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A central challenge for sustainability is integrating the value of ecosystem 

services in policy and economic decision making. Ecosystems produce goods 

(e.g. wood, fibre, food) and services (e.g. water purification, disease vector 

control, pollination) that accrue to human users outside the market system, 

and are therefore often treated as free and tend to be over-exploited. The 

rural poor in Sahelian countries are highly dependent on land resources 

and as a consequence they are particularly vulnerable to degradation of 

local ecosystem services. 

In this report, eenvironmental accounting is used in conjunction with data 

from the literature to evaluate the costs and benefits of different land-

use systems in the Sahel on environmental services and ultimately on the 

populations that depend on them. The analysis illustrates the magnitude 

of services that accrue from the land in this region, where land degradation 

is an epidemic problem, and points to policies that protect land resources. 

Based on results from a rural wealth survey of over 2,700 households across 

77 villages in Mali, the links between ecosystem service degradation and 

household wealth are analysed. 



Copyright 2012, United Nations Environment Programme

ISBN: 978-92-807-3302-0 

UNEP Job Number: DEW/1613/NA

Disclaimers

This publication may be reproduced in whole or in part and 

in any form for educational or nonprofit services without 

special permission from the copyright holder, provided 

acknowledgement of the source is made. UNEP would 

appreciate receiving a copy of any publication that uses this 

publication as a source. No use of this publication may be made 

for resale or any other commercial purpose whatsoever without 

prior permission in writing from the United Nations Environment 

Programme. Applications for such permission, with a statement 

of the purpose and extent of the reproduction, should be 

addressed to the Director, DCPI, UNEP, P.O. Box 30552, Nairobi, 

00100, Kenya.

The designations employed and the presentation of material 

in this publication do not imply the expression of any opinion 

whatsoever on the part of UNEP concerning the legal status of 

any country, territory or city or its authorities, or concerning the 

delimitation of its frontiers or boundaries.

This report should be cited as:

UNEP (2012). Ecosystem Services and Rural Livelihoods in the 

Sahel: Environmental Accounting and Wealth Surveys. United 

Nations Environment Programme, Nairobi.

Authors

Mathew J Cohen1, Danielle King1, Sharlynn Sweeney1,  

Gemma Shepherd2, Mark T Brown1

1	 Centre for Environmental Policy, University of Florida, Gainesville FL USA
2	� United Nations Environment Programme (UNEP), Nairobi, Kenya

The following report is also related to this work:

UNEP (2012). Environmental Accounting of National Economic 

Systems: An Analysis of West African Dryland Countries within 

a Global Context. United Nations Environment Programme, 

Nairobi.

Acknowledgements

This document is a product of UNEP’s project “An Ecosystem 

Approach to Restoring West African Drylands and Improving 

Rural Livelihoods through Agroforestry-based Land Management 

Interventions”. 

We gratefully acknowledge the Governments of Burkina Faso, 

Mali, Mauritania, Niger and Senegal for their participation in this 

project, and particularly the Government of Mali for hosting the 

project. We thank the Government of Norway for providing the 

principal funding for this project.

Project manager:  

Gemma Shepherd/UNEP.  

Email: gemma.shepherd@unep.org

Design and layout:  

Bounford.com

Printed and bound in Malta by Progress Press Ltd, Malta Progress 

Press Ltd, P.O. Box 328, 341 St. Paul Street, Cmr 01 Valletta, Malta

UNEP promotes 
environmentally sound practices 

globally and in its own activities. This 
report is printed on paper from sustainable 

chlorine free and the inks vegetable-based. 
Our distribution policy aims to reduce 

UNEP’s carbon footprint.



and Rural Livelihoods in The Sahel
Environmental Accounting and Wealth Surveys 

ecosystem 
Services





﻿Contents   iii

Contents
	 Figure list	 iv

	 Table list	 v

	 Abbreviations and acronyms 	 vi

	 Preface	 vii

	 1 	 Introduction and overview	 9
	 Overview of methods	 10

	 Summary of major findings	 14

	 2 	 Environmental accounting of rural land uses in the Sahel	 16
	 Overview and objectives	 16

	 Methods	 17

	 Results	 23

	 Discussion	 31

	 References	 34

	 3 	 Ecosystem services and household asset wealth in rural Mali	 36
	 Introduction	 36

	 Objective	 38

	 Methods	 39

	 Results	 43

	 Discussion	 50

	 References	 56

	 Appendix A	 57

	 Appendix B	 105

	 Appendix C	 107

	 Index	 109



    Ecosystem Services and Rural Livelihoods in The Sahel: Environmental Accounting and Wealth Surveysiv

Figure list
Figure 1.1	 Environmental services and the financial system.	 12

Figure 1.2	 Agricultural land use with allocation of resources, and regional market system.	 12

Figure 2.1	 Locations of analysed Sahel sites.	 18

Figure 2.2	 General analyses of Sahelian land use systems.	 21

Figure 2.3	 Emergy flows for primary crop land use.	 24

Figure 2.4	 Maize production processes for Sahelian agricultural systems.  	 27

Figure 2.5	 Millet production processes for Sahelian agricultural systems. 	 27

Figure 2.6	 Milk and meat production processes for Sahelian agricultural systems.	 28

Figure 2.7	 Emergy exchange ratio for farmer transactions.	 29

Figure 2.8	 Unit emergy values for soil loss.   	 29

Figure 2.9	 Erosion rates in parkland and monocrop sorghum production.	 30

Figure 2.10	 Erosion rates in parkland and monocrop sorghum/ faidherbia and sorghum/ karite production.	 31

Figure 2.11	 Tree damage in parkland system and tree enclosures.	 32

Figure 3.1	 Diagram of a Malian household.	 40

Figure 3.2	 Study villages on a map of RNNDVI Trends.	 41

Figure 3.3	 Annual RNNDVI values and Trend for two land parcels.	 43

Figure 3.4	 Average RNNDVI and Trend for selected villages in the Segou region.	 44

Figure 3.5	 Asset prices and villager rankings.	 44

Figure 3.6	 Ranked mean village wealth.  	 45

Figure 3.7	 Village total capital value mean.	 45

Figure 3.8	 Predicted versus observed total capital value.	 46

Figure 3.9	 Total capital value effects for village households.	 47

Figure 3.10	 Predicted and observed capital value for upper quartile of village households.	 48

Figure 3.11	 Total capital value effects for upper quartile village households.	 49

Figure 3.12	 Predicted and observed capital value for lower quartile of village households.	 51

Figure 3.13	 Total capital value effects for lower quartile village households.	 52



﻿Table list   v

Table list
Table 2.1	 Crops and sites in the land use emergy analysis.	 19

Table 2.2	 Summary of soil erosion rates reported in the literature for Sahelian agricultural systems.  	 20

Table 2.3	 Formulas for emergy summary flows and indices. 	 22

Table 2.4	 General information for the current set of crops and sites for which emergy analysis has been performed.	 23

Table 2.5	 Summary of land use subsystems for Sahelian agriculture.	 25

Table 2.6	 Erosion scenarios for Millet monocrop and parkland systems.	 30

Table 3.1	 Asset indicators used to calculate Malian household total capital value.	 42

Table 3.2	 Descriptive statistics for predictor variables.  	 42

Table 3.3	 Total capital value model results.	 46

Table A.1	 Emergy evaluation of cotton, per ha per year (Cot).	 57

Table A.2	 Emergy evaluation of millet, per ha per year (MI-t1).	 60

Table A.3	 Emergy evaluation of millet, per ha per year (MI-t2).	 62

Table A.4	 Emergy evaluation of millet in with mulch, per ha per year (MI-I1).	 64

Table A.5	 Emergy evaluation of rice, per ha per year (R-t1).	 66

Table A.6	 Emergy evaluation of rice with rice straw mulch, per ha per year (R-t2).	 69

Table A.7	 Emergy evaluation of maize, traditional fallow, per ha per year (MA-t1).	 71

Table A.8	 Emergy evaluation of maize with improved fallow, per ha per year (MA-i1).	 73

Table A.9	 Emergy evaluation of maize, traditional fallow, per ha per year (MA-t2).	 76

Table A.10	 Emergy evaluation of maize, fallow with manure, per ha per year (MA-t3).	 78

Table A.11	 Emergy evaluation of maize, fallow with biomass transfer, per ha per year (MA-i3).	 80

Table A.12	 Emergy evaluation of maize, fallow w/ chemical fertilizer, per ha per year (MA-i2).	 82

Table A.13	 Emergy evaluation of millet, in Karite and Nere parkland, per ha per year (MI-parkKN).	 84

Table A.14	 Emergy evaluation of sorghum, in karite parkland, per ha per year (SO-parkK).	 88

Table A.15	 Emergy evaluation of millet, in Faidherbia parkland, per ha per year (MI-parkF).	 92

Table A.16	 Emergy evaluation of sorghum, alley-cropping in neem parkland, per ha per year (SO-Neem).	 95

Table A.17	 Emergy evaluation of cattle and milk, agropastoralism, per ha per year (Cow1).	 99

Table A.18	 Emergy evaluation of cattle and milk, Fulani transhumant system, per ha per year (Cow2).	 102

Table B.1	 Erosion scenarios for millet monocrop and parkland systems. 	 105

Table B.2	 Erosion scenarios for sorghum monocrop and sorghum-karite parkland systems. 	 105

Table B.3	 Erosion scenarios for millet mono+B37crop and millet-Faidherbia parkland systems.  	 106

Table B.4	 Erosion scenarios for sorghum monocrop and sorghum-neem parkland systems. 	 106

Table B.5	 Erosion scenarios for sorghum monocrop and sorghum-Neem alleycrop systems. 	 106

Table C.1	 Details of study villages.	 107



    Ecosystem Services and Rural Livelihoods in The Sahel: Environmental Accounting and Wealth Surveysvi

Abbreviations and 
acronyms
AET	 annual evapotranspiration

AVHRR	 Advanced Very High Resolution Radiometer

fCFA	 Central African franc

DAP	 diammonium phosphate fertilizer

DM	 dry matter

DW	 dry weight

EBR	 Emergy Benefit Ratio

EEP	 ecological economic product

EER	 Emergy Exchange Ratio

ELR	 Environmental Loading Ratio

ESI	 Emergy Sustainability Index

ET	 evapotranspiration

EYR	 Emergy Yield Ratio

FAO	 Food and Agriculture Organisation

FW	 fresh weight

GIS	 Geographic Information System

GLM	 generalized linear models

HH	 households

NDVI	 Normalized Difference Vegetation Index

NPP	 Net Primary Production

OM	 organic matter

RNNDVI	 Rain-normalized – Normalized Vegetation Index

RUE	 rain use efficiency

SOC	 soil organic carbon

SOM	 soil organic matter

TLU	 tropical livestock units

UEV	 Unit Emergy Value
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