatly different 

for construction related impacts. Mitigative measures, where appropriate, 

are incorporated into the topical discussion of impacts. 

The construction phase will last four years In all with each of the 

three segments of the route requiring a two to three year construction period. 

Capital-Intensive equipment methods will be utilized and temporary work 

camps will be located along the road. Negative construction impacts are 

quite limited and can be mitigated through guidance to the contractor in the 

location of work camps and uses of the environment. Positive construction 

related impacts will flow from additional employment and spending in the 

construction sector. 

13.4.2 	 CLIMATE AND AIR QUALITY 

Construction impacts on air quality will be localized. The use of 

heavy equipment and the process of construction itself will generate dust 

and fumes, but should not fundamentally degrade air quality. No construction­

related impacts on climate should occur. 

13.4. 3 	 PHYSIOGRAPHY, GEOLOGY AND SOILS 

The construction process will alter microtopography, but no major 

cut and fill operations are anticipated. The extraction of laterite borrow 

material from areas near the road (see Chapter 3 for locations) will produce 

shallow pits and disturb some vegetation. Where depressions result, the 
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can be mitigated by requiring contractors to
potential for stagnant water 

should be consideredinstall proper drainage. Replacement of vegetation 

according to the specific conditions of the borrow site and relative cost and 

not likely to be generally warranted. Some localized ease of doing so, but is 

to the route will also occur.alteration of soil profiles adjacent 

13.4.4. HYDROLOGY AND WATER RESOURCES 

Minor, temporary water quality alterations will occur during bridge 

as the result of increased sediment pro­and ford constructionAehabilitation 

duced by disturbance to soils and vegetative 	cover. Impacts will be modest, 

the dry season. Embankmentif construction is scheduled primarily during 

These limited, negative effects
protection will also help deter slope erosion. 

the construction phase.should not endure beyond 

are established along theWater use will increase when work camps 

to avoid
road. It is recommended that contractors dig their own wells in order 

tapping the limited number and capacity of wells serving the resident popula­

must also be carefully met.tion. Water requirements for road construction 


are underway for the Lake Magui-Terekol6-Kolombind
Water resource studies 

results of these should guide identification of suitablevalleys and for Kaarta; 


water sources for road construction.
 

13.4.5 TERRESTRIAL RESOURCES 

13.4.5.1 VEGETATION 

Impact on vegetation during construction will be minor since the
 

road will largely follow existing alignments. Where reconstruction may
 

more than occasional removal of vegetation, 	 particularly trees,require 
re­

species (Acacia albida. Acacia senegal,planting is recommended, Protected 


Ronier Palm) should be avoided. The location for work camps should be
 

cover.

chosen to minimize new clearing of land or destruction of vegetative 
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Once work camps are dismantled, replanting or reseeding should be con­

sidered where cover has been extensively altered. 

13.4.5.2 FORESTRY 

While work camps are in operation, the felling or pruning of trees 

for firewood should be discouraged in order not to exacerbate the deforesta­

tion already occurring. Where trees are cut, replanting should be done. 

Where reconstruction of the route will require traversing the Foret Class6e de 

Nioro, replacement of trees taken is aidvised; the number of trees affected 

will be small in this forest. Advice of the Service oi Eaux et Forets should 

be sought to minimize effects and to establish guidelines for replanting. 

13.4.5.3 WILDLIFE 

During construction, impacts on wildlife will be minor since the 

disruption will occur along an existing road corridor and will not to any sig­

nificant degree reduce or remove unique or scarce habitats. Laborers should 

he advised of the prohibition against hunting and the restrictions should be 

enforced by the contractors in order to avoid creating additional huntLing 

pressure on wildlife. 

13. 4. 6 POPULATION 

A temporary influx of 300 persons, lodged in several work camps 

along the route, will occur in any Dne year during the construction period 

over the entire route. Construction for a specific segment will involve 

about 100-150 workers in a particular camp at any one time. In order to 

avoid competition for resources or conflict with villagers' activities (see 

also 13.4.3 and 13. 4.5), camps should be self-contained. 

No major construction-related dislocation of population is anticipated. 

W'idcning or realignment of the road will require the taking of few houses (pos­

sibly none), Provisions should be made to pay owners costs of house recon­

struction, 
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13.4.7 LAND USE 

use will be modest if precautions inConstruction impacts on land 

realignment is limited.work camp locations are taken and assuming road 

lands of a village are disrupted due to realignment, costsWhere cultivated 

of the crop or a token payment for the land disrupted should be made. When 

versus fields, villagers showedqur'stion,(. regarding dislocation of houses 

an ambiv ,nce Jn the matter. Since cultivated lands nearest villages are 

often the best lands, care should be taken to minimize the use of such land. 

anticipated.Interference of construction with grazing activities is not 

13.4.8 ECONOMIC CONDITIONS 

Benefits of employment generated through construction work will be 

over the four year period. Thein the c-der of S 1 to 2 millions for local labor 

purchase of supplies in Mali to support the construction project will reach a 

similar magnitude. These benefits will accrue to Mali workers and to Mali 

businesses, but will not necessarily be concentrated in or spent in the road's 

hired locally and some purchaseszone of influence. Some villagers will be 


will be made locally, both for the project itself and by construction laborers.
 

The bulk of labor is likely to come from Kayes and the First Region. 

of $44 million (at $50 per capita),Given an annual estimated regional income 

labor representsthe expenditure of $250 to 500 thousand per year for local 

one percent or less of the regional income. If laborers are drawn principally 

the Kayes urban area and other portions of the road's zone of influence,from 

expenditures on labor would represent approximately 2% to 4% of the zone's 

income, 

13.4.9 SOCIAL SERVICES 

on access to or availability ofNo construction related impacts 


services are anticipated,
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13.4.10 DESERTIFICATION
 

No construction-related impacts on desertification are likely to 

occur. 

13.4.11 CULTURE AND HISTORY 

In the nine villages along the route where inquiries were made, 

villagers reported that no places of special religious, cultural or symbolic 

inquiriesimportance were located adjacent or close to the route. Additional 

should be made where realignment or significant widening is necessary to 

ensure no disturbance of special places. Field reconnaissance indicated 

that in some villages cemeteries were located close to the route; in parti­

cular, these should not be infringed upon. 

No archaelogical investigations were performed; however, histories 

settlement in and around Nioro. Contractors shouldof Mali indicate the long 

be alerted to the possible presence of archaelogical finds. Prior to construc­

museum andtion the contractors should establish contact with the national 

other interested parties in order to provide adequate procedures for meeting 

this eventuality. Because of the great pride which Malians take in the 

history of their country and in their lineage, this precaution is considered 

culturally desirable and important. 

13.5 LONG-TERM IMPACTS OF PROPOSED ACTION 

13.5.1 INTRODUCTION AND SUMMARY 

Long-term impacts attributable to improvement of the road are 

directly traceable impacts, both primary and secondary. Secondary conse­

quences, in particular, depend upon and assume the existence of other 

development projects in the road's zone of influence. Section 13.6 deals 

with generic and indirect linkages of the road to development projects and 

spin-off consequences, not directly traced to the road but nevertheless 

related to it. 
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The principal impact of the road will be the amelioration of access 

accompanied by a decrease in transport costs. Improved access will improve 

service delivery to the rural population will permit villagers to seek ser­

vices more ,:asily and less expensively in larger villages along the road and 

will provide opportunities for villagers to obtain specialized services in the 

regional centers at Kayes and Nioro. The road will facilitate and reduce the 

cost of transport for agricultural products to and from markets and enhance 

the ability of villagers to travel to urban areas and other countries for 

seasonal employment. 

While an improved road by definition provides improved access, it 

is not always clear that a rural and traditional populatioin will be receptive 

to or avail itself of altered opportunities. Based upon structured interviewing 

conducted in the nine villages in or near the route (see Appendix G, Soclo-

Environmental Survey), villagers of all ethnic groups, representing both 

agriculturalists and sedentary pastoralists, now use and depend upon the 

route. Villagers will welcome the lessening of travel time, decreased travel 

cost, diminished travel fatigue and reduced damage to goods provided by an 

improved road. Furthermore, villagers are likely to respond to these improve­

men~s by reinvestment in the agricultural and livestock sectors and by in­

creased production of goods. 

Mitigative measures to alleviate negative effects are discussed in 

the text where appropriate. 

13. 5.2 CLIMATE AND AIR QUALITY 

The vehicular traffic is projected to increase significantly over 

present levels (5 - 30 per day according to segment). This additional traffic 

of about 100 vehicles per day (averaged over the road and over the economic 

life of the project) is insufficient to make air pollution a serious issue. 

The road itself will bring about no long-term impacts on climate. 
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n 
the variability in rainfall and the amount of evapo-tranSPirati

Although 
projected increases 

constrain development of agriculture without irrigation, 

for the climatic condition of the region.
in yields are feasible 

GEOLOGY AND SOILS
13. 	5.3 PHYSIOGRAPHY, 

a localized positive impact by
In the long term, the road will have 

the erosion which currently exists 
better controlling the runoff and,in turn, 

scour through
and along the road. For example, the control 	of ditch 

on 


properly designed catch basins and properly sloped and
 
relief culverts, 

Design attuned to topographic
ditches will improve drainage.maintained 

of slope stability and diminish un­
features will also favor the maintenance 

where lacking,should be established,Vegetative covercontrolled runoff. 

would also contribute positively to
Revegetationto help stabilize soils. 


of long-term roadside maintenance.
the ease 

13.5.4 	 HYDROLOGY AND WAiER RESOURCES
 

on water quality are not anticipated

Long-term negative effects 

to the current condition of the
By comparisonbecause of the road itself. 


road and its bridges and fords which encourage erosion, improvements 
to 

to reduced 
existing road drainage and embankment protection should lead 

and rivers of the drainage basins 
sediment load in the intermittent streams 


through which the road passes.
 

RESOURCES13.5.5 TERRESTRIAL 

13.5.5.1 VEGETATION 

Modest long-term impacts on vegetation will result from increases 

in the amount of land under cultivation (see 13.5.7). 

13.5.5.2 FORESTRY 
the road is expected to increase the 

Because of easier access, 
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amount of deforestation by making exploitation of wood in the road's vicinity 

easier and more profitable. This effect has been observed when access has 

been improved in other areas (Service of Eaux et Forets, Personal Communi­

cation 1979). Similarly, the increased traffic on the road will increase the 

risk of accidental fires through carelessness. It should also be stressed 

that deforestation is among Lhe most important natural environmental concerns 

voiced by the Government of Mali and is also of concern from the general per­

spective of desertification in the Sahel. The Service of Eaux et Forkts sua­

gests that all actions in the Sahel favor the regeneration of natural vegetation. 

Control of woodcutting will be extremely difficult through enforce­

ment of laws, given available personnel. In order to mitigate probable 

deforestation, therefore, a program of reforestation along the road is recom­

mended. The Service of Eaux et For ts recommends that a band of trees 

15-20 meters wide be planted on both sides of the route. Nurseries under 

the direction of the Service of Eaux et For~ts can supply seedlings, if labor 

to plant trees can be provided. Specific areas, especially those where de­

forestation has occurred, should be selected as initial targets in a pilot 

program. The program will need to be accompanied by an educational program 

among villagers whose participation in tree planting can also be enlisted. 

Such :. program would emphasize the soil and water conservation values of 

trees in order to discourage destructive woodcutting and to involve villagers 

in helping to prevent illegal forms of commercialized exploitation. An ex­

panded program could include establishment of areas planned for the purpose 

of commercialized wood production. This concept of a pilot program for 

route reforestation should be further refined during the course of design work 

for the road. Its implementation during construction for the road is recom­

mended in order to reduce mobilization and equipment expenditures for such 

a program. 

In order to deter the spread of accidental fires, trees should be 

planted well back from the route and the shoulders and ditches of the road 
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should be kept clear and free. A wide and clear right of way 	will also act 

as a forest fire barrier. While prevention of accidental fires will be difficult, 

to the truckers association and village elders
distribution of information 

should also be attempted. 

13.5.5.3 	 WILDLIFE 

provided by the route is expected to increase the
The easier access 

Like forest fires and exploitation of wood,
aImount of hunting and poaching. 

In this case, the distribution of 
these effects will be difficult to control. 

information to transporters 	and village elders is recommended. 

13.5.6 	 POPULATION 

of influence is
Current total population of 240,000 within the zone 

rate of 2.3% per year, an increase of 0.2% over the
expected to grow at a 

The increase in population will come
calculated past growth rate of 2. 1%. 

lowering of the death rate, especially the infant mortalityprimarily from a 

access to health care.
 

rate, because of significantly better and year-round 


of influence of approximately 189,600

The rural population within the zone 


an increase of

is expected to experience a 	growth rate of 1.2% per year, 

0.30% over the past growth 	rate of .90%. The decrease in death rate is 

proportionally higher for the rural population considered by itself than for
 

was
the entire zone of influence, since no decrease in death rate assumed 

for the Kayes urban area. 

are not projected. While inChanges in birth rate due to the road 

the long run a decrease might occur as the population has better access to 

such a change in social patterns
birth control and undergoes development, 


but to more general structural
should not be attributed to the road per se 


changes in society brought about by increased economic well being,
 

and education.
monetarization of the economy, 

expected. MigrationSimilarly, no changes in migration rates are 
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already occurs for underlying economic and social reasons and the existing 

road is sufficient to permit its accomplishment. It is also difficult to pre­

dict whether migration might increase or decrease due to an improved road. 

The road, on the one hand, makes outmigration from the zone of influence 

cheaper and psychologically more attractive, but it will also, on the other 

hand, make staying Li the zone more attractive because of the increased 

income available due to improved and cheaper marketing and enhanced agri­

cultural production. 

Temporary migration for work during the dry season Is expected to 

continue as it has in the past. The financial benefits flowing to those who 

migrate for seasonal work will increase; individuals' travel costs will 

diminish by approximately one-third to one-half (depending on design option 

chosen) per person per trip. 

The improved road itself should not alter nomadic population move­

ment. Statistics regarding nomads are elusive, as pointed out in Appendix F, 

Section 6. 

Modest or minor redistribution of population within the zone of in­

fluence can be anticipated. Typically when access is created, but also when 

it is improved, settlements move closer to a road. Since the road already 

exists and is passable nine months of the year and since feeder roads as part 

of the Kaarta project will also improve access to the main road, this effect 

will be moderated. If paving is chosen for the Kayes-Dialaka segment, the 

ince-itive to relocate there is likely to be greater. Villgne relocation can 

have negative effects if conflicts with other ethnic groups over land tenure 

and grazing rights or competition for resources result. This impact will 

depend on where resettlement occurs, but the low density of population and 

distant spacing of villages should allow for movement without such conse­

quences. To the extent that villages find it in their interest to relocate and 

are successful in doing so, they will reap economic benefits. The distance 

and price paid for transport of products to be sold and of inputs and goods 
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to be purchased will diminish and their relative income should increase. 

Monitoring the extent of these effects is recommended in order to provide a 

basis of comparison for future road improvements In Mali. 

13.5.7 LAND USE 

13. 5. 7, 1 AGRICULTURAL LAND USE 

.
increase in area cultivated;- The Kaarta
The road will accelera te an 

project has projected increases of from one to two hectares per farm unit by 

ethnic group. These increases will be achieved sooner and -ill be larger 

Some increases in area cultivated are anticipated in thebecause of the road. 

other portions of the zone of influence, For the entire 15,700 square kilometers 

6% by year 2005 can be accommo­in the zone, this change from 3,8% to about 5 ­

dated by shortening the fallow period on now less intensively cultivated lands.
 

The lowered costs of transport for agri ultural products and inputs 

to produce them will raise the ex-farm prices and hence the net income 

derived from agricultural products by the farmer. Within the limits set by 

some of this added income will be investedthe constraints of available labor: 


Some of the added income will also he invested inmate­in new land clearing. 

rials such as seeds, pesticides and fertilizers and will permit significant in­

creases over vresent yields, Furthermore, a relatively greater proportion of 

as market­cultivated lanef will be devoted to vegetables and other cash crops, 


ability of such products will become more beneficial.
 

More detailed explanation of these changes can be found in the 

to these economic changesFeasibility Analysis. That villagers are recept4ve 


is summarized in Section 13.5.8 and is explicitly treated in the Social Sound­

ness Analysis
 

Because of the availability of land suitable for cultivation over and
 

above the amount currently cultivated, increased agricultural land use should
 

Because of the relatively
not significantly create conflict over rights to land. 
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total land and in comparison
small proportion that agricultural lands are of 

use should not alter rangeland uses. 
to grazing lands, increased agricultural 

while estimated as an average for 
These changes in agricultural land use, 

will not be evenly distributed. One can expect
the road's zone of influences, 

in the northern and Kaarta portions of the 
greater relative changes to occur 

transport savings are 
route where additional net income will be larger as 

near Berra and in Tourougoumb6
gieater. Agriculturally better suited lands 

project and lands of the river valleys in the southwestern portion
of the Kaarta 

are likely to be the locus of change. 

USE13.5.7.2 	 PASTORAL LAND 


amount of land devoted to

The road itself will not radically alter the 

except by the small increase in land used for agriculture. To the 
grazing, 

to reinvest in livestock, herd sizes willincomeextent that farmers use their extra 

not expected to be large nor necessarily to exacerbateincrease. This increase is 


same time, development projects will be encouraging

overgrazing. At the 


structure of herds and iicreases in the off-take rate and
 
changes in the age 

modifying grazing patterns to reduce concentrated use near watering points. 

13.5.8 ECONOMIC CONDITIONS 

GENERAL ECONOMIC CONDITIONS AND EMPLOYMENT13.5.8.1 

The rural economy of the road's service area is expected to improve. 

Per capita income will about triple within the project life, based upon changes 

in the production and marketing of agricultural and 	livestock products. 

is likely to lead to greater specialization in
The improved access 

Most employment, however,
marketing by some members of the labor force. 

will continue to be concentrated in the agricultural 	and livestock sectors. 

use of
Expansion in agricultural production may lead also to the 

case. 
more hired labor for cultivation and harvesting than 	is currently the 
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of influenceseason within 	the zone
Obtaining hired labor during the rainy 

with better access. For these laborers, as well as for 
will be facilitated 

season to seek seasonalthe zone of influence in the dryresidents who leave 
savings.

employment, 	 the lowered transport costs will represent a financial 

The improved road is not likely to cause a major change in the 

nor in and of itself promote the 
development of artisanal and home industry 

has the potential
development of cottage industries. the roadIn the long run, 

for making cottage industries (weaving, cloth dyeing, straw mats, calabash 

can
feasible and greater specialization in these activities

bowls) more some 

be devised towards this end. 
be expected gradually, should programs The 

The lack of significant tourist attractions 
road will not stimulate tourism. 


and of any plans to develop them in the zone of influence make tourism a
 

remote and 	unlikely possibility.
 

areas via 	the existing
Males already seek out employment in urban 

a .. arginal and incremental impact
road. The 	improved road will have only 

to urban employment opportunities. Lirkages of the road to other 
on access 

which will increase employment opportu ities, will have a more 
projects: 

patterns.significant 	effect on employment 

13.5.8.2 	 MARKETING PATTERNS 

to the road 	would have
Villagers interviewed felt that improvement:; 

marketing. Villagers zpecifically noted that 
a direct and positive impact on 

easily and would have greaterto market goods morewomen would 	be able 

do so once the improved road shortened the journey and made 
incentives to 

on women). Ex­
less costly. 	 (See Social Soundness Analysis for impactsit 

to increased
pansion of 	commerce is likely to have induced effects leading 

monetarization of the economy. 

an improved road, villagers noted, allows the market-
Additionally, 

instead of the dried commodity by reducing
ing of fresh produce, such as okra, 

Villagers indicated that they would be stimulated to grow more cash 
spoilage. 
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crops, since a good road permits the marketing of these crops. Villagers 

also felt that they could more easily and cheaply purchase consumer goods 

in Kayes or in their local market. Some felt that investments in trucks would 

be justified, given the longer vehicle life and lower vehicle maintenance 

costs. In the extreme northern portion of the zone of influence, west of 

Yeliman6, dry season travel to Kayes will favor the direct route. In areas 

of the zone close to the Bamako road, an orientation to Bamako will continue 

to prevail. Nevertheless, the road will make economic orientation to Kayes 

more likely. 

The benefits will flow more to those of the Sarakol6 ethnic group 

than to others, not only because they are dominant but because of their 

greater involvement in production and trade of agricultural products. An 

inquiry of merchants made by ODIK (1979) in Nioro revealed that about half 

were Sarakol6 and a quarter Peul. Peul specialized in the sale of meat and 

milk whereas only Sarakol6 in the Nioro market study sold peanuts and millet. 

13.5,8.3 AGRICULTURAL PRODUCTION 

Increased agricultural production is one of the most significant 

impacts of the improved road. These benefits are mostly due to reinvestment 

from higher ex-farm prices reaped as a result of reduced transportation tariffs 

The larger the transport cost savings the higher the ex-farm prices and the 

greater the impacts. These impacts have been previously discussed at length 

in Chapter 11. Villagers were receptive to acquiring new tools, plows, and 

even tractors in one instance and indicated willingness to increase production. 

13.5.8.4 LIVESTOCK PRODUCTION 

The improved road will result in some increase in livestock pro­

duction for the same economic reasons that apply to agricultural production; 

however, only a fraction of livestock off-take will be marketed over the 

road. Social factors in livestock practices will continue to limit the mar­

keting of livestock, The impacts on livestock production have already been 
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discussed at length in Chapter 11. 

13.5.9 	 SOCIAL SERVICES 

13.5.9.1 	 HEALTH 

Improved access to health care facilities principally in Kayes, but 

also in Nioro, is considered by villagers to be a major benefit. In this particular 

instance the road is virtually creating new access to specialized medical ser­

vices. The road's condition is now so poor that the condition of the ill person 

is aggravated or the voyage so prolonged that the patient dies. From the view­

point of villagers, transport to hospitals is particularly important since clinics 

in the arrondissement centers are viewed as understocked and understaffed. 

Improved access will permit medical personnel to reach rural health 

facilities in order to take care of emergency situations and to carry out 

training and will make transport of medicines easier (Keita, Regional Director 

at Kayes Hospital, Personal Communication, 1979). Overcoming the difficulty 

of transport is perceived as essential to delivering better health care. 

costs for health care will also be reduced. Trans-Administrative 

portation cost savings, while small in comparison to the economic benefits 

of the project, will be significant to the budget of the existing health services. 

Vehicle equipment and maintenance have absorbed from one-quarter to one-half 

of the administrative budget for health care. 

The new Malian strategy for primary health care will also benefit 

from the improved road access by allowing villages to be reached less expen­

care teams.sively and by permitting communication among primary health 

13.5.9.2 	 EDUCATION
 

The 1978-79 report on primary education in the circle of Kayes sum­

marized the administrative problem of transport and education: "Transport
 

infrastructure in the First Region does not permit a vehicle to last very long.
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Routes and tracks are everywhere full of holes or so extremely rough that 

vehicles are 'killed' in record time." Providing technical assistance and 

supplies to rural schools has become a difficult problem and has impeded 

effective overseeing of the schools, a problem which the improved route will 

help to overcome. 

The improved route is unlikely to change access of students to 

education at the primary level or first cycle of six grades, since the service 

radius of 10 kilometers will not change and students will continue to walk. 

Both the lack of sufficient schools and sufficient teachers for the rural popu­

lation are a more limiting factor than the current road conditions. The new 

route will facilitate access of first-cycle students and teachers to exam 

centers in the region. 

The Kayes-Nioro route and the extension to Yeliman6 will be bene­

ficial to students who are eligible and able to go beyond the first six grades. 

Schools offering instruction at the secon-1 cycle level are located at Kayes, 

Segala, Sandar6, Yeliman6 and Nioro. Students typically live away from home, 

with relatives. Because of the road's condition, the length and the cost of 

the trip, studenLt do not now visit home frequently, may be unable to return 

to school according to schedule and/or may be less likely to continue their 

education. The improved road will reduce these disincentives and permit more 

regular visits home, a benefit noted by villagers interviewed. In the long run, 

the availability of reliable access may encourage attendance by a greater 

number of children. 

Students attend lyce6 wherever there are available places and not 

necessarily in Kayes, a condition which requires long absences and infrequent 

visits home. The improved route will shorten the journey and allow more fre­

quent contact with the home village. 

12.5.9.3 EXTENSION SERVICES 

The availability of extension services for livestock and agriculture 
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will improve by diminishing administrative transport costs and absorbing less 

While these impacts cannot be readily
time of extension workers in travel. 

to development projects and in turn will
quantified, they will have linkages 

support the changes in agricultural production and livestock raising promoted 

The road will also support other types of extension services 
by the projects. 

I
 directed at changing rural and traditional attitudes.
 

13.5. 10 	 DESERTIFICATION 

The road itself will neither significantly accelerate nor decelerate 

can be located to suggestNo reliable quantitative informationdesertification. 
se.area will 	promote desertification per

that the small increase in cultivated 

to reduce accidental fires along the
Programs 	of reforestation and measures 

road will 	also help to reduce desertification deriving from these causes. 

The most 	important relationship of the road to desertification lies 

It can be 	argued that the 
with its linkages to other development projects. 

and Kaarta regarding reforestation, firebreaks and 
programs 	of Kayes-Nord 

to reduce overgrazing (by reducing livestock concentration at existing
attempts 

rapid
watering points) are likely to achieve some degree of greater and more 

succeso in combatting desertification because of the greater facility of 

To the extent that these programs are also successful in changing
transport. 

attitudes 	toward livestock raising, increasing herd off-take, promoting 

ownership of lands and reducing transhumance, desertification will be reduced, 

indeed the major causes of desertification.
in the measure that these are

I 
13.5.11 	 CULTURE AND HISTORY 

The impact of the road on cultural dilution was specifically requested 

as part of the scope of work. 

The improved road will, by definition, allow improved access to 

This effect is not categorically different from 
areas where cultures differ. 
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the effect which !s already occurring. Young men travel to France or other 

African countries for employment of a few years duration. This impact has 

not radically changed culture in the region and young men return to a tradi­

tional style of life. The migration phenomenon has indeed been integrated 

into the traditional way of life. 

Villagers interviewed as part of this study were receptive to improve­

ments in their subsistence exisLence. Many villagers were able to point out 

how improved road access would save lives, raise their incomes or in other 

ways enable them to lead a more than marginal existence. Visiting relatives, 

for example, w.ic had previously moved for lack of economic opportunities, 

was frequently cited as an advantage and can be construed as a way of main­

taining cultural ties, now hard or costly to maintain. 

The Office of Social Affairs of the Mali Government specifically 

pointed to benefits of the road which would help to eradicate superstition 

(Dembel, Affaires Sociales, Personal Communication 1979). The improved 

route, it was suggested, carries a social message--that one can come and go 

more easily and the eradication of superstition was viewed as a benefit to the 

growth and development of Malian society. 

The highly regarded tradition of Malians, including those who are 

urbanized, for their ancestors and their roots is known by individuals and per­

petuated by griots (storytellers)and will not be easily eroded by the improve-. 

ment of the road. This tradition has strong cultural roots that are in part an 

identifying feature of Malian society and culture. 

Cultural dilution as a term implies that improved access will attenuate 

traditional cultures detrimentally. Success of the road project will alter tra­

ditional ways of life, specifically by raising income and providing for a different 

type of life. That these alterations might be negative implies a value judgment 

regarding the normative order of society. Cultural change is likely tu occur, 

but the normative values attached to it are not necessarily negative. 
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Thus, these conclusions can be drawn. The relationship between 

resources and the traditional ways of using them and marketing the products 

gained from them will change. These economic and social changes do not, 

however, imply that particular ethnic groups will lose sight of the value of 

their heritaqe. The economic advantages conferred by the ._ad can be viewed 

as consistent with the tradition, particularly of the Sarakol6, which emphasizes 

the entrepreneurial role. 

13, 6 RElATIONSHIP OF THE PROJECT TO LAND USE POLICIES AND PLANS 

This section first outlines the land use policies and plans and other 

development plans to which the project is related, as specified by USAID 

Environmental Assessment regulations, and next discusses the linkages derived 

from the relationship of the project to these plans. 

13.6,1 LAND USE POLICIES AND DEVELOPMENT PLANS 

The Five Year Plan of 1974-78: The plan divided Mali into rural zones 

oriented to the production of a specific crop or containing similar natural or 

agricultural characteristics. The northern part of the Kayes cercle, the 

TheYeliman6 cercle and the Nioro cercle are within the Sahel rural zone. 

structural mechanism for implementation of development plans is the "opera­

tion". The operations are autonomous units coordinating and executing rural 

development and able to obtain direct funding from foreign donors. The opera­

tion is an integrated approach to rural development, not tied to particular 

sectors or ministries. Subsequent to the 1974-1978 plan a number of operations 

foreseen for the area served by the Kayes-Nioro road have been supported by 

foreign donors and other development projects have been conceptualized. 

Since the new five year plan is now in preparation and not yet available, this 

section summarizes available information (obtained from project documents) 

regarding operations and projects in the Kayes, Nioro and Yeliman6 units of 

the First Region, 
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L'Amenagement des Espaces Pastoraux: Kayes-Nord, This project 

for livestock development in the northern pastoral zone of Kayes is an arm
 
of a larger development project for Livestock Development in the Sahel.
 
Funded by Saudi Arabian monies, 
 the five year project aims to: 1) utilize
 

pasture and water 
resources more effectively and develop as appropriate to 

social and physical conditions of the area, zones for cattle breeding and 

fattening; 2) increase revenlie to livestock raisers; and 3) increase export of 
cattle to both Bamako and 36n6gal. The project will seek to reduce over­
grazing in the area and degradation of the range through better management 

and at the same time increase livestock production. 

The Kayes-Nioro road will generally support this project's efforts,
 
particularly those directed to the southeast sector 
(axis of transhumance).
 

An improved road trunk to Yeliman6 
 from Dialaka will support project activi­

ties in the northern sector. Portions of the Kolombin6 sector (west of Yeliman6 
and including Yaguinti, Dionkoulane and Gori) will also be supported by the 

Yeliman6 extension. Although the route will be used for the transport of only
 
a portion of cattle (continued herding of cattle to market is 
 expected), the 
route will assist in getting veterinary services and dietary supplements to the 

northern zones of cattle raising. It will also facilitate communication and
 
access between training or technical assistance personnel and livestock 
asso­
ciations. The road is likely to have a more direct influence on the transport 

of sheep and goats to Kayes where a new slaughterhouse has been constructed. 

O.P.I. - O.V.S.T.M. (Operation Perimetres-Irrig6s-Operation 

Vall6e Senegal-Terekol6-Magui) 

This project has as its goals increased agricultural production and the 
provision of agricultural extension services. Although most activities have 
so far been concentrated in the Irrigated Perimeters near the S6n6gal, the 
project foresees expansion of dryland farming in the sectors of S6gala and 

Yeliman6. The village of S6gala would become the center of the activities 
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The soilssent into surrounding villages.
and from which agents would be 

to S6gala to Yeliman 6 are considered rich 
of the river valleys from Kayes 

high potential for corn production and use of decrue agriculture. This 
with a 

but there are plans for furtherin the past,project has not been well funded 
sector 

development. The road will particularly support activities in the S6gala 

to transport agricultural production and to move 
both by providing the means 

extension agents in the sector, 

onThis operation is geographically centered
Operation Mil-Kaarta. 

square kilometers 
Nioro and the surrounding region. It encompasses 35,000 


some areas outside it. As an integrated

including all of Nioro cercle and 


number of directions: agriculture, livestock, forestry,

operation, it has a 

agricultural and livestock research,
feeder road development, health, literacy, 

The road project will accelerate the 
training and water resource development, 

increases in agricultural production and enlargement of farm units foreseen by 

support the other elements of the operation,
the project. Additionally, it will 


Since the agricultural interventions of
 
particularly feeder road development. 


the existence of an all-weather road
 
occur during the rainy season,Kaarta 

The Kaarta project
which ties into feeder roads will be a significant benefit. 

feeder roads that "without unlocking (opening up)
document states for its own 


of production

the region, it is impossible to organize the commercialization 

and to launch an economy of exchange at the level of agriculturalists and 

statement applies equally well to the Kayes-Nioro
livestock raisers". This 

road. 

This project
Water Resources Study--Federal Republic of Germany, 

development in the Terekol6-Kolombine­
which is investigating water resources 

river basin will provide baseline data and lead to water resource
Lake Magul 


The road will support this project and the water resource

development, 


the number of
 
strategies of other development projects which will increase 


case of the German study, lead to the construction of
 
wells and, in the 

zone of influence. Irrigation
small dams in the southwestern portion of the 
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would help to boost agricultural production which will depend upon the road 

for effective commercialization of products. 

Yeliman6 Rural Health Development Services Project (USAID). This 

project offers a demonstration, low cost, village-based health services 

system and includes training programs for health practioners and supervision 

of health workers in order to utilize community resources to diagnose and 

treat health problems and institute health education. Like any other service, 

the road will support mobilization and implementation and better permit the 

spread effects of communication. 

First Region Pilot Development Project (USAID),. The elements of this 

project had not been finalized at the time of field reconnaissance. Given, 

however, its general emphasis on agriculture and related development, this 

project will be assisted in much the same way as Operation Kaarta. This 

project, because o' its pilot nature, provides opportunities for addressing 

some of the social and environmental issues raised in this assessment and 

in the Social Soundness Analysis. 

13.6.2 LINKAGES AND INDUCED CONSEQUENCES OF THE PROJECT 

The improved road, by supporting existing and proposed development 

projects, is part of a chain of linked consequences. This section illustrates 

some benefits and some problems which could occur. 

Introduction of management practices on lands within the zone of 

influence should be positively affected by the contribution of the road to the 

more successful implementation of ongoing development projects. Reforesta­

tion and fire control, for example, will contribute to reduced erosion and soil 

loss. Development of water resources will overcome a principal limiting 

factor to agricultural productivity, In turn, enhancement of productivity will 

promote even greater use of the road for marketing of agricultural products. 

Plans for agricultural development include the application of chemical fer­

tilizers and pesticides which through runoff will alter the chemical quality 
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extent to which these linkages to development projectsof surface waters. The 

use of water for consumption is both beyond
negatively affect aquatic life and 

the scope of this analysis and not directly the responsibility of USAID. In the 

forestry and wildlife can be
long term, larger-scale changes in vegetation, 

if protective measures,such as reforestation, and if administra­anticipated 

tive support for the conservation of waters and forests do not keep pace with 

the expansion of agricultural land use and the introduction of new techniques. 

Current plans for the livestock sector that call for substitution of more 

formal group control of land for social or clan mechanisms (Kayes-Nord) and 

the sedentarization of livestock herds (Operation Kaarta) may not be socially 

Combined with improvements such as the
successful in the near future. 


over­
digging of wells and veterinary services, increasing livestock herds and 

grazing could jeopardize the natural environment. On the other hand, livestock 

are not totally dependent upon changes in
strategies of development projects 

social organization and increases in herd-offtake may occur as expected. The
 

which aims

achievement of a zonal stratification policy advocated by CILSS, 

to use the northern Sahel as a breeding zone and higher rainfall areas further 

would lead to the development ofsouth as a growing and fattening zone, 


fattening ranches and feedlot operations in the vicinity of Kayes. Such efforts
 

to increased employment in the agri-business sector and in com­would lead 

for which Kayes is particularly well situated
mercialized slaughtering operations 


to serve the export market to S6n6gal.
 

13. 7 PROBABLE ADVERSE IMPACTS 

This section summarizes unavoidable and avoidable adverse impacts. 

Unavoidable adverse alterations principally involve localized changes
 

of soil profiles and microtopography, small increased sediment load in rivers
 

to vegetation in borrow areas during construction. Sound
and disturbance 


construction practices will substantially mitigate these effects. Construc­

tion impacts on wildlife and vegetation can be avoided through requirements
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to local hunting and forestry
placed upon the contractor regarding obedience 

laws or mitigated by replacement of any damage to vegetation. Similarly, careful 

not to interfere with village activities andso asplacement of work camps 


resource use can eliminate adverse impacts.
 

The risk of accidental fires and increased woodcutting are more serious 

and specific mitigative measures have been suggested (see 13.5.5). Mitiga­

tive measures will not eliminate these impacts, although they can redress 

part of the road project in order
them. Reforestation could be conceived as 

one of the more serious envir i­
to make the project contribute positively to 

mental issues facing Mali, 

on people and their means of livelihood are anti-No adverse impacts 

possible. Thesecipated. Selective changes in roles, i.e., of women, are 


as adverse by the culture concerned.
impacts, however, may not be viewed 

In related projects funded by USAID, specifically those oriented to agricul­

the First Region Pilot Development Project, sensitivitytural production such as 


and the role of women is advised.
to the issue of commercialization 

or linked projects upon which theEnvironmental impacts of related 

sinceroad's feasibility depends and vice-versa are not addressed here 


existing projects with such possible impacts are not under the direction of
 

USAID. The proposed First Region Pilot Development Project, however, should
 

pay particular attention to the introduction of pesticides ol insecticides,
 

and the long-term
changes in the use of water and livestock watering points; 


seed materials that cannot be reproduced naturally or

viability of introduced 


at least locally. Changes in agricultural technology (such as deep plows
 

to local soil conditions or may jeopardize
or tractors) that may not be suitable 


or the practice of planting next year's
either the double-cropping of fields 

matter of this year's weeding should be examined. crop in the decaying organic 
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13.8 	 RELATIONSHIP BETWEEN SHORT-TERM USES AND MAINTENANCE AND 

ENHANCEMENT OF LONG-TERM PRODUCTIVITY 

The project is conceived as one with long-term benefits, the full ex­

tent of which are not realized until 2005. The proposed action involves 

relatively few short-term losses (see 13.7) in order to achieve long-term 

gains in social and economic development. No long-term losses involving 

the productivity of the environment are anticipated, The ability of the project 

to realize and maintain long-term benefits will depend upon continued main­

tenance of the road. 

Since the road exists. its improvement to the design options under 

use of the en­consideration does not foreclose future options regarding the 

vironment or its protection. Rather, improvement makes the region more 

accessible to possible uses and to the implementation of goals to diminish 

overgrazing and deforestation. By extending access to health care, the 

project 	brings distinct improvements to the productivity of human lives and 

to the range of human options available. 

13, 9 	 IRREVERSIBLE AND IRRETRIEVABLE COMMITMENTS OF RESOURCES 

The project requires no major irreversible or irretrievable commitments 

of natural or cultural resources. The minor and obvious commitments of re­

sources include those used to implement the project such as construction 

supplies, fossil fuel and laterite borrow material, The alignment once 

improved and resurfaced, becomes a relatively irreversible commitment t­

linear access through the region. It is not likely to disappear as a travelled 

right of 	way, whatever the level of maintenance, but such use of land is not 

an irretrievable commitment. 
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CHAPTER 14
 

FINANCIAL ANALYSIS
 

14.1 GENERAL 

This chapter presents a series of comprehensive disbursement 

schedules for two project options, in both U.S. Dollars and Malian Francs. 

Costs are presented for the road construction as well as the agricultural 

components of the project from 1981 through 1985. The major items shown 

under the road component of the project options are: (1) contractor construc­

tion; (2) force account operations including construction and equipment pro­

curement; and (3) road design and supervision. The major items shown under 

the agricultural component of project option A are: (1) the agricultural opera­

tions and (2) the agricultural program management. 

The analyses underlying the cost estimates were presented in 

earlier chapters, and only the results are summarized herein. The estimates 

have been aerived on the basis of two alternative implementation programs 

(Chapter 4). Should these programs be modified or assumed productivities 

not be met, adjustments would be required in the disbursement schedules. 

The recurrent expenditures of the GOM for project road and bridge 

maintenance over the study period and an evaluation of the Government' s 

ability to carry out the required maintenance are presented in Appendix H 

and Chapter 6,and are not repeated herein. 

The subject of whether or not donor funding would be provided for 

part of the local component costs has net been addressed as many intangi­

bles are involved and their analysis herein could be conjectural at best. 

Furthermore, no comments are made as to the nature of funding - breakdown, 
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between grant and loan. In addition, no attempts were made to partition 

project costs into component parts, readily adaptable for joint financing as 

no data was available and no discussions to that effect could be held with 

GOM officials, although a number of attempts were made by USAID/Mali. 

14.2 DISBURSEMENT SCHEDULES - PROJECT OPTION A 

Table 14.1 summarizes the financial costs in constant 1979 prices* 

for project Option A consisting of the Kayes-Nioro road, the Yeliman6 branch 

and an agricultural component. Using this as a basis, Tables 14.2 and 14.3 

present project costs in current Malian Francs and U.S. Dollars, respectively. 

Costs were inflated from 1979 prices at 10 percent per year. Following is a 

summary of project costs: 

Project Option A 

Costs in Current prices (I.000 U.S.$)** 

Calendar Agricultural Total Project 

Year Road Component Component 1,000$ Percent 

1981 557.5 -- 557.5 1.2 

1982 4,910.0 1,038.0 5,948.0 12o5 

1983 24,097.5 2,294.0 26,391.5 55.6 

1984 10,779.0 1,257.0 12,036.0 25.4 

1985 2,534.5 -- 2,534.5 5.3 

Total 42,878, 5 4,589.0 47,467,5 100.0 

Local Currency(%) 26.7 45, 7 28.6 --

Foreign Com­
ponent (%) 73.3 54.3 71.4 -­

* These costs are equivalent to the economic costs as no shadow pricing 

is necessary and taxes are excluded. 
** Exchange rate is U.S.$1 = 400 Malian Francs. 
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0.0 
0.0 
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0.0 
00 

0.0 

0.0 

0.0 

1.013.5 

T otal 
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0.037. $ 3.33 .0 13.342.$ 

876.0 130.1 1.006.$ 
1,0. j 3L.?0 Lu.B 
1.54.5 467.5 2.52.0 

675.0 0.0 67S.0 
0.0 71-L 71Z-L0J 

675.0 711.0 1.454.0 

12. 567.U 45..5 17.10.5 

631.5 504.0 1,23.S
65. 5t ,3. 

227.5 114.5 442.0 
-a 4 4 ._L . . 

3S6. S 245.0 0l.5 

906.0 039.0 0.25.0 . 

13.543.0 5.422.5 090.5 

14.4 



Table 14, 3 

Surn. rv (), Protect Fitdncio 6o ts 
(Curr-rt Prihes Thousand US S) 

Proect Option A 
Kdyes-NJor0 Rod, "fr'lTdne, Branch dnd Articulturd! D)ev+lPment 

Foreign Local Total rlelgn Local Total rwlgn Local Total foreign, L.cIl Total rorllga L.Osl Toal. Te'ir Local T14Comin1 Cu£ c -0oD, Cuzc Co.oPt C~'c £-z _____t Cy*-- wc L2e wCw'cr 
. 2tE KAY .S-N lcNO ROAD 

1. Contracto Corstguctloa 0.0 0.0 0.0 2.780. 1 927.5 3.71S.0 15.029.0 S.007.S 20.301b. 5 5.391.5 1.000.0 1.191.s I.1I.S 602.5 2.414.0 2S.01|.5 0.317.S 33.157.6 
2. Force Accout OperationsEqulpment Pto uerent 0.0 0.0 0.0 i(.0 0.0 0.0 1.050.0 157.5 1.207.5 1.14U.0 169.0 1.309.0CososUtl 0.0 0.0 0.0 n 

0.0 0.0 0.0 2.190.0 326.S 2.51i.$r0 U.,0 _(30 ,194.0 39109o -159).0 1.327.5 443.5 1.771.0 0.0 0.00.0 0.0 0.0 0.0 
0.0 2.52.S 841.S 3.3164.9

0.0 0.0 2.244.0 ss6.0 2.so0.5 0U T D T 7 I 1 s 
3. Road Design 4 Spef-tstomTechnical AIstanco 257.5 0.0 257.5 552.5 0.0 552.5 506.5 0.0 5ob.1 237.5 0.0 237.5 04.0 0.0 04.0 1.68.0 0.0 2.6.6 

Ct-nlerpart operations 0.0 300.0 . 300.0 0.0 642 5 6425 0.0 674 74,0s1. 0. 270.0 270.0 0.0 11.5 66.$257.5 300.0 674. owe | 1S3. 0 1 I 15. 557.- 552.5 642.5 6i S 0.0 -70.I,19S.O 174.250o.5 1.260.5 370. 0.0.237.S 270.0 - 73.1 .i 153.0T 2.180.01 T 1 0,150.0 

TOTAL COSTSroRtLAyTS- P14O ROAD 257.5 300.0 557.5 3.1411.0 1.570.0 4.910.0 17.859. 5 6.238.0 24.097.5 8.096.S 2.682.5 10.779.0 1.11S. 1 169.0 2.534.S 31.41.0 11.459.S 42.871.S 

U. TIlE AGRICULTURAL COMPONENT 
1. Aq Icltrual pFog.. 0.0 0.0 0.0 3Z. 5 336.5 699.0 797.5 742.5 1.540.0 439.0 406.S 845.1 0.0 0.0 0.0 I,592.0 i.411S.S 3.014.1 
2. Ag. Pror.. Man.getonTechnical Assltance 0.0 0.0 0.0 185.0 65.0 250.0 410.0 142.5 $52.5 224.0 7a.0Coo lerpart Opetsum. 0.0 0.0 303.0 0.0 0.0 0.0 1t.0 281.1 1.10S.10.0 2fi. 72.5 09.0 3 Met. 202.5 .S . I.J. s A-8..-....A 0..... , 12 & ... Is0.0 0.0 0.0 201.5 137.5 339.0 446.5 307.5 754.0 

O
244.0 167.5 411.5 0.0 0.0 0.0 092.0 1i2.S 1.104.6 

TOTAL COSTSrMAGRICLTURALCOMPONEKT 0.0 0.0 0.0 564.0 474.0 1.038.0 1.244.0 1.050.0 2.294.0 603.0 574.0 1.257.0 0.0 0.0 0.0 3,491.0 2.0511.0 4.1S1.6 

GRAND TOTAL C"TSOR1 PRGROUA 257.5 300.0 $57.5 3.904.0 2.044.0 5.948.0 19,103.5 7,288.0 26.391.5 8,771.5 3.256.5 12,036.0 1.865.5 "9.0 2134.1 33.10.11 123.57.S 47.447.6 
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14.3 DISBURSEMENT SCHEDULES - PROJECT OPTION B 

Table 14.4 summarizes the financial costs, in constant 1979 prices, 

for project Option B consisting solely of the Kayes-Nioro Road. Using said 

table as a basis, tables 14.5 and 14.6 present project costs in current 

Malian Francs and U.S. Dollars, respectively. Costs were inflated from 

1979 prices at 10 percent per year. Following is a summary of project costs: 

Project Option B 

Costs in Current Prices (1,000 U.S. $) 

Calendar Project Costs 

Year 1,000 $ Percent 

1981 1,211 3.3 

1982 4,365 11.9 

1983 15,687 42.8 

1984 14,525 39.6 

1985 896 2.4 

TOTAL 36,684 100.0% 

Local Currency 8,374 22.8 
Foreign Component 28,310 77.2 

Financial and economic costs are equivalent as no shadow pricing 

is necessary and taxes (transfers) are excluded. The adopted exchange 

= rate is U.S. $ 1 400 Malian Francs. 

The present value of capital investment costs, at 10% amortization 

rate, for the different levels of road improvements is nearly eaual under both 

alternative implementation schemes, although the disbursement schedules 

are different, This inlicates Lhat the economic analyses, as carried out, 

were not affected by the choice between the two proposed implementation 

programs. 
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Tabl]e 14, 4 

Stfrfmi-fy of Prol°ct rIndncldl Costs 
(C:otw.trrt 1979 Prices, Million Ml 

Proje~ct Option B 
K yes-Nlro Road 

Calendar Year 

1. Coouacto Con-mclnon 
and Supervislon

Kayes-Dlalaka 
Sndari-Nioo 

2. Force Account Operation. 
for Dtalaka-Sandar6

Equipment Procurement 
Consouclion & GOM opealng 
Consluct'on Managameont 

1. Consultant Wmk 
Design E Photogaphy 
Additional Stdlies 

TOTAL COSTS FOR 
]AYES-NIORO ROAD 
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Table 14, 5 

Surmmary of Protect financial Costs
 
(Cunent Prices. Million MEI
 

Protect Option B
 
Kayes-Nioro Road
 

Calendar Year 
1981 	 1982 
 1983 	 1904 ills Total
 

roceign Local Total roreign Loca Total rorelgn Local Total roiolgn Local Total rormig Local Total ro'.Vj Local Total
 
sotsit cutr, Cnn,t corcv ___ Cw~c5 -o.~ comp Y. -uc C-q21 .Qs2W - m' c06LQ8* 

1. 	 Contractw Constmucton 

and Sulp-vslonKayes-Dlalaka . . .. 502 168 670 1.651 
 553 2.201 1.816 605 2.421
Sandark-NIloo -387 	 .. .. 3.96$ 1.313 1.282JL 	 1 .129 $16 427 I707 1-407 470 1. .. . 3-074 iI1. l1 
889 297 1.186 2.931 977 3.908 3.223 1.07S 4.298 .. .. 7.043 2.341 8.210 

2. 	 Force Account Operations 
fo 	 Dlataka-Sandar6£qulpment Procor.eent -- -- 834 124 958 ­ - -Construction & GOM operations .	 834 124 854.. ...-- -- 1.003 335 1.338 1.103 369 1.47Z 269 89 3S8 2.375 713 3.168ConsttuCton Managemment - - -- 27 -- 27 70 -= 70 39 -- -- -.- 13 = -in 

.. .. . 27 
 27 1.907 459 2.366 1.142 369 I.50m 269 6 356 3.345 117 4.362 
3. 	 Consultant Work

Deslgn & Photogru1 ., 348 39 387 383 42643 -- -- - --Additional Stadies 	 - 731 82 81297 97 106.... -- 10j 	 Ji . 
445 39 484 489 43 532 ... -. .-	 .. - S-	 834 32 e.016
 

TOTAL COSTS FOR -	 -
MRYES-NIOROROAD 
 445 39 484 1.405 340 1,745 4.838 1.436 .6.274 4,365 1.444 .809 368 
 859 358 11.322 3.348 14.167
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Table 14.6 

Summary of Project rinancial Costs 

(Current Prices. Thousand US- Dollars) 

Project Option B
 
Kayos-Nloro Road
 

Calendar Year 

1981 
 1983Foreign Local Total 
1981 	

1q84 Is98Foreign Local Total rorelqn Local Total FoceIgn Local 	 Total
Total Foreign Locel Totl ror.Wn LocalCor'tL cue~ comvt cue"y - Coont Cuc -ov 	

ToWa 
Cu'c - =Evt Cjwy ­ £(i3-* I3 ­

1. 	 Contractor Constructlon 
and SupwrvtlonKsyes-Dlalaka - - -- 1.255 420 1,675 4.128 1.375 5.503 4.540 1.S13 6,053 ..Sandari-NLWOo 	 .. . 9.923 3.301 13.231 . . .. 2,223 743 2.966 32S0___ 	 ___7.328 2.443 9.771 	 7AS8.01 2.688 10.746 	 2-6 10-I9. .. . 17.609 S.874 23.463 

2. 	 Force Accoant OperaUons
for Dialaka-Sandar6 

qulpment Procarement .. ..Constructon &GOM Operat 
. .. .. .. 2.085 310 2,395 ... -- -... .. 
 . . .. 2.508 838 3.346 2.758 923 	

2.08 310 2.5S
Constniclon Management .	 3,681 673 223 896 S.93? 1.984.--	 7.9131 175 98 - go --	 341 -4168-- -- 68 4.768 1,18 5,916 2.856 923 3.779 673 223 896 8.3615 2.294 10.6s9J. 	 Consultant Work 
Design & Photography 870 98 968 958 108Additional Studies 	 1.066 -- ­243 	 - --1.113 -=-g8 243 Z65 	 -- -- ­1.211 1o223 - 265 -- -	 -- 1.82108 1.331 _.. 	 206 2.034-

-	 0 .3 m.2-	 - 3.336 208 2.W 

2OTLCOSTFOR - -
kYES-NORO ROAD 1.113 98 1.211 3.314 	

-­
851 4.365 12.096 3.591 S,687 10.914 3.611 14.521 673 23 896 28,310 8.174 36.484 
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CHAPTER 15
 

RECOMMENDED PROJECT OPTIONS
 

The two recommended project options are the cnes selected through 

the economic analysis process, since the socio-environmental studies 

s;howed no major differences among road improvement alternatives, except 

to indicate that higher levels of improvements are preferable. A multi­

disciplinary decision-matrix was, therefore, not required to carry out the 

selection among several possible improvement levels. 

A description and evaluation of the two recommended project 

options, i. e.,the optimum two alternatives in multi-disciplinary terms, 

one for each investment option, follows: 

15, 	I RECOMMENDED PROJECT OPTION A 

Recommendee project option A consists of a road and an agricultural 

component. These are summarized in Table 15.1. 

The road component is described below: 

* 	 Double surface treated road between Kayes and Dialaka 

(82 km), with a 7 meter wide platform, of which 5 meters 

are surfaced at a cost of 3,863 million MF (1979 prices), 

to be completed by the spring of 1984. 

* 	 Laterite/gravel surfaced road between Dialaka and Sandar6 

(61. km), with a 7 meter wide platform, at a cost of 2,954 mil­

lion MF (1979 prices), to be completed by the winter of 1984. 

* Laterite/gravel surfaced road between Sandar6 and Nioro 

Ib, 1 
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L411111,ry D)e!;(riptiOh, 

Recommended Project Option A 

Kaves-Nloro Road, Y(Iirnan 
6 Branch and Agricultural Development 

PROIECT COMPONENT 

THE KAYLS-NIORO ROAD 

Kayes-Dialaka 

Dialaka-Yellmani 

Dialaka-Sandarfi 

Sandar-Ntoro* 

TilE AGRICULTURAL COMPONENT 

Dialaka-Sigala area 

DESIGN STANDARDS 

Double surface treatment, 7 meter 
platform. 5 meter surfacing 

Minimum cost, 5.5 meter platform 

Laterite/gravel surface, 7 meter 

platform 

Laterite/gravel surface, 7 meter 

plAtform 

Kaarta type strategy for intro-
duction of Improved production 
technology 

MAGNITUDE 

82 km 

68 km 

61 km 

Iu7 km 

10,000 ha 

DESIGN 

VItOCEDURE 

GRM In-house with 
Technical assistance 

ORM In-house with 

Technical assistance 

GRM in-house with 

Technical assistance 

GRM in-house with 

Technical assistance 

Funding Agency 

IMPLEMENTATION 

Contractor by 
International bidding 

Force account with equipment 

acquisition 

Contractor by 

International bidding 

Contractor by 

International bidding 

GRM In-house with 
Technical assistance 

I-ATL or 

12jj 

M,tch 1984 

iI*j-. 1984 

Dec. 1983 

Miy 1985 

Dec. 1984 

COST 

(Million Mr 

3.863 

1.683 

2.954 

2.993 

_1__9_
11.493 

1.2S0 

191 

TOTAL FOR PROJECT n.a.* 318 km and 
10.000 ha 

n.a.- n.a.*. May 1985 12,743 

* n.a., not applicable 

**The Dlaldka-Sandar& and Sandar6-Nioro sections were combined, In the economic analysis, Into one section. 
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(107 kin) , with a 7 meter wide platform at a cost of 

2 ,!)"3 million MF (1979 prices), to be completed by the 

summr' of 1985. 

a 	 Minimum standard road between Dialaka and Yeliman 6 

(t)8 kin), with a 5, 5 meter wide platform, at a cost of 

to 	be completed by the
1 ,)83 million MF (1979 prices) , 

winter of 1985. 

this project option consists of an invest-
The agricultural component of 

aimingthe 	YMliman6 and S6gala areas 
ment of 1,250 million MF (1979 prices) in 

farm credits to improve pro­
the creation of extension services andmainly- at 

10,000 hectares, using the strategy adopted by the 
duction technology on 

Kaarta project. Also; the recommended investment in agriculture provides for 

A three­
a 	 feeder road component and the construction of physical facilities. 

1985, is suggested.year funding program, ending by 

option includes the establishment
The implementation of this project 

coordinate the two components of the 
of two technical assistance teams to 

in its three sections 
project. The improvement of the Kayes-Nioro road 

selected by international bidding, while 
would be undertaken by contractors 

account. The equipmentbe constructed by forcethe Yeliman6 branch would 


a time at least,
insure, forlatter's construction wouldto he procured for the 


somewhat adequately maintained.

that the constructed network is 

at
The budgeting requirements for this project option are placed 

for the road and agricultural components,
17,150.5 and 1,835.0 million MF 


in current prices; these
 
respectively, for a total of 18,985. 5 million MF, 


per annum. The funding for
 
costs include an estimated ten percent inflation 


and end in 1985. The local
 
this project optioni is scheduled to start in 1981 


to 30 percent.

currency component of costs is estimated at close 
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15.2 RECOMMENDED PROJECT OPTION B
 

Recommended project option B consists of the Kayes-Nioro road 

only. The components of this project option are summarized in Table 15.2 

and are described below: 

" 	 Double surface treated road between Kayes and Dialaka 

(82 ki), with a 7 meter wide platform, of which 5 meters 

are surfaced at a cost of 3,863 million MF (1979 prices), 

to be completed by the end of 1984. 

" 	 Laterite/gravel surfaced road between Dialaka and Sandar6 

(61 kin), with a 7 meter wide platform, at a cost of 

2,954 million MF (1979 prices), to be completed by the 

winter of 1985. 

" 	 Laterite/gravel surfaced road between Sandar6 and Nioro 

(107 kin), with a 7 meter wide platform at a cost of 

2,993 million MF (1979 prices), to be completed by the 

end of 1984. 

The implementation of this project option includes the use of an 

A/E consultant for the road design work, The improvement of the Kayes-Nioro 

road would be carried out by a mix of contractor and force account construc­

tion. One, instead of several contractors, can be selected for the work, 

including the Dialaka-Sandar6 section which is slated for force account 

con struction,provided road maintenance issues in the First Region are re­

solved independently of this project. 

The budgeting requirements for this project option are placed at 

14,670 million MF, in current prices; these costs include an estimated 

10 percent inflation per annum. Funding for this project option is scheduled 

to start in 1981 and end in 1985. The local currency component is estimated 

at close to 23 percent. 
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l.ble I . 2 

HI((!nnimiil.-d Project OptlrII II 

Kiyte.;- Nioro Road 

PROTECT COMPONENT DESIGN STANDARDS MAGNITUDE 
DESIGN 

PROCEDURE IMPLEMENTATION 
DATE or 

COMPIETION 

Kayes-Dialaka Double surface treatment, 7 
plaltorm, 5 meter surfacing 

meter 82 km A/E Consultant Contractor by 
International bidding 

Decenmber 1984 

Dlalaka-Sandar&* Laterite/gravel 
platform 

surface, 7 meter 61 km A/E Consultant Force account with 
equipment acquisition-* 

Feb~nary 1985 

Sandar&s-Nioro* Laterite/gravel surface, 
platform 

7 meter 107 km A/E Consultant Contractor by 
International bidding 

December 1984 

TOTAL FOR PROJECT n.a.*" 250 km One A/E Con- One or several February 1985 
sultant Contractors 

The Dialaka-Sandar6 and Sandar&i-Nioro sections were combined, in the economic analysis, into one section. 
• 	 The Dialaka-SandarL4 section could also be carried out using contractor construction, provided road maintenance issues In the First Region are

resolved independently of this project. 

• n.a.: not applicable 
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SUMMARY OF PROJECT IMPACTS15.3 COMPREHENSIVE 

The project impacts of the two recommended options are similar, 

of thethe difference being in the magnitude of the impacts and the extent 

population which is reached. 

15.3.1 ECONOMIC IMPACTS 

Project option A has an internal rate of return of 16.4 percent and 

the discounted value of the difference between a net present value, i.e. , 

million MF, at a 10 percent oppor­total benefits and total costs, of 7,261 

rate of return oftunity cost of capital. Project option B has an internal 

a million MF, at a 10 percent13.0 	percent and net present value of 2,288 

The above feasibility of the two project optionsopportunity cost of capital. 

due mainly to two major factors: the reduction in the transport costs, and
is 

the spreading of effects generated by the agricultural development projects, 

the latter being the more significant, 

The two project options will each significantly improve many of 

the economic conditions prevalent in the northern part of the First Region of 

Mali. Following are some indicators which portray the type and direction 

of anticipated improvements: 

" The affected population is the rural farmer as well as the 

trucker/merchant, with a total population of about 190,000 

respec­and 173,000 persons for project options A and B, 

tively. Furthermore, all services in the area will also be 

beneficially impacted. 

" Transportation costs will be reduced from an average of 

12,000 MF/ton to about 5,000 MF/ton for agricul­about 

tural produce moving on the Kayes-Nioro road. For normal 

reduction isnon-agricultural traffic, the 	corresponding 

from about 270 MF/veh-km to 120 MF/veh-km. Said 

reductions in transport costs 	are marginally larger for 

project option A than for project option B. 
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" 	 About 20 percent of the rural families will adopt an im­

proved production lechnology as a result of spread effects 

due to road improvements; this technology is being intro-

Cduced by the Kaarta project and would be appropriate for 

introduction through the recommended additional agricul­

tural investment under project option A. This spread 

effect translates into the reaching of about 35,000 to 

40,000 and 32,000 to 37,000 persons for project options 

A and B, respectively. An additional 10,000 to 15,000 

persons would adopt improved production technology if 

the 	agricultural investment under project option A is 

made. 

" 	 A modest increase, over normal increases, in the area 

under cultivation will take place. This increase when 

combined with the spreading of improved production 

technology and the change in crop patterns and increases 

in ex-farm prices, will result in close to a fourfold 

increase in the net agricultural production value from 

1.3 to 5.0 billion MF, in constant 1979 prices, by the 

year 1995, for project option A. The corresponding in­

crease in net agricultural production value is close to 

a threefold increase from 1.3 to 3.3. billion MF, for 

project option B. The projected increases in net agri­

cultural production value are due to the combined effects 

of 	the proposed projects and the ongoing development 

programs. 
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a The increases in net agricultural production value imply 

commensurate increases in per capita income; i.e., 

close to four and threefold increases in the P.C.I. by 

the year 1995 for the area of influence as a whole for 

project options A and B, respectively. Furthermore, for 

farmers who will adopt improved agricultural pro­those 

changes in crop patterns, theduction technology and 

corresponding increase in P.C.I. should be about five­

fold for either project option. 

IMPACTS15,3,2 SOCIO-ENVIRON MENTAL 

can bring aboutThe investment in infrastructure and agriculture 

change. To do so, however, the project does
significant socio-economic 

society nor large-scale alteration 
not require the restructuring of traditional 

of the environment. Instead, the investme.it will improve existing conditions 

to build over a period of years.
an' thus permit gradual ripple effect changes 

with ongoing development efforts
This type of intervention works in concert 

and will help to achieve a more integrated form of economic and social de-

From a social and environmental standpoint,
velopment in the First Region, 

can be evaluated as follows:the proposed project options 

road will be a visible demonstration of efforts" An improved 

a dif­to unlock this isolated region and will help to create 

ferent social-psychological climate. 

on the human environment are anticipated." Beneficial impacts 

service deliveryBy improving access to services, by making 

and by raising per capita income, the road bringsless costly, 

lives and expandsimprovements to the productivity of human 

the range of options available to the population. With in­

creased commercialization, however, the active role of women 

crops could change.in the production and marketing of vegetable 
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access is positive with
* 	 Receptivity of villagers to improved 

reqa,' 	to obtaining services such as medical care and reaching 

to increased cultivation,,mark't.;. Furthermore, receptivity 

especially cash crops, will be enhanced by the road improve­

ment which provides the necessary but not sufficient economic 

incentives for expanded production. Since incentives and re­

cqptivity to increase the prod-,,tion of grains and to alter 

for maximum off-take were not high,management of herds 

to undergo as much change.these ictivities are not projected 

*Fw , 'rs effects on the natural environment are likely, and 

care could be exercised during construction and steps taken to 

thc effects of unauthorized wood-cutting for commer­all,viato 

ci.-il purp() nce is improved. A program of reforesta­;,s access 

Lion ale:'j the route could be undertaken as a means to mitigate 

such eff,,cts, DLring construction of the road, care could be 

of work camps to avoid competitiontakLen in! the placement 

and to minimizewith villagers' resources, especially watc:, 

destruction of trees and vegetative cover. 

15,3.3 CON(:LUSIONS 

study indicate that the recommended project'rhe 	results of the 

th, (ails of ' proved access and the "opening-up" of an
,ptions moot 

prosently dependent upon subsistence agriculture.isolate'i region which is 

e d project options generate significant economicrh, 	 ,(_cofmmc'ri 

as well as less easily quantifiableriv", h, the rural poorh,nefits to b,, 

will 	be of a
social belnefits, Akdverse socio-enironmental impacts, if atny, 

limited nature. Therefore, the project improves the standard of living of the 

rural population and enhances the quality of life in the First Region. 

Thus, the region offers an attractive overall return on either of the 

two 	recommended investment options. 
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