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Foreword

Drylands—defined here to include arid, semi-arid, and dry subhumid zones—
are at the core of Africa’s development challenge. Drylands make up about 43
percent of the continent’s land surface, account for about 75 percent of the area
used for agriculture, and are home to about 50 percent of the population,
including a disproportionate share of the poor. Due to complex interactions
among many different factors, vulnerability in drylands is high and is rising,
jeopardizing the long-term livelihood prospects for hundreds of millions of
people. Climate change, which is expected to increase the frequency and sever-
ity of extreme weather events, will exacerbate this challenge.

Most of the people living in the drylands depend on natural resource-based
livelihood activities, such as herding and farming, but the capability of these
activities to provide stable and adequate incomes is eroding. Rapid population
growth is putting pressure on a deteriorating resource base and creating condi-
tions under which extreme weather events, unexpected spikes in global food
and fuel prices, or other exogenous shocks can easily precipitate full-blown
humanitarian crises and fuel violent social conflicts. Forced to address urgent
short-term needs, many households have resorted to unsustainable practices,
resulting in severe land degradation, water scarcity, and biodiversity loss.

African governments and their partners in the international development
community stand ready to tackle the challenges confronting drylands, but
important questions remain unanswered about how the task should be under-
taken. Do dryland environments contain enough resources to generate the
food, jobs, and income needed to support sustainable livelihoods for a fast-
growing population? If not, can injections of external resources make up the
deficit? Or is the carrying capacity of drylands so limited that out-migration
should be encouraged?

To answer these questions, the World Bank teamed with a large coalition of
partners to prepare this book, which is designed to contribute to the ongoing
dialogue about measures to reduce the vulnerability and enhance the resilience

Xix



XX FOREWORD

of populations living in drylands. Based on analysis of current and projected
future drivers of vulnerability and resilience, the book identifies promising
interventions, quantifies their likely costs and benefits, and describes the policy
trade-offs that will need to be addressed when drylands development strategies
are devised.

Sustainably developing the drylands and conferring resilience to their inhab-
itants will require addressing a complex web of economic, social, political, and
environmental vulnerabilities. Good adaptive responses have the potential to
generate new and better opportunities for many people, cushion the losses for
others, and smooth the transition for all. Implementation of these responses will
require effective and visionary leadership at all levels, from households to local
organizations, national governments, and a coalition of development partners.
This work, along with an accompanying series of background books, is intended
to contribute to that effort.

Makhtar Diop
Vice President, Africa Region
The World Bank



Acknowledgments

This volume is part of the African Regional Studies Program, an initiative of the
Africa Region Vice Presidency at the World Bank. This series of studies aims to
combine high levels of analytical rigor and policy relevance, and to apply them
to various topics important for the social and economic development of Sub-
Saharan Africa. Quality control and oversight are provided by the Office of the
Chief Economist of the Africa Region.

This book reports the main findings and recommendations emerging from
the study “The Economics of Resilience in the Drylands of Africa” (referred to
henceforth as the Africa Drylands Study). The study was carried out as part of
the World Bank’s Africa Regional Studies Program under the direction of
Shantaynan Devarajan, Francisco H.G. Ferreira, and Punam Puhan-Chole, with
strong backing from Makhtar Diop.

The Africa Drylands Study was carried out as a collaborative effort and
involved contributors from many partner organizations, working under the
guidance of a team from the World Bank Group (WBG), the United Nations
Food and Agriculture Organization (FAO), and the Consultative Group for
International Agricultural Research Program on Policies, Institutions, and
Markets (CGIAR-PIM) hosted by the International Food Policy Research
Institute (IFPRI). WBG staff who participated in the coordination of the study
included Raffaello Cervigni and Michael Morris (team leaders), with assistance
from Paola Agostini and working under the direction of Magda Lovei. FAO staff
who contributed to the coordination of the study included Mohamed Manssouri,
Julia Seevinck, Pierre Gerber, and Anne Mottet. IFPRI and CGIAR-PIM staff
who participated in the coordination of the study included Siwa Msangi and
Karen Brooks.

This book draws on a series of thematic background papers prepared by the
following authors:

Drylands classification: Guo Zhe and Jawoo Koo (IFPRI-PIM).

XXi



XXii ACKNOWLEDGMENTS

Livestock: Cornelis de Haan (World Bank consultant); Tim Robinson and Polly
Ericksen (ILRI); Abdrahmane Wane, Ibra Toure, Alexandre Ickowicz, and
Matthieu Lesnoff (CIRAD); Frederic Ham and Erwann Filliol (Accion Contre
la Faim); Siwa Msangi (IFPRI); Pierre Gerber, Giulia Conchedda, and Anne
Mottet (FAO); and Raffaello Cervigni and Michael Morris (World Bank).

Agriculture Water Management: Christopher Ward with Rafael Torquebiau
(World Bank consultants) and Hua Xie (IFPRI).

Irrigation Development: Hua Xie, Weston Anderson, Nikos Perez, Claudia
Ringler, Liang You, and Nicola Cenacchi (IFPRI).

Agriculture: Tom Walker (World Bank); Tom Hash, Fred Rattunde, and Eva
Weltzien (ICRISAT); Jawoo Koo (IFPRI); Federica Carfagna (WFP); and
Raffaello Cervigni and Michael Morris (World Bank).

Tree-based Systems: Frank Place and Dennis Garrity (ICRAF) and Paola
Agostini (World Bank).

Landscape Approaches: Erin Gray, Norbert Henninger, Chris Reij, and Robert
Winterbottom (WRI) and Paola Agostini (World Bank).

Vulnerability and Resilience: Pasquale Scandizzo, Sara Savastano, and Adriana
Paolantonio (University of Rome); and Alberto Zezza and Marco D’Errico
(World Bank).

Social Protection: Carlo del Ninno, Sarah Coll-Black, and Pierre Fallavier
(World Bank).

Human, Social, and Political Dimensions of Resilience: Carol Kerven and
Roy Behnke (Odessa Centre); Mohamed Manssouri, Julia Seevinck, AnnaLisa
Noack, and Ahmed Sidahmed (FAO); Abdrahmane Wane, Ibra Toure, and
Alexandre Ickowicz (CIRAD); Roger Blench (Mallam Dendo, Ltd.); Hamath
Amadou Dia (Assane Seck Ziguinchor University); Katherine Homewood
(University College London); Peter Little (Emory University); John McPeak
(Syracuse University); Mark Moritz (Ohio State University); Michael Mortimore
(Bayero University); and John Morton (Natural Resources Institute).

Markets and Trade: John Nash, Paul Brenton, and Alvaro Federico Barra
(World Bank).

Disaster Risk Management: Carl Christian Dingel, Christoph Putsch, Vladimir
Tsirkunov, Jean Baptiste Migraine, Julie Dana, and Felix Lung (World Bank).

Land Degradation: Riccardo Biancalani, Monica Petri, and Sally Bunning
(FAO).

Vulnerability Modeling: Federica Carfagna (WFP), Joanna Syroka, Balthazar
Debrouwer, and Elke Verbeeten (ARC); and Pierre Fallavier and Raffaello
Cervigni (World Bank).



ACKNOWLEDGMENTS XXiii

Many other partners and stakeholders active in drylands development efforts
contributed to the study by participating in meetings and workshops, providing
data and other research materials, or commenting on emerging findings and
preliminary results: Severin Kodderitzsch, Martien van Nieuwkoop, Laurent
Msellati, Benoit Bosquet, Stephen Danyo, Madjiguene Seck, Jacob Burke,
Francois Onimus, Pierrick Fraval, Francois Le Gall, Andrew Dabalen, Ruth Hill,
and Donald Larson (World Bank); Ahmed Sidiahmed and Dominique Burgeon
(FAO); Djime Adoum and Edwige Botoni (CILSS); and Mahboub Malim
(IGAD). Peer reviewers included Marianne Faye, Carter Brandon, and Stephen
Mink (World Bank), as well as an anonymous external peer reviewer.

Administrative and logistical support was provided by Mapi Buitano, Nevena
Ilieva, Marie Bernadette Darang, Jayne Kwengwere, Virginie Vaselopulos, and
Mark Green (World Bank); Andrea LoBianco (FAO); and Gayane Markaryan
(IFPRI).

Preparation of this book was coordinated by a small team led by Raffaello
Cervigni and Michael Morris (World Bank) and including Elizabeth Minchew,
Valerie Ziobro, Luis Liceaga, Vanthana Jayaraj, and Amy Gautam (World Bank
Consultants). The publication process was managed by Stephen McGroarty,
Abdia Mohamed, Aziz Gokdemir, and Andrés Meneses (World Bank). Michael
Alwan (World Bank Consultant) proofread the book and revised the interior
and the cover.

The generous financial support of the following partners is gratefully
acknowledged: the Nordic Development Fund (which provided financial and
technical assistance in particular for the Livestock background paper); the
European Union and the Netherlands Ministry of Foreign Affairs (through their
support of the TerrAfrica Leveraging Fund), the United Nations Food and
Agriculture Organization (FAO), the Program on Forests (PROFOR) Trust
Fund, and the Research Program on Policies Institutions, and Markets (PIM) of
the Consultative Group for International Agricultural Research (CGIAR).



XXiv ACKNOWLEDGMENTS

Africa Drylands Study Collaborators

écirad

Agricultural Research for
Development

( Y African
Risk Capacity
e Srumiarremtion

Africa Re-Greening Initiatives African Risk Capacity

W [ v
ﬁﬁ Institutions

CGIAR | and Markets
Led by IFPRI®

CGIAR Research Program
on Policies, Institutions, Food and Agriculture Organization
and Markets of the United Nations

';lcnisnr ‘

Science with a human face

International Crops Research l FPR] @

Institute for the Semi-Arid Tropics

International Food Policy Research

Institute
ch LSg
(<
(]
World
Agroforestry
X Centre
Permanent Interstates Committee
for Drought Control in the Sahel World Agroforestry Center

Intergovernmental Authority
on Development

ILRI

INTERNATIONAL
LIVESTOCK RESEARCH
INSTITUTE

International Livestock
Research Institute

WORLD
RESOURCES
INSTITUTE

World Resources Institute

Africa Drylands Study Financial Contributors

RESEARCH
PROGRAM ON

%% Policies,

* X %
Institutions

CGIAR | and Markets

Led by IFPRI

* *
* *
* *

* 4 *

CGIAR Research Program
on Policies, Institutions,

and Markets European Union

- #% Ministry of Foreign Affairs

FOR

Netherlands
Program for Forests

Ministry of Foreign Affairs

v/

Food and Agriculture Organization
of the United Nations

TERRAFRICA

REGIONAL SUSTAINABLE LAND MANAGEMENT

TerrAfrica Leveraging Fund



ABOUT THE EDITORS XXV

About the Editors

Raffaello Cervigni is a lead environmental economist with the Africa Region
of the World Bank. He holds master’s and PhD degrees in Economics from
Oxford University and University College London. He has 20 years of profes-
sional experience in programs, projects, and research financed by the World
Bank, the Global Environment Facility, the European Union, and the
Government of Italy in a variety of sectors. He is currently the World Bank’s
regional coordinator for climate change in the Africa Region, after serving for
about three years in a similar role for the Middle East and North Africa Region.
He is the author or co-author of more than 40 technical papers and publications,
including books, book chapters, and articles in academic journals.

Michael Morris is a lead agriculture economist with the Agriculture Global
Practice of the World Bank. He holds master’s and PhD degrees in Agricultural
Economics from Michigan State University. He has co-authored World Bank
flagship publications on fertilizer policy and agricultural commercialization,
and he contributed to the World Development Report 2008: Agriculture for
Development. His areas of expertise include agricultural policy, farm-level pro-
ductivity enhancement, marketing systems and value chain development, agri-
cultural research and technology transfer, innovation systems support,
institutional strengthening, and capacity building. Prior to joining the World
Bank, he spent 16 years in Mexico, Thailand, and Washington, DC with the
International Maize and Wheat Improvement Center (CIMMYT) and the
International Food Policy Research Institute (IFPRI).






About the Authors

Paola Agostini is a lead environmental economist in the World Bank
Environment and Natural Resources Global Practice. She is currently the global
lead for Resilient Landscapes, where she examines projects and programs that
try to improve the connectivity of protected areas, forests, agroforestry, range-
land, and agricultural land so as to increase productivity, community resilience,
and production of ecosystem services. She holds a PhD in Economics from the
University of California, San Diego, and a master’s degree in Economic and
Social Sciences from Universita Bocconi, Milan, Italy.

Paul Brenton is a lead economist in the Trade and Competitiveness Global
Practice of the World Bank. He is co-editor of the book De-Fragmenting Africa:
Deepening Regional Trade Integration in Goods and Services, as well as the World
Bank report, Women and Trade in Africa: Realizing the Potential. Dr. Brenton
joined the World Bank in 2002, having been senior research fellow and head of
the Trade Policy Unit at the Centre for European Policy Studies in Brussels.
Before that he lectured in economics at the University of Birmingham, UK. He
holds a PhD in Economics from the University of East Anglia, UK. A collection
of his work was recently published in the World Bank’s World Scientific Studies
in International Economics volume, International Trade, Distribution and
Development: Empirical Studies of Trade Policies.

Federica Carfagna is a vulnerability analyst for African Risk Capacity, hav-
ing been with ARC since its inception in 2009. She is one of the main authors
of the methodology used within Africa RiskView, the technical engine of ARC,
to calculate food security in vulnerable and drought-affected populations. Ms.
Carfagna holds a master’s degree in Statistics from the University of Rome, “La
Sapienza,” and spent one year in an exchange program at the Cass Business
School in London. Prior to joining ARC, she worked as statistician for WEP, for
UN-DESA in New York, IFAD and Rome City Hall, and also as a data analyst
to WFP’s “World Hunger Series” and many school feeding publications.

Giulia Conchedda is a consultant geospatial data analyst with the Food and
Agriculture Organization of the United Nations. She holds master’s degrees in

XXvii



XXViii ABOUT THE AUTHORS

Tropical Agriculture and Remote Sensing Tools applied to the monitoring of
natural resources, and received a PhD in Geography from the Université
Catholique of Louvain-la-Neuve, Belgium. She has some 15 years of profes-
sional experience in projects and research as a geospatial analyst with FAO, the
World Food Programme, the Joint Research Centre of the European
Commission, the International Livestock Research Institute of CGIAR, and the
National Wetlands Research Center of the U.S. Geological Survey. She is co-
author of pathbreaking analyses and spatial modeling efforts on the distribution
of livestock species and livestock production systems.

Cornelis (Cees) de Haan is a retired World Bank senior advisor. He holds a
post-graduate degree in Animal Production from the University of Wageningen,
Netherlands. He worked for 10 years in Dutch technical assistance programs in
rural development projects in South America, followed by seven years in live-
stock research at the International Livestock Center for Africa (now ILRI) in
Addis Ababa, Ethiopia, where he became deputy director general. He joined the
World Bank in 1983, working for 10 years on livestock development in the
African and East European regions, and for the same period as advisor respon-
sible for policy development and quality enhancement in the World BanK’s ani-
mal resource development activities in the Rural Development Department. He
has contributed to World Bank policy and investments in livestock-related envi-
ronmental, health, and social issues, and has published extensively in those
fields. Since his retirement in 2001, he has remained active as a consultant in
animal production and health for the World Bank and other international
organizations.

Carlo del Ninno is a senior economist in the Africa Region of the World
Bank working on safety net policies and programs. He holds a PhD from the
University of Minnesota and has published on safety nets, food policy, and food
security. He is currently the manager of the Sahel Adaptive Social Protection
Program. Over the past 13 years, he has worked on analytical and operational
issues on safety net programs covering several countries in South Asia and Sub-
Saharan Africa. Before joining the World Bank, he worked on food security
policy for the International Food Policy Research Institute in Bangladesh, and
on poverty analysis in several countries for the Policy Research Division of the
World Bank and Cornell University.

Carl Christian Dingel is a disaster risk management specialist with the
World Bank. He holds a master’s degree in International Land and Water
Management from Wageningen University, Netherlands, and an engineering
degree (Diplom Ingenieur) from Osnabriick University of Applied Sciences,
Germany. He has 10 years of professional experience in disaster risk manage-
ment and water, land, and natural resource management in Africa, South Asia,
and Europe. He has led and co-led a number of disaster risk reduction projects,
supported post-disaster assessments following floods and droughts across



ABOUT THE AUTHORS XXix

Africa, and contributed to the 2011 Horn of Africa and 2012 Sahel drought
recovery programs. He previously worked in applied research and development
projects for German Technical Cooperation, the International Center for
Agricultural Research in Dry Areas, as well as consulting firms and government
agencies in Germany and the Netherlands.

Polly Ericksen leads the Livestock Systems and Environment Program at the
International Livestock Research Institute (ILRI) in Nairobi, Kenya. She earned
a master’s in Economics and a PhD in Soil Science, both from University of
Wisconsin-Madison. Her areas of expertise are adapting food systems to global
environmental change to enhance both food security and key ecosystem ser-
vices; researching options for lessening the vulnerability of pastoral livelihoods;
and developing strategies for adaptation to climate change in agricultural sys-
tems. Prior to joining ILRI she worked for the ASB System-wide Program of
CGIAR; Catholic Relief Services; the International Research Institute for
Climate and Society at Columbia University, New York; and the Environmental
Change Institute at the University of Oxford, U.K. She has worked extensively
in Latin America, Africa, and South Asia.

Pierre Fallavier is a planner and social scientist with 19 years of experience
in development and humanitarian programs and policies in Asia and Africa,
working with the World Bank and UN agencies, local governments, civil society,
and academia. He specializes in community-based development and social pro-
tection in post-conflict and fragile states. During the last five years Dr. Fallavier
has been working on linkages between disaster-risk reduction, social protec-
tion, and humanitarian response in countries particularly affected by the
impacts of climate change. He holds a PhD in Urban and Regional Planning
from the Massachusetts Institute of Technology and a master’s in Community
Planning from the University of British Columbia. He is currently Chief of
Social Policy, Planning, Monitoring and Evaluation for UNICEF in South
Sudan.

Pierre Gerber is a staff member of the Food and Agriculture Organization
of the United Nations (FAO), currently serving as senior livestock specialist at
the World Bank. He holds a PhD in Agricultural Economics from the Swiss
Federal Institute of Technology in Zurich and master’s degrees in Agronomy
and Environmental Law from the Ecole Nationale Supérieure Agronomique de
Rennes and University of Nantes, France. He has worked for more than 15 years
analyzing trends in global livestock systems and their interactions with the envi-
ronment. He coordinates a global program of work including analytical studies,
partnerships, and field projects on issues including climate smart agriculture,
metrics of sustainability, policy formulation, and efficiency of natural resource
use in agricultural systems. He has authored more than 50 FAO reports, book
chapters, and scientific papers on livestock, climate change, and natural
resources.



XXX ABOUT THE AUTHORS

Zhe Guo is a senior Geographic Information System (GIS) coordinator with
the Environment and Production Technology Division of the International
Food Policy Research Institute (IFPRI). His interests include spatial modeling,
spatial statistics, data mining, and remote sensing and land classification. He
has worked on multiple projects funded by the Gates Foundation, USAID, and
the World Bank. Zhe Guo earned an M.S. in Natural Resource Science and an
M.A. in geography in University of Maryland, College Park.

Frédéric Ham is an expert in geographic information systems (GIS) and
disaster risk reduction (DRR). He holds a master’s in GIS from Lund University
and a bachelor’s in Environmental Engineering from Strasbourg University,
France. With more than 10 years of experience with international humanitarian
organizations, including Action Contre la Faim (ACF), the Red Cross, and
Doctors Without Borders (MSF), he has been responsible for the design of several
GIS-based applications aimed at reducing the impact of natural disasters. In
particular, he has been extensively involved in the development of remote-sens-
ing-based early warning and surveillance systems covering the Sahelian pastoral
regions. These developments led to the production of functional and recognized
tools to address food insecurity and vulnerability to drought in these areas.

Norbert Henninger is a senior associate at the World Resources Institute
(WRI) working at the intersection of poverty reduction, natural resources man-
agement, and governance. He holds a master’s in Environmental Sciences from
Johns Hopkins University and an MBA from the University of Mannheim,
Germany. His work focuses on creating better information and tools to formu-
late and evaluate development cooperation programs, advance green growth
strategies, and carry out environmental and social assessments. He has written
technical reviews and publications on targeting agricultural research and pov-
erty reduction programs, environmental and agricultural indicators, and inte-
grated assessments of ecosystems and human well-being.

Alexandre Ickowicz is a veterinarian and research fellow at the International
Cooperation Center in Agricultural Research for Development in France, spe-
cializing in animal production science in the tropics. He holds master’s and PhD
degrees in veterinary science, tropical animal production, and environmental
science from Paris XII University. He has 18 years of professional experience in
dryland areas of west and central Africa, collaborating with national, regional,
and international research and development institutions (NARS, CILSS, ILRI,
FAO, World Bank) in improving knowledge on pastoral and agro-pastoral live-
stock production systems and contributing to development programs. He is
currently director of a joint research unit between CIRAD, INRA, and SupAgro
in Montpellier, France named SELMET (Livestock Systems Dynamics in
Mediterranean Areas and the Tropics), which is committed to research in
southern Europe, Africa, Southeast Asia, and Latin America.



ABOUT THE AUTHORS XXXi

Jawoo Koo is a research fellow at the Environment and Production
Technology Division of the International Food Policy Research Institute
(IFPRI). He holds master’s and PhD degrees in Agricultural and Biological
Engineering from the University of Florida. He has more than 10 years of expe-
rience in the development of a large-scale, spatially explicit crop system model-
ing framework and its application in Sub-Saharan Africa. He currently serves
as the leader of IFPRT’s Spatial Data and Analytics Theme. He is the author of
more than 20 technical papers and publications, including books, book chap-
ters, and articles in academic journals.

Mohamed Manssouri leads the UN Food and Agriculture Organization
(FAO) Investment Center Service for Europe, Central Asia, Near East, North
Africa, and Latin America and the Caribbean. He is an agricultural economist
with a master’s degree from AgroParisTech. Previously he coordinated FAO’s
“Renewed Commitment to a Hunger-Free Horn of Africa,” leading the develop-
ment of resilience-enhancing strategic plans and investment programs in the
Horn of Africa. Prior to joining FAO, he was country program manager with
the International Fund for Agricultural Development (IFAD) for 12 years,
where he led the development of country investment strategies and programs
in West and Central African countries. His areas of expertise include agricul-
tural and rural development, food security, and poverty reduction, with a focus
on policy and investment.

Anne Mottet is a livestock policy officer with the Food and Agriculture
Organization of the United Nations. She holds a master’s in Agricultural
Development Economics from AgroParisTech and a PhD in Agrosystems and
Ecosystems from National Polytechnic Institute of Toulouse. She has more than
10 years of experience in the livestock sector in Europe, Oceania, and Africa, in
areas such as international trade and markets, policy assessments, and resource
use efficiency and economics.

John Nash is lead economist in the Agriculture Global Practice in the World
Bank Africa Region. He holds master’s and PhD degrees in Economics from the
University of Chicago. Since joining the World Bank in 1986, he has worked in
five of the BanK’s vice-presidencies. Prior to 1986 he was an assistant professor
at Texas A&M University and an economic advisor to the chairman of the U.S.
Federal Trade Commission. He has written numerous books, journal articles,
and op-eds on agriculture, trade policy, climate change, and natural resource
management.

Frank Place is a senior research fellow with the Policies, Institutions, and
Markets Program (PIM) hosted by the International Food Policy Research
Institute (IFPRI), where he leads research on technology adoption and impact
assessment. He holds master’s and PhD degrees in Economics from the
University of Wisconsin-Madison. Prior to joining PIM, he worked for more
than 15 years for the World Agroforestry Centre in Nairobi. He conducted



XXXii ABOUT THE AUTHORS

many studies related to policy constraints to and impacts of agroforestry prac-
tices. Earlier he also worked for the Land Tenure Center and the World Bank
conducting studies of indigenous tenure systems in Africa.

Claudia Ringler is deputy division director of the Environment and
Production Technology Division at the International Food Policy Research
Institute (IFPRI). She co-leads the institute’s water research program and is also
a co-manager of the Managing Resource Variability and Competing Uses flag-
ship of the CGIAR Research Program on Water, Lands, and Ecosystems (WLE).
Her research focuses on water resources management and agricultural and
natural resource policies for developing countries. Over the last 10 years she has
undertaken research on the impacts of climate change on developing country
agriculture and on appropriate adaptation and mitigation options. She has writ-
ten more than 100 publications in the areas of water management, global food
and water security, natural resource constraints to global food production, and
the synergies of climate change adaptation and mitigation.

Joanna Syroka is the Director of Research and Development for the African
Risk Capacity. In these roles she oversaw the ARC design phase work program
and now leads the agency’s technical and research work. Prior to joining ARC
she worked with the World Bank and UN World Food Programme to develop
tailored weather and commodity risk management products for agricultural
and humanitarian applications in Africa, Asia, and Central and South
America. Her work led to the first sovereign-level weather derivative products
in Africa and the early farmer weather insurance transactions in India. Earlier
she worked as a commodity derivatives analyst for one of the United
Kingdom's largest utility companies. She holds a PhD in Atmospheric Physics
from Imperial College, London.

Ibra Touré is a senior scientist with the French Agricultural Research Centre
for International Development (CIRAD) and holds a PhD in Geography from
the University of Nice (France). He has led research on pastoral topics in the
Sahel for more than 20 years and has authored many scientific and technical
articles. He is currently working under a joint contract with the Permanent
Interstates Committee for Drought Control in the Sahel (CILSS) in
Ouagadougou, Burkina Faso. He co-launched the joint research unit “Pole
Pastoralism and Drylands” (PPZS) in Senegal. His main research is in develop-
ing tools to better address and support the management of pastoral production
systems through the production of spatial knowledge, the design of accurate
indicators, and the capacity building of partners. He contributed to the formula-
tion of the Regional Support Project Pastoralism in the Sahel (PRAPS) in 2013-
15, launched by the World Bank.

Tom Walker is an agricultural economist and holds a master’s from the
University of Florida, as well as master’s and PhD degrees from Stanford
University. Working with international agricultural research centers and



ABOUT THE AUTHORS XXXiii

universities, he has over 30 years of overseas experience in South Asia, Latin
America, and Sub-Saharan Africa. Relying heavily on longitudinal village stud-
ies and household panel surveys, he has written extensively on the economic
development of dryland agriculture. Multiple interdisciplinary research inves-
tigations with biological and physical scientists have significantly enhanced his
experience. In 2015 he edited a book, published by the Center for Biosciences
and Agriculture International (CABI), that reports on the collaborative effort of
over 200 biological and social scientists in documenting varietal change and the
performance of crop improvement programs in 30 countries in Africa.

Abdrahmane Wane is a senior drylands economist with CIRAD, in joint
appointment with the International Livestock Research Institute (ILRI) in
Nairobi, Kenya. He holds master’s and PhD degrees in Economics from the
University Paris 9-Dauphine (France) focusing mainly on sovereign debt man-
agement. He was the coordinator of the joint research unit, “Pole Pastoralism
and Drylands” (PPZS), in Senegal. His areas of expertise include development
economics, cattle markets, price volatility and transmission, pastoral income
distribution, food security, and value chain and network analysis, vulnerability/
resilience. He is the author or co-author of more than 45 scientific publications
including papers in peer-reviewed scientific journals, book chapters, and tech-
nical reports for leading institutions, and he has made at least 20 presentations
at international conferences.

Christopher Ward is a research fellow in the Institute of Arab and Islamic
Studies, University of Exeter. He holds degrees from Oxford University and is a
Fellow of the Institute of Chartered Accountants in England and Wales. He
worked for KPMG and McLintock Main Lafrentz in consultancy in the United
Kingdom and the Middle East, and was Assistant Representative of the British
Council in Saudi Arabia. He worked for 25 years in the World Bank. In the
Africa Region, he focused on agriculture and irrigation, and lived in Kenya and
Madagascar. In the Middle East and North Africa Region, he specialized in
water and lived in Yemen and Morocco. He has authored numerous studies and
papers, including the 2014 academic monograph “Water Crisis in Yemen?”

Hua Xie is a research fellow at the International Food Policy Research
Institute (IFPRI). He holds a PhD in environmental engineering from the
University of Illinois at Urbana-Champaign. His area of expertise is water
resources and environmental system analysis and modeling. At IFPRI, his
research focuses on developing quantitative analytical and modeling tools to
inform policy making for sustainable management of water and other natural
resources key to agricultural development. Research topics of interest include:
climate change impact on agricultural water resources, long-term projection of
agricultural nutrient pollution, and evaluation of water land management tech-
nologies. He has been involved in a series of studies on irrigation investment
potential in Sub-Saharan countries at both regional and national levels.






ABBREVIATIONS XXXV

Abbreviations

ACF
ACMAD
AGIR
AGRHYMET
Al

ANR

ARC

ARV

AU

B/C

BAU

BCR

BCSD
CGIAR-PIM

CIESIN

CILSS

CIMMYT
CIP
CIRAD
CMIP5
COMESA
DFID
DMP
DRM
DSSAT
EAC
ECOWAP
ECOWAS
EU

Action Contre la Faim

African Centre of Meteorological Applications for Development
Global Alliance for Resilience-Sahel and South Africa
AGRrometeorology, HYdrology, METeorology

Aridity Index

assisted natural regeneration

African Risk Capacity

Africa RiskView model

African Union

benefit/cost (assessment)

business as usual

benefit-cost ratio

bias-correction spatial disaggregation

Consultative Group for International Agricultural Research
Program on Policies, Institutions, and Markets

Columbia University Center for International Earth Science
Information Network

Permanent Interstates Committee for Drought Control in the
Sahel

International Maize and Wheat Improvement Center
International Potato Center

Agricultural Research for Development

Coupled Model Intercomparison Project Phase 5

Common Market for Eastern and Southern Africa
Department for International Development, United Kingdom
Dry Matter Productivity

disaster risk management

Decision Support System for Agrotechnology Transfer

East African Community

Economic Community of West Africa Agricultural Policy
Economic Community of West African States

European Union



XXXVi ABBREVIATIONS

FAO
FEWS NET
FMNR
GAEZ
GCM
GEF
GEPR
GFDRR
GHG
GIS
GLADIS
GLEAM
GLW
GRUMP
ha

HH
HSNP
ICARDA
ICPAC
ICRAF

ICRISAT
ICT
IFAD
IFPRI
IGAD
ILRI
IMF
IPCC
IRR
Kfw
km?
LADA
LEWS
LSI
LSMS
MT
MV
NARS
NDVI
NGO

XXXVi

United Nations Food and Agriculture Organization
Famine Early Warning Systems Network
farmer-managed natural regeneration

Global Agro-Ecological Zones database, FAO

Global Circulation Model

Global Environment Facility

growth elasticity of poverty reduction

Global Facility for Disaster Reduction and Recovery
greenhouse gas

geographic information system

Global Land Degradation Information System

Global Livestock Environmental Assessment Model
Gridded Livestock of the World

Global-Urban Mapping Project

hectare

household

Hunger Safety Net Program

International Center for Agricultural Research in the Dry Areas
Climate Prediction and Applications Center

World Agroforestry Centre (known as the International Centre
for Research in Agroforestry [[CRAF] before 2002)
International Crops Research Institute for the Semi-Arid Tropics
information and communications technology
International Fund for Agricultural Development
International Food Policy Research Institute
Intergovernmental Authority on Development, Africa
International Livestock Research Institute
International Monetary Fund

Intergovernmental Panel on Climate Change

internal rate of return

Kreditanstalt fiir Wiederaufbau (Reconstruction Credit
Institute), Germany

square kilometers

Land Degradation Assessment in Drylands Project
Livestock Early Warning System

large-scale irrigation

Living Standards Measurement Surveys

metric ton

modern variety

National Agricultural Research Systems

Normalized Difference Vegetation Index
nongovernmental organization



ABBREVIATIONS XXXVil

NPV net present value

NTM non-tariff measure

OCHA UN Office for the Coordination of Humanitarian Affairs
OIE World Organisation for Animal Health

PDNA Post Disaster Needs Assessment

PDSI Palmer Drought Severity Index

PET potential evapotranspiration

PPZS Pole Pastoralism and Drylands

PRAPS Regional Support Project Pastoralism in the Sahel
PROST Pension Reform Options Simulation Toolkit

PSNP Ethiopia Productive Safety Net Program

RCP Representative Concentration Pathway

REC Regional Economic Commission

SADC Southern Africa Development Community

Safex South African Futures Exchange

SHIP Survey-based Harmonized Indicators Program, World Bank
SPAM Spatial Production Allocation Model, IFPRI

SSI small-scale irrigation

SSN social safety net

TLU Tropical Livestock Units

UNCCD United Nations Convention to Combat Desertification
UN-DESA  United Nations Department of Economic and Social Affairs
UNDG United Nations Development Group

UNDP United Nations Development Programme

UNEP United Nations Environment Programme

UNFPA United Nations Population Fund

UNICEF United Nations Children’s Fund

USAID U.S. Agency for International Development

WBG World Bank Group

WEP United Nations World Food Programme

WMO World Meteorological Organization

WRI World Resources Institute

WRSI rainfall-based drought index






Overview

The development challenge posed by drylands

Drylands—defined for purposes of this book based on the widely used Aridity
Index! to include arid, semi-arid, and dry subhumid zones—account for three-
quarters of Sub-Saharan Africa’s cropland, two-thirds of cereal production, and
four-fifths of livestock holdings. In East and West Africa—the focus of this
book—drylands are home to over 300 million people, and they account for a
large share of the poor, including many of those lacking access to basic services
such as health care and education (map O.1).

Today frequent and severe shocks, especially droughts, limit the livelihood
opportunities available to millions of households and undermine efforts to

Map 0.1 Dryland regions of West and East Africa
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Source: ©Harvest Choice, IFPRI, 2015. Reproduced, with permission from Zhe Guo; further permission required
for reuse.
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eradicate poverty in the drylands. These shocks regularly cause large drains on
government budgets and consume a significant portion of the region’s interna-
tional development assistance, especially in the absence of robust social protec-
tion systems and rapidly scalable safety nets. As a result, scarce resources are
diverted away from pursuing longer-term development goals and redirected to
mobilizing costly short-term responses to humanitarian crises. In 2011 around
US$4 billion was spent on humanitarian assistance to the Sahel and the Horn of
Africa, equivalent to over 10 percent of total Official Development Assistance
to all of Sub-Saharan Africa (OECD 2015). The challenges threatening the liveli-
hoods of many of the groups that live in drylands are compounded by their
social and political marginalization, which muffles their voices and limits their
ability to influence political processes that affect their well-being.

If the current situation is precarious, the future promises to be even more chal-
lenging. By 2030 the number of people living in the drylands of East and West
Africa is expected to increase by 65 to 80 percent (depending on the fertility sce-
nario). Over the same period climate change could result in an expansion of the
area classified as drylands, by as much as 20 percent under some scenarios, for the
region as a whole, with much larger increases in some countries (map O.2). This
would bring more people into an ever more challenging environment.

Map 0.2 Shift and expansion by 2050 of dryland areas due to climate change
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Note: The map shows the extent to which drylands (defined to include all zones with an aridity index
0.05-0.65) could shift and expand by 2050 as a result of climate change. To visualize the largest possible
impacts, the map reflects the fastest growth of GHG (greenhouse gas) concentration (RCP 8.5 [Representative
Concentration Pathways]) under the driest of a set of over 40 climate models.
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Scope of inquiry: Focus of this book

In response to a series of humanitarian crises, especially the drought-induced
emergencies that occurred in the Horn of Africa in 2011 and the Sahel in 2012,
national governments and the international development community have
scaled up efforts to tackle the challenge of vulnerability in drylands through
initiatives such as the Global Alliance for Resilience (AGIR)-Sahel and West
Africa (facilitated by OECD) and the Global Alliance for Action for Drought
Resilience and Growth (facilitated by the U.S. Agency for International
Development [USAID]). These ongoing efforts are helping to address the recur-
ring crises in the drylands, but the challenge is to ensure that the solutions they
provide are not only temporary. Permanently reducing the vulnerability of the
people living in drylands will require sustained efforts to attack the underlying
root causes of their problems, using policies and programs that extend beyond
relatively short electoral cycles. This book focuses on what should be the focus
of the next generation of interventions aimed at enhancing the resilience of
dryland populations in the face of demographic, economic, environmental, and
climatic change.

If current trends continue, over the next two decades dryland regions of
Africa will experience strong population growth. Higher population density in
the drylands, combined with increasing interest from outside investors in large-
scale commercial agriculture and extractive industries, will put additional pres-
sure on the region’s fragile natural resource base, pushing it in some cases
beyond its regenerative capacity. As competition for resources intensifies, con-
flicts over land, water, and feed are likely to multiply, reducing the ability of
governments, development agencies, and local communities to manage the
impacts of droughts and other shocks.

In this context, building resilience to droughts and other shocks is of para-
mount importance. When households and communities are repeatedly hit by
shocks and lack the means to respond, they then have difficulty accumulating
the human, physical, and natural capital needed to lift themselves out of pov-
erty. For this reason, building resilience to shocks is not necessarily a goal in
itself, but remains an essential pre-condition for achieving higher-level develop-
ment goals, such as poverty eradication, sustainable improvements in living
conditions, and food security.

This book focuses on the medium-term prospects (over the next two
decades) for increasing the resilience to drought and other shocks of people
living in dryland areas of East and West Africa. Increasing resilience will not
automatically lead to poverty eradication; for poverty to be eradicated, a num-
ber of additional actions will have to be taken, for example, improving health
services, strengthening educational systems, and improving access to markets
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for inputs and outputs. But while increasing resilience is not a sufficient condi-
tion for poverty eradication, it is most likely a necessary one, because it is hard
to imagine how households that are unable to cope with the impacts of drought
and other shocks can save enough to augment their endowment of productive
assets and increase their income generation potential.

The questions concerning vulnerability and resilience addressed in this book
must be understood against the backdrop of an extremely dynamic environ-
ment. Dryland regions of Africa are already undergoing sweeping changes that
are affecting the livelihoods of millions of households. Because the ongoing
transformation of the drylands is being propelled by demographic drivers that
have a great deal of momentum, the key question for policy makers is how best
to manage the demographic, social, and economic changes that are coming.

Currently, most of the people living in the dryland regions of East and West
Africa rely on herding and farming for their livelihoods. Over the longer run,
structural transformation of the economy may generate opportunities for new
livelihood activities that are less vulnerable to the impacts of droughts and other
shocks. In the short to medium term, however, the key policy question concerns
the extent to which current livelihoods can be made more resilient. In that con-
text, this book examines two main areas of intervention, which are considered
complementary.

1. Improving current livelihood activities: For the foreseeable future, most of
the people living in drylands in East and West Africa will continue to make
their living from herding and farming. For that reason, the book considers
what can be done to make current livelihood activities more productive,
more stable, and more sustainable, through investments supported by policy
reforms and institutional change. The emphasis is on technological and man-
agement choices that have the potential to increase the returns from pasto-
ralism, agro-pastoralism, and crop farming. Complementary activities in
areas such as family planning, education, job creation, and financial markets
are recognized as having a major influence on livelihood activities, but these
complementary activities are not analyzed in detail.

2. Strengthening social protection programs including safety nets: In many
parts of the drylands, even the most productive, stable, and sustainable liveli-
hood activities will not be fully immune to the effects of droughts and other
shocks. Households that rely on herding or farming as principal livelihood
sources will continue to be exposed to droughts and other shocks, which
depending on their frequency and severity can negatively affect incomes and
plunge large numbers of people into poverty. For that reason, the book
examines the degree to which social protection programs including safety
nets can be used to strengthen the ability of dryland populations to cope
effectively with the impacts of droughts and other shocks.
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Improving current livelihood activities and strengthening social protection
programs have significant potential to reduce vulnerability and enhance resil-
ience of populations living in drylands, but both are likely to face limits, par-
ticularly in the face of technological, financial and fiscal constraints. In light of
these limits, policy makers will need to consider a third set of interventions,
namely, encouraging dryland populations to switch to alternative livelihood
activities that are less vulnerable to droughts and other shocks. By assessing the
scope and limitations of the first two types of interventions, this book helps
define the importance across the group of countries analyzed of the third type
of intervention. The book does not attempt to identify or analyze in detail the
alternative livelihood activities that may offer the brightest prospects for dry-
land populations in East and West Africa; those tasks fall outside the scope of
the present study and remain topics for future research.

Geographically the book focuses on dryland zones in East and West Africa,
where vulnerability to drought and other shocks is highest. Many of the insights
generated by the analysis have broader applicability, however.

Conceptual framework: The determinants of resilience

Prospects for sustainable development of drylands are assessed in this book
through the lens of resilience. But what exactly is meant by resilience? Most defi-
nitions of resilience relate to the ability of people or ecosystems, or both, to
withstand and recover from shocks. In the context of drylands, the most impor-
tant shocks are meteorological shocks, especially droughts, which are the main
focus of the discussion that follows. Other shocks that are considered but not
analyzed in detail include health shocks, price shocks, and conflict-related
shocks.

In the absence of a single, widely accepted definition of resilience, this book
uses a dimension-based approach (detailed in box O.1). Resilience—under-
stood here to mean the ability of people to withstand and respond to droughts
and other shocks—is affected by three types of factors:

» Exposure is the degree to which people are subject to droughts and other
shocks, which depends mainly on where they live.

 Sensitivity is the degree to which people are affected by droughts and other
shocks, which is determined by the nature and composition of their income
sources and assets.

o Coping capacity is the ability of people to mitigate the impact of droughts
and other shocks after they occur, through own resources, or support from
friends, relatives, or the government.
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BOX 0.1

The dimensions of resilience

Exposure can be defined as the frequency and degree to which a household is
subject to being hit by droughts and other shocks. A household whose assets
are located in an area in which severe droughts occur once in every 5 years on
average is more exposed than a household whose assets are located in an area
in which severe droughts occur once in every 15 years on average. Exposure is
an exogenous dimension of vulnerability, that is, outside the control of the
household in the short run.

Sensitivity is the degree to which a household is affected by droughts and
other shocks when they occur. For a given level of exposure, a household that
derives a large share of its income from shock-affected activities (e.g., rainfed
cropping and pasture-based livestock production) will have a higher sensitivity
to the shock, other things equal, than a household that derives a small share of
its income from shock-affected activities. Sensitivity is determined in large part
by past decisions made by a household regarding the nature and mix of its
assets (and by its livelihood strategy). Changing the nature and mix of assets
(and the livelihood strategy) is one of the main avenues the household can fol-
low to enhance its resilience.

Coping capacity refers to the ability of a household to mitigate the impact
of droughts and other shocks after they occur. Access to financial resources
(from its own savings, from friends or relatives, or from social safety nets) can
help the household make up for an income shortfall resulting from, for exam-
ple, a drop in production following a weather-induced shock. Liquidating pro-
ductive assets to mitigate the negative impacts of current shocks may reduce
the ability of the household to mitigate the impacts of future shocks, that is, it
will reduce the household’s resilience. Since it is unlikely that all risks can be
avoided by diversifying household assets and altering income-generating activi-
ties to reduce exposure to future shocks, resilience-enhancing strategies usually
consist of a combination of actions to reduce sensitivity to shocks and actions
to increase coping capacity.

Other conditions being constant, the resilience of a household in the face of
droughts and other shocks increases the lower its exposure, the lower its sensi-
tivity, and the greater its coping capacity. Resilience is determined by the inter-
play of all three dimensions, so attempts to understand resilience in terms of
just one or two dimensions can produce a misleading picture. For example,
when relatively few people are living below the poverty line, it would be easy to
conclude that the coping capacity of the population is relatively high, since most
households have enough assets to be able to recover from a drought, should a
drought occur. Based on such reasoning, policy makers might use the poverty
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headcount as an indicator of vulnerability. But focusing in this way on a single
dimension of resilience could lead policy makers to overlook the fact that even
though most households have enough assets to recover from a drought, the
livelihood strategy that allowed them to accumulate those assets may be
extremely sensitive to droughts. If this is the case, recurrent droughts could
cause households to move in and out of poverty over time. In such a scenario,
the population at risk should be understood to include not only the people that
are poor today, but also the people who risk becoming poor tomorrow because
their income is sensitive to droughts.

The importance of using a multidimensional approach to understand resil-
ience can be seen by looking at the experience of several thousand Ethiopian
households that participated in a series of surveys carried out during the period
1994-2009. Many of these households transitioned in and out of poverty, so
during a period when the overall poverty headcount was gradually coming
down, the fortunes of individual households were much more variable. On aver-
age, in any given year 16-17 percent of households started out poor and stayed
poor, 18-19 percent of households started out non-poor and fell into poverty,
16-20 percent of households started out poor and climbed out of poverty, and
45-48 percent of households started out non-poor and remained non-poor (for
details, see Scandizzo et al. 2014).

The Ethiopia household level evidence generates two important insights.
First, policies that succeed in bringing some people out of poverty at a particu-
lar point in time do not necessarily guarantee that, as a result of subsequent
shocks, many of those people will not fall back into poverty. Second, enhanced
resilience is a pre-condition for sustained reduction and eventually eradication
of poverty. As a result, it makes sense to explore policies and interventions that
can increase resilience (as these will lay the foundation for poverty reduction);
these policies and interventions should holistically address all three dimensions
of resilience.

Vulnerability in drylands if transformation is not managed

If current trends continue, how are patterns of vulnerability in African drylands
likely to evolve? An original modeling framework developed for this book
(referred to as the umbrella model because it integrates the results of more nar-
rowly focused analyses carried out at the level of individual sectors) was used to
assess the likely impacts of projected changes in the main drivers of resilience.
The purpose of the umbrella modeling exercise was to assess the magnitude of
the coming challenge and identify opportunities for policy interventions. The
exercise generated a number of important insights, as follows.



8 CONFRONTING DROUGHT IN AFRICA'S DRYLANDS

The number of people living in East and West Africa drylands who are
exposed to droughts and other shocks will grow considerably. In the absence of
significant out-migration, by 2030 the population living in rural areas of the dryland
countries is projected to grow by 15-100 percent (depending on the country).

Economic growth will reduce the share of people living in drylands who
are sensitive to droughts and other shocks, but probably not fast enough to
overcome the effects of demographic growth. As GDP growth generates new
employment opportunities in the manufacturing and services sectors, the share
of the population living in drylands and dependent on livestock-keeping and
crop farming is likely to decrease. Nevertheless, in the presence of rapid popula-
tion growth and increasing competition for resources from outside investors,
the absolute number of people who depend on livestock-keeping and crop
farming and who are exposed and sensitive to droughts and other shocks will
likely outpace the exits out of agriculture. As a result, the total number of people
dependent on agriculture is projected to increase (figure O.1).

Economic growth will generate additional resources that can be used to
cope with droughts and other shocks, but growth needs to become more
pro-poor. If GDP continues to grow in line with historical rates and the growth
elasticity of poverty reduction averages 0.75 (a value that denotes relatively

Figure 0.1 Number of people in drylands projected to be dependent on agriculture in
2030 (2010=100, medium fertility scenario)
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Note: The figures in the chart represent the number of dryland people projected to be dependent on agricul-
ture in 2030 in relation to the corresponding figure in 2010. So for example, a figure of 140 indicates a 40
percent increase over the 2010 level of agricultural employment. For each country, the range is defined by
different scenarios of per capita GDP growth, which is expected to generate some exit of employment out of
agriculture as a result of structural transformation of the economy. The details of the calculation are provided
in the appendix.
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inequitable growth, such as that being observed in many African countries), the
number of people in the drylands who depend on agriculture and live below the
poverty line will increase in virtually every country (exceptions could include
Burkina Faso in West Africa and Uganda in East Africa).

Faster, more inclusive growth could reduce the incidence of vulnerability
in drylands, but it will not eliminate vulnerability altogether. Under an opti-
mistic scenario that assumes that growth is both fast and equitable (unfortu-
nately at odds with recent experience), the number of vulnerable people living
in drylands could decrease by up to 40 percent in East Africa and up to 10
percent in West Africa (figure O.2). Despite these gains, the number of people
needing assistance when droughts or other shocks occur is likely to exceed the
reach of existing social protection systems, which suggests that large-scale
humanitarian assistance would still be needed on a regular basis.

Investment in the education of girls can help mitigate the size of the chal-
lenge, but it will not fully resolve the problem. Investment in the education of
girls has been shown to lower fertility rates over the medium to long term. As
fertility rates fall, so does the number of people who are likely to need public
assistance. The impact of reducing fertility rates, while non-negligible, is likely
to be insufficient to address the problem. Using the UN low fertility population
projections as a first-order approximation of the effects of fertility reduction

Figure 0.2 Vulnerable people in drylands in 2030 (2010=100, medium fertility scenario)
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Note: The figures in the chart represent the number of dryland people projected to be employed in agriculture
and having an income below the poverty line in 2030, compared to the corresponding number in 2010. For
example, a value of 140 indicates a 40 percent increase by 2030 in the number of poor people employed in
agriculture, compared to 2010. For each country, the range is defined under alternative scenarios involving
different assumptions on per capita GDP growth and growth elasticity of poverty reduction. In particular, in the
high-end scenario, growth rates and the income elasticity of poverty reduction are assumed to be at the 75th
percentile of the distribution of the corresponding historical values. In the low-end scenario, they are assumed
to be at the 25th percentile of the historical distribution. In the reference scenario selected, growth rates are
set at the historical, country-specific average, while the growth elasticity of poverty reduction is set for all
countries at the level of 0.75. Further details of the calculation appear in the appendix.
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policies, the increase by 2030, compared to 2010, in the number of people vul-
nerable to droughts and other shocks could be reduced by a third (figure O.3).

Options for increasing resilience

By 2030 economic growth leading to structural change will allow some of the people
living in drylands to transition to non-agriculture-based livelihood strategies, reduc-
ing their vulnerability. Many other people living in drylands will continue to rely on
livestock-keeping and crop farming. For the latter group, a number of best-bet inter-
ventions described in this book have the potential to make a significant difference
in reducing vulnerability and increasing resilience. This book evaluates the key
opportunities and challenges associated with these interventions, and it draws a
number of conclusions that have important implications for policy making.
Livestock-keepers in the drylands can be made more resilient through
investments in improved management practices combined with support to
new, complementary income sources. Pastoralism and agro-pastoralism are
the predominant forms of livestock-keeping throughout large parts of the dry-
lands. Many pastoralists, particularly those at the lower end of the income spec-
trum, are vulnerable to falling into poverty (or sinking deeper into poverty)
because their herds are not large enough to provide a reliable income stream in

Figure 0.3 Vulnerable people in drylands in 2030 (2010=100, different fertility scenarios)
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Note: The figures in the chart represent the number of dryland people projected to be employed in agriculture
and having an income below the poverty line in 2030, compared to the corresponding number in 2010. For
example, a value of 140 indicates a 40 percent increase by 2030 in the number of poor people employed in
agriculture, compared to 2010. For each country, the range is defined by the three scenarios of population
growth contained in the UN World Population Prospects (2012 Revision—http://www.un.org/en/development/
desa/publications/world-population-prospects-the-2012-revision.html).
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the face of erratic rainfall, recurring outbreaks of disease, continual conflict, and
other shocks. In 2010 only 30 percent of households in the Sahel and the Horn
of Africa possessed enough livestock assets to stay out of poverty in the face of
recurrent droughts. With human population growth outstripping growth in
livestock numbers, that share is projected to drop to 10 percent by 2030. Many
livestock-keeping households (some 60 percent of the projected 2030 popula-
tion) will feel pressure to drop out of livestock-based livelihoods, with the
remaining 30 percent of households projected to stay in the system despite
remaining vulnerable to droughts and other shocks.

Strategic interventions could slow the rate at which poor households feel
pressure to abandon livestock-keeping, while at the same time boosting the
income of those who remain. Productivity-enhancing interventions—such as
providing improved animal health services, ensuring early offtake of young
male animals, destocking quickly in the face of approaching drought, and
ensuring improved access to grazing areas—could raise the share of resilient
households by 50 percent (figure O.4). These gains would be achieved from a

Figure 0.4 Impact of improved animal health and early offtake of young bulls on the
resilience status of livestock-dependent households in 2030 (% of households)
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Note: The figures in the chart represent the shares of households that are estimated to fall, without and with
resilience interventions, into one of three categories. Resilient households are those that own herds above a
resilience threshold required to withstand a sequence of high and low rainfall years similar to those experi-
enced in the last 20 years. Pushed-out households are those that own herds below a lower survival threshold,
so that they are unlikely to sustain themselves even in an average rainfall year. Vulnerable households are
those whose herd size falls between the survival threshold and the resilience threshold. These households
own enough animals to remain above the poverty line in an average year, but not enough to cope effectively
during drought years. The figure refers to aggregated results for Ethiopia, Kenya, Uganda, Senegal, Nigeria,
Mauritania, Chad, Mali, Burkina Faso, and Niger.
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low starting point, however, so a large share of households would still remain
vulnerable or feel pressure to drop out of livestock-keeping altogether (85 per-
cent in pastoral areas, 70 percent in agro-pastoral areas). All told, more than 3
million households in 10 dryland countries could become resilient thanks to
these interventions, at a cost of US$0.5 billion per year, or US$160 per house-
hold made resilient.

The scope for productivity-enhancing investments to increase livestock pro-
duction in the drylands is limited by constraints on feed availability and by the
rate at which animals can reproduce. Still, resilience of livestock-keeping house-
holds could be increased by interventions falling outside the domain of conven-
tional livestock improvement programs—for example, policies designed to
bring about a more equitable distribution of livestock assets: these could take
the form of subsidized credit to enable smallholders to reach a minimum herd
size, or progressive taxation of wealthier livestock owners. Some of these mea-
sures are prone to abuse, however (e.g., preferential credit programs), and oth-
ers are likely to generate opposition from powerful groups with vested interests
(e.g., progressive taxation regimes). If the potential disadvantages limit the
scope for implementation, then it will be important to identify interventions
that provide new income sources for poor livestock-keepers, such as programs
that provide payments for environmental services. This will help limit exits
from livestock-keeping and reduce the likelihood that those who continue to
rely on livestock-keeping as their principal livelihood source will remain poor
and vulnerable to shocks.

Improved crop production technologies can deliver sizeable resilience
benefits by boosting productivity in rainfed agriculture. By 2030, if no action
is taken, the number of farming-dependent households in the Sahel and the
Horn of Africa that are poor and vulnerable to droughts and other shocks is
projected to increase by around 60 percent. Interventions designed to improve
the productivity of rainfed crops have the potential to dampen that increase
considerably. Simulations of the impacts of the best-bet crop-intensification
technologies (e.g., drought- and heat-tolerant varieties, improved fertility man-
agement, rainwater harvesting) on the productivity of key staples grown in dry-
lands (maize, sorghum, and millet) suggest that the number of drought-affected
poor households could be reduced by 10-80 percent compared to a “business as
usual” (BAU) scenario, depending on the country and aridity zone. To ensure
adoption, governments will need to address the technical, institutional, and finan-
cial challenges associated with the deployment of the best-bet technologies.

Adding trees to current farming systems can further increase resilience.
Trees can improve the productivity and stability of crop and livestock produc-
tion systems by providing multiple benefits that tend to stand up well in the face
of weather shocks. Tree-based systems include systems based on farmer man-
agement of naturally occurring species (generally more appropriate in drier
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zones), as well as systems involving deliberate planting of economically useful
species (generally more appropriate in more humid zones). When farmer-man-
aged natural regeneration of native species is combined with the other produc-
tivity-enhancing technologies discussed in this book, the impact is
impressive—the projected number of poor, drought-affected people living in
drylands in 2030 falls 13 percent with low-density tree systems and more than
50 percent with high-density tree systems (figure O.5). An important feature of
tree-based systems is that, while the adoption costs must be incurred up front,
the resulting benefits often take years to materialize. This can be problematic,
because the long time lag to realize investment returns reduces the attractive-
ness of tree-based systems in the drylands, where farmers generally must focus
on meeting their families’ immediate consumption needs in the face of uncer-
tain production environments. For this reason, getting farmers to adopt the
technology is likely to require significant public support.

Irrigation can provide an important buffer against droughts, particularly
in the less arid parts of the drylands. Analysis carried out for this book sug-
gests that irrigation development is technically feasible and financially viable on
5-9 million hectares in the drylands (the number varies depending on assump-
tions made about capital investment costs and the minimum required level of
financial returns). The area suitable for irrigation is disproportionately located

Figure 0.5 Number of drought-affected households that could be made resilient by
adopting different agricultural technologies (millions)

Number of households made resilient (millions)

No trees FMNR low tree density FMNR high tree density

M Drought tolerance packages M Fertility management M Heat tolerance packages M Agroforestry

Source: Calculations based on World Bank data.

Note: FMNR = farmer-managed natural regeneration. The numbers represent households that by 2030 could
become resilient to droughts by adopting different packages of resilience interventions. The figure presents aggre-
gated results for Ethiopia, Kenya, Uganda, Senegal, Nigeria, Mauritania, Chad, Mali, Burkina Faso, and Niger.
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in more humid parts of the drylands (map O.3). Up to 10 percent of the area
currently being cropped in dry subhumid zones could be developed for irriga-
tion, compared to only 2-3 percent of the area currently being cropped in arid
and semi-arid zones. If this potential can be exploited, crop production losses
suffered during droughts would be reduced, thereby reducing the number of
drought-affected people by around 1 million, which is a 19 percent improve-
ment compared to a package of interventions without irrigation. Most irrigation
systems cannot provide reliable protection in the face of severe drought events,
however. Some large-scale irrigation systems (estimated to be viable in 1.0-2.5
million hectares of dryland zones) have greater capacity to withstand more
severe drought, but expansion of large-scale irrigation is likely to be constrained
by extremely high capital investment costs.

Cross-cutting interventions to enhance resilience

Other interventions discussed in this book offer additional opportunities to
increase the resilience of dryland populations, as follows.

Integrated landscape management could help to restore degraded areas
in the drylands, boost productivity, and improve livelihoods. Restoring
degraded drylands by addressing the drivers of land degradation, discouraging
unsustainable uses of natural resources, and scaling up improved land and water
management practices can enhance the resilience of many poor and vulnerable

Map 0.3 Potential for development of small- and large-scale irrigation in Sub-Saharan Africa
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herders and farmers. Integrated landscape management approaches provide a
potentially useful instrument for pursuing multiple objectives in the presence
of a diverse set of actors. Investment in integrated landscape management pro-
grams, which support coordination and long-term collaboration among differ-
ent groups of land managers and stakeholders, can enhance and safeguard
restoration efforts, lower risks related to water shortages and land degradation,
diversify income sources, support sustainable intensification, and reduce con-
flicts. Implementation of landscape approaches can be challenging, however,
because of limited knowledge of the potential benefits, as well as institutional
and coordination barriers to implementation.

Reducing barriers to trade could contribute significantly to the resilience
of people living in drylands by making food more available and more afford-
able, including after a shock hits. The potential to develop well-integrated and
competitive regional markets in African drylands is today being thwarted by
barriers to trade. African agriculture continues to underperform relative to
agriculture in other developing regions. While the causes of this underperfor-
mance are complex and varied, one contributing factor is the very low use of
improved production inputs, especially modern plant varieties, fertilizer, crop
chemicals, and animal health products. The low use of production inputs is due
in part to their high cost and limited availability, a situation exacerbated by
direct and indirect trade barriers. In addition to limiting the availability of
vitally needed production inputs, trade barriers found throughout the drylands
hamper flows of food and amplify price spikes, which can have severe implica-
tions when an extreme weather event, animal disease epidemic, or outbreak of
conflict has restricted local food supplies, requiring imports of food to meet
temporary shortfalls. Uncertainty caused by ad hoc trade measures also dis-
courages investments in storage and trade infrastructure that would buffer price
shocks. Initiatives to reduce barriers to trade in agricultural inputs and food will
have to overcome political resistance, however, as well as pervasive mistrust
between government officials and trade communities. More transparent and
better information for civil society on the presence and effects of trade barriers
and for government on the realities in local food markets may facilitate reforms.

Strengthening social protection programs

Social protection programs will be a key component of successful integrated
resilience strategies in the drylands, in which these programs can play two very
different but complementary roles, as follows.

Social protection programs can provide crucial safety nets to protect the
most vulnerable people in times of crisis, at lower cost than humanitarian
assistance. Currently, humanitarian assistance is often the default response to
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droughts and other shocks. Humanitarian assistance can save lives after a shock
has occurred, but it does little to strengthen resilience to future shocks. A growing
body of evidence suggests that when a shock has occurred and assistance is
urgently needed, it is much more cost-effective to scale up existing social protec-
tion programs, as opposed to relying on emergency aid raised through appeals.
Policy makers therefore need to devise strategies for establishing and maintaining
adequate safety net programs, which will mean addressing large institutional and
financial challenges that many African countries presently are unable to meet.

The ability of social protection programs to provide safety nets to all vul-
nerable people in drylands in times of need will come under increasing
strain as a result of population growth. Assuming that GDP continues to grow
at historical rates and that future growth reduces poverty at historical rates, by
2030 the cost of providing cash transfer support to drought-affected popula-
tions is likely to be unaffordable in many dryland countries (figure O.6).

In addition to serving as instruments that can be used to deliver safety net
support, social protection programs can help build resilience at the house-
hold and community levels. Well-designed social protection programs can
facilitate the delivery of many of the best-bet interventions described above.
Transfers of cash, food, or other goods offered to households in the aftermath
of a drought or other shock can be accompanied by training in the use of pro-
ductivity-enhancing technologies that allow vulnerable households to generate
additional income. By using this additional income to build assets, these house-
holds can improve their ability to cope when the next shock hits, reducing the
financing needed in future years to support shock-affected people.

Scalable safety nets can provide cost-effective protection against many
shocks, but even the strongest safety nets are unlikely to offer complete protec-
tion against some low-frequency, high-severity events. For this reason, there
will always be a need for risk transfer mechanisms, to ensure that additional fiscal
resources can be mobilized at short notice to deal with the effects of severe shocks.
Generally speaking, however, humanitarian assistance should be the option of last
resort, rather than the alternative of choice for crisis situations.

Enhancing preparedness with disaster risk management
instruments

Disaster risk management (DRM) instruments can be key components of strat-
egies to reduce vulnerability and increase resilience in drylands. DRM
approaches can be effective in reducing sensitivity to droughts and other shocks
(e.g., by putting in place screening tools and early warning systems, prioritizing
infrastructure investments to increase resilience to climate shocks, or
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Figure 0.6 Share of 2030 GDP required to bring the drought-affected population to the
poverty line (%)
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Note: The chart shows the cost of bringing, in an average year, all drought-affected people to the international
poverty line through cash transfers, assuming perfect targeting (the cost is expressed as a percentage of 2030
GDP for drylands, assumed proportional to the share of the population living in drylands). The cost is calculated
taking into account the country-specific depth of poverty, as proxied by 2010 poverty gap index obtained from
the World Bank PovCalnet database. Figures for 2030 GDP are based on the reference growth scenario as
defined in the appendix. The reference line (1 percent of GDP), indicates the consensus value in the social pro-
tection literature on the resources governments should be willing to spend in social safety nets.

introducing building codes and guidelines) as well as in improving coping
capacity after a shock has hit (e.g., by supporting investments in preparedness,
mobilizing sovereign disaster risk financing, making available agricultural
insurance for farmers and herders, and supporting social protection programs
for the poorest). DRM programs currently have limited coverage in the dry-
lands, however, and because few programs have the capacity to scale up rapidly
in response to shocks, during times of crisis most governments rely on humani-
tarian appeals. This is inefficient and expensive. DRM programs need to be
designed and implemented in a way that is responsive to the particular dynam-
ics of poverty and vulnerability in the drylands.

Evaluating options: Assessing the relative merits of
resilience-enhancing interventions

The scope for enhancing the resilience of dryland populations in the face of
droughts was assessed using results of the umbrella model.
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First, the umbrella model was used to project the likely future incidence of
vulnerability in the drylands under a set of plausible assumptions about popula-
tion increases, economic growth, and income distribution. By 2030, the number
of vulnerable, drought-affected people living in drylands is projected to be 60
percent higher than in 2010. After 2030, the impacts of droughts and other
shocks will likely become even greater as climate change increases the frequency
and severity of droughts and other extreme weather events.

Next, the umbrella model was used to estimate the ability of various resil-
ience-enhancing interventions to reduce the number of drought-affected people
projected to be living in drylands in 2030. The interventions tested include:
(1) improved productivity of livestock systems, (2) measures to expand the cov-
erage and improve the productivity of irrigated agriculture, (3) measures to
improve the productivity of rainfed cropping systems, and (4) improved natural
resource management (in particular the use of tree-based systems).

Potential impacts of livelihood interventions

Interventions designed to strengthen current livelihoods could considerably
reduce the number of drought-affected people living in drylands in 2030.
Adoption of the resilience-enhancing interventions would limit the increase in
the number of drought-affected people to 27 percent above 2010 levels (figure
0.7). This represents a significant improvement over the no-intervention BAU
scenario, in which the number of drought-affected people increases by close to
70 percent compared to 2010. This result points to the importance of stepping
up actions to encourage the adoption of the best-bet interventions. One needed
action is to mobilize resources to pay for the effective dissemination of the tech-
nologies, estimated to range between US$0.4 and US$1.3 billion per year
(depending on the assumption made about the accuracy of spatial targeting).
Another needed action is to make sure that equity considerations are consid-
ered adequately in the design and implementation of resilience interventions
(see box O.2).

In some countries, improving current livelihood strategies will not be
enough. While resilience-enhancing interventions can help to slow the increase
in the number of drought-affected people everywhere, only in some countries
(Ethiopia, Uganda, and to a lesser extent Nigeria and Kenya) would the inter-
ventions reduce the number of drought-affected people relative to the 2010 base-
line. In several countries (including Niger, Mali, Senegal, Mauritania, and to a
lesser extent Chad), even after adoption of the resilience-enhancing interven-
tions, the number of drought-affected people would increase relative to the 2010
baseline, although less than in the BAU scenario.
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Figure 0.7 Potential of best-bet interventions to reduce the numbers of drought-affected
people living in drylands in 2030 (2010=100)
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Source: Calculations based on World Bank data.

Note: The figures in the chart represent the number of dryland people projected to be dependent on agriculture
in 2030 in relation to the corresponding figure in 2010. For example, a figure of 140 indicates a 40 percent
increase over the 2010 level of agricultural employment. For each country, the range is defined by different sce-
narios of per capita GDP growth, which is expected to generate some exit of employment out of agriculture as a
result of structural transformation of the economy. The details of the calculation are provided in the appendix.

In countries where the impact of resilience-enhancing interventions is
likely to be modest, fiscal realities may limit the use of social safety nets. In
countries likely to experience large increases in the number of drought-affected
people, fiscal realities may limit the use of safety net programs to provide sup-
port following severe shocks. For example in Niger, Mali, and Senegal, even
assuming all the resilience-enhancing interventions are adopted, the cost of
using cash transfers to bring all drought-affected people up to the poverty line
is likely to far exceed 1 percent of GDP, the consensus value in the social protec-
tion literature on the resources governments should be willing to spend on
social safety nets (figure O.8). In these countries, the policy choices boil down
to reducing the number of people covered by social safety nets, limiting the
amount of support provided per person, or relying on humanitarian assistance
to fill the fiscal gap.

The fiscal dividend of resilience-enhancing interventions:
A country typology

In considering the potential of the best-bet interventions to reduce vulnerability
and increase resilience among populations living in drylands, it is important to
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BOX 0.2

Recognizing equity considerations

Cost-effectiveness is one factor that policy makers and development practi-
tioners must take into account in designing dryland development policies and
programs, but it is not the only factor. As everywhere, efforts to reduce vulner-
ability and build resilience in drylands are complicated by political economy
factors. Because any change in the status quo is likely to bring benefits to some
groups and impose costs on other groups, the desirability of alternative inter-
ventions must always be assessed taking into account equity considerations.

For example, expanding irrigation schemes into previously uncultivated land
benefits the farmers who gain access to irrigation services, but it harms pasto-
ralists who had been able to take advantage of feed resources on the previ-
ously uncultivated land. Conversely, improving veterinary services to reduce
animal mortality rates benefits the livestock keepers who see their herds
increase, but it harms the farmers who subsequently experience more frequent
invasions of their fields by free-roaming animals.

Development interventions are often portrayed as activities that can improve
the welfare of all, but since interventions inevitably play out against established
distributions of wealth and power, they are rarely Pareto efficient—usually
there are winners and losers. These considerations loom especially large in
many dryland regions of Africa, where competition for scarce resources in a
context of political instability has fueled recurring cycles of conflict.

note that the interventions will have two types of effects—direct and indirect.
Investments in livestock and crop farming systems will directly reduce the num-
ber of drought-affected people by improving the productivity and sustainability
of current livelihood strategies. In addition, these investments will indirectly
contribute to improved resilience in the drylands by freeing up public resources
that would otherwise have to be used for emergency responses. These resources
can be redirected to programs designed to strengthen the resilience of vulner-
able segments of the population. They can be thought of as the “fiscal dividend”
produced by resilience-enhancing interventions.

The presence or absence of this fiscal dividend can be used to define a policy-
relevant typology of countries, distinguished according to the differing ability
of the resilience-enhancing interventions to reduce the cost of protecting vul-
nerable livelihoods in the drylands.

In Niger, Mali, and Senegal (referred to here as Group A), where opportuni-
ties to reduce sensitivity and increase coping capacity among vulnerable house-
holds are limited, the resilience-enhancing interventions have the potential to
reduce the cost of supporting drought-affected people using safety nets, but the
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Figure 0.8 Cost of cash transfers needed to support drought-affected people in drylands
in 2030, with and without interventions (% of GDP)
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Source: Calculations based on World Bank data.

Note: The vertical axis has been trimmed to avoid the distorting effect of the outlier (Niger). The chart shows
the cost in an average year of bringing all drought-affected people to the international poverty line through
cash transfers, assuming perfect targeting (the cost is expressed as a percentage of 2030 GDP for drylands,
assumed proportional to the share of the population living in drylands). The cost is calculated taking into
account the country-specific depth of poverty, as proxied by the 2010 poverty gap index obtained from the
World Bank PovCalnet database. Figures for 2030 GDP are based on the reference growth scenario as defined
in the appendix. For each country, the higher end of the range is the business as usual scenario; the lower end
of the range is a scenario of adoption of the productivity-enhancing technologies analyzed throughout the
book. The difference between the higher and lower end of the range is the benefit in terms of savings of the
cash transfers required to bring all drought-affected people to the poverty line. The reference line (1 percent of
GDP) indicates the consensus value in the social protection literature on the resources governments should be
willing to spend in social safety nets.

residual cost remains well above the 1 percent of GDP benchmark. Many people
living in drylands in these countries are likely to remain vulnerable, even after
the resilience-enhancing interventions have been implemented and safety net
programs put in place. In these countries, where coping capacity is likely to
remain limited and sensitivity to shocks high, an important policy priority is to
reduce overall exposure by way of interventions to promote alternative liveli-
hoods both inside and outside of drylands.

In Burkina Faso, Uganda, and Nigeria (referred to here as Group B), where
opportunities to reduce sensitivity among vulnerable households are somewhat
greater, the resilience-enhancing interventions combined with safety net spend-
ing at the 1 percent of GDP level fully cover the drought-affected population
living in drylands. But after the resilience-enhancing technologies have been
disseminated and safety net programs strengthened, few resources would be left
that could be invested in helping drought-affected people become resilient over
the longer term. In Group B countries, the need to promote alternative
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livelihood strategies is likely to be less urgent than in Group A countries, but
these countries will have little or no fiscal space to respond to contingencies
(e.g., extreme drought events), and, more importantly, they will have limited
resources available to invest in making vulnerable populations more resilient
over the longer term. An important priority for these countries is to develop
mechanisms for rapidly mobilizing contingent financing to respond to occa-
sional extreme crises.

In Kenya, Chad, Ethiopia, and Mauritania (referred to here as Group C),
where opportunities to reduce sensitivity and increase coping capacity among
vulnerable households are considerable, once the resilience-enhancing inter-
ventions have been implemented, all remaining drought-affected people living
in drylands can be supported by safety nets, at a combined cost well below 1
percent of GDP. In these countries, resources that previously might have been
needed to respond to droughts and other shocks can in future be invested in
making dryland populations more resilient over the longer term. Key priorities
for Group C countries include scaling up investments in resilience-enhancing
interventions (to turn into reality the potential fiscal dividend) and identifying
strategies for productively investing the fiscal dividend.

Promoting new livelihoods to manage the transformation

The results of the umbrella modeling exercise highlight the possibilities and the
limitations of interventions designed to improve the productivity of current
livelihood strategies in the drylands. In considering the policy implications,
however, it is important not to lose sight of the fact that the future will not be
identical to the past.

Rapid population growth in drylands will exacerbate many existing
challenges, but population growth will also bring new opportunities.
Increased population density in the drylands will create opportunities for
profitable commerce and trade, increased economic specialization, and
enhanced value addition. Similarly, increased population density in the dry-
lands will generate economies of scale in the provision of essential public
services (such as education, health care, water and sanitation, communica-
tions, and security), thereby reducing the corresponding cost. In short, popu-
lation growth in the drylands could prove vital in overcoming the traditional
problem that has contributed to the underdevelopment of many dryland
areas—namely, that the sparse population distributed over vast areas has
made markets thin and costly, discouraging both public and private invest-
ment in the provision of goods and services.

Seizing the emerging opportunities will be possible only to the extent that
higher population density combined with increasing expropriation by state
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and external investors will not lead to increased competition for natural
resources, especially land, water, and biomass. Increased competition will
likely put added pressure on resources, which could give rise to increased con-
flict. For this reason, as population growth outstrips the ability of current liveli-
hood strategies to provide adequate incomes for all, public policy will have to
focus on generating new livelihoods, less reliant on natural capital, and more on
human and physical capital.

Livestock-keeping and crop farming can continue to be important com-
ponents of the livelihood strategies of people living in drylands. These activi-
ties will have to be complemented by new sources of income, however—not
only post-harvest value-adding activities related to the processing of agricul-
tural products, but also employment in the services and manufacturing sectors.
Because this change will require exits from livelihoods based on agriculture and
natural resources and migration to employment in other sectors, the solution to
the problems of drylands to a significant extent will come from outside the
drylands.

Policy recommendations

Enhancing the resilience of people living in the drylands will require a
combination of interventions to improve current livelihoods and interven-
tions to strengthen safety nets. An overarching recommendation emerging
from the analysis reported in this book is that policy makers in dryland coun-
tries and their partners in the development community may want to look
more closely at each of the two types of interventions, to assess their potential
in more detail than has been possible here, taking into account local circum-
stances and development priorities. The Country Programming Framework
prepared in the aftermath of the 2011 drought by the countries of the Horn of
Africa is an important step in that direction. Strategic plans formulated at the
country level and at the regional level should be updated regularly and broad-
ened and deepened as new knowledge becomes available, focusing especially
on the medium to long term and quantifying to the extent possible the techni-
cal and financial potential of alternative interventions. With respect to the two
types of interventions, this book presents detailed recommendations, which
are summarized in box O.3.

Improving current livelihood activities and strengthening social protection
programs have significant potential to reduce vulnerability and enhance resil-
ience of populations living in drylands, but both strategies are likely to face
limits. The scenario analysis carried out using the umbrella model shows that
even if current livelihood strategies can be improved and social protection pro-
grams strengthened, significant numbers of households will remain vulnerable
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BOX 0.3

CONFRONTING DROUGHT IN AFRICA'S DRYLANDS

Summary of recommendations to make current
livelihoods more resilient

(1) Livestock

Increase production of meat, milk, and hides in drylands by developing
sustainable delivery systems for animal health, promoting increased market
integration, and exploiting complementarities between drylands and
higher rainfall areas.

Enhance the mobility of herds by expanding and ensuring adequate and
equitable year-round access to grazing and water and by improving secu-
rity in pastoral zones.

Develop livestock early warning systems (LEWSs) and early response sys-
tems to reduce the adverse impacts of shocks.

Identify additional and alternative livelihood strategies, including through
systems of payment for environmental services.

(2) Farming

Accelerate the rate of varietal turnover and increase availability of hybrids.
Improve soil fertility management.

Improve agricultural water management.

Promote the development of irrigation, including both rehabilitation of
existing capacity, and expansion, up to the viable potential (a maximum of
about 10 million more hectares); and focusing on small-scale systems, with
good access to markets for cash crops.

(3) Natural resource management

Promote farmer-managed natural regeneration (FMNR) to establish a range
of beneficial trees throughout the drylands.

Invest in tree germplasm multiplication and promote planting of location-
appropriate high-value species, especially in dry subhumid areas.

Develop opportunities to add value to tree products produced in the
drylands.

(4) Social protection

Establish and gradually expand the coverage of national adaptive safety
net programs that promote resilience of the poorest people.

Use social protection programs to build capacity of vulnerable households
to climb out of poverty, but maintain the ability to provide humanitarian
assistance in the short run.

Respond to emergencies by scaling up existing programs, rather than rely-
ing on appeals for humanitarian assistance.

Tailor social protection programs to address the unique circumstances of
dryland populations.
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to droughts and other shocks while lacking the resources to cope effectively
when a drought strikes. For these households, policy makers will need to devise
strategies to facilitate the transition to alternative livelihood activities. While the
results of the umbrella modeling exercise help in defining the extent to which
alternative livelihood strategies will be needed, this book does not present
detailed analysis of the policy reforms and the complementary investments in
human and physical capital that will be needed to help poor and vulnerable
households in the drylands transition out of natural resource-based livelihoods
to productive employment in other sectors, nor does it make specific recom-
mendations relating to these policy reforms and investments. These types of
interventions fall outside the scope of the present inquiry, and further work will
be needed to cover them adequately.

Note

1. First proposed by Budyko (1958) and subsequently endorsed by the United Nations
Environment Programme as part of the preparations for the United Nations
Conference on Desertification.
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Chapter 1

The Central Role of Drylands in
Africa’s Development Challenge

Michael Morris, Raffaello Cervigni, Zhe Guo, Jawoo Koo

The dramatic humanitarian crises caused by the crippling droughts that have
ravaged the Horn of Africa and the Sahel in recent years have once again
brought to the forefront of the development debate the chronic vulnerability of
many of the people living in dryland regions of Sub-Saharan Africa. Breaking
the recurring cycle of drought, suffering, and impoverishment will not be easy.
To design the resilience-enhancing interventions needed to shield people living
in drylands from the droughts and other shocks that they regularly experience,
policy makers and donor partners must be able to identify the vulnerabilities
that keep so many households mired in poverty, project how these vulnerabili-
ties will evolve over time, and evaluate the relative advantages and disadvan-
tages of interventions that have the potential to improve and stabilize the
livelihood strategies on which the most vulnerable households depend.

Definition of “drylands”

What exactly are “drylands”? While commonly used, the term has different
interpretations. For reasons of simplicity, and consistent with widespread prac-
tice, in this book “drylands” are defined on the basis of the Aridity Index (AI).
Under this approach, which has been endorsed by the 195 parties to the United
Nations Convention to Combat Desertification (UNCCD) and which is also
being used by the United Nations Food and Agriculture Organization (FAO),
drylands are defined as regions having an AI of 0.65 or less (for details, see
UNEP 1997). Drylands furthermore can be sub-divided into four zones: hyper-
arid (AI 0-0.05), arid (AI 0.05-0.20), semi-arid (AI 0.20-0.50), and dry subhu-
mid (AI 0.50-0.65).

Because the hyper-arid zone is incapable of supporting crop and livestock
production activities, it is very sparsely populated, making it of little interest to
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policy makers. For purposes of this book, “drylands” is therefore defined as the
area characterized by an Al of 0.05-0.65, encompassing the arid, semi-arid, and
dry subhumid zones (map 1.1).

Reasons for concern about drylands

Defined based on the Al as above, drylands in Sub-Saharan Africa cover about
13.9 million square kilometers (km?) (map 1.1). They are home to about 425
million people and account for 70 percent of the region’s cropland, 66 percent
of cereal production, and 82 percent of livestock holdings (figures refer to 2010).
Most drylands are marginal environments characterized by challenging agro-
climatic conditions and endowed with limited resources to support primary
production activities, such as livestock-keeping and farming, so they tend to be
hotspots of natural resource degradation. In addition, because of the remote-
ness of many drylands, the rule of law is often weak, leading to unusually high
levels of conflict in drylands that further exacerbate the vulnerability of local
populations. The fragility of current livelihood strategies in drylands is often
compounded by the social and political marginalization of many of the groups

Map 1.1 Dryland regions of Sub-Saharan Africa, defined in terms of the Aridity Index
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Source: ©Harvest Choice, IFPRI, 2015. Reproduced, with permission from Zhe Guo, 2015; further permission
required for reuse.
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that live in drylands, which muffles their voices and limits their ability to influ-
ence political processes that affect their well-being (Kerven and Behnke 2014).
For all of these reasons, drylands are home to a large share of the region’s poor,
as well as many of those lacking access to basic services, such as health care,
education, water, and sanitation.

Today in the drylands, frequent and severe shocks—especially those caused
by recurring extreme and prolonged droughts—limit the livelihood opportuni-
ties available to millions of poor households and undermine efforts to eradicate
poverty. In the absence of robust social protection systems and rapidly scalable
safety nets, these shocks cause large drains on government budgets and con-
sume a significant portion of the region’s international development assistance.
As a result, scarce resources are diverted away from pursuing longer-term devel-
opment goals and redirected to mobilizing costly short-term responses to human-
itarian crises. In 2011 around US$4 billion was spent on humanitarian assistance
to the Sahel and Horn of Africa alone, equivalent to 10 percent of total Overseas
Development Assistance to all of Sub-Saharan Africa (OECD 2015).

If the current situation is precarious, the future promises to be even more
challenging. By 2030 the population living in drylands is expected to grow by
58-74 percent (depending on the fertility scenario), putting increased pressure
on a resource base already severely stretched. Over the same period, climate
change could result in an expansion of the area classified as drylands (up to 20
percent under some scenarios), bringing more people into environments in
which livelihood options are limited and in which opportunities to ensure resil-
ience are severely constrained. Higher population density in the drylands will
put additional pressure on a fragile resource base, pushing it in some cases
beyond its natural regenerative capacity. This could escalate social conflicts over
land, water, and biomass. At the same time, higher population density will bring
new development opportunities linked to greater market size, increased eco-
nomic specialization, and enhanced value addition, as well as possibilities to
achieve cost savings in the provision of vital services such as education, health
care, water and sanitation, energy, communications, and security.

Because the ongoing transformation of the drylands is being propelled by
demographic drivers that have a great deal of momentum, it is in many respects
inevitable. In this context the key question for policy makers is how best to
manage the coming demographic, social, and economic changes to achieve the
best possible outcomes. As governments and donor partners contemplate the
design of the next generation of policies and programs for the drylands, it is
important to know whether traditional pursuits, especially livestock-keeping
and crop farming, can be made sufficiently productive and stable in the face of
demographic, economic, and climatic change to provide secure livelihoods for
the entire population. If the scope for sustainable intensification is limited,
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fundamental transformations of the predominant livelihood systems may be
needed to avoid increasingly frequent and ever more consequential humanitar-
ian crises.

The stakes extend far beyond the drylands themselves. The facts that dry-
lands are home to such a large share of Africa’s population and account for such
a large proportion of the region’s total food supply mean that population
dynamics and agricultural activities in drylands affect the demographics and
food security of the continent as a whole. In addition, because many people
living in drylands lack the resilience needed to recover from droughts and other
shocks, drylands are home to disproportionate numbers of the region’s poor.
For this reason, it will be impossible to meet many of the long-term develop-
ment goals shared by African governments and donor partners—including the
World Bank Group’s twin goals of reduced poverty and shared prosperity—
unless the problems of drylands are addressed.

Objectives of this book

What are the prospects for making poor households living in dryland regions
of Africa resilient in the face of the crippling droughts and other shocks that so
regularly disrupt their livelihood activities, often with devastating conse-
quences? Will economic growth alone solve the problem by providing these
households with the resources needed to protect themselves from the effects of
droughts and other shocks? To what extent can technical interventions increase
the productivity, stability, and sustainability of the livestock-keeping and crop
production activities on which most of these households depend? If economic
growth and technical interventions are likely to fall short, what other options
are available to secure the well-being of vulnerable populations?

The World Bank Group, in collaboration with many partners—including
FAOQ, IFPRI (International Food Policy Research Institute), ILRI (International
Livestock Research Institute), ICRAF (World Agroforestry Centre [known
before 2002 as the International Centre for Research in Agroforestry, ICRAF]),
ICARDA (International Center for Agricultural Research in the Dry Areas),
ICRISAT (International Crops Research Institute for the Semi-Arid Tropics),
CIRAD (Agricultural Research for Development), CILSS (Permanent Interstates
Committee for Drought Control in the Sahel), and WRI (World Resources
Institute)—recently carried out a major study designed to address these ques-
tions. Taking advantage of the rich set of data, knowledge, and analytical tools
that have become available in recent years, the study team developed an original
quantitative framework that allowed it to project through 2030 patterns of vul-
nerability in African drylands and test the likely impacts of a series of policy
reforms and technical interventions. This book presents key findings and
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recommendations emerging from the study. Focusing primarily on the two big-
gest vulnerability hotspots—the Sahel region of West Africa and the Horn of
Africa region in East Africa—the book sheds light on the factors contributing
to vulnerability among dryland populations, identifies strategies for enhancing
the resilience of the millions of households that depend on traditional liveli-
hood activities, such as livestock-keeping and farming, and draws a number
of conclusions that have important implications for policy making and pro-
gram design.
The book has three principal objectives:

1. Characterize current and future challenges to reducing vulnerability and
increasing resilience in the drylands of Sub-Saharan Africa.

2. Identify interventions that can enhance the resilience of populations living
in the drylands, estimate the cost of these interventions, and assess their
effectiveness.

3. Provide an evidence-based framework that can be used to improve decision
making on alternative options to enhance resilience.

Based on a comprehensive review of the evidence, the book argues that two
distinct yet complementary approaches will be needed to reduce vulnerability
and increase resilience in dryland regions of Sub-Saharan Africa, as follows:

1. Improve current livelihood activities: For the foreseeable future, most of
the people living in drylands in East and West Africa will continue to make
their living from herding and farming. For that reason it will be important
to make current livelihood strategies (especially pastoralism, agro-pastoral-
ism, and crop farming) more productive and more resilient. The book there-
fore examines in detail technical options for improving current livelihood
strategies, and it uses a range of modeling approaches to assess the potential
impacts of different technical interventions in terms of making existing live-
lihood strategies more productive and more resilient.

2. Strengthen social protection programs including rapidly scalable safety
nets: In many parts of the drylands, even the most productive, stable, and
sustainable livelihood activities will not be fully immune to the effects of
droughts and other shocks. For this reason, it will be necessary to put in
place social protection programs including rapidly scalable safety nets to
address the needs of those lacking the resilience to cope effectively with the
effects of droughts and other shocks. Therefore this book examines in detail
the feasibility and likely cost of using safety nets and other types of social
protection programs to provide assistance to those in need.

Improving current livelihood activities and strengthening social protection
programs have significant potential to reduce vulnerability and enhance
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resilience of populations living in drylands, but both are likely to face limits,
particularly in the face of technological, financial, and fiscal constraints. In
light of these limits, policy makers will need to consider a third set of inter-
ventions, namely, those that encourage dryland populations to switch to alter-
native livelihood activities that are less vulnerable to droughts and other
shocks. By assessing the scope and limitations of the first two types of inter-
ventions, this book helps define the importance, across the group of countries
analyzed, of the third type of intervention. The book does not attempt to iden-
tify or analyze in detail the alternative livelihood activities that may offer the
brightest prospects for dryland populations in East and West Africa; that
would require high-level analysis of long-term structural transformation pro-
cesses affecting the dryland countries, combined with a series of “deep-dive”
analyses focusing on associated topics, such as demographics, health, educa-
tion, and employment. Those tasks fall outside the scope of the present study
and remain topics for future research.

Value-added of this book

Several features of this book distinguish it from the many other books, studies,
and reports that have focused on questions of vulnerability and resilience in the
drylands of Sub-Saharan Africa.

First, the study whose results are presented here was carried out by a large
team of collaborators representing the full range of organizations that are active
in dryland development initiatives, including government agencies, regional
organizations, multilateral development agencies, research institutes, and non-
governmental organizations. These many collaborators brought with them a
range of perspectives and a wealth of knowledge that are reflected in a study of
unparalleled scope and unprecedented depth.

Second, the study team developed a comprehensive analytical framework
that incorporates insights derived from work done in many different sectors. In
addition to exploring opportunities to increase productivity through sustain-
able intensification of current livelihood strategies (such as livestock-keeping
and crop production), the analytical framework considers opportunities to
reduce vulnerability and increase resilience in drylands through investments in
social protection instruments, improved connectivity, and disaster risk manage-
ment programs.

Third, the approach used by the study team is evidence based. Because of the
technical difficulty and high cost of conducting surveys in sparsely populated
and physically remote dryland areas, credible data on the activities of dryland
populations are often lacking. For this reason, the study team invested consider-
able time and effort into assembling data sets that could be used to carry out
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rigorous quantitative analysis. Modeling efforts focused on a number of areas,
including the dynamics of dryland livestock systems, the technical and eco-
nomic potential for irrigation development in drylands, the potential for sus-
tainable intensification of rainfed cropping systems in drylands, and the likely
evolution of vulnerable populations living in drylands.

Limitations of the book

This book presents a wealth of analytical results that go beyond previously avail-
able knowledge, but even so, it suffers from a number of shortcomings. Three
are worth mentioning. First, the coverage is geographically limited. The primary
focus is on the Sahel and the Horn of Africa, two hotspot regions featuring
extensive dryland areas that have been particularly hard hit in recent decades.

Despite the best efforts of the study team to find and exploit all available data
sets for these two focal areas, gaps remain in the empirical record, particularly
in countries that have suffered extended periods of conflict and in countries that
have lacked capacity to collect, process, and publish statistics. The scope of cov-
erage is relatively good in the Sahel, where the main resilience analysis covers
approximately 85 percent of the projected 2030 population. It is more limited in
the Horn of Africa, where the main resilience analysis covers approximately 69
percent of the projected 2030 population.

Second, even in areas for which data are available, the data do not cover all
relevant topics. There is much we still don’t know about drylands—with respect
to their physical features; the characteristics of the resident plant, animal, and
human populations; and the dynamic processes that shape the interactions
between physical features and living communities.

Third, despite the efforts of the study team to adopt a broad view in analyzing
vulnerability and resilience in the drylands, because of time and resource limi-
tations, it was necessary to restrict the focus of analysis; as a result, certain topics
were not covered in depth. For example, while it is well known that conflict
contributes to the vulnerability of many of the people living in the Sahel and the
Horn of Africa, the topic of conflict was not covered in depth, as this would have
required extensive analysis from a social, cultural, and political economy per-
spective of the historical forces that over time have shaped distributions of
wealth, power, and influence and given rise to present-day conflicts.
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Chapter 2

Resilience and its Determinants:
A Conceptual Framework

Michael Morris, Raffaello Cervigni

Analyzing resilience: Conceptual and data challenges

Prospects for sustainable development of drylands are assessed in this book
through the lens of resilience. But what exactly is meant by resilience? While
there are many ways to define resilience, most definitions highlight the ability
of people or ecosystems to withstand and recover from short-term shocks, in
this case understood to mean mainly droughts. The approach used in this book
is consistent with common practice, but it is not as comprehensive as some
approaches in that it focuses more on people than on ecosystems (see box 2.1 ).

Resilience: Ecological and socioeconomic approaches

Consistent with the focus of many governments and of much of the develop-
ment community, this book uses the concept of resilience as a framework for
assessing the effectiveness of potential interventions to increase incomes,
reduce poverty, and improve the welfare of people living in drylands. It is
important to recognize, however, that the concept of resilience is used here in
a way that differs from the way it is often used in the biological and human
sciences, where it has a long and useful intellectual lineage. In the biological
and human sciences, resilience typically refers to systems, not individuals, and a
distinction is often made between the resilience of a system and the stability of
a system (Holling 1973 cited in Kerven and Behnke 2014). Resilience refers to
the persistence of a system and its ability to absorb change and disturbance
and maintain the same relationships. In contrast, stability represents the ability
of a system to return to an equilibrium state after a temporary disturbance; the
more rapidly it returns and the less it fluctuates, the more stable it is. Critically,
resilience may come at a cost in terms of exposure to risk and the maintenance

(continued next page)
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Box 2.1 (continued)

of a diverse set of responses to risk. Resilience may also come at a cost to indi-
vidual organisms; what is resilient, survives, and persists is the system or com-
munity, not an individual component within it.

In this book the primary focus is on people—communities, households, and
their individual members—rather than on livelihood systems as such. The dis-
tinction is important because it allows us to recognize that even though the
livelihood systems found in drylands may be resilient over the longer term, they
also tend to be unstable in the short to medium term, subjecting the people
who rely on those livelihood systems to significant swings in fortune when
shocks hit, as they frequently do. Systems analysts argue correctly that dryland
livelihood systems, such as pastoralism, agro-pastoralism, and farming, have
demonstrated a remarkable ability to recover from major shocks; however, gov-
ernment authorities and development practitioners cannot simply ignore the
considerable instability that occurs along the way. When shocks hit—for exam-
ple, the severe droughts that ravage many dryland areas on a regular basis—it
may be true that the prevailing livelihood systems are likely to recover eventu-
ally, but in the short run the humanitarian consequences are severe: crops fail,
animals die, and people go hungry and eventually starve. Governments, the
development community, and humanitarian organizations obviously cannot
ignore these short-term effects.

This book uses a simple conceptual framework for analyzing resilience in
African drylands, one that attempts to reconcile the key features of resilience
with the constrained realities of data availability in Africa. The starting point for
analysis is the observation that drylands tend to be particularly exposed to
droughts, which in combination with other factors contributes to especially
unfavorable development outcomes in drylands.

Using Nigeria as an example, the Palmer Drought Severity Index (PDSI) can
be used to show the differential occurrence and severity of drought phenomena
in dryland zones (map 2.1). Over the period 1950-2008, severe drought events
lasting two or more years occurred with much greater frequency in the drier
northern part of Nigeria than in the more humid central belt or the well-watered
southern part. The extremely dry northwestern part of the country was a par-
ticular hotspot, with severe drought events occurring in more than 30 percent
of all years.

The droughts that disproportionally affect drylands contribute to consis-
tently negative development outcomes. Evidence of this comes from a series of
surveys carried out between 2008 and 2013 in six countries (Ethiopia, Malawi,
Niger, Nigeria, Tanzania, and Uganda) under the World Bank-supported Living
Standards Measurement Surveys (LSMS). While these six countries do not



Resilience and its Determinants: A Conceptual Framework 39

Map 2.1 Distribution of drought hotspots in Nigeria, 1950-2008 (%)
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Source: Strzepek, Strzepek, and Neumann 2014.
Note: Severe drought is defined as Palmer Drought Severity Index (PDSI) less than 3.

represent the entire range of countries that are the focus of this book, all contain
significant dryland areas, and as such, they provide useful insights that are of
relevance to drylands generally.

Consistent with expectations, across the six countries included in the LSMS
sample, the incidence of poverty is higher in dryland zones than in other more
humid zones, and the poverty headcount increases with the level of aridity (fig-
ure 2.1). The overall averages mask considerable variability between individual
countries, especially in terms of the level of poverty, but the relative incidence

Figure 2.1 Poverty headcount by aridity zone, selected countries, 2010 (%)
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Note: Based on data collected in selected countries with significant drylands: Ethiopia, Malawi, Niger, Nigeria,
Tanzania, Uganda.
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across aridity zones is quite consistent, with the poverty headcount being higher
in more arid zones in all countries except Tanzania.

Not surprisingly, the higher levels of poverty observed in dryland zones are
associated with higher levels of food insecurity (figure 2.2), which in turn affects
health indicators (figure 2.3).

Figure 2.2 Average food consumption score, drylands vs. non-drylands, 2010
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Source: D'Errico and Zezza 2015.

Note: Food security is a complex phenomenon that cannot be easily captured by any one indicator. In this fig-
ure, the Food Consumption Score (FCS, Wiesmann et al. 2009) is used to approximate food security. The FCS
is based on the weighted frequency (number of days in a week eaten) of 8 food groups: staples, pulses, veg-
etables, fruits, meat/fish/egg, milk, sugar, oil. A higher score is purported to indicate a greater food security.

Figure 2.3 Underweight children, drylands vs. non-drylands, 2010 (%)
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The LSMS data show a link between drylands and negative development
outcomes, but the picture is static, because the LSMS data were collected in each
country through a one-oft survey. Resilience refers to the ability of households
to cope successfully with droughts and other shocks; since coping activities take
place over time, resilience is an inherently dynamic concept. For this reason,
accurate measurement of resilience requires panel data—that is, data collected
from households at multiple points in time. In addition, because resilience is
complex and multi-faceted, it cannot be understood unless data are available on
the following types of variables:

1. The frequency and severity of droughts or other shocks

2. Multiple household characteristics that determine why some households
respond better than others to shocks of similar nature

3. Development outcomes (e.g., poverty, nutrition score, health status)

In many countries in East and West Africa, high-quality data on these vari-
ables are not available. In the relatively few cases where high-quality data are
available, frequently they are available for only one point in time, which is
severely limiting when it comes to analyzing resilience, because data from a
single point in time reveal little about the movements by individual households
in and out of poverty. This is an important limitation, as there may be significant
differences in the causes of—and eventual solutions to—chronic structural pov-
erty on the one hand and transient stochastic poverty on the other (Barrett and
Carter 2013; Carter and Barrett 2006).

Scandizzo et al. (2014) analyzed the dynamics of vulnerability and resilience
at the household level using a unique set of panel data for Ethiopia collected
over a 16-year period (four rounds of surveys were conducted between 1994
and 2009). These authors found that over the 16 years covered by the panel,
many households in the sample transitioned in and out of poverty, so during a
period when the overall poverty headcount was gradually coming down, the
fortunes of individual households tended to be highly variable (table 2.1).

Table 2.1 Shares of households in transition across poverty status in Ethiopia, 1994-2009 (%)

Year Move into Stay Stay Move out of
poverty (%) poor (%) non-poor (%) poverty (%)

1994 n.a. n.a. n.a. n.a.

1999 18 17 45 20

2004 19 16 48 16

2009 18 17 46 19

Source: Scandizzo et al. 2014.
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The amount of movement among households in the sample is surprisingly
high. On average in any given year, approximately 18-19 percent of households
started out non-poor and fell into poverty, 16-17 percent of households started
out poor and stayed poor, 16-20 percent of households started out poor and
climbed out of poverty, and 45-48 percent of households started out non-poor
and remained non-poor. An important insight emerging from these results is
that conventional measures of poverty can conceal as much as they reveal.
Within a given population, many combinations of completely different lifetime
stories can give rise to the same poverty headcount. This means that policy
makers and development practitioners need to have a good understanding of
the dynamic factors that determine vulnerability and resilience at the household
level if they are going to design effective dryland development policies.

In the absence of panel data, efforts to understand the determinants of vulner-
ability and resilience in drylands typically rely on cross-sectional data. Analysis of
cross-sectional data can produce important insights into the factors associated
with negative development outcomes, but these insights often lack the degree of
specificity needed for the design of policies specific to drylands (see box 2.2).

The determinants of resilience

Mindful of the limitations of currently available socioeconomic and climatic
data, which make it difficult to estimate directly the resilience of households
living in the drylands, this book uses an approach based on the identification of
the likely determinants of resilience, rather than on the measurement of resil-
ience itself.

Resilience—understood here to mean the ability of individuals, households,
and/or communities to withstand and respond to droughts and other shocks'—
is determined by three factors:

o Exposure can be defined as the nature and degree to which the income-
generating assets of a household are located in places where they are subject
to droughts and other shocks. A household whose assets are located in an
area in which severe droughts occur once in every 5 years on average is more
exposed than a household whose assets are located in an area in which severe
droughts occur once in every 15 years on average. Exposure is an exogenous
dimension of vulnerability, that is, it is beyond the control of the household
in the short run.

o Sensitivity is the degree to which a household is affected by droughts and
other shocks. For a given level of exposure, a household that derives a large
share of its income from drought-affected activities (e.g., rainfed cropping,
pasture-based livestock production) will have a higher sensitivity to



Resilience and its Determinants: A Conceptual Framework 43

The challenge of analyzing dryland poverty through
cross-country analysis

In an effort to identify the main correlates of poverty in dryland zones in six
countries, D'Errico and Zezza (2015) estimated a probit model in which a binary
poverty variable was regressed on a set of control variables that included
household demographic characteristics (a vector H including household size,
dependency ratio, and gender of the household head); household assets (a
vector A including average education of adult members, land owned, livestock
owned, and an index of access to infrastructure); and a set of variables S indi-
cating the distance of the household from school and health facilities. They
controlled for the number of income sources to which the household has
access in order to capture the extent to which income diversification may be
associated with lower probability of being poor. Finally, they controlled for a
range of agro-climatic and soil variables T. Included in the regressions were the
Avridity Index and soil quality (as measured by organic carbon content), to assess
whether those are systematically correlated with poverty status. Much of the
concern with livelihoods in drylands is associated with the idea that households
in drylands are exposed to a higher level of climate hazards compared to the
average household. To capture the effect that these hazards may have on wel-
fare, D'Errico and Zezza introduced as additional right-hand side variables the
long-term coefficients of variation of maximum temperature and precipitation
during the growing season.

The model can be written as: Pr(Y;=1|X)) = ®(X; B)

where X; = f (H, ,A, S, T, D), and @ is the standard cumulative distribution
function. The dependent variable is an indicator set equal to 1 if a household
falls below the poverty line, and O otherwise. D is a vector of country fixed
effects. The subscript i denotes the households. The approach used is fairly
standard in country-level poverty analyses, and as always the results should be
interpreted as showing correlation but not necessarily causality.

The model results show that better access to land is associated with lower
poverty in all aridity zones (except in arid zones, where the coefficient is not
statistically significant). Similarly, greater income diversification is correlated
with lower poverty across all zones. Somewhat surprisingly, livestock ownership
is strongly correlated (negatively) with poverty in non-dryland zones, but the
correlation is insignificant in dryland zones. The effect of the infrastructure
index appears to decline with the decline in aridity, being 7 times larger in arid
areas and 3 times larger in semi-arid areas than in non-dryland areas. This find-
ing suggests that infrastructure investments in dryland areas could have a par-

ticularly pronounced effect on reducing poverty.
(continued next page)
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Box 2.2 (continued)

An interesting aspect of the modeling results relates to the rainfall, tempera-
ture, and soil quality attributes. Rainfall variability is associated with significantly
higher probability of households being poor in both arid and semi-arid areas, but
the coefficient on rainfall variability is not significantly different from zero in non-
dryland areas. In contrast, the coefficient on the variability in maximum tempera-
ture is not significant for drylands as a whole. Finally, in dryland zones the organic
carbon content of the soil, a proxy for soil fertility, appears to be associated with
a lower probability of being poor, while no association between poverty and soil
fertility is detected for non-dryland areas.

The overall picture that emerges from this analysis is that the quantity and
quality of land resources, access to infrastructure, and exposure to variability in
rainfall are strongly correlated with poverty. By and large, the correlates of pov-
erty in dryland zones do not appear to be structurally different from the corre-
lates in non-dryland zones.

droughts, other things equal, than a household that derives a small share of
its income from drought-affected activities. Sensitivity is determined in large
part by past decisions made by the household regarding the nature and mix
of its assets and by its livelihood strategy. Changing the nature and mix of
assets, as well as the livelihood strategy, is one of the main avenues the house-
hold can follow to enhance its resilience.

Coping capacity refers to the ability of a household to mitigate the impact
of droughts and other shocks after they occur. Access to financial resources
(from its own savings, from friends or relatives, or from social safety nets)
can help the household make up for an income shortfall resulting from, for
example, a drop in production following a drought. Liquidating productive
assets to mitigate the negative impacts of current droughts may reduce the
ability of the household to mitigate the impacts of future droughts, that is, it
will reduce the household’s resilience.

Since it is unlikely that all risks can be avoided by diversifying household

assets and altering income-generating activities to reduce exposure to future
shocks, resilience-enhancing strategies usually consist of a combination of
actions to reduce sensitivity and actions to increase coping capacity.

The methods used to estimate the number of people exposed to, sensitive to,

and unable to cope with droughts and other shocks are described in Chapter 4.

The vulnerability (and by extension the resilience) of a given household

depends on the combined effect of these three factors. A household is vulnerable
when, by virtue of its physical location, livelihood activities, and assets, it is
exposed to droughts and other shocks, sensitive to droughts and other shocks,
and lacks the capacity to cope effectively when a drought or some other shock
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occurs. Conversely, a household is resilient when it is not exposed to droughts and
other shocks, or is insensitive to droughts and other shocks, or is able to cope
effectively when a drought or some other shock occurs. In the aggregate the resil-
ience of a country in the face of droughts and other shocks increases the lower the
share of the population exposed, the lower the share of people sensitive, and the
greater the share of exposed and sensitive people who are able to cope. Over time,
resilience is determined by the interplay of all three of these dimensions.

The approach used in this book takes into account all three dimensions of
resilience, considering the current situation in drylands and also projecting how
the three dimensions are likely to evolve in future under a number of plausible
scenarios. The approach has the advantage of avoiding the pitfalls of defining
policies for drylands based on the individual determinants of resilience. For
example, when relatively few people have incomes that are so low as to place
them below the poverty line, it would be easy to conclude that the coping capac-
ity of the population is relatively high, since most households dispose of enough
assets to be able to recover from a drought, should one occur. Based on this
reasoning, policy makers might focus on the poverty headcount as a good indi-
cator of vulnerability.

But focusing in this way on a single dimension of resilience could obscure the
fact that even though most households dispose of enough assets to recover from
a drought, the livelihood strategy that allowed them to accumulate those assets
may be very sensitive to droughts. If this is the case, even if households do not
suffer from chronic structural poverty, they may still be subject to stochastic tran-
sient poverty, as recurrent droughts will cause them to cycle in and out of poverty
over time (Barrett and Carter 2013; Carter and Barrett 2006). That being the case,
the population at risk should be understood to include not only the people who
are poor today, but also the people who risk becoming poor tomorrow because
their income is exposed and sensitive to drought and other shocks.

As the Ethiopia experience shows, policies that succeed in lifting some peo-
ple out of poverty at a particular point in time do not necessarily guarantee that,
as a result of subsequent shocks, many of these people will not fall back into
poverty. As a result, it makes sense to explore policies and interventions that can
address simultaneously all three dimensions of resilience.

The policy significance of the determinants of resilience
In considering interventions to reduce vulnerability and improve resilience in
the drylands, three types of interventions can be distinguished:

1. Interventions that reduce exposure: These are interventions that cause
households to take actions before a shock occurs so as to avoid the shock,
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including by moving to a region in which droughts occur less frequently or
less severely. For example, governments can encourage increased mobility
among pastoralists, allowing them to move within or between countries to
avoid drought hotspots, or they can facilitate migration away from drought-
prone zones by supporting the development of growth poles outside of
drylands.

2. Interventions that reduce sensitivity: These are interventions that cause
households to take actions before a shock occurs so as to reduce the effects
of the shock when it hits, for example, by diversifying their income sources
or adopting more robust production technologies. For example, govern-
ments can support the adoption of drought-resistant crop varieties or pro-
mote the uptake of irrigation.

3. Interventions that improve coping capacity: These are interventions that
allow households to take actions after a shock has hit to speed their recovery
from the effects of the shock, for example, by selling oft animals, drawing
down savings from a bank account, or relying on remittances from relatives.
Alternatively, governments can provide improved access to social safety nets or
enact policies to support the establishment or expansion of insurance markets.

What should the mix be of the three types of interventions, taking into
account that the relative merits of each will differ depending on country cir-
cumstances? In some countries, it might make sense to focus efforts on increas-
ing coping capacity of vulnerable households, for example, by strengthening
social safety nets or introducing affordable private insurance instruments. In
other countries, there may be significant scope for reducing the sensitivity of
vulnerable households, for example, by supporting the uptake of better livestock
and farming technologies. In still other countries, where the fiscal cost of scaling
up safety nets is high and the opportunities to make livelihoods less sensitive to
shocks are limited, the priority might be to promote alternative livelihood strat-
egies or encourage the movement of vulnerable people away from drylands.

Shocks affecting drylands

In the context of drylands, four types of shocks warrant attention from policy
makers:

1. Meteorological shocks can be caused by weather in the short run or by cli-
mate change in the long run.
2. Health shocks can affect plants, animals, or people.

3. Price shocks occur when households are subject to fluctuations in the prices
of goods and services that they purchase or sell.
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4. Conflict can lead to disruption of livelihood activities, loss of property dis-
placement, and/or bodily injury including death.

This book focuses primarily on meteorological shocks, specifically droughts,
with which vulnerability in the drylands is most often associated. Less attention
is paid in the book to the other three types of shocks, each of which has unique
causes that call for specialized solutions.

Resilience in the drylands is also affected by longer-term processes that over
time undermine livelihood activities, such as land degradation and climate
change. Because the effects of these longer-term processes are gradual, they
rarely precipitate immediate humanitarian crises and therefore tend not to
attract as much attention. While the impacts of these processes may not be felt
immediately, they have the capacity to cause losses at extremely large scale,
which is why they are briefly discussed in the following section of the chapter.

Relationship between resilience and poverty

What is the relationship between resilience and poverty? Poverty reduction
remains a high-order objective of development policy; building resilience to
shocks is not necessarily a goal in itself, but it is an essential pre-condition for
achieving poverty reduction. The reason is that when households and commu-
nities are repeatedly hit by shocks and lack the means to respond, they have
difficulty accumulating the human, physical, and natural capital needed to lift
themselves out of poverty. Increasing resilience will not automatically lead to
poverty reduction; for poverty to be reduced, a number of additional actions
have to be taken, for example, improving health services, strengthening educa-
tional systems, and improving access to markets for inputs and outputs. But
even if increasing resilience is not a sufficient condition for poverty reduction,
it is a necessary one, because households that are unable to cope with the
impacts of drought and other shocks normally will not be able to save enough
to augment their endowment of productive assets and increase their potential
to generate income.

If building resilience can contribute to poverty reduction, the converse is also
true. Reducing poverty can be a way to increase resilience, but reducing poverty
does not automatically result in enhanced resilience. Resilience is determined
by the three factors described above—exposure, sensitivity, and coping capacity.
For purposes of this book, to allow estimation of the numbers of people who are
resilient—that is, able to recover from the effects of a shock—the poverty line is
used to determine coping capacity: households that following a shock see their
income fall below the poverty line are deemed unable to cope (that is, these
households are considered non-resilient), whereas households that following a
shock see their income remain above the poverty line are deemed able to cope
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(that is, these households are considered resilient). Whether a given household
will see its income fall below the poverty line following the occurrence of a
shock depends on the household’s income level before the onset of the shock,
its degree of exposure to the shock, and the sensitivity of its livelihood strategy
to the effects of the shock. Relatively poor households that started out just above
the poverty line may be considered resilient if they are not highly exposed to the
shock or if their income is not sensitive to the effects of the shock; relatively
wealthy households that started out well above the poverty line may be consid-
ered non-resilient if they are highly exposed to the shock or if their income is
extremely sensitive to the effects of the shock. In summary, poverty influences
resilience, but it does not in itself determine resilience, and resilience is an
essential component of a strategy to eradicate poverty in a lasting manner.

Note

1. This definition focuses on people, not on ecosystems (see box 2.1). For simplicity, the
book refers mainly to households, since most data are collected at the household level.
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Quantifying the dimensions of vulnerability across
livelihood types

How many people living in dryland zones in East and West Africa are vulner-
able? Who are these people, and what are their livelihood strategies? What types
of resources are needed by these people to become resilient? And how are the
numbers of vulnerable people likely to evolve over the long run as the popula-
tion grows and the economy transforms?

If these questions are to be answered, vulnerability and resilience must be
defined in a way that makes the two concepts easily measurable. In this book
the following definitions are used to arrive at quantitative estimates of the num-
bers of vulnerable and resilient people living in drylands:

o People exposed to droughts and other shocks are defined as people living
in dryland areas, that is, areas classified according to the Aridity Index as
hyper-arid, arid, semi-arid, or dry subhumid. Because most population data
for African countries are not geo-referenced, it was necessary to spatialize
UN population data using gridding methods routinely used in the literature.
A major source was the dataset developed at the Columbia University Center
for International Earth Science Information Network (CIESIN) under the
Global-Urban Mapping project (GRUMP) (for details see SEDAC 2015).

o People sensitive to drought are defined as the share of people dependent
on agriculture, evaluated based on recent International Monetary Fund
(IMF) estimates of the employment shares of agriculture (Fox et al. 2013),
and assuming that people below working age depend on agriculture in the
same proportion as people above working age. All those dependent on

49
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agriculture are assumed to be equally sensitive to droughts and other
shocks. This is admittedly a simplification, since the income share derived
from agriculture varies across households. However, data needed to assess
consistently across countries the income share derived from agriculture are
not readily available. Survey-based evidence (figure 3.1) suggests that in
dryland areas, the share of income coming from farming and livestock-
keeping is at least 60 percent of the total, so this assumption should not
bias the analysis excessively.

o People unable to cope with the effects of droughts and other shocks are
defined as the proportion of exposed and sensitive people living below the
international poverty line of US$1.25 per person per day. Separate estimates
of rural and urban poverty rates are rarely available, so the national (overall)
poverty rate was used. The resulting estimates of the number of vulnerable
people are undoubtedly conservative, because (1) poverty is usually higher
in rural areas than in urban areas and (2) poverty is usually higher in dryland
areas than in non-dryland areas.

Recognizing that in drought years, people dependent on agriculture experi-
ence income losses, in some of the analyses carried out for this book the number
of people unable to cope is estimated using other poverty lines. Based on World
Food Programme (WFP) survey evidence, it is assumed that households with
incomes exceeding the international poverty line of US$1.25 per person per day
by 15 percent, 30 percent, and 45 percent would become unable to cope in the

Figure 3.1 Income sources, drylands vs. non-drylands, selected countries, 2010 (%)
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event of mild, moderate, and severe droughts, respectively. In each case, the
corresponding poverty headcount is estimated based on income distribution
data obtained from the PovCalnet' database.

Using the previous definitions it is possible to estimate the dimensions of
vulnerability and resilience in the drylands of Africa in the baseline year of 2010
(table 3.1). Throughout the entire region, of the total 424 million people living
in drylands (exposed to drought and other shocks), approximately 240 million
were dependent on agriculture (sensitive to droughts and other shocks). Of
these, some 97 million people were living below the poverty line (unable to cope
with droughts and other shocks). In East and West Africa, the two sub-regions
that are the main focus of this book, the equivalent numbers were 306 million
people exposed, 186 million people sensitive, and 71 million people unable to
cope with the effects of droughts and other shocks. Most exposed to droughts
and other shocks were the people living in the driest zones, including the hyper-
arid, arid, and semi-arid zones. In these three zones, the population unable to
cope with the effects of droughts and other shocks was on the order of 46

Table 3.1 Dimensions of vulnerability in Africa’s drylands, 2010 (million people)

Regions/aridity zones Exposed Sensitive Unable to cope
East Africa 150.6 96.6 29.2
A. Hyper-arid 4.7 2.9 0.5
B. Arid 30.5 18.8 3.9
C. Semi-arid 64.5 41.7 11.0
D. Dry subhumid 50.9 33.1 13.8
West Africa 155.5 89.9 42.2
A. Hyper-arid 0.9 0.5 0.2
B. Arid 19.2 12.2 4.8
C. Semi-arid 90.6 53.2 26.3
D. Dry subhumid 44.8 239 11.0
Subtotal East and West Africa 306.1 186.4 71.5
Central Africa 13.0 8.5 5.1
B. Arid 0.1 0.1 0.0
C. Semi-arid 3.2 1.9 0.5
D. Dry subhumid 9.7 6.6 4.6
Southern Africa 105.6 44.2 20.8
A. Hyper-arid 0.1 0.0 0.0
B. Arid 1.8 0.5 0.2
C. Semi-arid 56.8 20.7 7.8
D. Dry subhumid 47.0 23.0 12.8
Grand Total 424.7 239.2 97.3

Source: Calculation based on the approach discussed in the Appendix.



52 CONFRONTING DROUGHT IN AFRICA'S DRYLANDS

million people, or roughly 15 percent of the total dryland population in East
and West Africa.

Among the people who are exposed, sensitive, and unable to cope, in any
given year only some will actually experience a drought or other type of shock.
Since the frequency, geographical scale, and severity of shocks is stochastic, this
number will vary considerably from year to year. The crop model developed by
the African Risk Capacity (ARC) team, in combination with weather data
reflecting the historical record of the past 20 years, was used to estimate the
average share of people expected to be affected by drought annually. Depending
on the country, the average share of people living in drylands expected to be
affected by drought in any given year ranges from 7-20 percent, with an overall
average of 14 percent (figure 3.2).

The estimated distribution of drought impacts is shown in map 3.1. As dis-
cussed later in the book, these figures have particular policy significance because
they determine the amount of resources that will have to be committed on a
long-term basis to fund social safety nets needed to provide support to all of the
people affected by droughts.

Figure 3.2 Number and percentage of people vulnerable to and affected by drought,
selected countries, 2010
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Note: The figures appearing to the right of the bars indicate the average number of drought-affected people,
expressed as a percentage of the total number of vulnerable people.
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Map 3.1 Projected number of drought-affected people, annual average, selected countries, 2010
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Source: African Risk Capacity Agency 2015. Reproduced, with permission from Joanna Syroka; further permis-
sion required for reuse.

Note: Using as a baseline the 2010 population, the map shows the number of vulnerable people in each poly-
gon likely to be affected by drought in a 12-month period. The number of vulnerable people was calculated
based on the number of people dependent on agriculture and living below the international poverty line. The
number of people likely to be affected by drought was estimated with the help of the ARC model using crop
yield simulations (for details, see Carfagna, Cervigni, and Fallavier 2016). Rainfall data for the past 21 seasons,
considered to be a representative distribution of the rainfall that could have been experienced in 2010, were
used to generate for each polygon 21 estimates of the drought-affected population; these were then used to
calculate the annual average (or expected) drought-affected population. The map shows drought “hotspots, ”
identified in terms of the average absolute number of people affected. The average absolute number provides
a composite picture of the expected frequency and magnitude of drought events in a given polygon and the
number of people considered at risk from drought in that polygon. An increase in either factor will increase the
annual average number of drought-affected people in a given polygon.

Estimating vulnerability across livelihood strategies

Three representative livelihood strategies were identified for use in (1) project-
ing the likely consequences of the ongoing demographic and socioeconomic
transformation of the drylands, and (2) assessing the scope for increasing resil-
ience through the technical interventions. These strategies are:

1. Livestock-keeping only (“pastoralist households”)

2. Mizxed livestock-crop production (“agro-pastoralist households™)

3. Crop production only (“farming households”)
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In the absence of detailed census data, it is difficult to know exactly how

many people are engaged in each of these three livelihood strategies. The
approach used for this book was to combine information obtained from socio-
economic surveys, mainly those found in the World Bank Survey-based
Harmonized Indicators Program (SHIP) database, with estimates from agro-
ecological analysis. In particular the calculations were:

The number of people engaged in crop production only (“farming house-
holds”) was estimated based on the number of rural households that reported
not owning any livestock (in a few countries where data on livestock owner-
ship were not available, expert judgment was used).

The number of people engaged in livestock production was estimated as the
residual (that is, those not engaged in crop production only). To distinguish
between people engaged in livestock-keeping only (“pastoralists”) and peo-
ple engaged in mixed livestock-crop production (“agro-pastoralists”), the
ILRI/FAO map of livestock production systems was superimposed on the
population map. People living in locations associated with livestock-only
production systems were assumed to be pastoralists, and people living in
locations associated with mixed crop-livestock systems were assumed to be
agro-pastoralists. (Details of the calculations appear in De Haan 2016.)

The results of these estimations for East and West Africa are summarized in

table 3.2. In 2010, of the approximately 171 million people living in drylands
and dependent on agriculture, about 26 million were pastoralists, 105 million
were agro-pastoralists, and 40 million were crop farmers.

Table 3.2 Estimated agriculture-dependent population, East and West Sub-Saharan Africa,
2010 (millions of people)

) Dependent of which
Population agrigt?lture facrrr:i?\g Pastoralism fgnr:::ie:g
Drylands 247.7 171.2 39.5 26.2 105.5
East Africa 92.2 64.7 17.6 12.7 343
West Africa 155.5 106.5 219 13.5 7.1
Non-drylands 269.0 195.7 57.3 13.0 1254
East Africa 109.6 78.2 20.8 4.4 53.1
West Africa 159.4 117.5 36.5 8.6 72.3
Total 516.7 366.9 96.8 39.3 230.8

Source: Population data from UNFPA (United Nations Population Fund); breakdown by aridity zone from IFPRI
(International Food Policy Research Institute).
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Figure 3.3 Estimated dryland population dependent on agriculture in 2010 by country and
livelihood type (millions of people)
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At the level of individual countries, agro-pastoralists are usually the domi-
nant group, but not always, as the relative importance of the three livelihood
strategies varies as a function of local agro-ecological and socioeconomic char-
acteristics (figure 3.3).

Having established basic order-of-magnitude estimates of the determinants
of vulnerability among dryland populations, as well as of the distribution of
people across main livelihood types, the rest of this chapter discusses key
aspects of the development challenge faced by people living in drylands. These
relate to natural capital (section on land degradation), physical capital (section
on access to infrastructure), and social capital (section on political economy
factors affecting resilience).

Selected drivers of vulnerability

Land degradation

What is the relationship, if any, between land quality and resilience? More spe-

cifically in the context of this book, to what extent does land degradation influ-

ence patterns of vulnerability and resilience in dryland regions of Africa?
These seemingly straightforward questions turn out to be difficult to answer

for two reasons. First, land quality characteristics are often evaluated differently

by different groups of users, making empirical measurement of land quality
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conceptually challenging. Second, even when there is agreement about how land
quality characteristics should be measured, the needed data may be lacking.

Between 2006 and 2011 the Land Degradation Assessment in Drylands
Project (LADA)—funded by the Global Environment Facility (GEF), imple-
mented by the United Nations Environment Programme (UNEP), and executed
by FAO—created a database and a set of associated analytical tools for use in
formulating informed policy advice on land degradation in drylands at global,
national, and local levels. Using available global datasets, a Global Land
Degradation Information System (GLADIS) was developed that can be used to
assess land quality status and trends based on four biophysical parameters (bio-
mass, biodiversity, soil, and water). To avoid the perspective bias described
above, an effort was made to maintain a neutral point of view; thus, land quality
was evaluated based on all potential uses, rather than in terms of its usefulness
for one purpose or another.

As part of this study, information available through GLADIS was used to
assess two key characteristics of land in the dryland regions of Africa: land
degradation status and land degradation trends. The results of this assessment
(reflected in figure 3.4 and map 3.2) generated several important insights:

Figure 3.4 Shares of total land area in dryland regions by land degradation classes (%)
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Map 3.2 Land degradation classes, Sub-Saharan Africa (humber of people)
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Source: Biancalani, Petri, and Bunning 2015. Reproduced with permission; further permission required for reuse.

o Much of the land in dryland zones of Africa is currently degraded; on aver-
age, the land in dryland zones is more degraded than the land in non-dry-
land zones.

o Much of the land in dryland zones of Africa is becoming more degraded, but
not everywhere. In some locations, land quality is improving, thanks to
large-scale land reclamation projects and re-greening efforts.

o In dryland zones of Africa, land quality status does not appear to be highly
correlated with population density, that is, land is not necessarily more
degraded in areas in which population density is highest.

o In dryland zones of Africa, land quality trends are highly correlated with
population density, that is, land quality is getting worse in areas in which
population density is highest.

The productivity and sustainability of the livelihood strategies that currently
dominate in the drylands (livestock keeping and crop production) are sensitive
to many of the factors included in the land quality indices reported by GLADIS,
so the extent of highly degraded land in drylands and the negative trends
observed in many locations provide grounds for concern. At the same time, the
fact that the trend is positive in quite a few locations in the drylands shows that
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with the appropriate mix of policies, institutions, and supporting investments,
land degradation processes can be slowed and even reversed.

Slowing and reversing land degradation in the drylands is an important pri-
ority, with the potential to affect positively the livelihoods of millions of poor
and vulnerable households. An even greater priority is promoting the adoption
of sustainable land management practices in areas that are still relatively unaf-
fected by degradation and in which the potential of the land is not yet being
fully exploited (as evidenced by the existence of large yield gaps in livestock
and/or crop production systems). In the latter areas, use of sustainable land
management measures could raise productivity while preventing land degrada-
tion and increasing resilience of the interested populations.

It is important to stress that resilience is not only affected by land degradation as
such. The progressive reduction of land productivity due to degradation processes
implies a reduction in income, which in turn increases vulnerability. Implementation
of sustainable land management measures, while not without costs, is essential for
reversing the vicious circle triggered by land degradation, and for increasing and
stabilizing land productivity and contributing to livelihoods and development.

Map 3.3 Travel time to the nearest town of 100,000 people, dryland zones, 2010 (hours)
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Access to infrastructure

What is the relationship, if any, between isolation and resilience? More specifically,
to what extent does a household’s ability to access urban centers—home to services
and markets—affect vulnerability and resilience in dryland regions of Africa?

The question is important, because many dryland zones are poorly served by
transportation infrastructure, and travel times to the nearest large town are
extremely high in many areas (map 3.3).

As can be inferred from map 3.3, travel time to the nearest large town increases
with the level of aridity. This means that people living in the most arid zones are
also the most likely to be disconnected from urban centers (figure 3.5).

The relatively greater degree of isolation of people living in drylands contrib-
utes to their vulnerability and lack of resilience. A large body of literature sup-
ports the notion that geography matters enormously for economic activities and
welfare, with the impacts transmitted mainly through differences in access to
markets, access to natural resources, incidence of infectious diseases, and effec-
tiveness of governance (for examples, see Bloom and Sachs 1998; Hentschel et
al. 2000; Jalan and Ravallion 2002; Ravallion and Datt 2002). More recently,
Stifel and Minten (2008) examined the effects of isolation on agricultural pro-
ductivity in Madagascar. They discovered a strong inverse relationship between
isolation and productivity, which they attributed to (1) transportation-induced

Figure 3.5 West Africa: Share of population at four hours or more travel from nearest market (%)
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transaction costs, (2) the inverse relationship between plot size and productiv-
ity, (3) increasing price variability and extensification onto less fertile land, and
(4) insecurity. While comparable studies have not yet been done for many dry-
land regions in Africa, the same factors presumably are at play, as discussed at
greater length in Chapter 8.

Political economy factors affecting resilience

The conceptual framework used in this book to gain insights into the determi-
nants of vulnerability and resilience in drylands considers how existing liveli-
hood strategies may be affected by exogenous shocks, especially droughts. The
impacts of these shocks on individual groups in the population may be consid-
erably influenced, positively or negatively, by state policies and programs. In
dryland regions of Africa, as nearly everywhere else in the world, state policies
and programs are rarely neutral in terms of the costs they impose and the ben-
efits they confer. Designed and implemented by human agents, they tend to
favor the interests of groups with sufficient economic and political power to
influence the political process. In cases where the interests of all groups in soci-
ety are well represented, policies and programs can lead to efficient and equi-
table use of resources, thereby advancing the interests of all. But in cases where
state-sanctioned actors are able to exert unchecked power, this may lead to the
expropriation of resources, which can exacerbate the vulnerability of dryland
populations and undermine their resilience.

This is not just a theoretical matter. In many dryland countries in East and
West Africa, uneven distributions of wealth and power combined with differing
abilities to influence public policy have resulted in the de facto marginalization of
certain groups. Most notable among these are many nomadic pastoral groups,
whose ability to engage effectively in political processes often is impeded by their
low numbers, peripatetic lifestyle, limited economic power, and lack of integra-
tion into mainstream society. The marginalization of many pastoral groups is
perpetuated by an internally reinforcing cycle: lacking wealth and power, these
groups are not able to make their voices heard in the political dialogue, hence they
are not able to gain access to essential resources and services that might allow
them to increase their wealth and gain political power, leaving them trapped in
poverty and perpetually unable to influence the political process.

The marginalization of many dryland groups can be seen in the skewed dis-
tribution of social services, particularly for human health and education. These
are often poorly provided in dryland areas, for a number of reasons including
insufficiency of national government budgets, distance from national capitals,
and high unit costs of provision in areas of low population density (UNDP/
UNCCD 2011). These factors come into play to an even greater extent in pasto-
ral areas, where they are combined with the difficulties of serving mobile
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Figure 3.6 Childhood vaccination coverage in Kenya and Ethiopia, 2005 (%)
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populations, further cultural and political marginalization of pastoralists from
national mainstreams, and pastoralists’ own mistrust of external service provid-
ers. The consequences can be dramatic. For example, with respect to health
services, dryland areas of Kenya and Ethiopia lag far behind other areas in vac-
cination coverage for measles and other diseases (figure 3.6).

Similarly with respect to education services, gross enrollment ratios for pri-
mary school-age children are low across dryland countries of East Africa, with
even lower ratios among pastoral children (figure 3.7). Eighty-one percent of
Kenyan adults and 87 percent of Ethiopian adults resident in dryland pastoral

Figure 3.7 Primary education gross enrollment ratios (GER), IGAD countries, 1999-2001 (%)
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Sudan, South Sudan, Kenya, and Uganda.
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areas have received no formal education, which places them in a position of
vulnerability when dealing with those more educated and better connected to
national political structures. Education facilitates livelihood diversification and
resilience to food crises.

These observed disparities in coverage are due to poor public services provi-
sion, not to lack of interest or demand for the services by dryland communities.
Survey evidence from East Africa indicates that pastoralists rank basic human
needs interventions, including health and education provision, as among their
most desired development projects (McPeak, Little, and Doss 2012). The strong
correlation between formal education, salaried employment, and a secure, diver-
sified livelihood explains their interest in education. Households with a member
who has passed through secondary education are more likely to have members in
salaried employment, to receive remittances, and to have higher cash income,
higher food expenditures, and higher savings. But the benefits of improved educa-
tion extend beyond the expansion of livelihood opportunities for individuals.
Improved education is also required if pastoral communities are to successfully
manage their own self-help associations or equip themselves to better defend their
ownership of natural resources against commercial or government appropriation.
Finally, improved education advances the interests of segments of dryland soci-
ety—youth and women—that may be disadvantaged in terms of their social or
economic standing and, hence, be more vulnerable to risk.

The lower level of social services received by some of the groups living in the
drylands, which is reflected in clear discrepancies in many key development indi-
cators, makes it clear that vulnerability and resilience cannot be understood as
phenomena with purely technical causes that call for purely technical solutions.
If policies and programs are to be effective in attacking the root causes of vul-
nerability, they need to be designed taking into account the technical, social,
and political dimensions of vulnerability and resilience. Although development
agencies are often on uneasy ground in dealing with overtly political issues, in order
to be effective, interventions will sometimes need to target explicitly marginalized
groups who for various reasons may be absent from the policy dialogue.

At the same time, engaging effectively with all groups can be challenging,
because the mere act of getting them to participate may not be sufficient.
Marginalized peoples, of necessity keen observers of the politics around
resource use and control, may not necessarily show their hand in public forums
but rather may suspect outsiders of strategic thinking and give strategic answers
in response (Browne-Nuifiez and Jonker 2008). Development agencies, both
national and international, may launch “participatory” consultation and plan-
ning processes with the goal of eliciting the needs of marginalized groups, but
they may be blinded to the fact that these processes do not always succeed.
Meanwhile, well-placed individuals or groups may continue to operate behind
the scenes to further improve their position, further distancing the less well-
placed from access and control of critical resources.
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In some respects, the challenge of bringing marginalized groups into the
policy discourse has grown more difficult in recent years as the reach of the
global economy has expanded. State agencies and government officials are fre-
quently self-interested players in the commercial developments that are rapidly
taking place in the drylands. As recently as a few decades ago, struggles over the
control of dryland natural resources revolved for the most part around compet-
ing local elements within rural society. This is no longer the case. Globalization,
improved transport and communications, the international market value of
agricultural commodities, and the increasing presence of the state in rural areas
has awakened international interest in dryland resources and has improved the
capacity of outside groups to appropriate them. Three essential and valuable
natural resources—water, land, and wildlife—have recently become more
exposed to external appropriation, leading to increased incidences of disposses-
sion of the rural communities that formerly used them.

While not always recognized by the development community, political con-
siderations such as those described here will surely influence the effectiveness
and the distributional impact of the technical interventions that are discussed
in the following pages. These considerations will reappear in the concluding
chapters when policy implications are discussed, because policies and programs
to reduce vulnerability and increase resilience can be designed in ways that
strengthen the ability of dryland groups to make their voices heard and hold
their governing institutions to account.

Note

1. PovCalNet is an online analysis tool for global poverty monitoring maintained by
the World Bank Group. See http://iresearch.worldbank.org/PovcalNet/.
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Chapter 4

Vulnerability in Drylands Tomorrow:
Business as Usual Raising Ominous
Prospects

Raffaello Cervigni, Michael Morris, Pierre Fallavier, Zhe Guo,
Brent Boehlert, Ken Strzepek

Estimating vulnerability in 2030: A scenario modeling
approach

An original modeling framework developed expressly for this book (referred to
as the umbrella model) provides a common analytical framework for integrating
findings emerging from the background analysis carried out in different sectors.
The umbrella model can be used to project changes in the numbers of vulner-
able people living in drylands under a range of scenarios, to evaluate the ability
of different interventions to reduce the impacts of droughts, and to estimate the
corresponding cost. The umbrella model provides a coherent, albeit simplified,
analytical framework that can be used to anticipate the scale of the challenges
likely to arise in drylands, as well as generate insights into the opportunities for
addressing those challenges.

This chapter briefly summarizes the key elements of the umbrella model (a
more detailed description appears in Carfagna, Cervigni, and Fallavier (2016).
In addition, it describes the main features of the 2030 business as usual (BAU)
baseline scenario, which assumes no interventions are implemented to reduce
the number of drought-affected people. Next, Chapters 5 through 11 describe a
series of interventions that have the potential to improve the productivity and
sustainability of dryland livelihood strategies. Chapter 12 returns to the
umbrella model and explores the scope for using these interventions to reduce
vulnerability and increase resilience in the drylands.

A brief description of the umbrella model

To enable comparisons with the 2010 baseline figures presented in Chapter 3,
the umbrella model was used to produce 2030 projections of the three compo-
nents of vulnerability (numbers of people living in drylands who will be exposed
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to droughts and other shocks, sensitive to droughts and other shocks, and
unable to cope with droughts and other shocks):

o People exposed to droughts and other shocks are defined as people living in
drylands in 2030. The number was obtained by spatializing the UN population
projections in accordance with the Global-Urban Mapping Project (GRUMP)
dataset used to determine the 2010 baseline. Differences in urban and rural
rates of growth are built into the UN projections, reflecting the ongoing trend
toward increasing urbanization. Three sets of estimates were generated, one for
each of the three UN fertility scenarios (low, medium, high). As with the 2010
baseline, for each scenario the numbers are broken down by aridity class and
subnational jurisdiction.

o People sensitive to droughts and other shocks are defined as people living
in drylands in 2030 and dependent on agriculture. Because economic growth
in dryland countries will be accompanied by structural transformation, the
share of agricultural employment in total employment is projected to decline;
therefore, the umbrella model scales down agricultural employment as a
function of economic growth, with the scaling factor derived from a cross-
country regression carried out on a large sample of developing countries
worldwide. GDP growth per capita in 2030 was calculated for each dryland
country by applying to the 2010 baseline growth an increase estimated on
the basis of historical GDP growth recorded in each country during the
period 1980-2010. To accommodate uncertainty about future GDP growth,
three scenarios were modeled (slow, medium, fast), reflecting the 25%, 50,
and 75" percentiles of the distribution of the historical average growth rates
(each average in the sample is calculated based on a 20-year period).

o People unable to cope with the effects of droughts and other shocks are
defined as people living in drylands in 2030 and dependent on agriculture
and living below the international poverty line (US$1.25 per day). The num-
ber of people living in poverty was calculated by applying to 2030 per capita
GDP (estimated as described above) an elasticity coefficient representing the
growth elasticity of poverty reduction (GEPR). To accommodate uncertainty
regarding the degree to which future growth will result in poverty reduction,
three scenarios were modeled: (1) pro-poor growth (GEPR takes on the 75%
percentile of the distribution of values observed over the past 20 years);
(2) non-pro-poor growth (GEPR takes on the 25" percentile of the distribu-
tion observed over the past 20 years; and (3) intermediate case (GEPR fixed
at 0.75 for all countries). This approach is designed to capture the overall
experience of growth in Africa, which often has not been particularly pro-
poor, while avoiding potential distortions that could result if the most recent
GDP growth and GEPR values were simply extrapolated (since both param-
eters may have experienced short-term upward or downward spikes).!
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Results: Vulnerability estimates for 2030

Consistent with expectations, under the BAU scenario, exposure, sensitivity, and
inability to cope all are projected to grow considerably compared to the 2010
baseline. Important differences can be discerned between countries, however. In
addition, the assumptions about future rates of GDP growth and about the
impacts of future GDP growth on poverty reduction make a big difference.

The number of people living in drylands who are exposed to droughts and
other shocks will grow considerably. Barring an unexpected acceleration in
rural-urban migration (that is, beyond the trend already built into the UN pop-
ulation projections), by 2030 the population living in rural areas of the dryland
countries is projected to grow between 40 and 120 percent (figure 4.1).

Economic growth will reduce the share of people living in drylands who are
sensitive to droughts and other shocks, but probably not fast enough to over-
come the effects of demographic growth. As GDP growth generates new
employment opportunities in the manufacturing and services sectors, the share
of the population living in drylands and dependent on livestock-keeping and
crop farming is likely to decrease. Nevertheless, in the presence of rapid popula-
tion growth, the absolute number of people who depend on these two predomi-
nant livelihood strategies and who are exposed and sensitive to droughts and

Figure 4.1 Projected drylands rural population in 2030 (2010=100, medium fertility scenario)
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Source: United Nations World Population Prospects, 2014 Revision.
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Figure 4.2 People living in drylands projected to be dependent on agriculture in 2030
(2010=100, medium fertility scenario)
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Note: The slow GDP growth scenario is based on the bottom 25 percent of historical growth; the fast GDP
growth scenario is based on the top 25 percent of historical growth; and the medium GDP growth scenario
assumes a continuation of long-term average historical GDP growth.

other shocks will likely outpace the exits out of agriculture. As a result, the total
number of people dependent on agriculture is projected to increase everywhere
compared to 2010 levels (figure 4.2).

For many countries, the projected increase falls between 40 and 80 percent,
but in a few countries it is much higher (100 percent or more for Chad and
Niger). With a few exceptions (Chad and Nigeria), the results are not very sensi-
tive to the assumptions made about future GDP growth.

On aggregate, resilience in drylands will increase only in the presence of
growth that is both rapid and more equitable. Three scenarios were considered
to explore the likely impacts of different rates of growth and different poverty-
reducing effects of growth (figure 4.3). A pessimistic, low-end scenario assumes
that growth will be slow and non-pro-poor. An optimistic, high-end scenario
assumes that growth will be rapid and pro-poor. An intermediate scenario (used
for the rest of the analysis) assumes that growth will be moderate and that the
poverty-reducing effect will be modest (GEPR = 0.75). In most countries in East
and West Africa, only under the high-end scenario does the number of poor
people decrease (signifying an increase in the ability to cope with the effects of
drought and other shocks). This result is not universal, however; Niger and
Chad are notable exceptions. Under the intermediate scenario, the number of
poor people increases significantly (signifying a decrease in the ability to cope
with the effects of drought and other shocks). Across the entire set of countries,
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Figure 4.3 Vulnerable people in drylands in 2030 (2010=100, medium fertility scenario)
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Note: The low-end scenario is characterized by growth that is slow (bottom 25 percent of historical perfor-
mance) and non-pro-poor (bottom 25 percent of historical performance of the growth elasticity of poverty
reduction—GEPR). The high-end scenario is characterized by growth that is fast (top 25 percent of historical
performance) and pro-poor (top 25 percent of GEPR distribution). The intermediate scenario selected for the
rest of the analysis (reference scenario) is characterized by growth that is modest (equivalent to the long-run
historical average) and whose effect on poverty is moderate (GEPR value fixed at 0.75).

the number of poor people increases by 45 percent. The increase is smaller in
East Africa (40 percent) compared to West Africa (55 percent). The increase is
particularly high in Senegal (80 percent) and Niger (100 percent).

Investment in girls’ education can mitigate but not fully address the vulnerabil-
ity challenge. Investment in the education of girls has been shown to lower fertility
rates over the medium to long term (Summers 1992; UNESCO 2011). As fertility
rates fall, so does the number of people who are likely to need access to safety nets.

In the drylands, the impact of reducing fertility rates, while non-negligible,
is likely to be limited, however. Using the UN low fertility population projec-
tions as a first-order approximation of the effects of fertility reduction policies,
the increase by 2030 in the number of people vulnerable to shocks could be
reduced by 45 percent to 30 percent (figure 4.4).

These sobering results underline the enormity of the challenge facing African
governments and the development community more widely. They point to the
importance of assessing the ability of different types of interventions to increase
the resilience of the poorer segments of the dryland population.

Effects of climate change on future vulnerability

The BAU projections generated using the umbrella model do not take into
account one factor that could significantly affect the calculus of vulnerability and
resilience in Sub-Saharan Africa. That factor is climate change. The extent, rate,
and likely consequences of climate change are difficult to predict with confidence,
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Figure 4.4 Vulnerable people in drylands in 2030 (2010=100, different fertility scenarios)
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and there are considerable differences between the projections made by the lead-
ing climate models, but the preponderance of evidence suggests that climate
change is likely to have significant impacts worldwide. In Sub-Saharan Africa
those impacts are likely to include shifts in the distribution of drylands and
expansion in their size, as well as increases in the frequency and severity of
extreme weather events experienced within drylands. Under scenarios of faster
warming and more pronounced drying, by 2050 the size of drylands in East and
West Africa could increase by as much as 40 percent (map 4.1).

These projections suggest that by 2050, climate change could exacerbate the
challenges posed by drylands, compounding the effects of rapid population
increases and modest growth. It is important to note, however, that climate mod-
els do not always agree, particularly in terms of the effects of climate change on
precipitation. There is considerable uncertainty not only about the magnitude of
the coming changes but also about the direction. To get a fuller picture of the
range of possible outcomes, a wide range of scenarios was analyzed to evaluate the
impacts on the extent of dryland areas. (box 4.1).

The conclusion is that in some scenarios where wetter conditions are projected
to prevail, drylands could actually shrink in size, reducing by as much as 30 per-
cent the population in East and West Africa living in drylands (figure 4.5).

Since the time horizon considered in this analysis is 2030 (when many of the
projected effects of climate change may not yet have materialized), for the most
part historical weather patterns were used in assessing the effects of droughts
on vulnerability and resilience. The fact that longer-term effects of climate
change are not explicitly incorporated in the analysis does not diminish the
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Map 4.1 Shift and expansion by 2050 of dryland areas due to climate change
(high-end scenario)
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Source: Estimates based on general circulation model (GCM) outputs from the CMIP5 ensemble (used in IPCC’s 5th
Assessment Report).

Note: The map shows the extent to which drylands (defined to include all zones with an aridity index between
0.05 and 0.65) could shift and expand by 2050 as a result of climate change. To visualize the largest possible
impacts, the map reflects the fastest growth of greenhouse gas (GHG) concentration (RCP 8.5) under the driest
of a set of over 99 climate scenarios.

validity of the findings and recommendations, however, because the resilience
interventions discussed in subsequent chapters can be instrumental in building
resilience not only with the current climate but also with the (probably) much
harsher climate of the future. The additional benefits of some of the interventions
in the face of climate change are explicitly assessed in Chapter 5, which analyzes
the impacts of interventions designed to enhance the productivity and stability of
livestock production systems under scenarios featuring more frequent droughts,
more severe droughts, or both, than have been experienced to date.

Note

1. Estimation errors are particularly likely when poverty rates are interpolated over sur-
vey periods: a frequent occurrence for several countries in the PovCalnet database.
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BOX 4.1

Methodology for projecting shifts in dryland areas
under climate change

This chapter’s projections of the spread of drylands across Africa under a
changing climate rely on a series of calculations that use projections of future
climate to predict aridity across Africa at a fine geospatial scale. These projec-
tions are based on 99 climate scenarios, each of which is generated from the
combination of a general circulation model (GCM) of global climate and a sce-
nario of future greenhouse gas emissions. Thus, 56 of these GCM-emissions
combinations use 22 GCMs driven by three Special Report Emissions Scenarios,
first adopted in 2000 for the Intergovernmental Panel on Climate Change’s
(IPCC) Third Assessment, and 43 of these GCM-emissions combinations use 23
GCMs driven by RCP4.5 and RCP8.5, medium- and high-emissions scenarios
from the Representative Concentration Pathways (RCPs) adopted for the IPCC's
Fifth Assessment in 2013. The primary results of these 99 climate scenarios
were then bias-corrected and spatially downscaled, incorporating quantile map-
ping to account for GCM biases in rainfall intensity distributions. In general, bias-
correction spatial disaggregation (BCSD) projections show strong agreement
with GCM-projected changes on a large scale and are useful as inputs for impact
modeling, particularly in hydrology and agriculture sector work. Each of these
BCSD climate projections yielded a time-transient time-series of rainfall and
temperature at a 0.5-by-0.5 degree grid across Africa for 2001-50.

Using these climate projections, an aridity index was calculated in a 0.5-by-
0.5 degree grid across Africa for 2001-50. This measure of future aridity was
then compared to aridity index values calculated for a baseline period from
1961-90 using observed climate data. While measures of drought are designed
to identify dry conditions that are temporary aberrations from normal climatic
conditions, this measure of aridity identifies regions where low precipitation is
the norm. Here, the aridity index is defined simply as annual precipitation
divided by annual potential evapotranspiration (PET), where PET is calculated
using the modified Hargreaves approach. The Hargreaves approach for calcu-
lating PET, which is a function of latitude, average temperature, temperature
range, and precipitation, is a preferable alternative to the Penman-Montieth
calculation method because it is less data-intensive and proved less likely to
underestimate PET in preliminary analysis. Furthermore, the Hargreaves approach
has shown greater accuracy than comparable models in previous studies, and the
Consultative Group for International Agricultural Research (CGIAR) uses the
modified Hargreaves method in its global aridity and PET database.

These baseline and projected aridity indices were then used to predict the
shift and expansion of drylands across Africa by 2050, as shown in map 4.1.
For this analysis, drylands were defined as areas with an aridity index between
0.05 and 0.65.
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Figure 4.5 Number of people living in drylands in 2050 under different climate change
scenarios (2010=100)
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Source: Calculation based on the approach discussed in the Appendix.

Note: The figure shows how climate change could affect the numbers of people living in drylands in 2050
compared to the 2010 baseline. Values below 100 result from a projected contraction of drylands by 2050;
values above 100 result from a projected expansion of drylands by 2050. The figures were estimated using the
highest GHG concentration pathway (RCP 8.5). Within each country, the range of values reflects differences
between climate models in projected temperatures and precipitation levels, which drive the aridity index.
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Current situation

Livestock-keeping is one of the most important livelihood activities practiced
in the drylands of Africa. In the countries of East and West Africa in which
drylands are important, the livestock sector is economically significant, with
production of meat and milk typically comprising 5-15 percent of total GDP
and up to 60 percent of agricultural GDP. The direct contribution of livestock
to GDP is amplified when the indirect benefits of livestock-keeping are factored
in, such as production of organic fertilizer and provision of animal traction
services. In addition, the livestock sector can be an important earner of foreign
exchange, as millions of sheep are shipped every year from the Horn of Africa
to the Gulf States, and more than one million head of cattle are trekked or
trucked from the Sahel to coastal countries in West Africa. Significantly, with
per capita incomes continuing to rise in Sub-Saharan Africa and with wealthier
consumers turning increasingly to animal-source foods, regional demand for
meat and milk is expected to double by 2030.

Livestock-keeping is the principal livelihood source for 40 million people in
the Horn of Africa and the Sahel, and it provides a significant share of income
for an additional 40 million people in the two regions. The way in which live-
stock-keeping contributes to the livelihoods of individual households varies
depending on the production system. Two main livestock production systems
can be distinguished:
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1. Pastoral systems: Found mainly in more arid zones (Aridity Index 0.05-0.20),
pastoral systems are systems in which livestock-keepers derive the majority of
their income from animals that graze natural vegetation, the nutritional value
and spatio-temporal distribution of which depend on the variability and inten-
sity of annual precipitation. In pastoral zones, where the potential for crop
growth is limited by moisture availability, raising livestock is often the only
viable form of agriculture. In pastoral systems, cattle, camels, sheep, and goats
are moved around to take advantage of patchy seasonal vegetation. The pasto-
ral system represents a complex form of natural resource management and
embodies a finely honed symbiotic relationship between local ecology, domes-
ticated livestock, and people in resource-scarce, climatically marginal, and
often highly variable conditions. As explained by Pratt, Le Gall, and De Haan
(1997), pastoral systems involve interactions between three different systems
in which pastoral people operate, namely the natural resource system, the
resource users system, and the larger geopolitical system.

2. Agro-pastoral systems: Found mainly in semi-arid zones (Aridity Index
0.2-0.5) and subhumid zones (Aridity Index 0.5-0.65), agro-pastoral sys-
tems are systems in which livestock-keepers derive one-half or more of their
agricultural income from crop farming and in which crop residues make up
an important share of livestock rations (usually 10 percent or more). In semi-
arid zones, cattle typically perform multiple roles; in addition to producing
meat and milk, they contribute to increased crop productivity by providing
draft power and manure, while at the same time converting organic material
not suitable for human consumption into high-value food and nonfood
products. Agro-pastoral systems also represent a complex form of natural
resource management that allows efficient exploitation of a limited and
highly variable natural resource base.

The distinction between pastoralists and agro-pastoralists, once quite clear,
is becoming increasingly blurred, as pastoralists are increasingly engaging in
opportunistic planting of small plots in wetter areas or years as a diversification
strategy to complement their livestock production activities.

Over the past four decades, livestock numbers have increased rapidly in the
drylands (figure 5.1). Between 1980 and 2010 the livestock population in dry-
lands (expressed in Tropical Livestock Units, TLU)' grew at an annual rate of
about 3.5 percent per year, faster than the human population in these areas,
which grew by about 2 percent per year during the same period. Thus on aver-
age the herd/flock size per household and per pastoralist have gone up.

Livestock ownership in the drylands is highly skewed. Based on World Bank
Harmonized Household Surveys (SHIP) data and rural Gini coefficients, it is esti-
mated that the wealthiest 1 percent of livestock-keepers own between 9 percent and
28 percent of all animals. The regional averages mask important differences between



Livestock Production Systems 79

Figure 5.1 Growth of livestock numbers and rural human population in drylands, 1960-
2010 (millions)
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regions and among species, however, and they do not reflect changes taking place
in the composition of the livestock population. For example, Desta and Coppock
(2004)—also mentioned in a report by Headey et al. (2014)—report that in many
areas in Ethiopia and Kenya covered by the USAID-funded Pastoral Risk Management
(Parima) project, the cattle herd has declined, probably as the result of a series of
droughts that reduced herd sizes below the minimum level needed to recuperate.

The vast majority of livestock-keepers in dryland regions of Africa are poor.
Estimates reported in the literature, supported by modeling carried out as part
of this study, suggest that about 3.5 TLU per capita are needed to meet the basic
needs of a typical pastoralist household; the number can be half that much for
the typical agro-pastoralist household that is able to supplement income from
animals with income from cropping activities. In Sub-Saharan Africa, most
households that keep livestock do not have anywhere near that many animals.
The estimated 40 million pastoralist livestock-keepers in Africa hold about
51 million TLU (equivalent to 1.3 TLU per capita), and the estimated 80 million
agro-pastoral livestock-keepers hold an estimated 76 million TLU (equivalent
to less than 1 TLU per capita). Based on these regional aggregates, in the dry-
lands of Africa the “average” pastoral household of six people owns about 6
cattle, 15 sheep, and 15 goats, from which they harvest about 300 liters of milk
per year (mostly destined for home consumption), while selling one cow every
two years and 10 small ruminants per year. These activities generate about
US$700 per year in household income (milk included), or just over US$100 per
year per household member. As these numbers show, the “average” livestock-
keeper in the drylands of Africa lives below the poverty line.
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Livestock-keepers in the drylands of Africa are not only poor, they also face
a highly variable environment that exposes them to a variety of shocks from
which they may have difficulty recovering.

The most frequent shocks affecting livestock systems in the drylands are
undoubtedly extreme weather events, especially periods of severe and pro-
longed drought. In the Sahel region, the two major droughts that occurred in
the 1970s and 1980s led to the deaths of about one-third of all cattle, sheep, and
goats (Derrick 1977; Lesnoff, Corniaux, and Hiernaux 2012). Also in the Sahel
region the relatively mild drought that lasted from 2010 to 2012 caused about
12 million people to be food insecure (Oxfam 2012). In the Horn of Africa the
livestock sector experienced five major droughts between 1998 and 2011, which
killed more than one-half of the cattle in the most heavily affected areas and
decimated the livelihoods of 3-12 million people (depending on the year).

In addition to being exposed to weather-related shocks, livestock-keepers in
many dryland regions of Africa are vulnerable to the effects of conflict. During
the past decade alone, episodes of social unrest and civil conflict have broken
out in Ethiopia, Kenya, Sudan, South Sudan, Chad, Central African Republic,
Niger, Mali, and Nigeria, among other countries, leading to the displacement of
millions of people and extensive losses of property, including livestock.

Finally, dryland regions in Africa are particularly susceptible to the increas-
ing criminality that has been linked to the drug and weapons trades, ransom
seeking, and the rise of religious extremism. Criminality has destabilized large
parts of the Sahel region and the Horn of Africa, displacing many dryland pop-
ulations, destroying social infrastructure, disrupting traditional livelihood
activities, and discouraging tourism (De Haan et al. 2014).

Opportunities

In considering the prospects for livestock production systems in dryland
regions of Africa, it is important not to lose sight of the potential of the sector.
Livestock systems in many dryland countries have come under pressure in
recent years, resulting in uneven performance, but there is scope for increasing
productivity and production. Policy reforms and supporting investments could
stimulate changes in production technologies and management practices that
could halve the regional deficit in livestock-sourced products that is projected
to develop by 2030, should current supply and demand trends continue. At the
same time, it is important to recognize that even with these interventions, there
will not be enough water, grazing resources, and animals to provide all live-
stock-keepers in the drylands with an income above the poverty line.
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With respect to pastoralism, studies have consistently confirmed the produc-
tive efficiency of well-managed pastoral systems in the drylands of Africa, com-
pared, for example, to ranching systems in similarly dry regions in developed
countries, including Australia and the United States (see Breman and de Wit
1983). The main opportunities in African pastoral systems, therefore, lie not so
much in further increasing productive efficiency, but rather putting in place
systems that will enable buffers and rapid adjustments to the “boom and bust”
cycles that characterize the system. This could be achieved by maintaining the
mobility of herds to allow them to avoid climate shocks, improving animal
health services to reduce losses from disease outbreaks and climate shocks;
facilitating early destocking when drought is imminent and restocking when
rains resume; fostering better market integration, in particular by exploiting
complementarities between drylands as the breeding areas and higher rainfall
areas for fattening younger stock from the drier areas; and consolidating small
holdings of livestock into larger, more resilient, and more viable units.

With respect to agro-pastoralism, the main opportunities lie in the intensifica-
tion of production systems so as to increase the volume and value of commercial
sales. This could be achieved by improving animal genetics to accelerate growth
and increase offtake rates, improving animal health services to reduce losses from
disease outbreaks and climate shocks, exploiting complementarities between crop
and livestock production systems to improve the quantity and quality of available
feed resources, and strengthening livestock value chains to increase marketing
opportunities. As in the case of pastoralism, consolidation of small herds into
larger holdings is needed to ensure that livestock-dependent households have at
least the minimum number of animals needed to remain resilient.?

To what extent could currently available technologies improve the resilience
of livestock-dependent populations living in dryland regions of Africa? To
answer this question, it would be important first to understand what would
likely happen in the absence of any interventions. The umbrella model
(described in Chapter 4) was used to project the numbers of livestock-depen-
dent households likely to be living in the dryland regions of Africa by 2030.
Under the business as usual (BAU) scenario, 77 percent of pastoralist house-
holds and 58 percent of agro-pastoralist households are projected to own fewer
than 5 TLU (figure 5.2). Expressed as a share of livestock-dependent house-
holds, the number of poor/vulnerable households is especially high in Niger.

With the BAU baseline established, the potential impacts of four interven-
tions were modeled: (1) improving animal health services, (2) improving access to
feed resources, (3) promoting off-take of young male animals from the drylands for
fattening in higher rainfall areas, and (4) introducing progressive taxation policies
to bring about a more equitable distribution of livestock ownership (box 5.1).
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Figure 5.2 Livestock-keeping dryland households likely to be forced to seek alternative
livelihood strategies under a BAU scenario, selected countries, 2030 (%)
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Modeling livestock systems in the drylands

An important original contribution of the study whose results are reported in

this book has been to break new methodological ground in the modeling of

livestock systems in the drylands. Five simulation models were used in combi-
nation to estimate the impacts of the resilience-enhancing interventions on

feed balances, livestock production, and household income resilience, under a

range of climate scenarios.

1. The BIOGENERATOR model developed by Action Contre la Faim (ACF) uses
NDVI (Normalized Difference Vegetation Index) and DMP (Dry Matter
Productivity) data collected since 1998 by the Satellite pour I'Observation de
la Tierre (SPOT) satellite imaging system (Ham and Fillol 2011). The model
was used to estimate spatially referenced usable biomass in the drylands

(e.g., biomass that is edible by livestock).
(continued next page)
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Box 5.1 (continued)

2. The Global Livestock Environmental Assessment Model (GLEAM) developed
by Gerber et al. (2013) calculates at pixel and aggregate level: (1) crop by-
products and usable crop residues; (2) livestock rations for different species
of animals and production systems, assuming animal requirements are first
met by high-value feed components (crop byproducts if given, and crop resi-
dues), and then by natural vegetation; (3) feed balances at pixel and aggre-
gate level, assuming no mobility at pixel level and full mobility at grazing
shed level; and (4) greenhouse gas (GHG) emission intensity.

3. The IMPACT model developed by the International Food Policy Research
Institute (IFPRI) is a partial equilibrium global agriculture sector model that
can be used to generate baseline projections of agricultural commodity sup-
ply, demand, trade, prices, and malnutrition outcomes. On the basis of the
feed rations provided by GLEAM, the IMPACT model was used to calculate the
production in drylands of meat and milk and to estimate how production will
affect overall supply of and demand for these products in the region.

4. The CIRAD/MMAGE model consists of a set of functions for simulating
dynamics and production of animal or human populations, categorized by
sex and age class. It was used to calculate the sex and age distribution of the
four main ruminant species (cattle, camels, sheep, and goats), the feed
requirements in dry matter, and milk and meat production.

5. The ECO-RUM model developed by the Agricultural Research for Development
(CIRAD) under the umbrella of the African Livestock Platform (ALive) is an
Excel-supported herd dynamics model based on the earlier ILRI/CIRAD
DYNMOD. The model was used to estimate the socioeconomic effects of
changes in the technical parameters of the flock or herd (e.g., return on
investments, income, and contribution to food security).

The modeling exercise benefitted from livestock distribution data contained
in the Gridded Livestock of the World (GLW) database (Wint and Robinson 2007)
and its most recent update GLW 2.0 (Robinson et al. 2014). It was also informed
by information and analysis produced by the FAO livestock supply/demand model
(Robinson and Pozzi 2011). For details, see De Haan (2016).

The results of the above models were used as inputs for the final step of the
analysis, namely the assessment of the number of households resilient, vulnerable
to shocks, and likely to move out of livestock-based livelihoods. These groups were
estimated as households owning livestock above or below critical TLU thresholds.
The value of these thresholds was estimated using ECO-RUM; and the correspond-
ing population shares were calculated using a log-normal estimate of the TLU dis-
tribution, which approximates quite well actual TLU distributions emerging from
survey data (SHIP database). The interrelationships between model components as
determined by the final analysis are shown in figure B5.1.1.

(continued next page)




84 CONFRONTING DROUGHT IN AFRICA'S DRYLANDS

Box 5.1 (continued)

Figure B5.1.1 Interrelationships between components of livestock systems model
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The relevance and likely effectiveness of these interventions differ according
to the situation, because they address different determinants of vulnerability
and resilience.

Reducing exposure to shocks

Livestock-keepers living in drylands can avoid being affected by shocks, particularly
weather shocks, if they can move out of harm’s way before the shocks appear. In
dryland regions of Africa, and particularly in more arid zones within the drylands,
mobile pastoralist livestock systems are generally more productive than sedentary
livestock systems precisely for this reason (Catley, Lind, and Scoones 2012; Niamir-
Fuller 1999). Drawing on inherited knowledge that has been accumulated over
many generations, plus their own personal experience, pastoralists are extremely
skilled at moving their animals to take advantage of seasonal feed and water
resources while avoiding locations during periods when weather-related shocks are
likely to occur. Map 5.1 demonstrates, under a no-drought scenario, the areas in
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Map 5.1 Estimated need for movement of animals in relation to feed, Sahel and Horn of
Africa (baseline, no-drought scenario)
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Source: De Haan 2016.

Note: WA1, WA2, WA3, and WA4 are labels used to identify the West Africa “grazing sheds.” These are
defined as areas likely to be used for transhumance predominantly by the same population and herds/flocks
each year. The boundaries of the grazing sheds are based on animal mobility patterns known in the literature
(SIPSA 2012) and complemented by experts’ consultation.

which the local feed resources will be insufficient to provide feed on a year-round
basis and for which mobility is essential (these areas appear in orange and red,
depending on the frequency with which feed shortfalls occur).

Because mobility is critical, especially for pastoralists, interventions that con-
tribute to improved mobility of livestock-keepers and their animals have the
potential to significantly improve the performance of livestock systems in the
drylands. Such interventions include: (1) development of water resources to
allow better access to underexploited rangelands, (2) organization of feed mar-
kets to improve availability of feed in remote areas, and (3) introduction into
land use planning of measures designed to facilitate movement of herds and
flocks (e.g., through designation of dedicated migration corridors and dry sea-
son grazing areas). By improving access to feed, such measures designed to
improve mobility can have a large impact on resilience. Figure 5.3 shows how
the ratio of resilient households to vulnerable households to nonviable house-
holds changes with increasing access to feed.

Other interventions not considered in the modeling exercise can also play an
important role in reducing exposure to shocks, including the following:
(1) implementation of conflict resolution mechanisms in areas in which live-
stock-keeping competes with other livelihood activities, to ensure cooperative
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Figure 5.3 Impact of accessibility of feed on the resilience status of livestock-keeping
households, share of households (%)
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land use; (2) development of early warning and response systems to support
early destocking when a drought shock is imminent and animals can be sold
before they suffer a loss in value; and (3) programs that facilitate rapid restock-
ing after the shock has passed. Experience suggests that such mechanisms can
be both effective and efficient (Feinstein International 2007).

Reducing sensitivity to shocks

Some pastoralists will be able to anticipate shocks and move their animals to
avoid them, but others will be less fortunate and will be subjected to the full
force of shocks when they occur. Those adversely affected by shocks are likely
to include as well the many sedentary livestock-keepers whose reliance on farm-
ing activities keeps them anchored to particular locations.

Livestock-keepers living in dryland regions who are unable to move out of
harm’s way when a shock occurs will be affected only to the extent that their
livelihood strategy is sensitive to the effects of the shock. For this reason, inter-
ventions that reduce sensitivity to shocks have the potential to significantly
improve the performance of livestock systems in the drylands. Such interven-
tions include: (1) improving preventive and clinical animal health services to
protect livestock against infectious diseases and parasites; (2) developing infra-
structure and funding to promote early offtake of male animals (young bulls),
to be fattened in the higher-potential areas (highlands of East Africa and more
humid areas of West Africa); and (3) promoting livelihood diversification
among livestock-keeping households so that they can rely on alternative sources
of income when the livestock enterprise fails.



Livestock Production Systems 87

The umbrella model was used to project the impact on the resilience of live-
stock-dependent households by 2030 of (1) improved animal health, and (2) early
offtake of young male cattle (figure 5.4). The gains from these two interventions
are relatively small when expressed as a proportion of all livestock-dependent
households: the proportion of pastoral households owning enough TLU to be
resilient would increase from 12 to 16 percent, and the number of agro-pastoral
households having enough TLU to be resilient would increase from 20 to 32 per-
cent. Still, the gains are significant when expressed in absolute terms: about
200,000 pastoral households and more than 3 million agro-pastoral households
would become resilient by 2030, relative to the baseline. Similar numbers of
households would emerge from the “non-viable” category, meaning they would
no longer feel pressure to give up livestock-keeping. Interestingly, the projected
benefits of these two interventions stand up under a range of weather scenarios.

An interesting—and unexpected—finding of the umbrella modeling exercise
is that strengthening animal health services in the absence of complementary
measures to increase feed supplies could lead to negative outcomes.
Strengthening animal health services can accelerate growth rates, creating an
opportunity to boost productivity and production, but accelerated growth rates
in turn will increase feed requirements, putting further strain on what will
already be a constraining factor (figure 5.5). Therefore, improvements in the
delivery of animal health services will have to be accompanied by measures
designed to make additional feed resources available, such as opening up under-
exploited grazing areas or strengthening feed supply systems (figure 5.5).

Figure 5.4 Impact of improved animal health and early offtake of young bulls on the
resilience status of livestock-dependent households in 2030 (%)
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Figure 5.5 Effect of weather on the effectiveness of improved animal health and early offtake
of young bulls in improving the resilience of livestock-dependent households in 2030 (%)
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Figure 5.6 shows the projected impact by 2030 of improved animal health
and early offtake of young male cattle on productivity and production. If imple-
mented systematically throughout the drylands, these two practices would

Figure 5.6 Average annual inputs and outputs for the different intervention scenarios
compared to the baseline (%)
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Note: The figures in the chart refer to the deviations from a reference scenario in which herd dynamics are
driven by the same weather patterns observed in the period 1998-2011 and no policy intervention is in place.
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increase offtake by about 25 percent and production of red meat by about 20
percent, resulting in an additional 750,000 MT (metric tons) of red meat pro-
duced annually by 2030. Feed requirements in the drylands would be reduced,
although they would increase significantly in the more humid areas where
increased fattening of cattle would occur.

Finally, early offtake of young male cattle would have a measurable impact
on greenhouse gas emissions (figure 5.7).

Figure 5.7 Greenhouse gas emissions for different interventions and climate scenarios in
the two dryland study regions (kg)
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Note: Average cattle emission intensities (kg CO,-e/kg protein), including males fattened in humid zones.

Improving coping capacity

Livestock-keeping households in dryland regions—unable to move out of harm’s
way when shocks occur and having livelihoods that are sensitive to shocks—suffer
frequent income losses. For these households the ability to survive will depend
mainly on their coping capacity, that is, on their ability to draw on their own
accumulated resources or resources provided by others to meet their needs during
a critical period until their livelihood strategies can be reestablished.

Experience suggests that many livestock-keeping households, when hit by a
shock, soon exhaust their limited accumulated resources, leaving them critically
dependent on public programs. Public policy thus plays an important role in
supporting the recovery process, particularly for non-resilient households. In
considering the instruments available to the government, it is useful to distin-
guish between interventions that can be implemented relatively quickly versus
interventions that require time to produce results.

Public interventions that can be implemented in the short run to strengthen
the coping capacity of livestock dependent populations include (1) introducing
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insurance to provide compensation for lost animals and (2) establishing scalable
safety nets to provide alternative sources of income until the livestock enterprise
can be fully restored. (Scalable safety nets are discussed in detail in Chapter 9.)

Over the longer term, the objective of public policy should be to make the
livestock-keeping population independent of outside support as much as pos-
sible. Given finite feed resources, the only way to increase significantly the num-
ber of resilient livestock-keeping households will be to address the current
highly inequitable distribution of livestock assets.

The umbrella model was used to assess the likely impact of maintaining con-
stant at current (2010) levels the grazing area available to households that are
already resilient and allocating the remaining grazing area to vulnerable house-
holds, but in a consolidated manner that ensures that every vulnerable house-
hold gains access to a grazing area that is large enough to support enough TLU
to ensure that the household is resilient (figure 5.8).

Directly allocating land and water access rights to vulnerable households
while excluding resilient households, many of which own large herds, would
obviously be challenging. It would not only come up against established distri-
butions of political and economic power, but it would also run counter to the
open access user rights systems that still prevail throughout most of the dry-
lands. Still, it is possible to conceive of policies that could promote consolida-
tion of grazing resources and lead to a more equitable redistribution, described
as follows:

Figure 5.8 Impact of consolidation of grazing area on the resilience status of livestock-

keeping households, 2030
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o Policies that limit land ownership (to prevent land grabbing by owners of
large herds)

 Policies that enhance mobility of animals (to allow vulnerable households
easier access to underutilized grazing resources)

o Policies that allocate exclusive water use and grazing rights for the wet and
dry seasons to groups of smallholder livestock-keepers (to prevent denial of
access by owners of large herds)

The second intervention—redistributing assets to allow less wealthy house-
holds to accumulate larger numbers of livestock—was modeled by estimating
the impact of a change in the Gini coeflicient (used as a proxy for the distribu-
tion of assets). A 50 percent increase in the Gini coeflicient relative to the 2010
level would cut by one-half the number of vulnerable households likely to face
pressure to exit from the sector (figure 5.9). Redistribution of assets, while
always politically challenging, could in theory be achieved through the intro-
duction of variable user fees or progressive tax policies, or both. At the practical
level, a greater focus on the improvement of small ruminant production would
also improve the distribution of livestock assets, as small ruminants are the
main source of income for the poor.

None of the interventions described above, if introduced individually, would
be expected to have a transformational impact on the numbers of vulnerable

Figure 5.9 Impact of redistribution of assets on the resilience status of livestock-keeping
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households. For this reason, the umbrella model was used to explore the com-
bined impact of all the interventions. Combined, the interventions could make
a difference: by 2030, the number of vulnerable households could be reduced to
16 percent, and the proportion of livestock-keeping households having so few
animals that they would feel pressure to exit from the sector would be reduced
to only 7 percent (figure 5.10).

Figure 5.10 Impact of a combination of interventions on the resilience status of livestock-
keeping households, 2030 (%)
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Note: Each intervention includes the effects of the ones preceding it; so, for example, intervention B includes
the effects of intervention A; intervention C includes the effects of A and B; and so forth.

Challenges

What are the obstacles to implementing these best-bet interventions designed
to improve resilience among livestock-keeping populations in the drylands?

Cost of increasing resilience
The first and perhaps most obvious challenge to overcome is cost. Analysis car-
ried out for this book suggests that the unit cost of increasing resilience using
the least-cost combination of interventions (that is, the unit cost of making one
person or one household resilient) is relatively low, ranging from US$12/per-
son/year to US$386/person/year, with an average US$27/person/year for all
countries and systems (figure 5.11). Not surprisingly, the unit cost of providing
resilience varies by country, by aridity zone, and by livestock system, and is
significantly higher for pastoralists than for agro-pastoralists.

Using conservative assumptions, it is estimated that delivering improved
animal health services and facilitating the early offtake of young male cattle
would cost about US$0.5 billion per year for all the drylands of East and
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Figure 5.11 Cost effectiveness of health improvements and early offtake measures in
improving the resilience status of households (US$)

386

$100

Unit cost of interventions (US$/person/year)

$1

Pastoral Agro-pastoral

Source: De Haan 2016.

West Africa. While this amount is not insignificant, it is certainly smaller than
the average value of the economic losses caused every year by droughts, dis-
ease outbreaks, civil conflict, and other shocks. It is also well below the cost of
food aid, which currently averages US$4 billion/year in the Sahel and the
Horn of Africa. Compared to the cost of providing humanitarian assistance
when a shock has occurred, these interventions seem like an attractive option.
While certainly not insignificant, an investment of about US$0.5 billion/year
would likely yield a reduction of up to US$2 billion/year in humanitarian aid.

Mobilizing the necessary funding to support these interventions will be
politically challenging, of course. The interventions require recurrent funding,
which may prove difficult for many governments to mobilize. Perhaps develop-
ment partners could be persuaded to help ensure that the necessary financial
support can be sustained over the longer term (even permanently) by recogniz-
ing the savings that will be achieved in terms of reduced need for emergency
assistance.

Aside from the overall cost, successful implementation of each intervention
is associated with specific challenges—technical, economic, and institutional,
including those associated with the management of common property resources
(box 5.2).
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The challenge of managing common-pool resources in
drylands

Most of the pastoralists in the drylands of East and West Africa share a strong
ethos of open access to common-pool grazing resources. They believe that
every pastoralist has the same rights to use grazing lands, regardless of ethnic-
ity, nationality, seniority, or socioeconomic status. They emphatically argue that
access is free and open for everyone; it does not matter where pastoralists
come from, whether they are newcomers or old-timers or what is their ethnic-
ity or nationality. For pastoralists, keeping cattle is not only a way of making a
living, but also what makes life as pastoralists possible. In this sense, to deny
cattle access to grazing resources is to deny pastoralists life (Moritz et al. 2013).

A large proportion of the rangelands that dominate Africa’s drylands are
open access. Historically there have been relatively few conflicts among African
pastoralists over rights to common-pool grazing resources. Pastoralists do not
live in a world made up only of pastoralists, however. They co-exist with other
user groups, including farmers and fishermen, who do not share their ethos
and practice of open access. Many farmers view grazing lands as lands that
have not yet been made productive, and because often they do not recognize
common property regimes and feel parcels can be appropriated for exclusive
use by individuals, this constitutes a threat to common-pool grazing resources
(Sayre et al. 2013). The result is agricultural expansion onto seasonal grazing
lands and the transhumance corridors connecting them (Galvin 2009; Moritz
2006).

Many governments in East and West Africa have tried to protect pastoral
resources and the rights of pastoralists to use these resources from agricultural
expansion by designating agricultural and pastoral zones and delimiting trans-
humance corridors. These solutions have been implemented at local as well as
national levels in the forms of rural or pastoral codes (Hesse and Trench 2000).

While much attention has been focused on problems of implementation
and governance of rural codes (Flintan 2012; Hesse and Trench 2000; Tielkes
and Schlecht 2001), there has been less discussion of the conflict between the
flexibility and openness of the pastoral system and the fixing and delimitation
of resources and resource use through the delimitation of pastoral zones and
transhumance corridors. Turner (1999) has warned that there is a risk in for-
malizing pastoral tenure institutions into rural codes where flexibility is more
appropriate for managing access to common-pool grazing resources, especially
where there is considerable variation in the distribution of these resources
through time and space. If tenure institutions become more formal and rigid,
this can limit mobility, with potentially negative consequences for resilience.

(continued next page)
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Box 5.2 (continued)

Governments in East and West Africa have not always supported mobile
pastoralists’ use of common-pool grazing resources, for several reasons. First,
while pastoralists are integrated into regional, national, and international live-
stock markets that reach millions of consumers, most of the trade is informal
and invisible (Catley, Lind, and Scoones 2012; McPeak, Little, and Doss 2012).
Governments therefore naturally favor the interests of agriculturalists whose
production is more visible and more easily taxed (Behnke and Kerven 2013).
Second, national laws are generally better at protecting the user rights of sed-
entary farmers over the grazing rights of mobile pastoralists, in part because
mobile pastoralists do not remain in one location throughout the year, but also
because pastoralists are not seen as making investments in the land, which is
often a condition for obtaining tenure rights. Third, the processes of decentral-
ization across Africa have resulted in more local control over natural resources,
mostly at the level of municipalities. While decentralization works well for
farmers who stay within a particular municipality throughout the year, that is
not the case for mobile pastoralists who move through and use common-pool
grazing resources in multiple municipalities over the course of a year. This
means that decentralization and local control over natural resources are not
accommodating mobile pastoral systems and are not appropriate for the gov-
ernance of common-pool grazing resources in these systems (Turner 1999).

One of the key lessons of the “paradox of pastoral land tenure” is the need
of pastoralists to secure access to pasture and water, but also to retain flexibility
in resource use (Fernandez-Giménez 2002). The critical lesson here is that gov-
ernance needs to focus on supporting the flexibility of pastoral mobility in an
open system, and this is not achieved by mapping, fixing, and delimiting the
corridors, which may even have the opposite effect. The interests in support of
pastoral mobility at the national and regional level are often not aligned with
those at the local level, where government officials and traditional authorities
tend to have primarily agricultural constituencies. At the national level, authori-
ties benefit from the free movement of cattle because of taxes and other levies
on pastoralists and livestock traders, whereas at the local level, authorities
derive most of their income from agricultural populations.

Source: Adapted from Kerven and Behnke 2014.

Improving animal health services

In the absence of private service providers, governments supported by develop-
ment partners have often financed public provision of animal health services.
Such efforts can be beneficial in the short run, but they usually prove counter-
productive in the long run, as they undermine the incentives for private service



96 CONFRONTING DROUGHT IN AFRICA'S DRYLANDS

providers to enter into the market once effective demand emerges. The chal-
lenge for policy makers is to create an incentive framework that can attract
private service providers to enter into the market as public service providers are
gradually phased out.

Improving access to feed resources

Despite recent advances in legislation dealing with the pastoral economy, espe-
cially in the Sahelian countries, pastoral mobility is increasingly being ham-
pered by the expansion of cultivated cropland. Land use rights in pastoral zones
remain generally precarious, as often they are not recognized by institutions,
especially in the strategic areas of lowlands, riverbanks, wet valleys, and forestry
and pastoral reserves (Ickowicz et al. 2012). Policy reforms designed to formal-
ize access by pastoralists to rangelands, coupled with investments in water
resource development (to open up underutilized zones) and protection of cor-
ridors (to facilitate movement of animals to underutilized feed resources), could
allow more complete use of available feed resources.

Consolidating herd size and feed resources

Because of the highly inequitable distribution of livestock assets and the limita-
tions on animal and feed resources, large numbers of households will not be
able to accumulate the numbers of animals needed to generate enough income
for them to remain above the poverty line. One way to overcome this problem
would be to provide poor livestock-keepers with alternative sources of income,
which would enable many of them to exit from the sector, freeing up resources
for access by others. Facilitating exit from the sector—which is already occur-
ring and will have to accelerate in future—is likely to be challenging from a
policy perspective, but it represents an opportunity for poor households to tran-
sition into more productive and more sustainable livelihoods.

Achieving more equitable distribution of livestock resources
Evidence is accumulating that livestock ownership both in the Horn of Africa
and in the Sahel is becoming increasingly concentrated. Ever greater numbers
of animals are ending up in the hands of wealthy traders and government offi-
cials, who tend to manage their herds using hired labor, which crowds out many
of the small-scale herders who make up by far the largest share of the livestock-
keeping population. If this trend could be reversed, the households able to accu-
mulate the numbers of animals needed to stay above the poverty line could
increase significantly. Progressive taxation of livestock assets and imposition of
user fees in public rangelands could discourage accumulation of large herds, but
such policies are likely to engender significant resistance from politically and
economically influential livestock owners.
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Key messages

The analysis summarized here makes clear that there is scope for expanding
livestock production in drylands and increasing the contribution of drylands
producers to the rising demand in Sub-Saharan Africa for animal-source prod-
ucts. Policy changes and supporting investments such as those described here
could halve the regional deficit projected to emerge by 2030.

The results of the modeling exercise suggest that feed and animal resources
will be insufficient to provide secure and adequate livelihoods for all of the
people in the drylands who depend on livestock as their principal livelihood
source. Under the BAU scenario, by 2030 about 77 percent of pastoralist house-
holds and 58 percent of agro-pastoralist households will not be able to accumu-
late the numbers of animals needed to generate enough income for them to
subsist even at 50 percent of the poverty line. The current inequitable distribu-
tion of livestock assets, which is projected to become worse as a result of the
ongoing transformation of the dryland economy; is likely to put further pressure
on poor pastoralists.

Fortunately, these gloomy scenarios can be avoided. Investments in improv-
ing animal health services and increasing market integration, combined with
measures to improve access to the available feed resources, could increase the
share of livestock-keeping households able to accumulate enough animals to
remain resilient. Adoption of the full package of best-bet interventions could
reduce the share of livestock-keeping households who feel pressure to exit from
the sector to as little as 7 percent.

The development of alternative sources of income, inside or outside the dry-
lands, needs to be an integral and major component of any dryland develop-
ment strategy. Going forward, the traditional narrow focus on increasing
production of milk and meat will have to change so as to embrace a wider range
of diversified income-generating activities. There is need as well to strengthen
the incentives for livestock-keepers to serve as responsible stewards of the
environment.

Government policies designed to sedentarize pastoralists, particularly in the
more arid zones, are unlikely to succeed. Herds and flocks must be mobile if
they are to use temporally and geographically distributed feed resources, so
measures that restrict their mobility will reduce productivity and exacerbate
poverty.
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Notes

1. The Tropical Livestock Unit (TLU) is an artificial construct that can be used to aggre-
gate different livestock species. For Sub-Saharan Africa, the conversion factors are:
1 camel = 0.7 TLU, I cow = 0.6 TLU, and 1 sheep or goat = 0.1 TLU.

2. Resilient households are defined as households owning at least the minimum num-
ber of TLU needed to stay above the poverty line, assuming that 70 percent of the
income of pastoralists is derived from livestock, and 35 percent of the income of
agro-pastoralists.Three categories are distinguished: (a) resilient households =
households owning more than 15 TLU, (b) vulnerable households = households
owning 7.5 to 15 TLU, and (c) non-viable households = households owning less than
7.5 TLU and likely to be forced to seek an alternative livelihood strategy. These levels
increase with drought and decrease with the introduction of productivity-enhancing
innovations. For details, see De Haan (2016).
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Chapter 6

Tree-Based Systems: Multiple
Pathways to Boosting Resilience

Frank Place, Dennis Garrity, Paola Agostini

Current situation

Tree-based production systems have enormous potential to reduce vulnerability
and increase the resilience of households in dryland regions of Sub-Saharan
Africa. Trees are key providers of biomass, which is critical for many livelihood
needs. Wood from trees is the leading source of energy in many dryland coun-
tries and is an important construction material. Foliage and pods from trees and
shrubs are the most important source of feed for camels and goats, the domi-
nant livestock species in more arid parts of the drylands. Trees and shrubs offer
enhanced sources of the organic matter needed to improve the structure and
raise the fertility of soils used for agriculture. In addition, many parts of trees
provide different medicinal products for people. And fruits and vegetable foli-
age harvested from trees are important seasonal food sources for people living
in drylands and for sale.

The benefits from trees take on added value when it is considered that tree-
based production systems are relatively impervious to many of the shocks that
affect other production systems, especially livestock-keeping and agriculture.
With their deep roots, trees maintain their standing value and offer some pro-
duction even in drought years. Therefore they are a good buffer against climatic
risk and a critical element in a diversification strategy designed to maintain
levels of consumption and income in good times and bad. In addition, their
value can be tapped when it is most needed: wood from trees can be harvested
throughout the year, and many annual tree products are harvested at times dif-
ferent from the times when annual crops are harvested.

The term “tree-based systems” as used in this book refers to agricultural
systems, forest/woodland/bushland systems, or pastoral (rangeland) systems in
which trees play a significant role. Within each of these three main classes of
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land use, many different tree species can be economically and ecologically
important.

Management strategies for tree-based systems

Not surprisingly considering their variability, tree-based systems encompass a
wide range of management practices. It is important to distinguish between
tree-based systems that involve the managed regeneration of trees (often indig-
enous species) and tree-based systems that involve purposeful planting and/or
management of trees (often introduced species).

Natural regeneration

Managed regeneration of indigenous tree species can lead to the emergence of
diversified tree-based systems capable of generating multiple products and ser-
vices. In the drier areas of Sub-Saharan Africa regeneration accounts for a large
majority of the trees being managed by farmers. Regenerative practices include
farmer-managed natural regeneration (FMNR) of trees found in croplands, as
well as assisted natural regeneration (ANR) involving the use of enclosures to
rehabilitate rangelands or woodlands. Systems based on natural regeneration
typically include a diverse set of tree species that are well-adapted to local condi-
tions and that entail relatively low establishment costs. Regenerative systems are
currently being expanded in large areas throughout the arid and semi-arid dry-
lands. Regeneration of trees on farms occurs throughout the farm, including on
crop fields. The result is a mosaic of trees integrated into other land uses such as
cropping, pastures, and fallows.

FMNR on agricultural lands and ANR on community lands represent cost-
effective ways of achieving widespread increases in the numbers of valuable,
adapted, and diverse trees. What these practices have in common is that in both
cases, people (individual farmers or entire communities) actively influence
natural biological regeneration processes to achieve patterns that better suit
their needs. On agricultural lands, farmers identify naturally regenerating tree
seedlings in their fields and manage them to provide various benefits (for direct
products and for crops or livestock). On community lands, community groups
may adopt the same practices, and they may also introduce grazing manage-
ment systems at the community level designed to allow successful tree regenera-
tion in targeted areas. Under both systems, protecting and weeding around
young trees may be necessary to help them survive.

In recent years FMNR has gained in popularity in many dryland areas
throughout Sub-Saharan Africa. Because FMNR requires minimal cash invest-
ment, it can expand rapidly through farmer-to-farmer and village-to-village
diffusion. The more than 5 million hectares of medium- to high-density tree
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cover newly regenerated on croplands in Niger provide a dramatic example of
how quickly and how extensively the practice can spread (Reij, Tappan, and
Smale 2009). And Niger may be just the tip of the iceberg. A recent study carried
out in Niger, Mali, Burkina Faso, and Senegal found that almost all farmers are
actively regenerating trees (Place and Binam 2013).

The benefits derived from FMNR vary from location to location, depending
on which tree species are present in the area and what products and services are
valued locally. Throughout the Sahel more than 100 woody species are being
managed by farmers through natural regeneration. These trees are of high value:
they contribute products for human consumption (more than US$200 per
household per year) and feed for livestock during the late dry season, and they
have positive effects on crop yields (accounting for roughly 20-25 percent of
variation in millet and sorghum yields).

Purposeful planting

Purposeful planting and/or management of certain types of tree species that can
produce economically valuable products and services are also important in the
drylands, particularly in dry subhumid zones where rainfall is more plentiful.
Where the water supply is more assured, the costs of planting trees are lower,
the risk of losing trees to drought is less pronounced, and the productivity of
trees is higher.

Benefits of tree-based systems

Whether based on managed regeneration or purposeful planting, tree-based
systems in drylands are capable of generating many economically valuable
products and services.

Improved soil fertility

Trees of all types have properties that are beneficial for soil fertility. These include
root systems that hold soils in place, litter that falls as mulch, and organic matter
that the roots and litter provide to micro and macro fauna in the soil. Many farm-
ers have known and appreciated these properties for generations. At the same
time, trees can compete with crops for nutrients, water, and light, so farmers must
weigh the costs and benefits before associating trees with crops. The presence of
trees in crop fields may also complicate plowing, which is why extension agents
often convey messages about cultivating “clean” fields (Smith 2010).

Quite a number of tree species have been found to offer significant soil fertil-
ity benefits in dryland regions of Africa. Unquestionably the most important of
these is Faidherbia albida (formerly Acacia albida), which fixes nitrogen from
the atmosphere, develops a deep rooting system that allows it to access



104 CONFRONTING DROUGHT IN AFRICA'S DRYLANDS

underground moisture during times of drought, produces a light canopy that
does not compete much with underlying crops, and drops its nitrogen-rich
leaves in advance of the rainy season. Many other species similarly contribute
to improved soil fertility, for example, many of the acacia species.

In drier zones characterized by less than 600 millimeters of annual rainfall,
virtually all fertilizer trees are established through FMNR. In more humid
reaches of the drylands, where population densities are generally higher and the
incentives and capacities for intensification are higher, hundreds of thousands
of farmers have been induced to establish fertilizer trees through purposeful
planting (Garrity et al. 2010).

A meta-analysis of studies on the effects of fertilizer trees on maize yields
found that such trees often have significant positive effects; even doubling of
yields is not uncommon (Sileshi et al. 2008). The effects can be quite variable,
however, with species choice, management practices, and environmental condi-
tions all playing critical roles. Two recent studies examined the yield and profit
effects from FMNR of Faidherbia-based systems in Malawi (Glenn 2012) and
the Sahel (Place and Binam 2013). Both studies found that the trees had positive
effects on yields and profits. In multiple locations in Mali, Burkina Faso, and
Niger, Faidherbia and other species established through FMNR boosted yields
of millet and sorghum from 16-30 percent, controlling for other inputs (Place
and Binam 2013). In multiple locations in Malawi, Faidherbia trees boosted
maize yields by 12-16 percent, also controlling for other inputs (Glenn 2012).
In addition to helping increase yields during times of normal rainfall, fertilizer
trees provide some protection against drought. The available evidence, while
limited, suggests that yield decreases are generally less pronounced during
droughts when fertilizer trees are present in the field (Akinnifesi et al. 2010).

In the more humid parts of the drylands the benefits of fertilizer trees can be
realized rapidly, especially in planted systems, because planted trees quickly
produce large quantities of biomass containing significant amounts of nitrogen
(more than 100 kilograms of nitrogen per hectare [kg N/ha]). In the drier parts
of the drylands the benefits of fertilizer trees take longer to appear because the
trees that make up the mainly regenerative systems that dominate in the drier
zones take longer to become established. In addition to contributing to improved
soil fertility through the production of leaf biomass, trees can help to build up
soil biological and physical health through the continual deposition of organic
matter. Organic matter improves the resilience of the soil resource, so that it is
more productive for a wider range of crops and other plants. The positive effects
of trees on soil carbon (e.g., Beedy et al. 2014; Nair et al. 2009), soil water reten-
tion capacity (Mafongoya et al. 2006), and soil fauna (Mafongoya, Kuntashula,
and Sileshi 2006) are supported by a large body of evidence.

Case studies have shown that both regenerative and planted tree systems can
be profitable (for examples see Ajayi et al. 2007; Ajayi et al. 2011; Place and
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Binam 2013). Planted systems require more labor, not only for establishment of
trees but also for management of potential competition with crops, especially
when exotic fast-growing tree species are used. The added labor costs are more
than compensated, however, through higher crop yields. Ajayi et al. (2007)
found that the net present value from a five-year improved fallow rotation (two
years fallow followed by three years of maize) ranged from US$270-310 per
hectare [ha], compared to US$130 per hectare for the conventional system with
no fertilizer. Although systems based on the use of fertilizer outperform tree-
based systems in terms of crop yield and net present value, the two systems are
comparable in terms of benefit-cost ratio and returns to labor.

Livestock fodder and feed

Trees and shrubs produce feed for livestock, particularly during the dry season
when natural pasture is scarce. For this reason, farmers use many dryland trees
and shrubs to nourish their livestock. In West Africa, two of the most common
are Pterocarpus spp and Piliostigma spp.

The limited available evidence on the effects of trees and shrubs on livestock
growth in drylands comes mainly from researcher-managed feeding trials. For
example, supplementation of pasture in Zimbabwe with 75 grams of Acacia
angustissima fed to a group of goats each day was found to result in an incre-
mental increase of 36 grams per goat per day (Mukandiwa et al. 2010).

Relatively little research has been done at the farm level to assess the profit-
ability of tree investments in the livestock sector. Such assessments are compli-
cated by the large number of tree species used for feed, the high level of
variability in the duration and frequency of feeding, and the shifting composi-
tion of feed resources, among other factors. Place and Binam (2013) found posi-
tive correlations between the number of goats and sheep and the number of
fodder shrubs on farms in Burkina Faso, but no such correlation was detected
in neighboring countries. The same authors also found positive correlations
between the value of goat and sheep production and the production value-to-
stock ratio on the one hand and the number of trees on the other. This suggests
that at least in the case of small ruminants, private investment in fodder trees
and shrubs is associated with higher animal stocks and production.

Fuel wood and timber

Trees are the leading source of energy in almost all rural areas of Africa, includ-
ing the drylands. Firewood and charcoal are widely used for cooking, bathing,
laundering, and heating. In many countries, the drylands are a major supplier
of firewood and charcoal for urban areas. The value of traded charcoal is cur-
rently estimated to be in the billions of dollars, making charcoal one of the most
valuable commodities traded in the region. Current fuel wood production
comes mainly from off-farm sources, and harvesting methods are frequently
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destructive to the environment. Governance of fuel wood production and mar-
keting is generally weak, which creates uncertainty throughout the value chain,
gives rise to extra-legal transactions costs, and also undermines incentives for
long-term investment. Reforms to policy and regulatory frameworks could sig-
nificantly improve the management of fuel wood harvested from woodlands, as
well as strengthen the incentives to source fuel wood from farms.

Tree products (especially timber and poles) are important construction
materials in many dryland regions of Africa. Timber and pole production
almost always involves the purposeful planting of seedlings, because the profit-
ability depends critically on the use of quality germplasm and adoption of care-
ful management practices. Timber and pole production therefore are best suited
to areas in which rainfall is more abundant and more reliable, especially the dry
subhumid zone. Timber and pole production schemes in Sub-Saharan Africa
have for the most part relied on exotic species, such as Eucalyptus camuldulensis
or Acacia mearnsii. In addition, many indigenous trees with high value have the
potential to perform well, as long as sufficient attention is paid to germplasm
selection and management. For example, Melia volkensii already supports a
thriving high-quality furniture wood production industry in Kenya.

Non-wood tree products

Trees and shrubs in the drylands produce many non-wood products that are
extensively harvested for home consumption as well as for sale. These non-wood
products include foods (fruits, nuts, and leaves); medicines; gums and resins; oils
and fragrances; and fodder for livestock. The value of non-wood products varies
considerably by region. Baobab contributes significantly to incomes in Senegal;
shea in Burkina Faso, Mali, and northern Ghana; gum arabic in Sudan; and
marula in southern Africa. Cashew is another important commodity, prominent
in the semi-arid and subhumid zones. Over 1.5 million farmers grow cashews in
Africa, and production doubled between 2003 and 2011. Fruit production, while
still relatively limited, has tremendous potential, as fruit consumption is growing
rapidly throughout the region as a result of urbanization and improved nutrition
awareness. Production of many of these non-wood tree products can be expanded
to meet growing export demand. In some cases the opportunities lie more with
value addition than with production. For example, the fruits of hundreds of mil-
lions of shea trees are processed locally using traditional methods to meet domes-
tic demand or are exported unprocessed. Investments in industrial processing
machinery could significantly increase the quantity and quality of shea nut prod-
ucts, generating increased profits for producers, processers, and exporters, and
boosting foreign exchange earnings for exporting countries. A similar situation
prevails in the case of cashew.
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Environmental services
Trees provide many environmental services, including carbon sequestration,
watershed protection, and soil health enrichment. All trees sequester carbon at
a relatively stable proportion of 0.5 of the woody biomass dry weight. Tree
growth is slower as aridity increases, and the annual aboveground carbon
sequestration from a typical regenerated field may be around 1 ton per hectare
in the semi-arid regions with an additional third of that below ground.

The value of trees and tree products can be significant, both in terms of the
contribution to total household income, as well as in terms of cash income from
sales (figure 6.1).

Opportunities

How might the benefits produced through tree-based systems contribute to the
resilience of households living in drylands? To answer that question, it is useful
to consider the potential impacts of trees on the three determinants of
resilience.

Reducing exposure

There is some evidence that wide-scale adoption of tree-based systems can actually
affect weather patterns in the drylands, for example by tempering the frequency and
the strength of storms. These effects are at best very minor, however, and almost
certainly below the level needed to significantly reduce exposure to shocks.

Figure 6.1 Revenue from sales of tree products, selected countries, West Africa (%)
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Reducing sensitivity

While trees may not reduce exposure to shocks, they can play an important role
in reducing household sensitivity to shocks. Trees are not completely impervi-
ous to climate change, but their deep rooting systems allow them to take advan-
tage of moisture stored in the soil, which makes them less vulnerable to seasonal
rainfall reductions. This robustness allows trees to play a particularly important
role in reducing sensitivity to at least two types of shocks experienced in the
drylands: weather-related shocks and health-related shocks.

Reduced sensitivity to weather-related shocks. The dominant weather-
related shock in the drylands is droughts that are severe, frequent, or prolonged.
Trees growing in crop fields attenuate the severity of drought effects on crop
performance by modifying the microclimate. Crops growing in the vicinity of
trees experience a more favorable microclimate, with significantly higher
humidity in the crop canopy causing a lower vapor pressure deficit. Trees can
also lower solar radiation stress experienced by crops, and they can increase the
infiltration and storage of rainfall in the soil by reducing surface runoft. The
additional biomass that trees provide increases soil organic matter, which
enhances soil moisture storage and improves nutrient availability to crops.
Moreover, there are circumstances under which some trees effectively transfer
water from deeper depths up to near the soil surface through their root systems
and make such water available to nearby crops, a phenomenon known as
“hydraulic lift” (Bayala et al. 2014). These various features of trees combine to
reduce the rate of onset of crop water stress, enabling crops to more successfully
withstand periods of drought during the growing season.

A second weather-related shock in the drylands is heat. All crops experience
a reduction in yield whenever temperatures exceed a certain threshold level.
High temperatures depress yields through two processes. First, plants respond
to high temperatures by increasing their respiration rate, which causes them to
burn up more energy, leaving less available for grain filling. Second, high tem-
peratures shorten the crop maturity period, which reduces the size and weight
of the grain. Trees growing in crop fields can significantly reduce temperatures in
the crop canopy and soil, particularly during the middle part of the day. Across
the growing season, avoiding daily temperature shocks can allow plants to photo-
synthesize longer, leading to increased grain filling and higher yield. These effects
can be observed in the more stable crop yields recorded during drought years in
fields containing trees than in fields without trees (for example, see evidence from
Niger cited in Reij, Tappan, and Smale 2009). Survey data are consistent with
testimony by many farmers that higher tree populations reduce drought effects.

Reduced sensitivity to health-related shocks. Trees can also help reduce
sensitivity to health-related shocks. Fruits and vegetable foods harvested from
trees comprise part of the regular diet in the drylands, and in many cases they
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are critical for good nutrition because they contain vitamins and micronutrients
that are unavailable from other sources. For example, the fruits and leaves of
baobab are highly nutritious in vitamins A and C, which are lacking in staple
foods (Orwa et al. 2009). Tree-based foods take on special significance during
periods of seasonal or prolonged drought-induced hunger when crops and
animal-source foods become unavailable (Place and Binam 2013).

Crop modeling carried out for the Africa Drylands study and further dis-
cussed in Chapter 12 helped provide orders of magnitude of the benefits of FMNR
in terms of reduction of drought impacts. When FMNR of native species is added
to the other productivity-enhancing technologies discussed in this book, the
effects are impressive. In a group of 10 countries in East and West Africa, the
projected number of poor, drought-affected people living in drylands in 2030
falls—compared to the business as usual (BAU) no intervention scenario—by 13
percent with low-density tree systems and by more than 50 percent with high-
density tree systems (figure 6.2).

Improving coping capacity

In addition to reducing sensitivity to shocks, trees can enhance the capacity of
households in drylands to cope with the effects of shocks after the shocks have
occurred. Trees are assets that can be cut and sold for cash or exchanged for

Figure 6.2 Estimated reduction in the average number of drought-affected people through
use of FMNR and other technologies by year 2030 (millions)

2030 people made drought-resilient (millions)

No trees FMNR low tree density FMNR high tree density

m Drought tolerance packages  m Fertility management m Agroforestry

Source: Calculation based on the approach discussed in the Appendix.

Note: FMNR = farmer-managed natural regeneration. The data in the chart refer to the number of households
that by 2030 could become resilient to droughts, on an annual average, by adopting different packages of
resilience interventions. The figure presents aggregated results for Ethiopia, Kenya, Uganda, Senegal, Nigeria,
Mauritania, Chad, Mali, Burkina Faso, and Niger.



110 CONFRONTING DROUGHT IN AFRICA'S DRYLANDS

goods in times of need. In the Maradi and Zinder Regions of Niger, where 1.2
million households now sustain medium to high densities of tree populations
on their farms, farmers cut tree branches on a continuous cycle for household
fuel wood supplies and for sale, and some mature trees are cut down and sold
in local wood markets for poles and construction materials. Export markets
are active in shipping wood south to Nigeria. During prolonged drought peri-
ods these tree assets may be gradually liquidated to supply the household with
cash for food purchases. This process was observed to be an important source
of coping capacity for households during recent droughts (Reij, Tappan, and
Smale 2009).

Returns to investment

The rapid expansion of FMNR throughout large areas of West and East Africa
suggests that farmers in the drylands value the benefits of the technology. But
just how profitable is the technology, especially in comparison to other tech-
nologies that farmers could choose to adopt? Researchers have been homing in
on this question, although definitive answers remain elusive due to the difficulty
of measuring all of the multiple benefits and the long periods over which they
are realized.

Place et al. (2016) explored the returns to investment in FMNR using a
model constructed to analyze costs and benefit streams over a 20-year period.
The model can be calibrated to represent the situation prevailing in different
aridity zones and in different countries; in this case, the focus is on parkland
systems in Mali and Niger in which millet is the dominant crop. The investment
considered is FMNR, starting from a base of no trees and allowing the tree
density to build up to the average density observed in the two countries. Two
benefit streams are captured: the value of direct tree products (wood and non-
wood), and the value of improved crop yields. Three cost categories are consid-
ered: (1) establishment of the system, (2) annual costs (upkeep and harvesting)
related to tree products, and (3) annual costs related to crop production. Discount
rates of 10, 15, and 20 percent are used over 20- and 30-year time frames.

Table 6.1 shows the net present value (NPV) and benefit-cost ratio (BCR) for
six combinations of discount rates and time periods (all other variables are fixed).
The estimated returns range from a low of NPV = US$29.9 per hectare and
BCR =1.5 (for the 20-year period assuming a 20 percent discount rate) to a high
of NPV = US$178.11 per hectare and BCR = 2.66 (for a 30-year period assum-
ing a 10 percent discount rate). The IRR (internal rate of return) does not vary
much for the different assumptions. The IRR is 34 percent in a 20-year time
frame and 36 percent in a 30-year time frame. The break-even year similarly
does not vary much, falling in year 11 in the case of a 20 percent discount rate
and in years 10 and 9 in the case of discount rates of 15 percent and 10 percent,
respectively. The benefit streams per hectare from crops and tree products are
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Table 6.1 Private economic returns from FMNR (US$ per hectare)

Mali Niger

20-year period 30-year period 20-year period 30-year period

Net present value (NPV)

10% discount rate 133.57 178.11 442.80 568.99

15% discount rate 66.82 82.46 253.94 298.24

20% discount rate 29.89 35.71 149.18 165.66
Benefit-cost ratio (BCR)

10% discount rate 243 2.66 6.78 147

15% discount rate 1.94 2.09 5.40 5.83

20% discount rate 1.52 1.60 4.19 4.43

Source: Place et al. 2016.

virtually the same in the case of Mali. In contrast, all the economic variables are
more favorable for FMNR in Niger, due to larger benefit streams from both
harvested tree products and crop yields.

Challenges

Tree-based systems have spread rapidly in some dryland zones, but in other
zones, adoption c