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Executive Summary
Increased global warming and the possibility of the Specific warming levels 1.5oC, 2oC, and
4oC being attained has potentially disastrous biophysical impacts across the Sub-Sahara Africa.
The adverse impacts of great concern include threat of reduced crop productivity, where yields
of important food crops like maize can fall by more than 50%. In Sub-Sahara Africa, this socioeconomic impact of increased global warming becomes more severe when additional socioeconomic stresses like decreasing land for agriculture due to population increase in the highpotential areas, and urbanization in some areas others are considered. These societal concerns
require urgent policy interventions before the basic natural resources become unable to sustain
livelihoods in the region. Under a high sensitivity climate warming scenario, 2 oC higher
temperatures than pre-industrial average temperatures could be reached during the 2030s, so in
approximately two decades from now. Assuming that extreme climate warming continues,
there is a strong evidence of increased failure rates of agricultural productivity and a general
loss in biodiversity across Sub-Sahara Africa. Areas of the region which are marginal like the
arid-and semi-arid lands of East and West Africa, and the Sahel are typical hot-spots. These
are also the areas where communities are most vulnerable to climate extremes including the
droughts and famine which afflict large parts of East Africa; and flooding disasters which
afflict large parts of West Africa and the Sahel. Therefore in both sub-regions of NHSSA, a
common attribute of adaptation approach is upscaling of surface water storage and controlled
agricultural practices.
Some socio-economic sectors like agricultural activities, and other human and animal resources
are more exposed to climate change and extreme impacts. In the water resources sector, the
high resolution models project a moderate increase in runoff, especially in East Africa subregion. While this indication is for the long term future and consistent with a projection of a
wetter East Africa, current water stress in the sub-region is a great concern which should be
addressed in the near future. These will require for implementation of adaptation strategies in
order to ensure the survival of the society, livelihoods and the economies across the region.
Sub-Sahara Africa is identified as the world’s most vulnerable region to climate change and
therefore adaptation choices are a matter of urgency. Adaptation choices informed by attributes
like the shared socioeconomic pathways are good long term planning information in the hands
of decision makers, researchers and climate sensitivity socio-economic services sectors, both
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public and private as well as for use in formulation of Africa wide scientific advisories for
beneficial adaptation and sustainable development.
Analysis of how populations in Benin, Ethiopia and Tanzania react to environmental changes
in different contexts enables identification of key variables determining migration patterns. It
is concluded that there is no correlation between the magnitude of climate and social impacts,
and that aggravated climate change will not necessarily result in an increase of migration. The
scale of migration resulting from climate change cannot only be understood in terms of
alteration of volume, and mobility dynamics associated with extreme climate change will often
be non-linear. Much of the dynamics will be associated with the issue of inhabitability, which
is in itself an ill-defined concept.

From the assessment of livelihood activities under the SWLs using the hunger and climate
vulnerability index, absence of adaptation to present day climate extremes and consequences
of long-term climate is a great concern. This information is useful for informing long-term
policy–making and adaptation decisions, and recommendations for adaptation scenarios that
could be developed as part of this activity are made. These represent long-term adaptation
options, such as options for reducing sensitivity with activities like growing drought and heat
resistant crops, different distributions of crops and livestock, or diversification of livelihood
activities. Suggested scenarios that could improve adaptive capacity include considering
improved wealth-creation livelihoods through good management of resources, value addition
and access to key markets. In addition to the long-term direction and trend in vulnerability, the
variability from year-to-year in rainfall amounts and timings and associated temperatures will
still occur, and therefore improved short-term and seasonal prediction systems are also required
to best prepare for and avoid the worst impacts of climate-related hazards. HELIX research
outputs, with the SWLs indicating thresholds of global warming which trigger the various
socio-economic stresses across NHSSA urge that adaption strategies should be integrated into
regional and national disaster risk reduction polices and in the implementation of field
programmes for sustainable development.

iv

Executive Summary ................................................................................................................. iii
Acronyms ............................................................................................................................... viii
Vulnerability Assessments at Different Specific Warming Levels ....................................... 2
Adaptation measures in Agriculture under different Specific Warming Levels (SWL) ....... 6
Adaptation Measures to flood Risks in Sub-Saharan Africa ................................................. 7
Adaptation Assessments in the Framework of GLAM Crop Model for Maize as Sub-Sahara
Africa Stable Food Crop ............................................................................................................ 9
Inform new socio-economic impacts and adaptation assessments ........................................ 9
Including impacts on the regional economy, agricultural productivity ............................... 10
Economic Costs of Heat Stress at Specific Warming Levels .............................................. 11
Summary and Recommendations ........................................................................................ 11
Summary .......................................................................................................................... 11
Recommendations ............................................................................................................ 12
Using the HCVI methodology to assess vulnerability to food insecurity at the sub national level: an example for Ethiopia ................................................................................ 14
Executive Summary ............................................................................................................. 14
Introduction .......................................................................................................................... 15
Data and methods ................................................................................................................. 16
A qualitative approach to the HCVI framework .............................................................. 16
High-resolution HELIX data............................................................................................ 17
Current climate, food security and livelihoods in Ethiopia ................................................. 19
Food security and livelihoods in Ethiopia ........................................................................... 20
Climate of Ethiopia .............................................................................................................. 20
Assessing vulnerability to food insecurity at the sub-national level.................................... 24
Assessing vulnerability across cropping livelihood zones................................................... 26
Exposure of cropping livelihoods ........................................................................................ 27
Sensitivity of cropping livelihoods ...................................................................................... 28
Adaptive capacity of cropping livelihoods .......................................................................... 30
Cropping livelihood vulnerability regions ........................................................................... 30
Region C1 ........................................................................................................................ 30
Region C2 ........................................................................................................................ 31
Region C3 ........................................................................................................................ 32
Region C4 ........................................................................................................................ 32
Region C5 ........................................................................................................................ 32
Region C6 ........................................................................................................................ 33
Assessing vulnerability of pastoral livelihoods ................................................................... 33
Exposure of pastoral livelihoods.......................................................................................... 34
Sensitivity of pastoral livelihoods ........................................................................................ 34
Adaptive capacity of pastoral livelihoods ............................................................................ 35
Pastoral livelihood vulnerability regions ............................................................................. 36
Regions P1-P3 .................................................................................................................. 37
Regions P4 – P5 ............................................................................................................... 37
Region P6 ......................................................................................................................... 38
Assessing vulnerability of agropastoral livelihood zones .................................................... 38
Exposure of agropastoral livelihoods................................................................................... 39
Sensitivity of agropastoral livelihoods................................................................................. 39
Adaptive capacity of agropastoral livelihoods ..................................................................... 39
Agropastoral livelihood vulnerability regions ..................................................................... 39
Region A1 ........................................................................................................................ 40
Region A2 ........................................................................................................................ 40
v

Region A3 ........................................................................................................................ 41
Region A4 ........................................................................................................................ 41
Impact of projected changes in climate on vulnerability to food insecurity ........................ 41
Specific Warming Levels ..................................................................................................... 41
Summary of projected changes in climate at 1.5, 2 and 4°C ........................................... 41
Summary of projected changes in climate at 1.5°C of warming ..................................... 42
Summary of projected changes in climate at 2°C of warming ........................................ 46
Summary of projected changes in climate at 4°C of warming ........................................ 51
Impacts of projected changes in climate on vulnerability of different livelihood types ...... 56
Cropping livelihoods ........................................................................................................ 56
Regions C1 and C2 .......................................................................................................... 56
Region C4 ........................................................................................................................ 57
Region C5 ........................................................................................................................ 58
Region C6 ........................................................................................................................ 58
Pastoral and agropastoral livelihoods .................................................................................. 61
Regions P1 - P3 and A1 ................................................................................................... 61
Regions P4 - P5 and A2 ................................................................................................... 62
Regions P6 and A3........................................................................................................... 62
Region A4 ........................................................................................................................ 63
Summary of impacts at SWLs ......................................................................................... 67
Future time slices ................................................................................................................. 69
Summary and recommendations .......................................................................................... 70
References ............................................................................................................................ 75
Appendix A – Additional plots from the SWL analysis ...................................................... 78
Appendix B – results from 2050s and 2080s analysis ......................................................... 84
2050s ................................................................................................................................ 84
2080s ................................................................................................................................ 88
Assessment of Climate impacts on Migration In Sub-Sahara Africa ...................................... 92
Introduction .......................................................................................................................... 92
Benin .................................................................................................................................... 92
Introduction ...................................................................................................................... 93
Study Area ....................................................................................................................... 93
Data and Methods ............................................................................................................ 94
Results .............................................................................................................................. 95
Coastal erosion and loss of land .............................................................................................................. 95
Dynamic of settlement in the risk zone ................................................................................................... 95
Migrants and trapped populations .......................................................................................................... 96
Measures taken by population and responses of authorities ................................................................. 98

Conclusion and Policy Implications ................................................................................ 99
References ...................................................................................................................... 100
Ethiopia .............................................................................................................................. 101
Coping with Extreme Conditions: How Successive Meteorological Trauma Impacts
Population Movements .................................................................................................. 101
Introduction .................................................................................................................... 102
State of the Art & Approach .......................................................................................... 102
Patterns of Movement in Ethiopia ................................................................................. 103
2. Study Area ................................................................................................................. 104
How Climate Change Affects Ethiopia.......................................................................... 104
Data and Methods .......................................................................................................... 105
Limitations ..................................................................................................................... 106
Results and Discussion .................................................................................................. 107
vi

Insights from the Ethiopia Socioeconomic Survey (ESS) Panel ................................... 109
Conclusions .................................................................................................................... 110
References ...................................................................................................................... 111
Tanzania ............................................................................................................................. 115
Migratory Impacts of the Charcoal Chain Among Forest Communities in Central Tanzania
................................................................................................................................................ 115
Introduction ........................................................................................................................ 115
The Climate-Land Degradation Spiral ........................................................................... 115
Reducing Emissions from Deforestation and forest Degradation in developing countries
(REDD) .......................................................................................................................... 117
The continuing rise of charcoal...................................................................................... 118
Objectives ...................................................................................................................... 118
Case Study ..................................................................................................................... 119
Data & Methods ............................................................................................................. 120
Results and Discussion .................................................................................................. 121
Climate change and Migration Accelerate and Intensify Land and Forest Degradation ....................... 121
Adaptation Strategies and Barriers ....................................................................................................... 123
Conclusion ............................................................................................................................................. 124
References ............................................................................................................................................. 125

vii

Acronyms
ASALs
CB
CRU
CMIP5
CORDEX
DoW
EU
GHGs
IPCC
ISI-MIP
NSSA
RCMs
RCPs
SWL
UNFCCC
WCRP
CCA
DRM
DRR
HCVI
IAV
MDGs
NARO
NDMA
NDOC
SDGS
SSP
UNISDR
WFP

Arid and-Semi-Arid lands
Bias correction
Climate Research Unit
Coupled Model Intercomparison Project Phase 5
Coordinated Regional Climate Downscaling Experiment RCMs
Description of work
European Union
Green House Gases
Intergovernmental Panel on Climate Change
Inter Sectorial Impacts Model Inter-comparison Project
Northern Hemisphere Sub-Sahara Africa
Regional Climate Models
Representative Climate Pathways
Specific warming levels
United Nations Framework Convention on Climate Change
World Climate Research Programme
Climate Change Adaptation
Disaster risk management
Disaster risk reduction
Hunger and Climate Vulnerability Index
Inter-annual variability
Millennium develpment goals
National Agricultural Research Organization (NARO) of Uganda
National Drought Management Authority - Kenya
National Disaster Operations Centre - Kenya
Sustainable development goals
Shared Socioeconomic Pathways
United Nations Strategy for Disaster Risk Reduction
World Food Programme

viii

Overview of Sub-Saharan Africa-Wide Adaptation Assessments From the
New Impact Projections
The new high resolution climate change models have indicated socio-economic impacts
across Sub-Sahara Africa can get worse to the extent that the region produce sufficient
food. For a stable food crop for Northern Hemisphere Sub-Sahara Africa (NHSSA) like
maize, attainment of high-end levels of global warming indicates that the crop failure
rates could be extremely high. This socio-economic impact of increased global warming
becomes more severe when additional socio-economic stresses like decreasing land for
agriculture due to population increase in the high-potential areas, and urbanization in
some areas others are considered. In general, a reduced ecosystems productivity and
general loss of biodiversity due to climate warming across the region is the major impact
which has to be addressed urgently through increased investments in livelihoods which
are less depend on rainfall. Control of floods and runoff water, and the upscaling of
storage of surface water (and runoff) for long term use has emerged as a common
adaptation approach to improve environmental productivity across NHSSA. On impacts
on hydrological resources, the new models indicate a moderate increase in surface runoff
especially over East Africa sub-region. Nevertheless, this is a sub-region where impacts
of extremes like droughts and drought induced food shortages can be greatly improved
by upscaling of rainfall water reservoirs and shifting from rainfed agriculture to more
controlled and managed crop production technologies like conservation agriculture,
diversification of crop varieties especially to drought resistant/ faster maturing breeds
to enhance the usefulness of the large Arid and Semi-Arid Lands where conditions and
livelihoods have been traditionally marginal and the local communities in those marginal
areas are the ones who suffer most the adverse impacts on increasing climate extremes.
The following section is indication of cross-sectoral adaptation assessments done within
the framework of HELIX Global Biophysical Impacts.
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Vulnerability Assessments at Different Specific Warming Levels

Given Specific Warming Levels (SWLs), several social-economic impacts will be triggered
depending on the degree of resilience of the exposure of the system: agriculture, human and
animal population, economy and the water resources alongside climate sensitive sectors. These
will require for implementation of adaptation strategies in order to ensure the survival of the
society, livelihoods and the economy. The SWLs are key scenarios that provide a benchmark
for guided research for HELIX. Deliverable D4.4 presented a comprehensive analysis of
impacts, adaptation and vulnerability for a number of sectors at the global scale; the following
pages briefly discuss these results from the perspective of Sub-Saharan Africa.
The impacts of climate change at given SWLs depends on the degree of vulnerability of the
society, environment and the economy. Although baseline vulnerability scenarios are well
understood, models are paramount tools that aid our assessment of the projected vulnerability
scenarios. In Figure 1, is presentation of the assessment of the Shared Socioeconomic Pathways
(SSP) scenarios for the baseline and overall change in vulnerability at the time of passing SWLs
of 1.5°C, 2°C and 4°C under the RCP8.5 scenario. It should be noted that this vulnerability is
not a consequence of the level of global warming – it is the change in vulnerability arising from
socioeconomic scenarios at times that coincide with each SWL being reached in the RCP8.5
scenario. The Sub-Sahara Africa is identified as the world’s most vulnerable region to climate
change, falling in the same category with the Middle East.
In Figure 2 and 3, the vulnerability of population and water demand is assessed under different
Shared Socioeconomic Pathways (SSP). From the two figures, it can be noted that at 1.5oC
warming, there is an increase in vulnerability in all SSPs in both the population and water
demand, with the largest increases being seen in SSP2 and smaller increases in SSP3 and SSP5.
This picture is also consistent for the 2oC and 4oC warming levels, although by the end of the
21st Century (the time when 4oC is reached), the population in Africa is projected to be slightly
declining in SSP5 whilst still rising rapidly in SSP3.
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Figure 1 Changes in average vulnerability levels in three Shared Socioeconomic
Pathways (SSPs) at the time of passing Specific Warming Levels (SWLs)

Levels of adaptation challenges
Example: Population projections

Figure 2: Levels of adaptation challenges for population under different SSPs for the
time of passing SWLs
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Levels of adaptation challenges
Example: Water demand

Figure 3: Levels of adaptation challenges water demand under different SSPs at the
time of passing SWLs

In Figure 4, vulnerability assessment on the surface runoff is presented. At all warming levels,
there is an increase in the surface flows over the region. This would definitely increase the risk
of flooding and thereby the society would require putting in place adaptation measures to cope
with this hazard. In terms of direct impact of floods to the population, the models present a
diverse picture for the Sub-Saharan Africa, with and agreement less than 90%. Nevertheless,
some parts of the Sub-Saharan Africa would experience about 100% increase in terms of direct
damage caused by floods and the number of people affected.
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Figure 4 Changes in surface run-off mean at specific warming levels

In Figure 5, the global flood risk vulnerability assessment is represented. In the Sub-Saharan
Africa, the model agreement on flood risk levels is less than 90%.

Figure 5 Changes in the risk of flooding at SWLs
There is a high consensus in model projections about a drier Mediterranean in the future
consistent both in regional and Global projections.
In Figure 6, vulnerability of the species richness loss is assessed. Under SWL of 1.5oC
amphibians species richness loss is projected at 75% in parts of the Sub-Saharan Africa
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Figure 6: Remaining species richness for amphibians projected at 1.5°C global warming

Adaptation measures in Agriculture under different Specific Warming
Levels (SWL)

Using the statistical model (ClimaCrop) for the staple crops including maize, rice, soybeans
and wheat, crop yield was linked to climatic conditions. Also, the crop sustainability model
was based on the Food and Agriculture Organization (FAO) database. Based on the ClimaCrop
model adaptation strategies under SWL include irrigation and shifting of planting regions. It is
important however to explore uncertainty of regional climates to avoid maladaptation since a
drier Mediterranean basin is foreseen in the future due to substantial differences between SWL4
and SWL2, even between SWL2 and SWL1.5. Figure 7 shows how a reduction in the wheat
yield declines can be avoided by irrigation under SWL in the Sub-Saharan Africa.
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Figure 7: Wheat Yields declines reduced by Irrigation in SWL

Adaptation Measures to flood Risks in Sub-Saharan Africa

Flood risk reduction rates are heavily affected by the uncertainty in the climate projections in
the Sub-Saharan Africa. In this case, a comparison is made between the public measure
(increasing flood protection) and private measure (reduction of local vulnerability). In Figure
8 below it can be seen that adaptation by reduction of vulnerability reduces the impact of all
floods without changing their frequency of occurrences, hence the risk reduction rates are
independent of the climate variability.
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Figure 8: Flood Risk Reduction at SWL

In conclusion, this adaptation approaches vary, but larger amount of adaptation is required in
larger SWL. Since adaptation potential exists in all sectors explored, the efficacy ranges from
small to large depending in the measure and sector; hence a hedging strategy may be needed.
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Adaptation Assessments in the Framework of GLAM Crop Model for
Maize as Sub-Sahara Africa Stable Food Crop
Inform new socio-economic impacts and adaptation assessments
The efficacy of two adaptation methods were investigated using GLAM at 1.5°C, 2°C and 4°. These
methods were (i) use of crop varieties with tolerance to high temperature stress (HTS), and (ii) use of
runoff capture to reduce waste of water (Rw H). At 1.5°C the efficacy were investigated in both the
historic and future climates to assess if they were true adaptations. These basic adaptation methods
are not suitable prevent an increase in crop failures at 2°C and 4°C . The circles show the change in
yield, the crosses show the mild crop failure rate and the stars show the severe crop failure rate. Items
in the bottom right quadrant are helpful in the historic climate but less so in the future. The top right
quadrant are true adaptations which are helpful now and more helpful in the future.

Figure 9: Impact of adaptation vs. impact in current climate for two adaptation methods,
high temperature stress tolerance (HTS) and runoff water capture (Rw H) applied
individually and together.
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Including impacts on the regional economy, agricultural productivity
The change in maize, millet and sorghum yields have been calculated for countries in West Africa.

Maize

Yield change (%)

Ghana

2.52

Ivory Coast

-2.33

Nigeria

0.03

Millet

Yield change (%)

Burkina Faso

-5.86

Chad

0.53

Ghana

-0.77

Ivory Coast

0.63

Mali

-8.08

Niger

3.20

Nigeria

0.71

Senegal

-5.35

Sorghum

Yield change (%)

Benin

-7.05

Burkina Faso

-10.04

Cameroon

-7.25

Chad

-6.06

Ghana

-4.48

Mali

-10.18
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Mauritania

-4.69

Niger

0.65

Nigeria

-4.10

Senegal

-10.79

Togo

-3.93

Economic Costs of Heat Stress at Specific Warming Levels
The energy costs of cooling Africa to prevent heat stress has been calculated using new analysis
methods. Heat stress can be calculated as a function of temperature and water vapour pressure
and therefore it is possible to find the cooling required to prevent heat stress. The cumulative
cooling costs associated with this cooling have been found to be $51bn in a +2°C world and
$487bn in a +4°C world. These costs include the infrastructure to support a higher electricity
demand to provide power for space cooling such as fans and air conditioning units.

Summary and Recommendations
Summary

Increased global warming and the possibility of the Specific warming levels 1.5oC, 2oC, and
4oC being attained has disastrous biophysical impacts across the Sub-Sahara Africa. The
adverse impacts of great concern include threat of reduced crop productivity, where yields of
important food crops like maize can fall by more than 50%. In Sub-Sahara Africa, this socioeconomic impact of increased global warming becomes more severe when additional socioeconomic stresses like decreasing land for agriculture due to population increase in the highpotential areas, and urbanization in some areas others are considered. These societal concerns
require urgent policy interventions before the basic natural resources become unable to sustain
livelihoods in the region. Under a high sensitivity climate warming scenario, a 2oC higher
temperatures than pre-industrial average temperatures can be reached during the 2030s, which
is less than a decade away. Assuming that extreme climate warming continues, there is a strong
evidence of increased failure rates of agricultural productivity and a general loss in biodiversity
across Sub-Sahara Africa. Areas of the region which are marginal like the arid-and semi-arid
lands of East and West Africa, and the Sahel are typical hot-spots. These are also the areas
where communities are most vulnerable to climate extremes including the droughts and famine
which afflict large parts of East Africa; and flooding disasters which afflict large parts of West
Africa and the Sahel. Therefore in both sub-regions of NHSSA, a common attribute of
adaptation approach is upscaling of surface water storage and controlled agricultural practices.
Some socio-economic sectors like agricultural activities, and other human and animal resources
are more exposed to climate change and extreme impacts. In the water resources sector, the
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high resolution models project a moderate increase in runoff, especially in East Africa subregion. While this indication is for the long term future and consistent with a projection of a
wetter East Africa, current water stress in the sub-region is a great concern which should be
addressed in the near future.
These will require for implementation of adaptation strategies in order to ensure the survival
of the society, livelihoods and the economies across the region. Sub-Sahara Africa is identified
as the world’s most vulnerable region to climate change and therefore adaptation choices are a
matter of urgency. Adaptation choices informed by attributes like the shared socioeconomic
pathways are good long term planning information in the hands of decision makers, researchers
and climate sensitivity socio-economic services sectors, both public and private as well as for
use in formulation of Africa wide scientific advisories for beneficial adaptation and sustainable
development.
Recommendations

Adaptation assessments using the new impacts projects have revealed that Sub-Sahara Africa
livelihoods and ecosystems resources will be adversely affected by increased global warming.
Implications of SWLs indicate severe crop failure and therefore increased food scarcity,
overall loss of biodiversity and reduced ecosystems productivity; and increase risk of
flooding which also severely interrupts livelihoods in both West and East Africa sub-regions
of NHSSA. Adaption choices recommended over the region therefore include:
 Upscaling of surface water reservoirs and storage of runoff water on a “larger scale
capacity or highly expanded reservoirs” to improve environmental fresh water
availability, and soil moisture for increasing of natural vegetative productivity in all
areas of Sub-Sahara Africa.
 Upscaling flood control to reduce the risk of floods in parts of NHSSA like over the
Sahel and West Africa, while channeling flood waters to high capacity reservoirs for
beneficial uses of the fresh water.
 Increase investments in livelihoods which are less depend on rainfall, for example
increasing irrigated agriculture using water available from the above recommendations.
 Controlled environmental conservation and agriculture along principles like
conservation agriculture which manages more effectively cropping conditions and
increases yields even in the in Arid-and Semi-Arid lands (ASALs) which are currently
low potential areas.
 Increased investment in technologies which conserve and restore ecosystem,
vegetation and biodiversity through re-fertilisation of environment (activities which
conserve soil moisture in ASALs).
A shift from rain-fed livelihoods to more climate resilient livelihood activities seems the
an ideal no-regrets adaptation option. Surface water harvesting on a wide scale and it’s
use for boosting of crop growing under controlled conditions including irrigation
technologies which use minimal volumes of water and improvement of ecosystems
12

productivity through adoption of appropriate technologies is strongly recommended as the
no-regrets adaptation choice for the region.
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Using the HCVI methodology to assess vulnerability to food insecurity at the subnational level: an example for Ethiopia
Executive Summary
This report presents a methodology for assessing vulnerability to food insecurity at the sub-national
scale, using the framework of the Hunger and Climate Vulnerability Index (HCVI; Krishnamurthy et al.,
2014; Richardson et al., 2017) by considering components of exposure, sensitivity and adaptive
capacity. The methodology is used to assess vulnerability to food insecurity in Ethiopia, both in the
present-day and under a changing climate, as part of Work Package 8 of the HELIX project focusing on
Sub-Saharan Africa. Ethiopia currently experiences high levels of food insecurity, and livelihoods are
particularly climate sensitive; the predominant livelihoods are cropping, pastoralism and agropastoralism.
The three main livelihood activities are grouped together and relative vulnerability is assessed across
the different livelihood activities. A qualitative approach is used to assess measures of exposure to the
current climate, climate sensitivity of livelihood activities, such as crops and livestock, and measures
of ability to cope in the event of a climate hazard, such as relative wealth and distance from key
markets. Projected changes in climate at 1.5, 2 and 4°C of global warming above pre-industrial
conditions were analysed and the impact of the scale and direction of the projected trend on the
current vulnerability ratings, based on the present-day systems and activities, was assessed.
In the present-day, the most vulnerable cropping regions are located in the south-west of the country,
where rains are smaller in magnitude and more variable, and there is a high dependence on climate
sensitive crops such as coffee. These regions are also projected to see the largest increases in
vulnerability, resulting in the highest future vulnerability rating. Cropping regions in the east of the
country are not as vulnerable in the present-day, but projections indicate a large increase in
vulnerability making the region of more concern in the future, based on present-day activities. The
least vulnerable cropping region is located in the northwest and little change in current vulnerability
is projected.
For the pastoral livelihoods in the hotter, drier eastern part of the country, the poorest regions in the
northeast and far southeast are the most vulnerable in the present-day. Projected changes in climate
are uncertain across these parts of the country, however, there is a clear trend for increasing
vulnerability across all pastoral livelihoods given the heat stress impacts on livestock associated with
a warmer climate, and potential for reduced water availability. Similarly to the cropping livelihoods,
the most vulnerable regions in the future are those which are most vulnerable in the present-day,
particularly in the northeast.
The most vulnerable agropastoralists in the present-day and in the future are located in the northeast,
which are exposed to the same climate as the northeastern pastoral regions. However, future
vulnerability is not as high as the most vulnerable cropping and pastoral livelihood regions given the
diversification of livelihood activities.
The results from this study highlight the regions which are of most concern, both in the present-day
and under long-term climate change, in the absence of adaptation. This information is useful for
informing long-term policy–making and adaptation decisions, and recommendations for adaptation
scenarios that could be developed as part of this activity are made. These represent long-term
14

adaptation options, such as options for reducing sensitivity, i.e. growing drought and heat resistant
crops, different distributions of crops and livestock, or diversification of livelihood activities. Suggested
scenarios that could improve adaptive capacity include considering improved wealth and access to
key markets. In addition to the long-term direction and trend in vulnerability, the variability from yearto-year in rainfall amounts and timings and associated temperatures will still occur, and therefore
improved short-term and seasonal prediction systems are also required to best prepare for and avoid
the worst impacts of climate-related hazards.
Introduction
This report presents findings from research undertaken as part of the ‘High-End cLimate Impacts and
eXtremes’ (HELIX) project, which looks at climate change under a range of scenarios of future global
average temperature rises. These scenarios are identified by Specific Warming Levels (SWLs) which
are set at a global annual mean rise of 1.5, 2 and 4°C relative to the pre-industrial climate (18611880). These have been used to assess climate change impacts and adaptation, both globally and in
three regional focus areas: Europe, sub-Saharan Africa and South Asia. The wider HELIX project aims
to assess the impacts of these specific warming levels on food, water and energy security, flooding,
infrastructure, ecosystems, health and human migration in order to provide tailored climate impact
information to stakeholders, such as the World Food Programme (WFP), policy-makers and
businesses.
The study presented in this report aims to assess the impacts of long-term climate change on food
security in Ethiopia, and falls under Work Package (WP) 8 - Regional Focus: Sub-Saharan Africa
(Northern Hemisphere) of HELIX. Understanding the impacts of climate change on food security is
challenging given the complex nature of the food system and its relationship with climate. Food
security analysis is comprised of four components: availability, access, utilisation and stability, and
all of these components of food security are at risk from the changing climate (Porter et al., 2014).
This analysis makes use of the previously published Hunger and Climate Vulnerability Index (HCVI;
Krishnamurthy et al., 2014; Richardson et al. 2017) which is designed to bring together both the
socio-economic and climate change aspects of food security. The HCVI assesses national-level
vulnerability to food insecurity as a result of climate-related hazards under a range of emissions and
adaptation scenarios, and was developed in collaboration between the Met Office and WFP.
The aim of this study is to develop a method for a sub-national version of the HCVI framework and
apply it to Ethiopia to understand the impacts of long-term climate change on food security and to
identify which regions of Ethiopia are likely to be more vulnerable in the future. The method used is
a qualitative interpretation of the HCVI framework, as opposed to the quantitative approach used in
previous HCVI studies (Krishnamurthy et al., 2014; Richardson et al. 2017), and results from the highresolution HadGEM3 global climate model data from HELIX WP3 (HELIX D3.1, 2017) are used for the
future climate analysis. Other studies have considered a sub-national hunger index for Ethiopia
(Schmidt and Dorosh, 2009), or a direct application of the HCVI at the sub-national level (ICPAC and
WFP, 2016); however, neither of these approaches considers the impact of projected climate
change.
The HELIX project frames the assessment of the impacts of future climate change in terms of SWLs,
i.e. levels of global warming above a defined baseline. This framing is used because international
climate policy generally uses such an approach, e.g. aiming to limit global warming to “well below
15

2°C”. Furthermore, the use of SWLs places primary emphasis on the aspects of future climate
change projections in which we have greater confidence – the fact that ongoing warming will lead to
these levels being passed sooner or later. It gives secondary emphasis to an aspect about which we
are much less certain, such as the rate of warming. This emphasises for stakeholders the aspects of
the predictions which are less certain, and will help to reduce the risk of making inappropriate
decisions on the basis of over-confidence in the predictive capability of climate models.
In HELIX, the climate states and associated climate impacts at the different SWLs are analysed. These
are defined using new high-resolution transient climate simulations driven by the RCP8.5 scenario.
This scenario is consistent with ongoing high emissions and hence features a rapid rate of
warming. The climate model has been run with a number of different initial conditions based on the
results of the large ensemble of models in the 5th Coupled Model Intercomparison Project (CMIP5;
Taylor et al. 2012). Consequently, the model ensemble members show different geographical
patterns of change at any given SWL and also warm at different rates meaning that the simulations
each reach any given SWL at a different date in the future.
The remainder of this report is structured as follows: the data and methods used are presented first,
followed by a summary of the current climate, food security and livelihoods in Ethiopia and then
assessments of the present-day vulnerability to food insecurity for different livelihood types. Results
from the future projections from the global climate models are then presented along with
interpretation of the impact these have on the baseline vulnerability assessments. Finally, the results
and recommendations for adaptation exercises are summarised.
Data and methods
A qualitative approach to the HCVI framework
The Hunger and Climate Vulnerability Index (HCVI; Krishnamurthy et al., 2014) provides a countrylevel assessment of vulnerability to food insecurity as a result of climate-related hazards. The index
provides quantification of the scale and direction of impact of climate change on food insecurity at
the national level across the globe. As such, it aims to provide the following: 1) information to help
policymakers understand the level of challenge to global food security that climate change presents,
and 2) information on the geography of the impacts, which helps to evaluate the relative benefits of
mitigation and adaptation responses. The index is not intended to be a detailed planning tool, but
aims to help planners evaluate the nature of the top-level threat to food insecurity that climate
change presents, thereby supporting prioritisation of effort.
The HCVI consists of three equally-weighted components: exposure to climate-related hazards,
sensitivity of national agricultural production to climate-related hazards, and adaptive capacity – a
measure of a country’s ability to cope with climate-related food shocks. Each of these components is
composed of a number of indicators, chosen based on their relevance to food security and their
correlation with national-level measures of undernutrition. The country-level information used in
the HCVI is placed on a relative scale, and a quantitative approach is used to calculate a relative
measure of vulnerability to food insecurity. This results in globally consistent index values that
identify the most and least vulnerable regions across developing and least-developed countries.
At the sub-national level, this data-driven approach to the HCVI is not as appropriate. The national
level index measures exposure using country level indicators for flood and drought events, which
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were developed to use only the variables and temporal and spatial scale of information available
from climate models. Although these indicators are useful for assessing exposure in a relative sense
across different countries, they are not necessarily appropriate for use at the sub-national level, and
do not provide a good description of the national climate. In addition, the availability and
consistency of sub-national socio-economic data for the sensitivity and adaptive capacity
components of the HCVI is limited. Attempts to use this data-driven method to assess relative
vulnerability to food insecurity in the present-day across Ethiopia have been made (ICPAC & WFP,
2016)1. However, this approach is not compatible with the requirement to consider projected
climate change as the measures of flood and drought used to inform the exposure component use
variables which are not available from climate model projections and at finer spatial scales.
In this study, we instead use a qualitative approach, using the HCVI framework of components of
exposure, sensitivity and adaptive capacity to make qualitative assessments of vulnerability. We
group similar livelihood types together, such as cropping and pastoral livelihoods, identify the
exposure and sensitivity of the livelihood activities to climate and climate change, and consider
relevant metrics of adaptive capacity. Projections of changes in relevant climate variables at 1.5, 2
and 4°C (and also time slices for the 2050s and 2080s) are calculated, and the impact on the baseline
vulnerability assessments is considered to identify which regions are most vulnerable in both the
present-day and in the future, in the absence of adaptation.
The climate data used in this study is the bias-corrected high-resolution global climate model
projections from the HELIX project (see below for further details). The information used for this
assessment comes from a range of existing climate, livelihoods and food security studies in Ethiopia
(FEWS NET, 2009; USAID and DRMFSS, 2010; WFP, 2014; ICPAC and WFP, 2016).
High-resolution HELIX data
The climate data used for both the baseline and future climate projections comes from HadGEM32;
the Met Office’s high resolution global climate model (HELIX D3.1, 2017). This model was run as a
six-member ensemble in atmosphere-only mode at 0.5° resolution (corresponding to a grid spacing
of about 50km by 50km at the equator). Each ensemble member takes sea surface temperatures
from a different driving model run at a lower resolution (Table 1). The climate model data has been
bias-corrected relative to the Princeton Global Forcings V2 reanalysis data product (Sheffield et al.,
2006) according to the ISI-MIP bias correction protocol (Hempel et al., 2013). Note that only five
ensemble members of the full six-member HadGEM3 ensemble available were used in this analysis
as there were issues with the bias correction applied to one of the ensemble members3.
The central year of SWL1.5, SWL2 and SWL4 for each ensemble member is defined as the year in
which the 20-year running mean of the global annual mean temperature anomaly first passes the
specific temperatures of 1.5, 2, and 4°C respectively (for more detail see HELIX D2.1, 2014). The
temperature anomaly is calculated relative to the pre-industrial period: defined in HELIX as the mean
1

We acknowledge valuable discussions with Elliot Vhurumuku and Zaccheus Ndirima at the Vulnerability
Assessment and Mapping Unit of the WFP Regional Bureau Nairobi, and Philip Omondi (ICPAC) on their data
driven approach to a sub-national HCVI for Ethiopia, and also feedback on this qualitative approach.
2
The specific simulation of HadGEM3 was HadGEM3 GA6.0 N216 UM10.2 (Walters et al., 2017; Williams et
al., 2015)
3
The HadGEM3 model driven by HadGEM2-ES sea surface temperatures exhibited anomalous behaviour in the
daily precipitation data after the bias correction process and is therefore excluded from this analysis.
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of 1861-1880. In WP2 and WP3, the central SWL years are calculated using the raw data from the
global climate model simulations and therefore do not account for the bias in the present day
warming between simulations and the estimate derived from the instrumental record. The impact
models in HELIX (and the present study) use bias corrected high-resolution simulations (Hempel et
al., 2013) and therefore the central SWL years are different to those from WP2 and WP3. The biascorrected central SWL years are calculated assuming the observed warming from pre-industrial
period to the bias correction reference period (1861-1880 mean to 1981-2010 mean) is 0.61°C
(Morice et al., 2012).
In accordance with the HELIX protocol, 20 years of data either side of the central year were used to
calculate the HCVI for each SWL (Table 1). Analysis of the 2050s and 2080s time slices was also
undertaken and these use the standard 30-year climatologies (2041-2070 and 2071-2100
respectively). The baseline data presented in this report is the 1981-2010 climatology from one
ensemble member (the ACCESS1-0 driven HadGEM3 model) as representative of the ensemble,
since the data is bias-corrected to present-day reanalysis data. For full details of the methodology
for running the HELIX climate simulations see HELIX D3.1 (2017), and for details of the bias
correction methodology see Hempel et al. (2013).
Table 1 - The timings of passing specific warming levels 1.5°C, 2°C and 4°C for the high resolution simulations from WP3
and the 20 year range used for the analysis (in brackets) . It is assumed that the observed warming from pre-industrial
period to the reference period (1861-1880 mean to 1981-2010 mean) is 0.61°C (HadCRUT4, Morice et al., 2012)

SST Driving Model

SWL 1.5

SWL2

SWL4

ACCESS1-0

2026 (2017-2036)

2040 (2031-2050)

2081 (2072-2091)

GFDL-ESM2M4

2036 (2027-2046)

2051 (2042-2061)

-

IPSL-CM5A-LR

2024 (2015-2034)

2035 (2026-2045)

2071 (2062-2081)

IPSL-CM5A-MR

2023 (2014-2033)

2036 (2027-2046)

2069 (2060-2079)

MIROC-ESM-CHEM

2020 (2011-2030)

2032 (2023-2042)

2068 (2059-2078)

4
The GFDL-ESM2M model did not reach an increase of 4°C above the pre-industrial climate before 2100 and
therefore it was not possible to analyse the HadGEM3-GFDL-ESM2M ensemble member at SWL4.
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Current climate, food security and livelihoods in Ethiopia
Ethiopia is located in the Greater Horn of Africa region in East Africa. It is a landlocked country
bordering Eritrea and Djibouti to the north, Somalia to the east, Kenya to the south, with Sudan and
South Sudan to the west. The country has a complex topography, with the mountainous highlands
across the central and northern parts, including a high central plateau, which are diagonally divided
by the Great African Rift Valley, and the flatter rangelands in the northeast and southeast (Figure
10). The highlands are the most populous and are home to the major cities (Figure 11).

Figure 10 – Topography of Ethiopia. Source: https://commons.wikimedia.org/wiki/File:Ethiopia_Topography.png

Figure 11 – Population density in Ethiopia and location of major cities. Figure taken from Schmidt and Dorosh (2009).
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Food security and livelihoods in Ethiopia
Many of the Ethiopian population experience food insecurity and the populations affected vary from
season to season, depending on cropping seasons (the hunger or lean seasons), and also year-toyear as influenced by both meteorological and socio-economic drought (USAID and DRMFSS, 2010;
WFP, 2014; Lewis, 2017). In this study we are interested in long-term or chronic food security, and
how this is related to climate, in order to understand how long-term climate change may impact
food security in Ethiopia.
Food security analysis assesses not only the production of food, but also how people access that
food, the stability of supply of food, and also utilisation. One way of considering the climate impact
on food security as a whole, and not just food production, is to consider the impact on livelihood
activities. This is particularly important for countries where the livelihoods are vulnerable to climate,
such as those in Ethiopia. The FEWS NET livelihood zoning analysis for Ethiopia shows a complex
pattern of livelihood zones (Figure 12), however, livelihoods can be categorised into three main
types (WFP, 2014):
 Cropping/cultivators (89%) - eastern and southeastern parts of the country
 Pastoralists (6%) – northern and western parts of the country
 Agro-pastoralists (5%) – the boundary between the two

Figure 12 – FEWS NET livelihood zone analysis for Ethiopia (FEWS NET, 2009). A legend of the different colours is not
provided due to the complicated nature of the livelihood zoning analysis; however, green shades indicate cropping
based livelihoods and orange/red shades show pastoral and agropastoral livelihoods.

Climate of Ethiopia
The annual average climate of Ethiopia can be divided into two main regions; the wettest region in
the west which is typically over higher ground and therefore experiences comparatively lower
temperatures on average, and the hotter, drier climate in the east (Figure 13). There are a number
of complex rainy seasons in Ethiopia, and these are summarised in Table 2).
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Figure 13 – Maps of average daily mean temperature (panel a), average daily maximum temperature (panel b), average
daily minimum temperature (panel c) and average annual precipitation (panel d) over the baseline period (1981-2010)
for Ethiopia. The data come from the bias-corrected HadGEM3-ACCESS1-0 model, as representative of the HadGEM3
five-member ensemble.
Table 2 – Important rainy seasons in Ethiopia

Rainy season

Region

Months

Seasonal rainfall
amounts

Relevant
figure

Belg

Southwest

February - May

~400-500mm

Figure 16a

Gu

Southeast

March - June

~100-200mm

Figure 16a

Dirac

Northeast

March - June

<100mm

Figure 16a

Kiremt

West

July - September

~600 - ~1000mm

Figure 16b

Karan

Northeast

July - September

<100mm

Figure 16b

Deyr

Southeast

October - December

<100mm

Figure 16c

For the purpose of this report, the country is divided into ‘wet’ and ‘dry’ climate regions, this is done
by grouping administrative regions based on the average annual precipitation (as the regions reflect
the climatology), as shown in Figure 14.
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Figure 14 – Map of ‘wet’ and ‘dry’ regions of Ethiopia used in this analysis, the background map is the average annual
precipitation, as shown in Figure 13. Afar in the northeast and Somali in the southeast make up the ‘dry’ region, and the
remaining regions are grouped together to define the ‘wet’ region.

In the ‘wet’ region, there are two main rainy seasons. The majority of rain falls throughout June to
September (the kiremt season; Table 2; Figure 16, panel b) in the central and northern parts of the
region, and the rest in the southern part of the region during the belg season from February to
March (Table 2; Figure 15; Figure 16, panel a).

Figure 15 - Annual profile plots of average daily mean temperature (panel a), average daily maximum temperature
(panel b), average daily minimum temperature (panel c) and average annual precipitation (panel d) over the baseline
period (1981-2010) for the ‘wet’ region (as defined in Figure 14). Coloured lines represented individual years, with
colours ranging from blue to red across the 30-year baseline period for temperature variables, and from brown to blue
for precipitation. The thick black line shows the monthly average across the baseline period. There is little year-to-year
variability in temperature compared to rainfall, and the colours indicate an increasing trend in temperature over the
baseline period, whereas these is no clear trend for rainfall. The data come from the bias-corrected HadGEM3-ACCESS10 model, as representative of the HadGEM3 five-member ensemble.
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Figure 16 – Maps of seasonal average precipitation for February-May (belg; panel a), June-September (kiremt; panel b)
and October-January (bega; panel c).

Temperatures are fairly constant throughout the year in the ‘wet’ region, and are linked to the
annual precipitation cycle (Figure 15). The hottest part of the year is around March/April, after the
driest period, with daily maximum temperatures around 30°C, and the coolest part of the year
coincides with the wettest, around July/August, with daily maximum temperatures around 27°C.
In the ‘dry’ region, the rainfall amounts are much smaller in magnitude (less than 200mm per year in
most areas) and follow a more complex annual cycle. The gu and dirac rains fall from March to June
in the northeastern and southeastern parts respectively (Table 2; Figure 16, panel a; Figure 17). The
karan rains fall in the northeast from July to September (Table 2; Figure 16, panel b), and the deyr
rains fall from October to December in the southern and southeastern parts (Table 2; Figure 16,
panel c). Temperatures are similarly constant throughout the year but at higher values than the
‘wet’ region (Figure 16) the hottest part of the year is from March to September with daily maximum
temperatures around 33°C.

Figure 17 – Annual profile plots of average daily mean temperature (panel a), average daily maximum temperature
(panel b), average daily minimum temperature (panel c) and average annual precipitation (panel d) over the baseline
period (1981-2010) for the ‘dry’ region (as defined in Figure 14). See Figure 15 for a description of the plots. The data
come from the bias-corrected HadGEM3-ACCESS1-0 model, as representative of the HadGEM3 five-member ensemble.
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The profile plots in Figure 15 and Figure 17 indicate that temperatures do not vary much from yearto-year, compared to rainfall. In particular, it is the daily maximum temperature that is most
variable, specifically during precipitation cycles. The profile plots also indicate that there has been a
warming trend in both regions over the baseline period (1981-2010). In contrast, there is little
evidence of a trend in rainfall over this time period, using this bias-corrected climate model data and
these particular averages of the climate across the country. However, specific trend analysis has
identified observed reductions in rainfall, particularly over March to May (Niang et al., 2014; Rowell
et al., 2015). Rainfall patterns in Ethiopia are linked to larger scale climate systems, such as the El
Niño Southern Oscillation (ENSO) and the Indian Ocean Dipole, which result in year-to-year
variability in rainfall timings and amounts. In general, the La Nina phase of ENSO brings drier than
average conditions and the El Niño phase brings wetter than average conditions (Rowell, 2013).
Assessing vulnerability to food insecurity at the sub-national level
The aim of this section is to make qualitative assessments of vulnerability to food insecurity for each
of the main livelihood activities in Ethiopia; cropping, pastoral and agropastoral livelihoods. The
definitions of cropping, pastoral and agropastoral livelihood types come from the ‘LZTYPE’
classification in the FEWS NET livelihood zone shapefile (FEWS NET 2009; Figure 12) and are mapped
in Figure 18.

Figure 18 – Definition of cropping, agropastoral and pastoral livelihood zone groupings used in this report. These are
constructed by grouping the livelihood zones in the FEWS NET shapefile by ‘LZTYPE’ classification (FEWS NET, 2009).

For each of these livelihood types, regions of similar vulnerability are defined and an indication is
given of the most and least vulnerable regions (with ‘medium vulnerability’ assigned to those in
between). This assessment of relative vulnerability for current climate and livelihood activities sets a
baseline for which we use to understand the impact that the future climate may have on current
livelihood activities. Given the complexity of comparing the vulnerability across different types of
livelihood activities, such as comparing cropping to pastoral activities, the relative vulnerability for
each different livelihood type is considered separately in this study.
These assessments follow consideration of the three components of vulnerability used in the HCVI
framework, as described briefly below and summarised in the schematic in Figure 19, and fully in the
following sections:
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 Exposure – for this component we consider the current climate in the relevant areas for the
livelihood activities. As this is a qualitative assessment, we use the characteristics of the
current climate, such as temperatures experienced, the timing and magnitude of rainfall, as
described above.
 Sensitivity – for this component we consider the climate vulnerabilities of the livelihood
activities, for example how sensitive specific important crops are to the climate they currently
experience in cropping livelihood zones, and how sensitive specific livestock are to current
climate conditions in pastoral livelihood zones.
 Adaptive capacity – for this component we consider four key aspects, along with other specific
metrics where relevant:
o population density (Figure 11)
o the relative wealth across the different livelihood types as a measure for ability to
cope in the event of a climate hazard (Figure 20),
o the distance from important markets for sales and purchase of crops and livestock
(major cities are used as an indicators for the major markets, these are shown in
Figure 11),
o the dependence on own crop or livestock production for food calories compared to
purchase from markets (figures presented in following relevant sections).

Exposure

Senstivity

Adaptive capacity

Characteristics
of the current
climate

Climate
sensitivities of
livleihood
activities

Ability to cope
with the impacts
of climate hazards

Temperatures
exposed to
Rainfall amounts
and timings

Crop temperature
thresholds and
minimum water
requirements

Population density

Relative wealth
Livestock adaptability
and suitability to the
current climate

Distance from/access to
key markets

Dependence on
markets/own production
for calories

Figure 19 – Schematic showing the three components of vulnerability and what metrics are used for the qualitative
vulnerability assessment.
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Figure 20 – Map of relative wealth (total income from food and cash, excluding aid) by type of livelihood zone; cropping
livelihood zones are shown in shades of green/blue, pastoral and agropastoral livelihood zone groupings are joined
together here and shown in shades of orange. Figure taken and adapted from USAID and DRMFSS (2010)

Assessing vulnerability across cropping livelihood zones
In this section the vulnerability of the cropping livelihood zones is assessed. The cropping livelihood
zones from the FEWS NET shapefile (Figure 12) are grouped together and mapped in Figure 21. The
main crops grown are sorghum, maize, teff, wheat, barley and coffee, and maps of the production
locations of these main crops, expressed in terms of the percentage of minimum calories required
per household per year, are shown in Figure 22.

Figure 21 – Cropping livelihood zone grouping, constructed from selecting the cropping LZTYPE category from the FEWS
NET livelihood zones shapefile (FEWS NET, 2009; Figure 18).
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Figure 22 – Maps of the total value of production of the main crops grown, expressed in minimum food energy
requirements for an average household. Top left panel shows production areas of sorghum, millet and/or maize, top
right panel shows production of teff, bottom left panel shows production of coffee, and bottom right panel shows
production of wheat and/or barley. Figures taken and adapted from USAID and DRMFSS (2010).

Exposure of cropping livelihoods
The majority of cropping livelihoods are located in the ‘wet’ climate region defined in Figure 14. They
therefore experience higher rainfall amounts and, as a result of this and the higher latitude, cooler
temperatures compared to the eastern parts of Ethiopia.
More specifically, the central and northern part of the cropping livelihood zone grouping shown in
Figure 21 is a kiremt receiving region with rain from June-September in large magnitudes (more than
800mm in the central areas over the season; Figure 16). Crops are planted in May-July and harvested
in October-January (Figure 23). The southern part of the cropping livelihood zone grouping receives
both the kiremt rains (in smaller magnitudes compared to the northwest) as well as the belg rains
from February to March. Crops are planted in February –April and harvested in June-August in the
belg receiving areas (Figure 23).
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Figure 23 – Cropping calendar for Ethiopia. Figure taken from ICPAC & WFP (2016), source: FEWS NET.

Some cropping livelihoods are located in the southeast of Ethiopia, in the ‘dry’ climate region
defined in Figure 14, which experiences very little annual rainfall distributed across a number of
rainy seasons and, as a result of this and the lower altitude, much higher temperatures which are
fairly constant throughout the year. These are riverine livelihoods (which means the crops are
irrigated by river water) and are, therefore, not particularly sensitive to the local rainfall amounts as
the rivers are fed by rainfall in the ‘wet’ climate region.
Sensitivity of cropping livelihoods
The climatic requirements and thresholds for each of the main crops grown in Ethiopia and
considered in this study are listed in Table 3.
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Table 3 – Climatic requirements and thresholds for main crops grown in Ethiopia. The entry NA is used where thresholds
were not available.

Crop

Optimum
temp range

Maximum temperature threshold
(above which negative impacts are
experienced)

Water requirement (per
growing season unless
otherwise stated)

Sorghum

> 25°C5

35°C5

450-650mm5

Maize

> 20°C6

45°C6

500-800mm6

Coffee

18–21°C7

30°C7

1500-2000mm per year8

Teff

10-27°C9

NA

450 -550 mm9

Wheat

15-20°C10

34°C (Hatfield et al., 2011)

450-650 mm10

Barley

Similar to
wheat (Hay
and Porter,
2006)

Similar to wheat (Hay and Porter,
2006)

390-430 mm11

Of the food crops, teff, wheat and barley have relatively low and narrow ranges of optimum
temperatures, and in particular wheat and barley plants are negatively impacted by low
temperatures and frost. Maize has the highest water requirement across the growing season of all
the crops, but the temperatures it is exposed to are well within the optimal and maximum ranges,
meaning that maize yields are less sensitive to small temperature fluctuations; the maximum
temperature it can withstand is 45°C which is much higher than temperatures currently experienced,
however temperatures below this value can still negatively impact the crop at certain stages of
growth. Sorghum is a more drought resistant crop compared to maize; however it is negatively
impacted by temperatures above 35°C, a limit which is already exceeded in many parts of Ethiopia.
Coffee is a cash crop and so production provides income to farmers as opposed to calories. Coffee
production in Ethiopia is mostly the Arabica variety and coffee production differs to cereal crop
production in that coffee bushes are exposed to the climate year-round whereas cereal crops are
only exposed during the particular growing season. Coffee requires a stable climate throughout the
year, with a narrow optimum temperature range of 18–21°C and annual rainfall totals of around
1500-2000mm (this amount appears larger than the other crops as it is the annual requirement
rather than over a particular season). Coffee is particularly vulnerable to high temperatures, with
temperatures above 30°C severely damaging the plants by stunting growth and yellowing leaves.
5

http://www.fao.org/land-water/databases-and-software/crop-information/sorghum/en/

6

http://www.fao.org/land-water/databases-and-software/crop-information/maize/en/
https://www.climate.gov/news-features/climate-and/climate-coffee
8
https://www.britannica.com/plant/coffee-plant-genus
9 https://en.wikipedia.org/wiki/Eragrostis_tef
10 http://www.fao.org/land-water/databases-and-software/crop-information/wheat/en/
11 http://www1.agric.gov.ab.ca/$department/deptdocs.nsf/all/irr1245
7
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Damage to the plants not only impacts production in that year, but future years too as the bushes
take 3-5 years to mature and then produce for around 50-60 years12. Currently coffee is harvested
throughout November – January, just before the hottest part of the year in February – May.
In addition to the climatic requirements for crop production, the climate also influences the
distribution of crop pests and diseases, however the relationship between these, climate and climate
change is complex and therefore the impact of these is not considered here.
Adaptive capacity of cropping livelihoods
The cropping livelihood zone grouping has the highest population density across the country and the
major cities and markets are also located here (Figure 11). The wealthiest farmers are located in the
centre where cash crops such as coffee and teff are produced, and in the northwest where cash
crops such as oil seed crops are produced (Figure 20). The poorest regions are located in the central
north, where there has also been evidence of severe land degradation (Figure 20; ICPAC & WFP,
2016), and also in the south and west of the region. Access to markets for cropping livelihoods is less
of an issue compared to pastoral and agropastoral livelihoods as the majority of calories come from
own crop production as opposed to crop sales and purchase (USAID & DRMFSS, 2010).
Cropping livelihood vulnerability regions
Through considering the information presented above on exposure, sensitivity and adaptive capacity
for the cropping livelihood zone grouping, regions of similar vulnerability to food insecurity have
been defined, these are labelled in Figure 24. Three vulnerability categories have been assigned
(most; red, least; yellow or medium; orange). Descriptions of the three components and
vulnerability assessment for each region are provided below.

Figure 24 – Definitions of present-day vulnerability to food insecurity as a result of climate across the cropping livelihood
zone grouping (in green; Figure 22). The colours of the label boxes and arrows indicate the vulnerability assigned (most;
red, least; yellow or medium; orange). The number is a labelling system so that the labels can be matched to the
descriptive text below.

Region C1
Region C1 is located in the southwestern part of the cropping livelihood zone grouping (Figure 24)
and the main crops grown are sorghum and maize, with some teff and also coffee in localised areas
12

Coffee bean: commodity factsheet: https://www.cips.org/Documents/Knowledge/CategoriesCommodities/Mintec/MintecCFS_Coffee.pdf
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(Figure 22). The region is exposed to both the belg and kiremt rains (Table 2). The kiremt rains are
smaller in magnitude in this region (~500mm over the season; Figure 16b) compared to the north,
and the belg rains are also relatively small in magnitude (~400mm over the season; Figure 16a). In
belg receiving areas, some crops are planted and harvested in the belg season, and some are planted
in belg and harvested in meher (WFP, 2014; Figure 23).
The rainfall amounts received are close to the minimum water requirements for all crops grown in
this region, making crop production particularly vulnerable to the amounts and timings of the rainy
seasons, especially compared to other cropping regions which receive larger rainfall amounts. The
belg rains are variable from year-to-year, and as a result belg dependent regions are typically most
food insecure (WFP, 2014).
On average, maximum daily temperatures currently experienced in region C1 exceed the optimum
temperature range for coffee production, and in some months may exceed the maximum
temperature threshold of 30°C, which, even after harvesting the coffee berries, can negatively
impact the plants and impact future production. In addition, the temperatures are close to
exceeding the optimum range for teff, and relatively close to the maximum temperature threshold
for sorghum production.
In terms of adaptive capacity, there is high population density across the region, particularly in the
centre. The majority of farmers in region C1 are relatively poor compared to other regions and the
majority of their calories from their own crop production. However, farmers in the east of the region
are wealthier, obtain less calories from their own production but have relatively good access to
markets for sales and purchase of crops.
Region C1 is defined as being one of the most vulnerable regions in the cropping livelihood zone
grouping (Figure 24). This is because of the relatively lower rainfall amounts distributed across two
seasons, and in particular variability of the belg rains causing the belg receiving regions to be the
most food insecure. All crops are at risk of not meeting their minimum water requirements in this
region, and temperatures are problematic for some crops in a region which is relatively poor and
therefore less able to adapt and cope in the event of a climate hazard.
Region C2
Region C2 is located in the central western part of the cropping livelihood zone grouping (Figure 24)
and the main crops grown are sorghum, maize, teff and coffee; this is the main coffee producing
region (Figure 22). The region is also exposed to both kiremt and belg rains, but more rain is received
in kiremt (>800mm) compared to region C1 meaning that water stress is less of an issue for crops
planted and harvested in the meher season (Figure 23). Rainfall amounts over belg are less in this
region (~300-400mm) compared to region C1.
This region is the most important for coffee production, and, as with region C1, the temperatures
experienced currently exceed the optimum range, and in some months the maximum threshold,
putting coffee production at risk. Similarly, the high temperatures may impact sorghum and teff
production.
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In terms of adaptive capacity, this region is one of the wealthiest regions, but also one of the most
densely populated. The majority of calories come from own crop production, yet there is good
access to markets in the region for sales and purchase of crops.
Despite higher rainfall amounts resulting in less water stress on crops, and the relatively good
adaptive capacity of the region, region C2 is defined as being one of the most vulnerable regions in
the cropping livelihood zone grouping (Figure 24). This is due to the importance of coffee production
in the region and the regular exceedance of optimum and maximum thresholds which negatively
impact the crop.
Region C3
Region C3 is located in the northwest of the cropping livelihood zone grouping (Figure 24) and the
main crops grown are sorghum and maize, with some teff (Figure 22). The region is the wettest
region across the whole country and is exposed to the kiremt rains (>800mm; Figure 16) and lower
altitude to most of the other cropping regions. The main crops grown in this region are sorghum and
maize, and the minimum water requirements for these crops are met. High temperatures could
cause problems for sorghum production.
The region is one of the wealthiest in Ethiopia, possibly due to the production of oil seed cash crops,
and the regular and sufficient amounts of rainfall to produce these. Population density is relatively
high and there is good access to markets. As a result, region C3 is defined as the least vulnerable
region in the cropping livelihood zone grouping (Figure 24).
Region C4
Region C4 is located in the central and central northern parts of the cropping livelihood zone
grouping (Figure 24) and the main crops grown are wheat, barley and teff with some sorghum and
maize (Figure 22). The region is exposed to the kiremt rains which bring >800mm across most of the
region, except the far north which experiences ~500-600mm (Figure 16).
In general there are fewer water stress and heat stress related issues with crop production in this
region compared to others as minimum water requirements are generally met and temperatures are
slightly cooler due to the high altitude. The main risks are temperatures potentially exceeding the
optimum ranges for wheat, barley and teff production, and in particular low minimum temperatures
and potential frost damage to wheat and barley crops. The region has experienced significant land
degradation over the last decade (ICPAC & WFP, 2016) which can negatively impact the suitability of
soil for crop production.
The region is relatively poor in terms of income and not as close to markets compared to other
regions in the south and west. However, given the sufficient rainfall and relatively minor impacts to
crop production compared to other regions, region C4 is defined as neither the most nor least
vulnerable across the cropping livelihood zone, and therefore given a rating of medium vulnerability
(Figure 24).
Region C5
Region C5 is located in the eastern part of the cropping livelihood zone grouping (Figure 24) and the
main crops grown are sorghum, maize and some coffee (Figure 22). The region receives small
magnitudes of rain in both the belg (~200-300mm) and kiremt (~400-500mm) seasons. This means
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that in any one particular season the minimum water requirements may not be met for sorghum and
maize, however if the crops are planted in belg and harvested in meher then the requirements are
generally met. Similarly to other sorghum producing regions, the maximum temperatures currently
experienced are near to the maximum threshold, and the small amount of coffee production is also
impacted by high temperatures.
The region is relatively poor, but with good access to markets and high population density. In terms
of assessing relative vulnerability, region C5 does not experience the same risks to important crop
production as regions C1 and C2, and has more potential issues with meeting water requirements
compared to region C3, and is therefore also defined as medium vulnerability (Figure 24).
Region C6
Region C6 is located in the southeastern parts of the cropping livelihood zone grouping (Figure 24)
and the main crops grown are sorghum and maize (Figure 22). As described above, this region is
located in the hotter, drier part of Ethiopia, but as the livelihoods are riverine and the rivers are fed
by the rains in the ‘wet’ climate region, meeting the crop water requirements is not seen as a
particular issue. However, daily maximum temperatures of around 33°C throughout the year put
sorghum production at more risk of exceeding its maximum temperature threshold.
The region is neither poor nor wealthy and there is a significant distance to markets. Similarly to
regions C4 and C5, region C4 is defined as medium vulnerability (Figure 24) as it is less vulnerable to
rainfall amounts and timings, however there are potential crop heat stress issues.
Assessing vulnerability of pastoral livelihoods
The vulnerability of the pastoral livelihood zones is assessed in this section. The pastoral livelihood
zones from the FEWS NET shapefile (Figure 12) are grouped together and mapped in Figure 25. The
main livestock reared are camels, cattle, sheep and goats and the distribution of these livestock are
shown in Figure 26 (note sheep and goats are collectively represented as ‘shoats’). Population
density is considerably more sparse in pastoral regions compared to cropping regions (Figure 11).

Figure 25 – Pastoral livelihood zone grouping, constructed from selecting the pastoral LZTYPE category in the FEWS NET
livelihood zones shapefile (FEWS NET, 2009; Figure 18).
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Figure 26 – Maps of the number of livestock holdings per person of camels (left panel), cattle (middle panel) and sheep
and goats (grouped together as ‘shoats’, right panel). The bottom right panel shows a map of the total cash income from
livestock expressed in minimum food energy requirements for an average household. Figures taken and adapted from
USAID and DRMFSS (2010).

As in the previous section, the relevant information used to assess the relative vulnerability across
the pastoral livelihood zone grouping for each of the components of vulnerability (exposure,
sensitivity and adaptive capacity) is presented in the following sections, and regions of similar
vulnerability are defined and discussed.
Exposure of pastoral livelihoods
The pastoralist livelihood zone grouping is mostly located within the ‘dry’ climate region (as defined
in Figure 14). These regions are on average the driest and hottest across Ethiopia, experiencing daily
maximum temperatures above 30°C throughout the year, and less than 500mm of rain per year
(Figure 13; Figure 17). The southeastern parts are exposed to two rainy seasons; March – June (the
gu rains) and October – December (the deyr rains). Pastoralists in the northeastern part of the region
are also exposed to two rainy seasons: March – June (the dirac rains) and July – September (the
karan rains). The rains are particularly variable form year-to-year, especially the October-December
rains in the southeast, and some years do not arrive at all causing drought conditions (WFP, 2014).
Sensitivity of pastoral livelihoods
Livestock are affected both directly and indirectly by the climate. Heat stress directly impacts
livestock growth and welfare, also milk production and body condition are negatively impacted
(Kimaro and Chibinga, 2013). Indirect impacts of climate include reductions in the quantity and
quality of pastures and fodder crops for feed, water availability, and also the distribution of diseases
and parasites.
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Camels are the most resilient livestock type to cope with heat and water stress due to their ability to
adapt their physiological processes to arid and desert like conditions (Bouâouda et al., 2014). Cattle,
sheep and goats are not as able to cope with the high temperatures, humidity and lack of water
availability and are therefore more susceptible to heat stress. Of these, sheep and goats are reared
in the more hostile regions in the Ethiopian rangelands in the northeast and southeast of the
country, despite sheep being more suited to temperate regions with sustained access to pasture for
grazing (USAID and DRMFSS, 2010).
Adaptive capacity of pastoral livelihoods
Population densities are low across the pastoral livelihood zone grouping, and these people are
located the furthest from the main cities and markets (Figure 11). The wealthiest pastoralists are
located in the southern part of the pastoral livelihood zone grouping (Figure 20) and the poorest
pastoralists are located in the far southeast and in the northeast, i.e. at the furthest distances to the
main markets.
Pastoralists get their income from the sales of livestock and livestock products. For the pastoralists
who are better-off, the diet is primarily meat and milk from their own livestock herds (Figure 27).
This is supplemented by using their livestock income to purchase grains from markets. The poorer
pastoralists have a lower ratio of consumption of their own milk and meat to purchased grains, and
therefore require more cash for purchasing grains or rely on food aid. Distance to markets for sale of
livestock and purchasing of grains is an important factor in income generation and food security
(USAID and DRMFSS, 2010; WFP, 2014). Of the livestock reared, sheep have greater market value as
urban and export demand drives the markets, however they are a risky commodity given the lack of
suitability of the environment in which they are reared (USAID and DRMFSS, 2010)
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Figure 27 – Source of calories for pastoralists and agropastoralists. Figures taken from USAID and DRMFSS (2010).

Pastoralists have the additional benefit over cropping and agropastoral livelihoods in that they are
able to strategically migrate to areas with better conditions in the longer-term. This, however, is not
possible in the occurrence of failed rains and drought in the short-term (USAID and DRMFSS, 2010).
Pastoral livelihood vulnerability regions
Similarly to the cropping livelihood zone grouping, regions of similar vulnerability have been defined
for the pastoral livelihood zone grouping, these are labelled in Figure 28 using the same three
vulnerability categories (most; red, least; yellow or medium; orange). Descriptions of the three
components and vulnerability assessment for each region are provided below.
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Figure 28 – Definitions of present-day vulnerability to food insecurity as a result of climate across the pastoral livelihood
zone grouping (in purple; Figure 25). The colours of the label boxes and arrows indicate the vulnerability assigned (most;
red, least; yellow or medium; orange). The number is a labelling system so that the labels can be matched to the
descriptive text below.

Regions P1-P3
Regions P1-P3 are located in the northeast of the pastoral livelihood zone grouping (Figure 28).
Sheep and goats are the most prevalent livestock in these regions, however, some camels and cattle
are also reared (Figure 26). Regions P1-P3 are exposed to high temperatures throughout the year
(average daily maximum temperatures of around 33°C; Figure 17), and low rainfall amounts
(<200mm annually; Figure 16) which fall over the dirac and karan seasons (Table 2). Pastoralists
rearing sheep are the most vulnerable to the impacts of climate, as sheep are less suited to the
hostile environment in these regions.
Given the exposure and sensitivity components of vulnerability are the same across the northeast
region, the adaptive capacity component is used here to differentiate regions P1-P3 and to assess
the relative vulnerability across these regions. Population density is low across the whole region and
pastoralists are relatively poor compared to other areas.
Region P2 is the poorest compared to regions P1 and P3 (Figure 20) and has a low dependence on
own livestock products for calories and therefore a high dependence on markets and food aid
(Figure 27; USAID & DRMFSS, 2010). It is defined as one of the most vulnerable regions across the
pastoral livelihood zone grouping (Figure 28).
Regions P1 and P3 are wealthier than region P2 (Figure 20); however there are a relatively high
number of instances of food security crises in recent years in region P1 (ICPAC & WFP, 2016), hence
it is assigned medium vulnerability, and region P3 defined as one of the least vulnerable regions
(Figure 28).
Regions P4 – P5
Regions P4 and P5 are located in the southeast of the pastoral livelihood zone grouping (Figure 28)
and all livestock are reared; however, these are the main regions for camel and cattle rearing (Figure
26). Regions P4 and P5 are exposed to high temperatures throughout the year (average daily
maximum temperatures of around 33°C; Figure 17), and low rainfall amounts (<200mm annually;
Figure 16) which fall over the gu and deyr seasons (Table 2). The deyr rains in October – December
are particularly variable from year-to-year, with no rainfall received in some years.
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Camels are more prevalent in region P4, which are more suitable to the environment and coping
with heat stress. However, there is low availability of pasture for livestock rearing in this region
(WFP, 2014), and there have been the highest instances of food security crises in recent years in this
region (ICPAC & WFP, 2016)). Region P4 is the poorest across the pastoral livelihood zone grouping
(Figure 20), as with region P2, however, there is less dependence on markets as there is a higher
proportion of calories from own livestock products (Figure 27; USAID & DRMFSS, 2010). Region P4 is
therefore defined as one of the most vulnerable regions across the pastoral livelihood zone grouping
(Figure 28).
Cattle are more prevalent in region P5, which are more vulnerable to heat stress with potential
impacts on milk production, and there have been a relatively high number of instances of food
security crises in recent years (ICPAC & WFP, 2016). Despite this, region P5 is one of the wealthiest
regions (Figure 20), there is a relatively equal ratio of own livestock production to grain purchase,
and it is closer to markets than other pastoral regions. Based on this information, we define region
P5 to have medium vulnerability as it is not the most or least vulnerable across the pastoral
livelihood zone grouping (Figure 28).
Region P6
Region P6 is located in the southwestern part of the livelihood zone grouping (Figure 28) and cattle
are the most dominant livestock. The region is mostly included in the ‘wet’ climate region, and is
therefore exposed to slightly lower temperatures and higher rainfall amounts compared to other
pastoral regions.
Region P6 has a high dependence on markets for sale of livestock/livestock products and grain
purchase (Figure 27; USAID & DRMFSS, 2010), however, it is relatively wealthy compared to other
pastoral regions (Figure 20), and is the closest region to major markets. Region P6 is therefore
defined as one of the least vulnerable regions across the livelihood zone grouping (Figure 28).
Assessing vulnerability of agropastoral livelihood zones
Following the same format as previous sections, the vulnerability of the agropastoral livelihood
zones is assessed in this section. The agropastoral livelihood zones from the FEWS NET shapefile
(Figure 12) are grouped together and mapped in Figure 29. The main crops grown by
agropastoralists are sorghum and maize, and the main livestock reared are camels, cattle, sheep and
goats. Similarly to the pastoral regions, opulation density is relatively sparse across agropastoral
regions (Figure 11).
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Figure 29 – Agropastoral livelihood zone grouping, constructed from selecting the pastoral LZTYPE category in the FEWS
NET livelihood zones shapefile (FEWS NET, 2009; Figure 18)

As in previous sections, the relevant information used to assess the relative vulnerability across the
agropastoral livelihood zone grouping for each of the components of vulnerability (exposure,
sensitivity and adaptive capacity) is presented in the following sections, along with the definition of
regions of similar vulnerability. However these sections are considerably smaller given that
agropastoralists undertake a combination of livelihood activities that have already been discussed.
Exposure of agropastoral livelihoods
Most of the agropastoral livelihood zones in Ethiopia are located at the boundary between the
cropping and pastoral regions and are therefore spread across both the ‘wet’ and ‘dry’ climate
regions (Figure 14). Agropastoral regions in the centre and west of the country experience higher
rainfall amounts, usually over the belg season, and as a result cooler temperatures compared to
those in the southeast and northeast.
Sensitivity of agropastoral livelihoods
Agropastoralists both grow crops (maize and sorghum are the main crops) and rear livestock
(camels, cattle, sheep and goats). The sensitivities of these crops and livestock are discussed in more
detail in previous sections.
Adaptive capacity of agropastoral livelihoods
Agropastoralists are relatively wealthy compared to other pastoralists (Figure 20) and some of the
more central agropastralists are better placed for accessing markets compared to other pastoralists.
However, although agropastoralists diversify their livelihood by both producing crops and rearing
livestock, this means that they are fixed to one particular location, unlike pastoralists who can
migrate with their livestock to find better conditions.
Agropastoral livelihood vulnerability regions
Similarly to the cropping and pastoral livelihood zone groupings above, regions of similar
vulnerability have been defined for the agropastoral livelihood zone grouping, these are labelled in
Figure 30 using the same three vulnerability categories (most; red, least; yellow or medium; orange).
Descriptions of the three components and vulnerability assessment for each region are provided
below.
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Figure 30 – Definitions of present-day vulnerability to food insecurity as a result of climate across the agropastoral
livelihood zone grouping (in orange; Figure 29agro). The colours of the label boxes and arrows indicate the vulnerability
assigned (most; red, least; yellow or medium; orange). The number is a labelling system so that the labels can be
matched to the descriptive text below.

Region A1
Similarly to regions P1-P3, region A1 is located in the northeast of the country and is exposed to
temperatures throughout the year (average daily maximum temperatures of around 33°C; Figure
17), and low rainfall amounts (<200mm annually; Figure 16) which fall over the dirac and karan
seasons (Table 2).
Sorghum and maize production in this region is much more vulnerable to water stress than in the
cropping livelihood zones as minimum water requirements may not be met, particularly for maize.
Also, average daily maximum temperatures around 33°C which is very near to the maximum
thresholds for sorghum plants. Sheep and goats are the main livestock reared, and sheep are most
vulnerable to this hostile environment.
Region A1 is relatively wealthy compared to other agropastoral regions (Figure 20), and therefore
the region is defined as medium vulnerability (Figure 30).
Region A2
Similarly to regions P4-P5, region A2 is located in the southeast of the country and exposed to high
temperatures throughout the year (average daily maximum temperatures of around 33°C; Figure
17), and low rainfall amounts (<200mm annually; Figure 16) which fall over the gu and deyr seasons
(Table 2). The deyr rains in October – December are particularly variable from year-to-year, with no
rainfall received in some years.
Similarly to region A1, sorghum and maize production are more vulnerable in region A2 due to the
lower rainfall amounts and higher temperatures, particularly in the eastern parts of the region. In
addition, the variability of the rains can cause further stress on the crops in years where even less
rain is received. Sheep, goats and cattle are the main livestock reared, and of these sheep and cattle
are particularly vulnerable to the impacts of heat stress.
Region A2 is relatively wealthy, particularly the central part of this region (south of Oromia) which is
the wealthiest (Figure 20), and therefore similarly to region A1 the region is defined as region
vulnerable (Figure 30).
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Region A3
Region A3 is located in the southwest of the country (Figure 30) and is exposed to relatively cooler
temperatures than regions A1 and A2, and higher rainfall amounts over the belg season.
This climate is more beneficial for producing maize and sorghum compared to regions A1 and A2,
however meeting minimum water requirements may still be an issue. Sheep and goats are the main
livestock reared and therefore pastoralists rearing sheep are the most vulnerable to the climate.
Region A3 is the poorest of the agopastoral regions, along with the most vulnerable regions P2 and
P4, and therefore we define region A3 to be the most vulnerable region across the agropastoral
livelihood zone grouping (Figure 30).
Region A4
Region A4 is located in the far west of the country which, despite being categorised as the ‘wet’
climate region, is at lower altitude to the rest of the ‘wet’ region and therefore experiences high
temperatures similar to the ‘dry’ region (Figure 13) and relatively large rainfall amounts over the
kiremt season.
Sorghum and maize production in this region is less susceptible to water stress due to higher rainfall
amounts, although high temperatures may still be problematic, particularly for sorghum. The main
livestock reared are cattle, sheep and goats and the environment is better suited for these,
particularly sheep as pasture for grazing is likely to be more available in a wetter climate, compared
to other agropastoral and pastoral regions.
Region A4 is relatively wealthy, and therefore in addition to the lower risks to crop production and
livestock rearing, region A4 is defined as the least vulnerable region across the agropastoral
livelihood zone grouping (Figure 30).
Impact of projected changes in climate on vulnerability to food insecurity
This section presents assessments of the impact of projected changes in climate in each of the
vulnerability regions defined above. Firstly, impacts at SWLs of 1.5, 2 and 4°C above the preindustrial climate are presented, followed by commentary on impacts at future time slices (the
2050s and 2080s).
Specific Warming Levels
To understand how long-term climate change may impact vulnerability to food insecurity across
Ethiopia, projected changes in temperature and rainfall from the HadGEM3 ensemble of high
resolution climate model simulations were analysed at the SWLs. Results from this analysis are
presented below, followed by discussion on the impact these projected changes may have on the
baseline vulnerability regions for each of the livelihood types.
Summary of projected changes in climate at 1.5, 2 and 4°C
Each of the models in the high resolution HadGEM3 ensemble reaches 1.5, 2 and 4°C of warming at a
different time. Despite this, the models all indicate a warming trend across the country with similar
magnitudes; however, rainfall projections exhibit spatial and seasonal differences, and in some cases
inconsistent trends across the models.
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In the following sections, maps and annual profiles13 of annual average daily maximum temperature
and seasonal precipitation are presented for each HadGEM3 ensemble member at each SWL; these
variables were deemed the most important variables from the climate model projections for
understanding the impacts on crop production and livestock rearing. Precipitation projections are
presented as percentage change to give a sense of the relative magnitude of the changes; however,
absolute changes (both annual and seasonal) in precipitation and projected changes in average daily
mean and minimum temperatures can be found in Appendix A.
Summary of projected changes in climate at 1.5°C of warming
The impact of a 1.5°C rise in global average temperature above the pre-industrial climate in Ethiopia
is an increase of around 1-1.5°C in average daily maximum temperatures across the country
although one model projects a slightly smaller increase compared to the other models (Figure 31).
The increase is projected to occur consistently throughout the year in resulting in the maximum
temperatures ranging between around 28°C in August to around 32°C in March in the ‘wet’ region,
and reaching around 34°C throughout the year in the ‘dry’ region (Figure 32; Figure 33). Similar
increases in daily mean and minimum temperature are also projected, representing a shift in the
climate of around 1°C (Figure 56; Figure 57).

Figure 31 - Maps of projected change in annual average daily maximum temperature for the five-member HadGEM3
ensemble for SWL1.514.

13
14

.
The central year that each model passes this SWL is given in brackets in the subplot titles
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Figure 32 – Annual profiles of average daily maximum temperature for the ‘wet’ region for the five-member HadGEM3
ensemble for SWL1.514. Coloured lines represent individual years in the future period with the average across the years
in black. The envelope of values from the baseline is shaded in grey. Year-to-year variability in temperature is generally
greater during the rainy seasons, as there is more variability in rainfall amounts and maximum temperatures are linked
to these.

Figure 33– Annual profiles of average daily maximum temperature for the ‘dry’ region for the five-member HadGEM3
ensemble for SWL1.514. Refer to Figure 32 for a description of the profile plots.
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Small changes in precipitation are projected which vary spatially and seasonally (Figure 34 - Figure
36). A summary of the projected changes in rainfall for each of the rainy seasons is presented in
Table 4.
Table 4 – Summary of rainfall projections for each of the rainy seasons in Ethiopia at SWL1.5. The location, rainy season
months and relevant figure for each season are listed in the table.

Rainy
season

Region

Months

Projected changes at SWL1.5

Relevant
figure

Belg

Southwest

FMAM

Models indicate a small increase

Figure 34;
Figure 37

Gu

Southeast

MAMJ

Models indicate a small proportional increase

Figure 34;
Figure 38

Dirac

Northeast

MAMJ

Most models indicate a small proportional
increase, two indicate a small proportional
decrease. Absolute values are very small.

Figure 34;
Figure 38

Kiremt

West

JJAS

Models indicate small proportional increases.
One model projects significantly larger
amounts in the central north of the country.

Figure 35;
Figure 37

Karan

Northeast

JAS

Models indicate small proportional changes –
no consensus on sign

Figure 35;
Figure 38

Deyr

Southeast

OND

Models indicate very little change.

Figure 36;
Figure 38

Figure 34 – Maps of projected percentage change in February to May precipitation relative to the baseline for the fivemember HadGEM3 ensemble for SWL1.514.
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Figure 35– Maps of projected percentage change in June to September precipitation relative to the baseline for the fivemember HadGEM3 ensemble for SWL1.514.

Figure 36– Maps of projected percentage change in October to January precipitation relative to the baseline for the fivemember HadGEM3 ensemble for SWL1.514.

45

Figure 37 – Annual profiles of precipitation for the ‘wet’ region for the five-member HadGEM3 ensemble for SWL1.514.
Refer to Figure 32 for a description of the profile plots.

Figure 38 - Annual profiles of precipitation for the ‘dry’ region for the five-member HadGEM3 ensemble for SWL1.514.
Refer to Figure 32 for a description of the profile plots.

Summary of projected changes in climate at 2°C of warming
The impact of a 2°C rise in global average temperature in Ethiopia is an increase of around 2°C in
annual average daily maximum temperatures across the country; however, there is more spatial and
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inter-model variation compared to SWL1.5 (Figure 39). The increase is projected to occur throughout
the year resulting in the maximum temperatures ranging between around 29°C in August to around
33°C in March in the ‘wet’ region, and reaching around 35°C throughout the year in the ‘dry’ region
(Figure 40; Figure 41). Similar increases in daily mean and minimum temperature are also projected
representing a shift in the climate of around 2°C (Figure 62; Figure 63).

Figure 39 - Maps of projected change in annual average daily maximum temperature for the five-member HadGEM3
ensemble for SWL214.

Figure 40 – Annual profiles of average daily maximum temperature for the ‘wet’ region for the five-member HadGEM3
ensemble for SWL214. Refer to Figure 32 for a description of the profile plots.
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Figure 41– Annual profiles of average daily maximum temperature for the ‘dry’ region for the five-member HadGEM3
ensemble for SWL214. Refer to Figure 32 for a description of the profile plots.

The projected changes in precipitation for SWL2 are very similar to SWL1.5 (Figure 42 - Figure 46). A
summary of the projected changes in rainfall for each of the rainy seasons is presented in Table 5.
Table 5 - Summary of rainfall projections for each of the rainy seasons in Ethiopia at SWL2. The location, rainy season
months and relevant figure for each season are listed in the table.

Rainy
season

Region

Belg

Months

Projected changes at SWL2

Relevant
figure

Southwest FMAM

Most models indicate a small increase with
similar magnitudes to SWL1.5. One model
indicates a slight drying trend.

Figure 42;
Figure 45

Gu

Southeast

MAMJ

Most models indicate a small proportional
increase with similar magnitudes to SWL1.5. One
model indicates slight drying trend.

Figure 42;
Figure 46

Dirac

Northeast

MAMJ

Most models indicate small proportional
decrease, two indicate a small proportional
increase. Absolute values are very small and
similar to SWL1.5.

Figure 42;
Figure 46

Kiremt

West

JJAS

Most models indicate small proportional
increases with marginally larger magnitudes to
SWL1.5. One model projects significantly larger
amounts in the central north of the country and

Figure 43;
Figure 45
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one indicates a decrease in rainfall over the
same region.
Karan

Northeast

JAS

Models indicate small proportional changes with
similar magnitudes to SWL1.5 – no consensus on
sign (one model indicates large increase and one
indicates decrease)

Figure 43;
Figure 46

Deyr

Southeast

OND

Models indicate small proportional increases
with similar magnitudes to those indicating an
increase in SWL1.5 but now all in agreement.

Figure 44;
Figure 46

Figure 42 – Maps of projected percentage change in February to May precipitation relative to the baseline for the fivemember HadGEM3 ensemble for SWL214.

Figure 43 – Maps of projected percentage change in June to September precipitation relative to the baseline for the fivemember HadGEM3 ensemble for SWL214.
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Figure 44 – Maps of projected percentage change in October to January precipitation relative to the baseline for the fivemember HadGEM3 ensemble for SWL214.

Figure 45 – Annual profiles of precipitation for the ‘wet’ region for the five-member HadGEM3 ensemble for SWL214.
Refer to Figure 32 for a description of the profile plots.
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Figure 46 - Annual profiles of precipitation for the ‘dry’ region for the five-member HadGEM3 ensemble for SWL214.
Refer to Figure 32 for a description of the profile plots.

Summary of projected changes in climate at 4°C of warming
The impact of a 4°C rise in global average temperature above the pre-industrial climate in Ethiopia is
a consistent increase of around 4°C in average daily maximum temperatures across the country
(Figure 47). The increase is projected to occur throughout the year resulting in the maximum
temperatures ranging between around 31°C in August to around 35-36°C in March in the ‘wet’
region, and reaching around 38°C throughout the year in the ‘dry’ region with some months nearly
reaching 40°C on average (Figure 48; Figure 49). The increased daily maximum temperatures are
larger than any temperatures experienced in the baseline climate. Similar increases in daily mean
and minimum temperature are also projected representing a shift in the climate of around 4°C
(Figure 68; Figure 69).
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Figure 47 - Maps of projected change in annual average daily maximum temperature for the five-member HadGEM3
ensemble for SWL414, 15.

Figure 48 – Annual profiles of average daily maximum temperature for the ‘wet’ region for the five-member HadGEM3
ensemble for SWL414. Refer to Figure 32 for a description of the profile plots.

15

Note that the GFDL-ESM2M driven ensemble member did not reach 4°C above pre-industrial conditions and
is therefore not included in the SWL4 analysis (Table 1)4.

52

Figure 49– Annual profiles of average daily maximum temperature for the ‘dry’ region for the five-member HadGEM3
ensemble for SWL44,14. Refer to Figure 32 for a description of the profile plots.

Larger changes in precipitation are projected compared to SWL1.5 and SWL2 and these vary spatially
and seasonally (Figure 50 - Figure 52). A summary of the projected changes in rainfall for each of the
rainy seasons is presented in Table 6.
Table 6 - Summary of rainfall projections for each of the rainy seasons in Ethiopia at SWL4. The location, rainy season
months and relevant figure for each season are listed in the table.

Rainy
season

Region

Months

Belg

Southwest FMAM

Projected changes at SWL4

Relevant
figure

Most models indicate an increase with
magnitudes larger than SWL2. One model
indicates a drying trend.

Figure 50;
Figure 53

Gu

Southeast

MAMJ

Most models indicate an increase with
magnitudes larger than SWL2. One model
indicates a drying trend.

Figure 50;
Figure 54

Dirac

Northeast

MAMJ

No consensus across models on sign of change,
two models indicate no change whereas one
projects increase of ~100% and other projects
decrease or ~50%.

Figure 50;
Figure 54

Kiremt

West

JJAS

All models project relatively large increases with
larger magnitudes to SWL2. One model projects

Figure 51;
Figure 53
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significantly larger amounts in the central north
of the country.
Karan

Northeast

JAS

Most models indicate small proportional
changes with slightly larger magnitudes than
SWL2 – no consensus on sign (one model
showing large increase and one showing
decrease)

Figure 51;
Figure 54

Deyr

Southeast

OND

Models indicate large proportional increases,
one in particular shows increases of around
150%.

Figure 52;
Figure 54

Figure 50 – Maps of projected percentage change in February to May precipitation for the five-member HadGEM3
ensemble for SWL44,14.

Figure 51 – Maps of projected percentage change in June to September precipitation for the five-member HadGEM3
ensemble for SWL44,14.
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Figure 52 – Maps of projected percentage change in October to January precipitation for the five-member HadGEM3
ensemble for SWL44,14.

Figure 53 – Annual profiles of precipitation for the ‘wet’ region for the five-member HadGEM3 ensemble for SWL44,14.
Refer to Figure 32 for a description of the profile plots.
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Figure 54 - Annual profiles of precipitation for the ‘dry’ region for the five-member HadGEM3 ensemble for SWL44,14.
Refer to Figure 32 for a description of the profile plots.

Impacts of projected changes in climate on vulnerability of different livelihood types
Cropping livelihoods
The majority of cropping livelihoods are located in the ‘wet’ climate region defined in Figure 14, and
are dependent on the kiremt rains from June – September. The southern parts of the cropping
livelihood zone grouping in Figure 21 are also exposed to the belg rains. In the following sections we
consider the impact of projected climate change at SWLs 1.5, 2 and 4 in regions C1-C6 in Figure 24.
Summaries of the impacts on vulnerability at each of the SWLs are presented in Table 7.
Regions C1 and C2
Cropping regions C1 and C2 are located in the south and west of the cropping livelihood grouping
and is exposed to both the kiremt and belg rainy seasons; magnitudes of rainfall during belg are
higher in region C1 compared to C2, and vice versa for kiremt. The main crops grown are sorghum,
maize, teff and coffee and the regions are both identified as being the most vulnerable regions in the
present-day as less rain is received in each season compared to other parts.
Small increases in rainfall are projected over belg season with at both SWL1.5 and SWL2 (Figure 34;
Figure 42), however these are likely to be offset by the projected increasing temperatures which
would increase evaporation rates16 (Figure 32; Figure 40). Little change in the kiremt rains is
projected in this region for SWLs 1.5 and 2 (Figure 35; Figure 43). Increasing temperatures of around
16

Evaporation rates scale with increasing temperature and therefore an increase in temperature results in an
increase in evaporation (Penman, 1948). In addition, crops require more water in a warmer climate, and there
may be other competing demands for water, such as increased population, therefore we conclude that
proportionally small projected increases in rainfall are likely to be negligible when taking all these factors into
account.
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1.5°C and 2°C in SWL1.5 and SWL2 respectively could negatively impact coffee and teff production in
these regions as the optimum ranges are likely to be exceeded on a regular basis, particularly during
the hottest part of the year (the belg season in February – May) where temperatures may reach a
daily maximum of 33°C in SWL2.
At SWL4 significantly higher temperatures are projected, with daily maximums reaching around 3536°C over the belg season and around 30°C or more throughout the rest of the year. These high
temperatures will significantly impact the production of teff and sorghum, particularly during the
belg season, and coffee production may be severely impacted due to the maximum temperature
threshold being exceeded throughout the year (Figure 48). Rainfall is projected to increase in both
rainy seasons and in larger amounts compared to SWLs 1.5 and 2, which may relieve some of the
potential water stress on crop production (Figure 50; Figure 51). However, these increases paired
with increased evaporation as a result of higher temperatures, and crops requiring more water in a
warmer climate, may mean that no improvements are made in terms of meeting water
requirements. This will result in increased vulnerability in region C1 where crop water requirements
are already less likely to be met compared to other regions as less rainfall is received in any given
season. In addition, the higher temperatures are likely to cause significant impacts on coffee
production, which is particularly important in region C2.
Region C3
Cropping region C3 is located in the northwest part of the country and is exposed to the kiremt rains
during June – September. Sorghum, maize and teff are the main crops produced and these regions
and are grown over the coolest part of the year. Region C3 is defined as the least vulnerable region
in the present-day.
Small increases in rainfall are projected across the region during the kiremt season at both SWLs 1.5
and 2, with slightly larger magnitudes at SWL2 (Figure 35; Figure 43). However, these increases are
small in comparison to the total received over the season, and are likely to be offset by the
associated projected increases in temperature (Figure 32; Figure 40), resulting in very little change in
vulnerability across regions C2 - C4.
At SWL4 larger increases in rainfall are projected during the kiremt season (Figure 51), some of
which is likely to be offset by an increase in daily temperatures of around 4°C (Figure 48). The
increased water availability does not alleviate any vulnerability across these two regions as the crop
water requirements are generally met in the present-day, therefore the greatest risk to crop
production is the increased daily temperatures.
Region C4
Cropping region C4 is in the central north of the country and is exposed to the kiremt rains from June
– September. The main crops produced are sorghum, maize, wheat, barley and teff. The region is
assessed as having medium vulnerability in the present-day.
The projected increases in daily maximum temperature could have a significant impact on wheat,
barley and teff production as the optimum temperature thresholds are exceeded at each SWL, with
much higher temperatures experienced in SWL4 (Figure 32; Figure 40; Figure 48).
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There are mixed signals across the models regarding the projected changes in rainfall over the
kiremt season for this region. Most models indicate small increases in rainfall over region C4 which
increase in magnitude progressively with each SWL (Figure 35; Figure 43; Figure 51). However, the
magnitudes of the increases are small compared to the climatological values in this season, and the
increases temperatures associated with each SWL are likely to offset these increases. One model
indicates much larger increases in rainfall over the region at each SWL; however, these higher
rainfall amounts do not necessarily alleviate vulnerability as crop water requirements are met in the
present-day. Increased rainfall amounts could impact flooding frequency and intensity (IPCC, 2012).
At SWL2 one model indicates a slight decrease in rainfall however this is unlikely to impact
vulnerability as crop water requirements are easily met in this region.
Region C5
Cropping region C5 is located in the central east of the country and receives relatively small amounts
of rain in both the kiremt and belg rainy seasons. The main crops grown are sorghum and maize,
with some coffee production too. The region is assessed as having medium vulnerability in the
present-day.
Most models indicate increases in belg rainfall (Figure 34; Figure 42; Figure 50) and decreases in
kiremt rainfall (Figure 35; Figure 43; Figure 51) across region C5 at each of the SWLs. The projected
changes are around 50% of the present-day seasonal totals at SWL4. The projected increases in belg
could alleviate vulnerability associated with crop water stress, however one model indicates a
decrease over the same season in SWLs 2 and 4 which, paired with increased temperatures (Figure
32; Figure 40; Figure 48), could increase water stress and therefore vulnerability, particularly at
SWL4. Sorghum production is particularly vulnerable over this season as maximum temperature
thresholds may be exceed at SWL4.
The projected decreases in kiremt, paired with increased temperatures, could put further stress on
sorghum production during the kiremt season, particularly at SWL4. One model, however, projects
an increase over the same season which would act to alleviate existing water stress.
Region C6
Cropping region C6 is located along the river systems in the southeast of the country, in the ‘dry’
climate zone (Figure 14). It is exposed to higher temperatures and low rainfall amounts during
March – June (the gu rains) and October – November (deyr), and the river flow, which supplies
irrigation water, is dependent on rainfall in the highlands over kiremt. The main crops produced are
sorghum and maize, and the region is assessed as having medium vulnerability in the present-day.
The projected increases in temperatures pose more risk to crop production in this region given the
high temperatures already experienced compared to other cropping livelihoods. Daily maximum
temperatures at SWL1.5 may exceed the maximum temperature threshold for sorghum (35°C), and
the threshold is exceed on a regular basis at SWL2, excessively at SWL4 when daily maximum
temperatures reach nearly 40°C (Figure 33; Figure 41; Figure 49).
Most models indicate small proportional increases in the local rainfall in the region (Table 4 - Table
6), however these are small in magnitude and are likely to be offset by the increased temperatures.
Projected increases in the kiremt rains may improve river flow and cropping ability, or least not
decrease the amount of water available for irrigation in the riverine livelihood zones.
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Table 7 – Summary table of impacts on vulnerability for each of the cropping regions C1-C6 defined in Figure 24 at each of the SWLs.

Region

SWL1.5

SWL2

SWL4

Region
C1

Little change in vulnerability

Small increase in vulnerability; higher
temperatures could negatively impact
coffee and teff production

Relatively large increase in vulnerability as much higher
temperatures considerably impact teff and sorghum
production during the belg season. Coffee maximum
threshold is also be exceeded throughout the year. Rainfall
increases don’t necessarily improve vulnerability as water
requirements are not necessarily met in the present-day

Region
C2

Little change in vulnerability

Small increase in vulnerability; higher
temperatures could negatively impact
coffee and teff production

Relatively large increase in vulnerability as coffee maximum
temperature threshold is regularly exceeded, causing
impacts on coffee production in the most important coffee
production region. Rainfall increases do not impact
vulnerability.

Region
C3

Little change in vulnerability

Little change in vulnerability

Little change in vulnerability as temperatures do not exceed
maximum threshold for sorghum over the growing season
and the increases in rainfall do not impact vulnerability

Region
C4

Small increase in vulnerability
as temperatures exceed
optimum ranges for wheat,
barley and teff. One model
indicates large increase in
rainfall however this does not

Small increase in vulnerability as
temperatures exceed optimum ranges
for wheat, barley and teff. One model
indicates large increase in rainfall and
one indicates small decrease, however
this does not have an impact on
vulnerability.

Medium increase in vulnerability as temperatures far exceed
optimum ranges for wheat, barley and teff. One model
indicates large increase in rainfall and one indicates small
decrease, however this does not have an impact on
vulnerability.
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have an impact on
vulnerability.
Region
C5

Small increase in vulnerability
as decreases in kiremt rainfall
projected. Small increases in
belg rainfall likely to be offset
by increased temperatures so
no impact on vulnerability.

Small increase in vulnerability (more than
SWL1.5) as decreases in kiremt rainfall
projected. Small increases in belg rainfall
likely to be offset by increased
temperatures, however one model
indicates a decrease and therefore
vulnerability could increase over belg
season too.

Relatively large increase in vulnerability as decreases in
rainfall paired with increased temperatures over kiremt
impact water stress. Increased temperatures could impact
sorghum production particularly in belg, and will also offset
some of the projected increases in belg rainfall. One model
indicates a decrease over belg, which would further increase
vulnerability.

Region
C6

Small increase in vulnerability
as temperature increases may
mean sorghum maximum
threshold is exceeded.

Small increase in vulnerability (more than
SWL1.5) as temperature increases may
mean sorghum maximum threshold is
exceeded.

Medium increase in vulnerability as daily maximum
temperatures significantly impact sorghum production.
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Pastoral and agropastoral livelihoods
The pastoral and agropastoral livelihood zone groupings are mostly located in the ‘dry’ climate
region defined in Figure 14 which experiences high temperatures throughout the year and small
rainfall amounts over a range of different seasons. There are some pastoral and agropastoral
livelihoods located in the southwest and west of the country in the ‘wet’ climate zone which
experience cooler temperatures and higher rainfall amounts in comparison. Agropastoralists
primarily grow the most drought resistant crops: sorghum and maize. In the following sections we
consider the impact of projected climate change at SWLs 1.5, 2 and 4 in regions P1 - P6 in Figure 28
and A1 - A4 in Figure 30, and are grouped together by their geographic location. Summaries of the
impacts on vulnerability at each of the SWLs are presented in Table 8 for the pastoral regions and in
Table 9 for the agropastoral regions.
Regions P1 - P3 and A1
Pastoral regions P1 - P3 and agropastoral region A1 are located in the northeast of the country and
are exposed to high temperatures and low rainfall amounts which fall in March – June (the dirac
rains) and July – September (the karan rains).
There is very little change projected in rainfall over the dirac season at SWLs 1.5 and 2, and there is
no consensus on the sign of change projected (Figure 34; Figure 35). This means that the associated
increased temperatures are likely to reduce water availability in the northeast region over the dirac
season compared to the present-day as a result of increased evaporation (Figure 33; Figure 41). At
SWL4, the picture is less clear as two of the models project very little change, one indicates a
relatively large increase (i.e. around 100% of the seasonal total rainfall), and another indicates a
decrease of around 50% of the seasonal total rainfall (Figure 50). An increase in rainfall could act to
alleviate present-day water stress across this season, and could potentially improve cropping
suitability in agropastoral region A1 and pasture availability and quality across the region. However,
the majority of models indicate no change, which, paired with a 4°C rise in temperature (Figure 49),
would result in increased water stress as a result of increased evaporation, with resulting impacts on
crop production and livestock heat stress and subsequent impacts on livestock products. In the case
of decreased rainfall in the future, these impacts will be greater.
During the karan season, most models indicate small proportional changes across all SWLs (larger
magnitudes in SWL4 compared to SWLs 1.5 and 2, which are similar in magnitude) and there is no
consensus on sign across the models (Figure 44; Figure 52). This will mean that, paired with higher
temperatures (Figure 49) and increased evaporation, any small increases are likely to be offset and
any small decreases could exacerbate water availability issues.
At SWLs 2 and 4 one model indicates a significantly large proportional increase in rainfall – the
absolute amount projected is relatively small compared to increases seen across the ‘wet’ climate
region, but given the rainfall amounts across this season in the northeast are already very small, the
proportional change is large. In this case, water stress issues experienced in the present-day for both
pastoralists and agropastoralists in the region could be alleviated, however the higher temperatures,
particularly at SWL4, could impact sorghum production (maximum temperature threshold exceeded)
and heat stress on livestock. At the same SWLs and in the same regions one of the models projects a
drying trend, in which case water stress would be a significant issue in the future for this region.
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The P2 region is the poorest across the northwest region and relies on the sales of livestock products
for income and food purchase and is therefore less able to cope in future scenarios which negatively
impact their livestock products.
Regions P4 - P5 and A2
Pastoral regions P4 - P5 and agropastoral region A2 are located in the southeast of the country and
are exposed to high temperatures throughout the year and low rainfall amounts which fall in March
– June (the gu rains) and October – December (the deyr rains).
At SWL1.5 and SWL2 the models indicate little change in rainfall amounts over both the gu and deyr
rainy seasons, with a tendency towards a small proportional increase (Figure 34; Figure 36; Figure
42; Figure 44). These increases are small in absolute terms and are likely to be offset by the
associated projected increases in temperature (Figure 31; Figure 39). The increases in temperature
will particularly affect the production of sorghum in region A2 as daily maximum temperatures
projected to be around the maximum threshold of 35°C throughout the year at SWL2 (Figure 38). In
addition, heat stress impacts on livestock will become more prevalent at the higher temperatures,
particularly for sheep and cattle. At SWL2 one model indicates a slight drying trend, which, paired
with increasing temperatures, would cause additional water stress on crops and heat stress on
livestock.
At SWL4, the projected increases in temperature of around 4°C throughout the year (Figure 49) will
put significant stress on crop production, particularly sorghum in region A2, and on livestock rearing
across the southeast region. This is likely to impact body condition of the animals, particularly sheep
in regions P4 and P5 and cattle in region P5, and can also impact wool and milk production.
In addition to the increased temperatures, however, the models indicate increases in rainfall across
both rainy seasons, with proportionally large increases of around 150% of the climatological average
projected during the deyr season (Figure 50; Figure 52). These increases could alleviate some of the
water stress on crops and could improve pasture and fodder availability for livestock, however, the
absolute temperatures experienced may mean that crops and livestock (and humans) are still at risk
of water and heat stress impacts despite the projected increases in rainfall. One model indicates a
drying trend over the gu season, in which case the impacts on crops and livestock have the potential
to be even more severe.
Pastoralists in regions P4 and P5 experience the impacts of climate change differently, in general.
Pastoralists in region P4 are directly impacted by heat stress impacts on livestock as they obtain the
majority of their calories from their own livestock products, whereas those in region P5 obtain the
majority of their calories from grain purchase via sales of livestock products and are therefore
indirectly impacted by climate change.
Regions P6 and A3
Pastoral region P6 and agropastoral region A3 are located in the south/southwest of the country and
are exposed to relatively cooler temperatures and higher rainfall amounts (over the belg season
from February – May) compared to pastoral and agropastoral livelihood zones in the northeast and
southeast.
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Small proportional increases in rainfall are projected during the belg season at SWLs 1.5 and 2 across
regions P6 and A3 (Figure 34; Figure 42), however, these are likely to be offset by the associated
projected increases in temperature (Figure 32; Figure 40). At SWL4 larger increases in rainfall are
projected (Figure 50), however the associated maximum daily temperatures could impact sorghum
production during the belg season in agropastoral region A3 as the daily maximum temperatures
exceed the maximum threshold over the belg season at SWL4 (Figure 48). These higher
temperatures are likely to cause heat stress impacts on livestock, particularly cattle which are
important in this region, resulting in impacts on milk production and body condition in a region
which relies heavily on sales of livestock products for grain purchase.
One model indicates a slight decrease in rainfall at SWL2 and SWL4 across the region, and this
decrease paired with increased warming could cause water stress on crop production, particularly
sorghum.
Region A4
Agropastoral region A4 is located in the far west of the country and is exposed to relatively cooler
temperatures and higher rainfall amounts (over both the belg (February – May) and kiremt (June –
September) rainy seasons) compared to pastoral and agropastoral livelihood zones in the northeast
and southeast.
Small proportional increases in rainfall are projected across both the belg and kiremt seasons in
region A4 which are similar in magnitude for each of the SWLs (Figure 34; Figure 35; Figure 42;
Figure 43; Figure 50; Figure 51). The associated increases in temperature at each SWL (Figure 32;
Figure 40) are therefore likely to offset these increases, and under higher levels of warming, e.g.
SWL4 (Figure 48), this could result in lower water availability than the present-day, causing water
stress impacts on crops and livestock, and the availability of pasture availability. Daily maximum
temperatures could be problematic for sorghum production in region A4 during the belg season at
SWL4.
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Table 8 – Summary table of impacts on vulnerability for each of the pastoral regions P1-P6 defined in Figure 28 at each of the SWLs.

Region

SWL1.5

SWL2

SWL4

Region P1

Potential small increase
in vulnerability –
rainfall projections are
mixed, however, most
models indicate
reduction of rainfall
over the dirac and little
change over the karan
season

Potential small increase in vulnerability – rainfall
projections are mixed, however, most models indicate
reduction of rainfall over the dirac and little change
over the karan season. The higher temperatures may
cause heat stress impacts on livestock, and reduced
water availability may impact availability of pasture.
However, one model indicates a potential large
increase in rainfall over karan, which may reduce
current vulnerability.

Potential large increase in vulnerability – rainfall projections
are mixed, however, most models indicate no change or
reduction (over the dirac season) in rainfall which, paired with
very high temperatures, will result in reduced water
availability. The higher temperatures will also cause larger heat
stress impacts on livestock, compared to SWL2, and reduced
water availability will impact availability of pasture. However,
one model indicates a potential large increase in rainfall over
karan, which may reduce current vulnerability.

Region P2

As above (region P1)

As above (region P1), however this region is most
vulnerable in the present day as it is the poorest region
in the northeast and is therefore less able to cope with
the impacts of climate change compared to other
regions.

As above (region P1), however this region is most vulnerable in
the present day as it is the poorest region in the northeast and
is therefore less able to cope with the impacts of climate
change compared to other regions.

Region P3

As above (region P1)

As above (region P1), however this region is least
vulnerable in the present-day and is therefore likely to
be more able to cope with the impacts of climate
change compared to other regions.

As above (region P1), however this region is least vulnerable in
the present-day and is therefore likely to be more able to cope
with the impacts of climate change compared to other regions.

Region P4

Little change in
vulnerability

Little change in vulnerability. The higher temperatures
may cause heat stress impacts on livestock, particularly
sheep and cattle. This region is most vulnerable in the
present-day as it is the poorest region in the southeast

Medium increase in vulnerability. Very high temperatures will
cause heat stress on livestock, particularly sheep, which can
impact the production of livestock products. Pastoralists in this
region are more directly impacted by climate change as they
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and is therefore less able to cope with the impacts of
climate change compared to other regions.

obtain the majority of their calories from their own livestock
products.

Region P5

As above (region P4)

As above (region P4), however this region is relatively
better off and able to cope with the impacts of climate
change compared to other more vulnerable regions
(e.g. regions P2 and P4).

As above (region P4), however pastoralists in this region are
more indirectly impacted by climate change as they obtain the
majority of their calories from grain purchase via sales of the
livestock products.

Region P6

Little change in
vulnerability

Little change in vulnerability

Small increase in vulnerability as most models indicate an
increase in rainfall but increased temperatures could result in
heat stress impacts on livestock, e.g. cattle, and subsequently
livestock products. However, one model indicates a slight
decrease in rainfall, which would worsen vulnerability levels.

Table 9 – Summary table of impacts on vulnerability for each of the agropastoral regions A1-A4 defined in Figure 30 at each of the SWLs.

Region

SWL1.5

SWL2

SWL4

Region A1

Potential small increase
in vulnerability (as for
region P1)

Potential small increase in vulnerability (as for region
P1)

Potential large increase in vulnerability (as for region P1),
however heat stress and water availability impacts will affect
both livestock and cropping livelihoods in this region.

Region A2

Little change in
vulnerability

Little change in vulnerability – higher temperatures
may impact sorghum production and cause heat stress
impacts on livestock, particularly sheep and cattle.

Medium increase in vulnerability. Very high temperatures will
cause heat stress on sorghum crops and livestock, particularly
sheep, which can impact the production of livestock products.

Region A3

Little change in
vulnerability

Little change in vulnerability

Small increase in vulnerability as sorghum may exceed
maximum temperature threshold. In addition, higher
temperatures could result in heat stress impacts on livestock,
e.g. cattle, and subsequently livestock products. Most models
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indicate increase in rainfall, however one indicates a slight
decrease which would worsen vulnerability levels.
Region A4

Little change in
vulnerability

Little change in vulnerability

Small increase in vulnerability as less water may be available
due to increased temperatures and evaporation, causing
impacts on crop production and pasture availability. The
higher temperatures will cause heat stress on livestock,
impacting livestock products, and the maximum thresholds for
sorghum production may be exceeded during belg.
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Summary of impacts at SWLs
In previous sections, the projected impact of 1.5, 2 and 4°C of global warming above preindustrial levels on present-day vulnerability for different types of livelihood activities has been
discussed and summarised in Tables 7 – 9. The results show that the projected impacts follow a
trend that increases with the level of global warming, with the largest impacts seen at SWL4. We
therefore summarise the present-day rating, the projected trend (with a sense of scale
determined relatively across the livelihood types) in Table 10. Based on these ratings, a future
vulnerability rating has been identified using the vulnerability matric in Table 11, and the regions
are coloured accordingly in Figure 55.
Table 10 – Summary table of present-day vulnerability ratings, projected changes in vulnerability and future
vulnerability using the vulnerability matrix in Table 11. The green panel for region C3 shows no change on current
vulnerability. The * indicates mixed rainfall projections; the majority of models is used for this assessment,
however, for these projections one model projects the opposite trend in rainfall which would lessen the impact on
vulnerability.

Region

Present-day
vulnerability rating

Projected change in
vulnerability

Region C1

Most

Increase – large

Region C2

Most

Increase – large

Region C3

Least

Little change

Region C4

Medium

Increase – medium

Region C5

Medium

Increase – large

Region C6

Medium

Increase – medium

Region P1

Medium

Increase – large*

Region P2

Most

Increase - large*

Region P3

Least

Increase - large*

Region P4

Most

Increase – medium

Region P5

Medium

Increase – medium

Region P6

Least

Increase – small

Region A1

Medium

Increase – large*

Region A2

Medium

Increase – medium

Region A3

Most

Increase – small

Future vulnerability
rating
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Region A4

Least

Increase – small

Table 11 – Vulnerability matrix used for assessment of future vulnerability (Table 10) based on present-day
vulnerability (least, medium, most; rows of table) and projected change (small, medium or large increase;
columns). There are five resulting categories ranging from least vulnerable in the future (yellow; top left cell) to
most vulnerable in the future (dark red; bottom right cell).

Small
increase

Medium
increase

Large increase

Least
Medium
Most

Figure 55 – Maps of the cropping (left panel), pastoral (middle panel) and agropastoral (right panel) vulnerability
regions, coloured according to the future vulnerability assessment in Table 10.

The overall results follow the same messages from the national level HCVI; the most vulnerable
regions in the future are those that are the most vulnerable in the present-day. In particular,
regions C1 and C2 in the southwest, and region P2 in the northeast are the most vulnerable
regions in the present-day (across their specific livelihood activities), and are projected to see
large increases in vulnerability as a result of the changing climate. Regions C2 in the west, C5 in
the east, P1 and A1 in the northeast, and P4 in the southeast are also of concern in the future
due to either being most vulnerable in the present-day and a medium level projected increase,
or medium vulnerability in the present-day and a large projected increase.
The least vulnerable region across all livelihood activities is region C3 in the northwest, which is
the least vulnerable cropping region in the present-day and the projected changes in climate
have no significant impact on vulnerability. In addition region A4 in the west is the least
vulnerable agropastoral region in the present-day and is only projected to see a small increase in
vulnerability. All pastoral regions are assessed has having at least medium vulnerability or higher
in the present-day (the darker shade of orange; Table 10; Table 11), meaning that overall
pastoral communities could be more impacted by climate change compared to other livelihood
types.
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Future time slices
As discussed above, this study has focused on the HELIX approach of considering the impacts of
climate change at SWLs (i.e. the level of warming) rather than the more traditional approach of
future time slices which are often used for future decision making and planning. By fixing the
future time period, there are uncertainties about the range of projected warming and
subsequent impacts at that particular time period, whereas the SWLs fix the level of warming
and there are uncertainties around the time that level of warming is reached – shown by a range
of years across the climate model projections of each of the SWL definitions (Table 1).
For the benefit of decision makers and planners who are more familiar with the future time slice
approach, analysis of the climate model projections was also conducted for the 2050s (20412070) and 2080s (2071-2100), and results are shown in Appendix B. These results only consider
the RCP8.5 greenhouse gas emissions pathway, or so-called ‘business as usual’ pathway. Given
that the years used for SWLs from the same set of model projections are the early to mid-2030s
for SWL2 and the early to mid-2070s for SWL4 (Table 1), the resulting vulnerability projections
for the 2050s and 2080s are similar to those presented for SWL2 and SWL4 respectively but with
slightly smaller magnitudes in the projected changes.
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Summary and recommendations
This report presents a methodology for assessing vulnerability to food insecurity at the subnational scale, using the framework of the Hunger and Climate Vulnerability Index (HCVI;
Krishnamurthy et al., 2014; Richardson et al., 2017). The methodology is used to assess
vulnerability to food insecurity in Ethiopia, both in the present-day and under a changing
climate, as part of Work Package 8 of the HELIX project focusing on Sub-Saharan Africa.
A direct application of the HCVI methodology to assess present-day vulnerability to food
insecurity on a relative scale across Ethiopia has been conducted (ICPAC and WFP, 2016),
however this quantitative approach has limitations and is inconsistent with the requirement to
incorporate climate model projections to understand projected changes in vulnerability. This
study therefore develops and applies a qualitative approach, which draws on the framework of
the HCVI by considering components of exposure, sensitivity and adaptive capacity.
The method used groups similar livelihood activities together (cropping, pastoral and
agropastoral), and uses the components of vulnerability to identify the most and least
vulnerable regions for each of the livelihood types. For each of the livelihood types, regions of
similar vulnerability are defined (cropping vulnerability regions C1-C6, pastoral vulnerability
regions P1-P6 and agropastoral vulnerability regions A1-A4). The assessments are qualitative
and consider the characteristics of the current climate for the exposure component, the climate
sensitivities of the livelihood activities (e.g. crops or livestock) for the sensitivity component, and
relative wealth and distance/dependence on markets for the adaptive capacity components. By
considering the projected changes in temperature and rainfall at 1.5, 2 and 4°C of global
warming above pre-industrial conditions, the impact of these changes on the vulnerability in
each of the regions defined in terms of the scale and direction of the trend.
The cropping livelihoods are mostly located in the wettest part of the country in the west and
are exposed to the high magnitude kiremt rains from June to September and the lower
magnitude and more variable belg rains from February to May. The main crops grown are
sorghum, maize and teff, with coffee production in localised areas (which is particularly sensitive
to climate) and wheat and barley production at higher ground in the central north. The most
vulnerable regions in the present-day are C1 and C2 located in the southwest of the cropping
livelihood zone grouping (Figure 24). Region C1 is dependent on the lower magnitude and
variable belg rains and region C2 is a major coffee producing region and the optimum and
maximum temperature thresholds for coffee production are already exceeded in the current
climate. The least vulnerable region in the present-day is region C3 located in the northwest
(Figure 24) which receives the most rainfall and the main crops produced are the most drought
resistant.
The climate model projections indicate an increase in rainfall over the majority of the cropping
livelihood zone grouping, with increasing magnitude progressively through the SWLs considered.
At SWLs 1.5 and 2 the projected increases in rainfall are proportionally small and likely to be
offset by the associated increases in temperature, resulting in either little change or small
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increases in vulnerability as a result of exceeded crop specific optimum or maximum
temperature thresholds. At SWL4, there are relatively large increases in rainfall projected across
most models during the kiremt and belg seasons. These projected changes in climate result in
increases in vulnerability across most cropping regions. The largest increases are projected in
regions C1 and C2 as a result of no projected change in water availability where water
requirements are already not met (in region C1), and temperature impacts on coffee projection
(in region C2). As these two regions are the most vulnerable in the present-day, they are
identified as having the highest future vulnerability rating. Region C5 is also projected to see
large increases in vulnerability as a result of water stress associated with decreasing rainfall and
high temperature impacts on crop production. Region C3 is the least vulnerable in the presentday and projected to see very little change in vulnerability, making it the least vulnerable region
in the future.
Pastoralists are mostly located in the hotter, drier parts in the east of the country and are
exposed to the gu rains in the southeast and dirac rains in the northeast from March to June,
the karan rains in the northeast from July to September, and the deyr rains in the southeast
from October to December. Access to markets is important as pastoralists obtain the majority of
their calories from their own livestock products and from grain purchase from the sales of
livestock and livestock products. Camels, cattle, sheep and goats are the main livestock reared
and of these sheep are the least suited to the hot, dry climate in the pastoral regions. Sheep and
cattle are most vulnerable to heat stress, which can impact milk production and body condition,
and they also require pasture for grazing which is dependent on sufficient rainfall. The most
vulnerable regions in the present-day are P2 located in the northeast and P4 in the far southeast
(Figure 28) which are the poorest regions, however, pastoralists rearing sheep are likely to be
the most vulnerable given the lack of suitability of sheep to the current climate. The least
vulnerable regions in the present-day are P3 in the northeast (Figure 28) which is relatively
better off and closer to markets, and region P6 in the south (Figure 28) as this region
experiences comparatively more rain and cooler climate.
There is more uncertainty in the climate model projections for changes in rainfall over the ‘dry’
climate zone where the majority of the pastoral regions are located, with similarly little change
projected at SWLs 1.5 and 2, and the biggest changes at SWL4. In general, the rainfall
projections over the northeast region are mixed, with most models indicating little change over
the karan season and potential reductions in rainfall over dirac. This results in in an overall
relatively large increase in vulnerability across regions P1 – P3 as a result of heat stress impacts
on livestock and pasture availability and quality. Region P2 is the most vulnerable in the presentday and least able to adapt to these impacts, resulting in the highest future vulnerability rating
across all pastoral livelihood regions, closely followed by region P1. Rainfall is projected to
increase over the gu and deyr seasons in the southeast, and although there are still likely to be
heat stress impacts associated with the higher temperatures, increases in vulnerability are
projected over regions P4 and P5, but these are not as large as those in the northeast. Of these
regions, region P4 is the most vulnerable in the future. Region P6 is the least vulnerable in the
present-day, and being located in the wetter, cooler region, with projected increases in belg
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rainfall, is projected to see small increases in vulnerability as a result of heat stress impacts on
livestock.
Agropastoralists undertake both cropping and pastoral livelihood activities growing mostly
sorghum and maize, the most drought resistant crops, and rearing the same range of livestock
as pastoralists. Agropastoralists are mostly located in the east of the country resulting in
exposure to the same climate and projected changes as the pastoralists. The most vulnerable
region in the present-day is region A3 in the southwest (Figure 30) which is relatively poor and
sheep rearing is prevalent, whereas the least vulnerable region is region A4 in the west (Figure
30) which is relatively wealthy and receives more rainfall. In the future, region A1 in the
northeast is projected to see the largest increases in vulnerability as it receives the same climate
and projected changes as pastoral livelihood regions in the northeast. As a result it has the
highest future vulnerability rating across agropastoral livelihoods, however, this is not the
highest category projected for cropping and pastoral livelihood regions. Region A4 in the west is
the least vulnerable agropastoral region in the present-day and is projected a see a small
increase, resulting in the second lowest future vulnerability rating across all livelihood types.
The results from this study indicate the most vulnerable regions both in the present-day and in
the future under different levels of projected climate change. The analysis is based on the
characteristics of the current climate, averaged over a 30-year period (the baseline; 1981-2010),
and the impact of long-term climate change, in order to identify the direction and trend of
potential changes in vulnerability. The impact of a changing climate has been assessed on the
present-day systems and activities in Ethiopia, and no assumptions have been made regarding
adaptation to current or future climate change. The results therefore indicate how a changing
climate may exacerbate current levels of vulnerability, in the absence of adaptation, which will
help inform long-term policy–making and adaptation decisions. In addition to the long-term
direction and trend in vulnerability, the variability from year-to-year in rainfall amounts and
timings and associated temperatures will still occur, and therefore improved short-term and
seasonal prediction systems are also required to best prepare for and avoid the worst impacts of
climate-related hazards.
The qualitative method applied here to assess the projected change in vulnerability as a result of
changes in climate only considers changes to the exposure component of the HCVI. Adaptation
scenarios which reduce the sensitivity component and improve the adaptive capacity
component of the HCVI in a standardised way have been developed and applied at the nationallevel on the global scale (Richardson et al., 2017). These scenarios are not directly applicable at
the sub-national scale given that a quantitative approach to the HCVI has not been used.
However, it is possible to apply this thinking to develop future adaptation scenarios and
consider their impact on future vulnerability, such as improving livelihood and income diversity
to ensure resilience against climate risks (Milliken et al., 2017). Examples of future adaptation
scenarios that could be considered are:
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1. Reducing sensitivity:
a. More drought resistant and heat stress resistant crop varieties grown in cropping
areas, for example, less dependence on coffee production which is particularly
sensitive to changes in climate
b. Different distribution of livestock across pastoral regions, for example, sheep are
currently reared in particularly hostile environments and so a scenario where
more climate resilient livestock are reared in the same areas could be considered
c. Diversification of livelihood activities, for example, agropastoralists currently
diversify their livelihoods across cropping and pastoral activities which spreads
their risk to changes in climate compared to people who rely on one type of
livelihood activity. A number of scenarios could be developed to consider a
different distribution of the current livelihood types, and also the introduction of
livelihoods which are less climate sensitive (i.e. non-agricultural)
2. Improving adaptive capacity:
a. Scenarios could be developed which vary the relative wealth across the country
to consider the impact this has on vulnerability; the better-off are generally more
able to cope with the impacts of climate change. In addition, income
diversification could also be considered.
b. Scenarios where dependence on key markets is reduced, or there is improved
access to markets, either through improved infrastructure or new markets
developed could be considered.
A number of adaptation and intervention strategies are already in place in Ethiopia, which are
supported by the WFP. These current strategies could also be used to develop adaptation
scenarios for use with the sub-national HCVI presented here, and vice versa, the results from
this analysis can help inform the development of future adaptation options. Examples of current
adaptation and intervention strategies in Ethiopia include:
 The Livelihoods, Early Assessment and Protection (LEAP) tool17; a food security early
warning tool on seasonal timescales
 Development of weather index insurance, forecast-based finance and contingency
financing, that help food-insecure countries such as Ethiopia and communities manage
increasing climate risk.
 The Rural Resilience Initiative (R4)18: a strategic partnership between WFP and Oxfam
America which helps vulnerable rural households to increase their food security
through community risk reduction, micro-insurance, livelihoods diversification, credit and
savings.
A limitation of this study is that the impact of higher temperatures, humidity and heat stress on
humans and in particular labour productivity is not considered. This is particularly important in a
country where most livelihoods require heavy agricultural labour, and productivity is projected
to reduce with increasing temperatures (Dunne et al., 2013; Kjellstrom et al., 2009), which
would increase vulnerability further based on present-day practices and systems.

17
18

http://www.wfp.org/climate-change/initiatives/livelihoods-early-assessment-protection
http://www1.wfp.org/r4-rural-resilience-initiative
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The method presented here for Ethiopia could also be applied to other countries to assess subnational variability. However, the method draws on the wealth and depth of existing data and
analysis on the relationship between climate, livelihoods and food security in Ethiopia, which is
not necessarily available for other countries. Even with this information, there are still
limitations to the data available. This therefore highlights the requirement to continue to collect
and analyse data, and to further develop our understanding between the climate, climate
change, food security and livelihoods.
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Appendix A – Additional plots from the SWL analysis
Maps of projected changes in mean and minimum temperature and absolute changes in annual
and seasonal precipitation for SWL1.5 are shown in Figure 56 - Figure 61.

Figure 56 - Maps of projected change in annual average daily mean temperature for the five-member HadGEM3
ensemble for the SWL1.5.

Figure 57 - Maps of projected change in annual average daily minimum temperature for the five-member HadGEM3
ensemble for the SWL1.5.

Figure 58 – Maps of projected absolute change in annual precipitation relative to the baseline for the five-member
HadGEM3 ensemble for the SWL1.5.
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Figure 59 – Maps of projected absolute change in February to May precipitation relative to the baseline for the fivemember HadGEM3 ensemble for the SWL1.5.

Figure 60 – Maps of projected absolute change in June to September precipitation relative to the baseline for the
five-member HadGEM3 ensemble for the SWL1.5.

Figure 61 – Maps of projected absolute change in October to January precipitation relative to the baseline for the
five-member HadGEM3 ensemble for the SWL1.5.
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Maps of projected changes in mean and minimum temperature and absolute changes in annual
and seasonal precipitation for SWL2 are shown in Figure 62 - Figure 67.

Figure 62 - Maps of projected change in annual average daily mean temperature for the five-member HadGEM3
ensemble for the SWL2.

Figure 63 - Maps of projected change in annual average daily minimum temperature for the five-member HadGEM3
ensemble for the SWL2.

Figure 64 – Maps of projected absolute change in annual precipitation relative to the baseline for the five-member
HadGEM3 ensemble for the SWL2.
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Figure 65 – Maps of projected absolute change in February to May precipitation relative to the baseline for the fivemember HadGEM3 ensemble for the SWL2.

Figure 66 – Maps of projected absolute change in June to September precipitation relative to the baseline for the
five-member HadGEM3 ensemble for the SWL2.

Figure 67 – Maps of projected absolute change in October to January precipitation relative to the baseline for the
five-member HadGEM3 ensemble for the SWL2.
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Maps of projected changes in mean and minimum temperature and absolute changes in annual
and seasonal precipitation for SWL4 are shown in Figure 68 - Figure 73.

Figure 68 - Maps of projected change in annual average daily mean temperature for the five-member HadGEM3
ensemble for the SWL44.

Figure 69 - Maps of projected change in annual average daily minimum temperature for the five-member HadGEM3
ensemble for the SWL44.

Figure 70 – Maps of projected absolute change in annual precipitation relative to the baseline for the five-member
HadGEM3 ensemble for the SWL44.
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Figure 71 – Maps of projected absolute change in February to May precipitation relative to the baseline for the fivemember HadGEM3 ensemble for the SWL44.

Figure 72 – Maps of projected absolute change in June to September precipitation relative to the baseline for the
five-member HadGEM3 ensemble for the SWL44.

Figure 73 – Maps of projected absolute change in October to January precipitation relative to the baseline for the
five-member HadGEM3 ensemble for the SWL44.
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Appendix B – results from 2050s and 2080s analysis

2050s
The corresponding maps and annual profile plots to the SWL results are presented here for the
2050s. First the projected change in maximum temperature is shown (as maps and annual
profiles for the ‘wet’ and ‘dry’ region) are shown in Figure 74 - Figure 76. Then projected
percentage change in rainfall for the FMAM, JJAS and ONDJ seasons are shown as maps in Figure
77 - Figure 79, with the annual profiles of absolute rainfall amounts shown in Figure 80 and
Figure 81.

Figure 74 - Maps of projected change in annual average daily maximum temperature for the five-member
HadGEM3 ensemble for the 2050s
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Figure 75 – Annual profiles of average daily maximum temperature for the ‘wet’ region for the five-member
HadGEM3 ensemble for the 2050s. Refer to Figure 32 for a description of the profile plots.

Figure 76– Annual profiles of average daily maximum temperature for the ‘dry’ region for the five-member
HadGEM3 ensemble for the 2050s. Refer to Figure 32 for a description of the profile plots.
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Figure 77 – Maps of projected percentage change in February to May precipitation relative to the baseline for the
five-member HadGEM3 ensemble for the 2050s

Figure 78 – Maps of projected percentage change in June to September precipitation relative to the baseline for the
five-member HadGEM3 ensemble for the 2050s

Figure 79 – Maps of projected percentage change in October to January precipitation relative to the baseline for
the five-member HadGEM3 ensemble for the 2050s
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Figure 80 – Annual profiles of precipitation for the ‘wet’ region for the five-member HadGEM3 ensemble for the
2050s. Refer to Figure 32 for a description of the profile plots.

Figure 81 - Annual profiles of precipitation for the ‘dry’ region for the five-member HadGEM3 ensemble for the
2050s. Refer to Figure 32 for a description of the profile plots.
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2080s
The corresponding maps and annual profile plots to the SWL results are presented here for the
2080s. First the projected change in maximum temperature is shown (as maps and annual
profiles for the ‘wet’ and ‘dry’ region) are shown in Figure 82 - Figure 84. Then projected
percentage change in rainfall for the FMAM, JJAS and ONDJ seasons are shown as maps in Figure
85 - Figure 87, with the annual profiles of absolute rainfall amounts shown in Figure 88 and
Figure 89.

Figure 82 - Maps of projected change in annual average daily maximum temperature for the five-member
HadGEM3 ensemble for the 2080s
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Figure 83 – Annual profiles of average daily maximum temperature for the ‘wet’ region for the five-member
HadGEM3 ensemble for the 2080s. Refer to Figure 32 for a description of the profile plots.

Figure 84– Annual profiles of average daily maximum temperature for the ‘dry’ region for the five-member
HadGEM3 ensemble for the 2080s. The red lines represent individual years and the black line is the average across
the years. Refer to Figure 32 for a description of the profile plots.
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Figure 85 – Maps of projected percentage change in February to May precipitation relative to the baseline for the
five-member HadGEM3 ensemble for the 2080s

Figure 86 – Maps of projected percentage change in June to September precipitation relative to the baseline for the
five-member HadGEM3 ensemble for the 2080s

Figure 87 – Maps of projected percentage change in October to December precipitation relative to the baseline for
the five-member HadGEM3 ensemble for the 2080s
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Figure 88 – Annual profiles of precipitation for the ‘wet’ region for the five-member HadGEM3 ensemble for the
2080s. Refer to Figure 32 for a description of the profile plots.

Figure 89 - Annual profiles of precipitation for the ‘dry’ region for the five-member HadGEM3 ensemble for the
2080s. Refer to Figure 32 for a description of the profile plots.
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Assessment of Climate impacts on Migration In Sub-Sahara Africa
Introduction

This report presents three case-studies conducted in West and East Africa to assess the
impacts of climate change on migration patterns in the region. While it is obviously
difficult to forecast human behaviour related to unprecedented environmental changes, our
approach has led us to choose case-studies that were representative of different contexts
and environmental changes. We analysed how populations reacted to environmental
changes in different contexts in order to identify the key variables that were determining
their migration patterns.
This allowed us to draw the key conclusions with regard to future migration patterns related
to climate extreme scenarios, which are delineated in deliverable 5.7:






There’s no correlation between the magnitude of climate and social impacts
Aggravated climate change will not necessarily result in an increase of migration
The scale of migration resulting from climate change cannot only be understood in
terms of alteration of volume
Mobility dynamics associated with extreme climate change will often be non-linear
Much will come down to the issue of inhabitability

In this report are presented three African case-studies to support this evidence: in Benin,
Ethiopia and Tanzania.
Benin

The settlement dynamics of populations vulnerable to erosion in Cotonou’s coastal
zone
1. Assessment of coastal erosion in Cotonou between 2002 and 2015
2. Findings:
a. Well-off population leave the risk area, fishermen stay in order to be close
to their activities and precarious populations become trapped due to their
lack of social and financial means to migrate
b. Poor populations move into the risk area, adding to the at-risk population
c. Trapped and new inhabitants of the risk area engage in a rapid process of
settlement/destruction of makeshift houses in the coastal area (short
distance displacements in the risk area)
d. Current coastal erosion due to human activities will likely be worsened by
sea-level rise
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Introduction
In the 21th century, the expected effects of the global warming could be particularly disastrous
for coastal areas, among others those located on Gulf of Guinea in West Africa. Sea level rise is
assumed to be the most direct mechanism of climate change and could trigger coastal and
riverbank erosion, flooding and salt water intrusion into lakes (Dossou and Glehouenou-Dossou,
2007). Relative sea level rise causes beach erosion by enabling waves to break closer to shore
and to act farther up the beach profile (Leatherman, 2000). The main erosion effects happen in
discrete time steps in the form of storms (Pilkey and Cooper, 2004).
The coast of Cotonou, the economic capital of Benin, has recorded significant coastal erosion for
several decades, mainly due to the obstruction of the littoral transit by the harbor built in 1962
and the decrease in sedimentary inputs from the west caused by diverse coastal protection
structures. Moreover, sand quarries operated directly on the beach have amplified erosion. Like
most other coastal nations, a high proportion of the population is located on the coast. The
vulnerability of people settling in these areas is exacerbated by both a rapid demographic
growth and inadequate resources for urban development. Low elevation coastal zones are
particularly vulnerable to storms, storm surges and sea level rise (McGranahan et al., 2007,
Hinkel et al., 2014), and population growth on coastal areas places more people potentially at
risk from natural hazards, which could mean that post-disaster displacement and migration out
of near coastal areas will increase in the future (Balk et al., 2009; Wheeler, 2011).
This study examines population dynamics in a section of the coastal zone of Cotonou (8
kilometers long) that is exposed to rapid erosion. The aims were to determine the vulnerability
of populations in the risk zone and to analyse the responses of the authorities to underline the
needs in the context of climate change, since global warming is responsible for sea level rise that
accelerates the shoreline erosion process (Ozer et al., 2013).
Study Area
The city of Cotonou is built on alluvial sand with a maximum depth of four meters (Dossou and
Glehouenou-Dossou, 2007) between Nokoue Lake in the North and the Gulf of Guinea in the
South (Figure 1). This coastal zone, which has some areas that are at or below sea level, records
a significant erosion for several decades, mainly due to the obstruction of the littoral transit by
the harbor built in 1962 and the decrease in sedimentary inputs from the West due to diverse
coastal protection infrastructures (Ozer et al., 2017). Moreover, sand quarries carried out
directly on the beach along the coast of Benin have amplified the phenomenon of erosion.
These extractions have represented more than 1,000,000 m³/year between 1985 and 1996
(Prudencio et al., 2002). In the future, the process of coastal erosion will very likely be amplified
by sea level rise and more frequent storms as consequences of global warming (Ozer et al.,
2013).
The study area is the portion of 8 km to the East of the Siafato groyne (Figure 1), located in the
first arrondissement of Cotonou, is largely urbanized, according to a structure quadrant. There is
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a high density housing to the edge of the beach. This area is subject to heavy erosion for several
decades despite several protection structures.

Nokoue Lake

Harbor zone

8 km
Siafato groyne
Cotonou chenal

Gulf of Guinea

Figure 1 – Presentation of the study area (source: Landsat)

Data and Methods
We use a set of recent very high resolution satellite images from Google Earth acquired in 2002,
2011, 2013 and 2014. Multi-temporal analyses were carried out to assess the eroded area and
to observe the dynamic of the coastline and the human settlements next to the sea. We
complete the analyses with results of field missions carried out in September 2012, September
2013, July 2014 and February 2015. The fieldworks consisted in taking pictures, in discussions
with institutional actors, local authorities and researchers and in interviews of local population
of coastal area. In July 2014, we collected the testimonies of about twenty residents. Semistructured qualitative interviews, usually in local language with the help of an interpreter, were
performed. The respondents were chosen randomly along the beach from the Siafato groyne up
to eight kilometers East of there. They were not influenced by each other. The existing literature
(scientific articles, reports, regional studies, press…) was explored to understand the physical
phenomenon and to help to contextualize the measures taken to curb the coastal erosion.
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Results
Coastal erosion and loss of land
Between 1963 and 1997, the coastline retreated by 400 meters at the east of the harbor of
Cotonou, with a maximum speed of 16 meters per year (Codjia, 1997). For the most recent
period, diachronic analyses of very high satellite images show that the sea eroded
approximately 112 hectares of land (including 40 hectares off) between 2002 and 2015. This
corresponds to an average coastline’s retreat of 129 meters in 14 years, with a maximum value
of 245 meters. Coastal erosion is observed up to the Nigerian border, which is 27 kilometers east
of Cotonou, with erosion of 30 meters in 13 years recorded at the border. This is recent because
beyond the 6 km East of the Siafato groyne, the coast has been invaded by sand between 1963
and 2000 (Kaki et al., 2011).
Dynamic of settlement in the risk zone
Thanks to the comparison between the situations visible on very high resolution images
respectively in 2002 and 2014, we assess that around 765 houses disappeared by the
encroachment of the sea over the distance of 8 km to the East of the Siafato groyne, of which 60
villas spread over 104 enclosed parcels and about 705 makeshift houses (informal settlements)
(Figure 2). Considering the average household size of 3.9 persons19, it could mean that around
2980 people were forced to leave. In the meanwhile, the government has expulsed at-risk
populations living in informal habitats (Figure 2). For instance, in 2009, the destruction of houses
without any prior notice nor compensation represents 115 additional houses, what corresponds
to 450 more people. Then, coastal erosion has displaced, directly or indirectly, at least 3430
people in this zone over the last period.
Analyses of the times series of very high resolution satellite images showed a progressive
replacement of standing houses (villas) by makeshift houses between 2002 and 2011, followed
by a rapid destruction of one part these new makeshift houses between 2011 and 2014. The
number of displaced persons between 2002 and 2014 is underestimated as these intermediate
temporary relocations have not been taken into account. Furthermore the authorities, and
sometimes landowners, have carried out expulsions repeatedly and household size in informal
settlements is often higher than the average. To detect those fast-moving processes area-wide
remains very difficult in developing countries due to the lack of official statistics (Teka et al.,
2012) but we know that this phenomenon is not new. According to the chief of the district close
to Siafato groyne, some city blocks have disappeared in the sea in his district before 2000. It
involves several hundreds of households. According to the development plan of the city of
Cotonou (DPDM/MCOT, 2008), there was a removal of 3640 parcels because of coastal erosion.

19

http://www.insae-bj.org/bases-donnees.html
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Figure 2 – Illustration of two types of houses’ destruction in a part of the study area between
2002 and 2014 (Source: Google Earth)
Migrants and trapped populations
When their house is threatened by the sea, well-off people leave the coastal area. The
destruction of their villa is often progressive (Figure 3). According to evidence, they go to live
inland, usually to the peripheral areas of Cotonou (Sèmè-Podji, Calavi).

The other residents of the coastal area are fishermen and precarious populations. According to
interviews, fishermen are native of the region of Grand-Popo (on the coast 90 km West of
Cotonou) or born in the zone from parents native of the region of Grand-Popo. They arrived in
this coastal area in the 70’s in order to have better living conditions. Since this period, they
made successive displacements in the coastal area because of the progressive encroachment of
the sea. Sometimes, fishermen were cleared out by the authorities, like in 2009 in the
framework of work for stability of the coast or by landowner.
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Figure 3 – Progressive destruction of a standing house located near the Siafato groyne (Source:
P.Ozer and F. de Longueville)

Currently some fishermen became precarious and settled in makeshift house. The typical
path of fishermen is sketched in figure 4 (left). Two types of precarious populations
mixed in the study area. They are all salesmen, housewives, drivers, they do odd jobs at
the harbor or are unemployed. On the one hand, there are people that became poor in the
zone after the destruction of their house by the encroachment of the sea. They are native
of the coastal area or come from other districts of Cotonou (as the zone converted into the
large market of Danktopa in the 60’s). Originally, they had often house with permanent
structure (brick walls), located ‘in the current sea’, several hundred meters from the
present coastline. At this time, their houses were (very) far from the sea. Because of the
progressive encroachment of the sea, they have made successive displacements in the risk
zone (Figure 4, middle). The live currently in makeshift houses that may be swallowed by
the sea within a few hours during storm event as recently, on 30 May 2014. On the other
hand, there are people who arrive as precarious in the risk zone because they have no
money to pay rent elsewhere in the city (Figure 4, right). They live in precarious houses
that they built against a small amount of money on land of which they do not know the
owner. They move slightly when the sea threatens them or when their house is destroyed
by the waves.
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Figure 4 - Displacement patterns of fishermen (left), precarious population from the coastal area
(middle) and precarious population from outside (right) (Source: F. de Longueville)
The most of respondents were living for less than three years old in their current habitats. Some
have made a dozen short displacements. All of them feared to be ousted by the sea but did not
where they would go. Unlike fishermen who want to stay in the area for their activities,
precarious population want to leave the coastal area but lack the financial means or the family
members or relatives for host or aids. These people are trapped in the risk zone.
Measures taken by population and responses of authorities

Faced with the danger of threat of collapse of their house, well-off people have no other
choice that to leave the risk zone. As see below, measures taken by precarious
populations consist only to carry out very short displacements. They squat in the deserted
damaged houses, build their makeshift house behind the ruins of destroyed villa or
protect them with the bricks moved from old walls. All these strategies are very
temporary allow the best to win a few month. Without other measures, people have to
continue to move in the coastal zone through lack of resources or alternatives.
Under the pressure of some associations, all marine sand quarries were closed in March 2009
(Decree No. 2008-615 of 22 October 2008). The exploitation of lagoon sand has replaced the
exploitation of marine sand. In the national strategy to implement the UN Framework
Convention on Climate Change, Benin proposed two adaptation options: the stabilizing of the
coastline by building groynes and the relocation of the activities, communications, transport,
hotel infrastructures and communities. Between 2008 and 2014, seven new groynes, one every
1 kilometer at East of the Siafato groyne, were built at the East in the most exposed zone for a
cost of 45.4 milliards FCFA, financed by Islamic Development Balk, Arab Bank for Economic
Development in Africa, OPEC Fund for International Development, Saudi Fund for Development,
Kuwait Fund for Arab Economic Development and Beninese State. At a scale of a groyne, a
positive effect (accretion) is observed at the West of the structure but a negative effect (fast
erosion) appears at the East. At the scale of the protected zone, populations observe no positive
effect until now. But it is necessary to wait more time to assess the efficiency of the protection.
Moreover, the problem is transferred to the East of protected zone. On the other hand, the
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installation of such protection structures restore confidence to investors who are starting to
build new standing houses in the zone and new neighborhoods are currently under
construction.
Conclusion and Policy Implications
The coastal area of Cotonou is clearly a risk zone since affected by a rapid erosion, more than 10
meters by year for several decades. In the National Action Programme of Adaptation to Climate
Change of Benin, coastal erosion is quoted as one of the impacts of climate change in Benin and
migration is cited as an adaptation strategy by the populations but it can be read that the spirit
and sustainability of migration as an adaptation strategy are questionable (MEHU 2011). This
summarizes well the situation of the study area: in reality, displacements constitute the only
alternative for affected population as their houses (and parcels) disappear in the sea.
Displacement is more or less important for people having capitals, this corresponds to
migration. But for the others that have no resource to migrate, displacement is very short,
sometimes a dozen of meters only. In the fact, migration is only possible for very few people and
is not a sustainable adaptation strategy, the real solutions would be provided by authorities.
Results show that up to the present, things haven't turned out as well as they might have.
Habitat regulations and land use planning that would address settlement in the risk zone are
absent. Some laws and decrees have not been respected and others are inadequate and should
be revised or updated. Additionally, local populations are often unaware of existing legal
mechanisms and regulations. Although the Cotonou town council wants to solve the erosion
problem while avoiding displacement of their residents, they have few resources within their
reach. They place their hopes on the groynes but realize that their effectiveness will only be
proven over time, and furthermore, that even then the problem will be transferred to the
neighboring municipality. Meanwhile, local authorities have been trying to persuade fishermen
to relocate away from the sea but without offering compensation or assistance. However, they
turn a blind eye to informal settlements because they have no alternative to propose.
Field missions have highlighted the legal and institutional vacuum in which are the ‘climate
displaced’ as in the international law (Cournil and Mazzega, 2007). Kampala convention is the
first legally binding instrument that addresses the specific needs of internally displaced persons
in their own country (Ojeda, 2010). Benin, like other nations that have ratified the convention,
must now incorporate it into national legislation and develop policies on internally displaced
persons which emanate from the central government to apply to all lower political levels so that
the agreement can work in practice. If integrated and applied, it could help Benin to deal with
the movement of people, both current and future, caused not only by conflict, but also by
natural disasters and other effects of climate change, development, and even the major trends
such as population growth and rapid urbanization. There is a need to consider assisted
relocation (de Sherbinin et al., 2011) in areas where poor populations are ‘trapped’ (Black et al.,
2011) by rapidly changing environmental conditions.
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In addition to the need for local solutions, coastal erosion is not confined to this zone, therefore
the development of international cooperation with other countries in the Gulf of Guinea is
necessary. Benin, like the other ten coastal countries of West Africa, has adopted a master plan
for coastal development with the support of the West African Economic and Monetary Union
but implementation of the recommendations must be consistent within the region. Consultation
with affected populations is also needed (Teka and Vogt 2010).
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Ethiopia
Coping with Extreme Conditions: How Successive Meteorological Trauma Impacts Population
Movements

1. Explores the Somali/Oromiya border region of southeastern Ethiopia affected by the
2015-16 2015/16 El Niño event and 2016 Indian Ocean dipole (the ‘Indian Niño)
2. Findings
a. Drought and other climate-related hazards can devastate livelihoods, which
combined with other factors – such as conflict, food insecurity, resource
competition among pastoralist groups, inflation, and land tenure issues – can
drive displacement risk and migration propensities, on occasion leading to long
term resettlement or ‘sedentarization’ in favorable areas.
b. The cumulative effects of exposure drought and dryness, together with these
non-environmental factors – insecurity in particular – adds to vulnerability and
increases the risk of displacement
c. The concept of ‘tipping points’ as related to ‘anticipatory’ and ‘crisis’ survival
strategies may be useful to consider migration and displacement in response to
cumulative vulnerability in dryland climates

Project
603864
101

Introduction
In June of 2015, the Government of Ethiopia (GoE) declared that the spring Belg rains had failed.
This heralded the official recognition of the worst meteorological drought suffered by Ethiopia
for 50 years (FEWS NET 2015). In an agrarian country in transition, where more than 85% of the
workforce depend on adequate rainfall and 80% of agriculture is rain-fed (GoE 2016), the
human, economic, and social consequences of rain failure can be dire.
Most of Ethiopia is dependent on two yearly rainy seasons: the belg (short rains, in most regions
from February/March to through May/June) and kiremt (long rains, from June/July to
September). If either one fails, is delayed or is unevenly distributed, the result is usually a
commensurate shortage of staple food (sorghum, maize, teff, barley and wheat) which
threatens the food security of a large part of the population. The belg rains, in particular, are
important for the planting of long-duration cereals (maize and sorghum) and for preparing the
ground for meher (main growing season) staples like teff. While the timing of these two rainy
seasons differs slightly across the country, the period March through September (meher) is
when 90–95% of the nation’s total cereal grains are grown. The annual rainfall in Ethiopia varies
from less than 100 mm/year to as much as 2500 mm/year and is highly variable. The two rain
seasons have variable effects on food security as different regions of Ethiopia have different
production and consumption patterns; for example, white teff is more common to the (centralnorthern) highlands of Ethiopia.
Recurrent and severe drought has also contributed to competition and clashes between
communities under highly stressed conditions over access to scarce water and pasture, an issue
discussed in greater detail below. The livelihoods of around seven million pastoralists have been
threatened by the cumulative impacts of more frequent drought on livestock losses, rising cereal
prices, and impacts on the livestock markets resulting in lower returns when they sell or trade
their animals (IDMC 2014).
State of the Art & Approach
The hypothesis underlying this research is that experience from past drought behavior during
the last decades can serve as an analogy for impacts under future climate change. Droughts in
the area of study do not affect human vulnerability in isolation; on the contrary, vulnerability to
hazards is the result of numerous social, political, demographic, economic and environmental
factors combined over time (IDMC 2017). This paper considers successive (severe) droughts as
the environmental stimuli at the core of this research, as an analogue to a state of higher
average temperatures that bring persistent dryness of a future of extreme temperatures.
Analogies can also be drawn between physical changes that have occurred (e.g. dry periods) and
those likely under future anthropogenic global warming. However, the comparison is not
perfect. Climatological events leading to disasters are conceptually different than environmental
degradation and long-term climatic changes, and the affected populations have different
motivations and as a result, the impact of each type of migration may be different. Scholars and
practitioners typically prefer to observe movement on a continuum of voluntariness (Richmond
1994; Laczko and Aghazarm 2009), from as those who may become more inclined to employ
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migration of a household member in response to slow environmental change (e.g. land
degradation, deforestation), where migration is mainly driven by better opportunities
somewhere else, and on the other end of the continuum, people who are forced to flee their
homes by necessity, as their physical safety and/ or survival are at stake.
IOM and research organizations, Institute of Development Studies (IDS) at the University of
Sussex, sought to typologize ‘induced movement’ as 'forced' or 'involuntary' migration as a
means to order migration in terms of effects rather than causality (McDowell and De Haan
1997). This was helpful for emerging work on migration and food security (e.g. Sharp et al.
1991), to support the differentiation between what is termed negative ‘distress’ migration and
positive ‘livelihood’ migration in terms of the success of migration in facilitating or constraining
livelihood security (McDowell and De Haan 1997). Scholars maintain that the complexity of
migration is largely belied by such monolithic classifications, pointing out the significant degrees
of instrumentality, rational planning and institutional support enabling the ‘success’ of voluntary
or livelihood migration.
The continuum is nevertheless a helpful conceptual starting point. The literature on
‘anticipatory’ and ‘crisis’ survival strategies terms is rich (Maxwell and Frankenberger 1992;
Rahmato 1991; Wolde-Georgis 1993; Wolde Mariam 1984; Ezra 1997; Webb 1993; MezeHausken 2000). Movement that is termed forced migration or displacement - for example in
response to drought - is included in the latter. Available empirical studies treat different levels of
availability of resources, subjective prospects of success, culture, ecological zones, social and
political restrictions.
The bodies of work on vulnerability and resilience are also rich, which is central to this area of
study. Vulnerability is the capacity to suffer harm or react adversely (Timmerman 1981).
Conceptually, societies respond to perturbations with adaptation and coping mechanisms that
help them resist displacement from an equilibrium, due to their stability (Holling 1973) Other
societies respond by being elastic or resilient (García 1981); they may be displaced from
equilibrium but eventually rebound to that position without structural change (García 1981),
extinction (Holling 1973) or societal collapse (Timmerman 1981). García (1981) notes that these
properties are not mutually exclusive, and societies may display elements of both high or low
resilience.
Patterns of Movement in Ethiopia
Population movements – both within and across borders – is a historically reality in Ethiopia,
although rural-urban migration flows have been of a smaller magnitude than in neighboring
countries. Migration is particularly common among southern pastoral groups, which move
seasonally across Ethiopia, Kenya, and Somalia. As will be shown, declining rainfall and extreme
temperatures, exacerbated by climate change, are likely altering these partners. Livelihoodsrelated mobility patterns in Ethiopia are especially complex, as the resettlement and
villagization programmes pursued by the government in the late 1980s and 1990s left people
more vulnerable to famine, disease, pests and other risks (Kloos et al. 1990; Pankurst 1992;
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McDowell 1997). While the experience was decades ago, and many people have returned, the
affects in terms of poverty have not dissipated. However, the areas of origin and resettlement –
which were primarily in the Amhara and Oromiya regions - do not include the areas of focus in
this study.
Drought and other climate-related hazards are rarely the sole or even most important driver of
movement. Their impacts are determined in large part by structural vulnerability and exposure,
such as demographic trends, weak institutions, underdevelopment and poverty, and
anthropogenic causes of environmental degradation. Despite the government’s valiant
promotion of rapid economic growth, significant poverty reduction efforts, and improved social
safety nets over the past decade, Ethiopia remains one of the poorest countries in the world
(UNDESA 2014, UNDP 2014, World Bank 2017). Population growth has slowed and urbanization
has been slow as compared to neighboring countries.
Although drought is one of the main drivers of displacement in Ethiopia, multiple interlocking
factors make it difficult to isolate and estimate the number of people displaced by drought
conditions, and surveys rarely capture more than a single reason why people move. According
to IOM and World Bank surveys, recorded displaced people and migrants coming from droughtaffected areas may name drought as the primary cause for their movement, while others may
refer to loss of livelihood, hunger, or conflict. In early 2016, people recorded as displaced by the
droughts were primarily in the predominantly pastoralist regions of Afar and Somali, the focus
of the discussion below.
2. Study Area
Southeastern Ethiopia is chosen as a case study due to its history of facing multiple, severe, and
sometimes country-wide droughts that could be said as analogous to the long-term effects of a
warmer, more erratic regional climate. It has been argued that annual rainfall deficits have a
cumulative effect (Tarhule and Woo 1997) such that a succession of drought years will lead to a
worsening of a drought overall, especially related to agriculture, but less in hydrological or
climatological terms. The analogy approach may only be able to provide a rudimentary
approximation of regional impacts in the future, and thus serves to identify societal response to
regional climate change (Glantz 1991; Meze-Hausken 2011). Yet analyses based on an historical
analogue approach – that is, based on real events – have been identified by scholars as a useful
heuristic, more useful than mere theorizing or alarmism (Glantz 1996).
This paper departs from the acknowledgement that there are multiple, dynamic and complex
factors involved in motivating migration (Black et al. 2011; Gemenne et al. 2016). While climate
changes and humans’ responses to it are notoriously unpredictable and non-linear, it is a
reasonable premise that households will conduct adaptation strategies in the future in ways
similar to those today and in the recent past (Mezze-Hausken 2000).
How Climate Change Affects Ethiopia
Ethiopia is a ‘hotspot’ for climate variability and socio-ecological pressure (Harmans-Neumann
et al. 2017). Extreme weather or climate occurrence is usually defined as an event that has
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extreme values of certain important meteorological variables above or below given pre-existing
high thresholds in each extreme of the standard range of the variable (IPCC 2012). Climatic
variability can be described as the annual differences in values of particular climatic variables. As
part of the new ‘normal’ climate - over both limited duration and long-lasting periods - current
climate projections suggest that extreme weather events will become more frequent and
unpredictable in sub-Saharan Africa (Cooper et al. 2008; Field, 2012; Omondi, Awange,
Forootan, Ogallo, & Barakiza, 2013).
While extreme weather events are of interest in studying sudden, forced migration as described
above, rainfall variability is the privileged environmental variable for studying migration and
tipping points, because rainfall in regions that depend on natural resources can significantly
affect the livelihood of local populations primarily through mechanisms related to the
production of crops and livestock (Morton 2007; Sissoko et al. 2011). The combined effect of
temperature rises and carbon dioxide enhancement varies among crops (Robinson et al. 2012) a
temperature increase of 2–6 °C above pre-industrial revolution temperatures by 2100, as
foreseen by the IPCC (2012), is highly likely to lead to dire reductions in crop yield.
Increased warming also means that the Indian Ocean dipole, which interacts with more frequent
El Niño events, is more extreme (Cai et al. 2014). The 1997/98, 2002/03, 2009/10, 2006/07 and
2015/16 El Niño events brought enhanced rainfall to parts of East Africa, followed by warmer
sea surface temperature conditions in the Western Indo-Pacific (NOAA 2015). Excessive rains
and flooding contributed to soil erosion, a difficult harvest, and ultimately to drying soils. The
same warm, wet air masses change the prevailing winds to a warm, dry wind blowing eastwards
from Africa across the Indian Ocean. This is devastating for communities in the Horn of Africa
who rely on moisture from the Indian Ocean to generate the short rains that run from October
to December and the long rains from March to June. Then the erratic and below average rains in
East Africa were experienced in 1999, 2000, 2001, 2004, 2008, 2009, 2011 and 2017. The 2016
short rains were a month late in many areas of the East and Horn of Africa or, as noted above,
failed entirely.
Data and Methods
This paper is based on information from three sources: key informant interviews (n=21);
displacement data gathered by the International Organization for Migration (IOM) from a
variety of sources detailed below, and independently endorsed by the Internal Displacement
Monitoring Centre (IDMC); and the 2015/2016 Ethiopia Socioeconomic Survey (ESS) from the
Central Statistical Agency of Ethiopia Living Standards Measurement Study (LSMS) gathered by
the World Bank. The focus of this research is on the Ethiopian region of Somalia, and to a lesser
extent Oromiya, which were and continue to be severely affected by drought since early- to
mid-2015.
Key informant interviews carried out in person and online with experts in drought, displacement
and migration from IOM, the Norwegian Refugee Council (NRC), the International Food Policy
Research Institute (IFPRI), UNHCR, and UNOCHA, to understand human mobility patterns; World
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Bank practitioners, to understand donor perceptions of livelihoods and development project
targeting pastoralist groups ; Ethiopia scholars (at the Centre français des études éthiopiennes);
and climate experts and researchers of pastoralism who attended the ‘Road to Paris’ regional
conference hosted by The Horn of Africa Climate Change Programme (HoA-CCP) and the Horn of
Africa Regional Environment Centre and Network (HoA-REC&N), to connect with pastoralist
community leaders and to better understand local dynamics of the area of study. Interviews
were carried out in Addis Ababa in April-May 2015 and follow-ups were made remotely.
Secondary data was taken from IOM, derived from a variety of sources and compiled into
monthly updates and quarterly reports, some (but not all) of which are publicly available. IOM
gathers data on causes and locations of displacement, as well as needs versus responses,
disaggregated by age and gender. Quarterly internal displacement monitoring reports are
produced from key informant interviews with local authorities and IDP representatives, focus
group discussions, and structured questionnaires (IOM Displacement Tracking Matrix, or DTM).
IOM also uses census data and government-led joint multi-agency assessment reports in order
to ensure the validity of the data.
The DTM report for January to March 2015 focused on SNNP and Oromiya. The DTM round for
September and October covered the regions of Afar, Gambella, Hareri, Oromiya, Somali and
Tigray. A report for October and December covered Amhara as well. Given that between them
the seven regions represent most of the country’s territory, few cases of displacement to
collective sites are thought to have been missed.
Primary data from interviews and secondary data on displacement is compared to secondary
data analysis of the shock modules of the Ethiopia Socioeconomic Survey (ESS) for 2015/2016
from the Central Statistical Agency of Ethiopia Living Standards Measurement Study (LSMS),
published by the World Bank.
Limitations
As demonstrated in this paper, and further explained in the next section, displacement due to
natural hazards, including drought, are in many cases reliably recorded, while migration of a
household member that may have been in part indirectly motivated by drought - whether
through crop failure, food insecurity, resource-based conflict, or otherwise – is difficult to
extricate from other factors driving migration, such as in census data. Drought and other
climate-related hazards are rarely the sole or even most important driver of movement. This
paper attempts to add to the literature that seeks to provide more comprehensive
considerations of dryness and drought in motivating movement, beyond the false migrationdisplacement dichotomy.
IOM’s DTM figures are based on assessments covering displacement sites across the country.
They do not include IDPs living with host families, whose number may be significant.
The LSMS data has some limitations when it comes to migration. Migrant populations studies
are small relative to the general population, and clustered. While the sample size for the LSMS is
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thus too small to draw robust conclusions on country-wide migration patterns and flows, it
usefully indicates to what extent displacement and out-migration are considered by rural
households to be an appropriate or preferred response to drought shocks, among others. It is
also useful for considering the interaction between migration and other issues of human wellbeing or ‘welfare’ (de Brauw and Carletto 2012).
Results and Discussion
El Nino 2016 has most severely affected the Somali region of Ethiopia. IOM had already
recorded displacement in several parts of southeastern Ethiopia in spring 2015, particularly in
the Somali region, in greatest numbers around Shebelle zone.
According to key informant interviews, the people in these areas were vulnerable largely due to
their previous and recent exposure to insecurity. Displacements caused by what IOM considers
‘resource-based competition’ (i.e. conflict) were recorded in January and July 2013 in Babilee,
Gursum, Jijiga, KebriDehar, Maya Malluk, Qubi, Afdem, and Mieso. Again in August 2014,
conflict caused displacement in Keebri Beyah, Afdem, and Fitu. Meher harvest cycles were
disrupted for many agro-pastoralists and agriculturalists were forced to abandon their lands due
to insecurity. These groups are more likely to be in a precarious situation, particularly if other
factors combine to contribute to food insecurity. In October 2014, displacements occurred due
to severe flooding in KebriDehar, Dollo Addo, Shinile, Adadle, East Imay, and Kelafo woredas.
Woredas along the Shebelle river basin, such as Gode and Kelafo, are prone to flooding, as are
areas that have experiences severe dryness. Floods or varying severity occur frequently, 2-3
times per year and often in October, in Shabelle, Ganale, Dawa and Weyb riverine areas.
Pastoralists, in particular, were at risk of displacement as groups became in increasing contact
with one another as resources became spacer. In recent history in the area, a number of flareups between pastoralist groups have occurred along the border of the Somali and Oromiya
regions. Key informants noted that while these localized conflicts are attributed to resource
scarcity, they are typically the result of Oromo groups perceiving an ‘invasion’ by Somali groups
into in their lands in the Oromiya region. The unique regionalized nature of Ethiopia created a
specific framework for these identity-related disagreements over resources, while in other parts
of the region pastoralists disregard national and regional borders. While ideal boundaries have
always been an integral part of pastoral property relations, the policy of regionalization pursued
by the state since 1991 has fostered a non-inclusive regionalized mentality. In addition,
pastoralist communities have their own laws and practices to regulate proper use of water,
forest and grazing resources. Among Oromo groups along the border areas of Oromiya and
Somali regions, water, land and forest are managed by the traditional Oromo Gada system,
which gives community leaders the power to regulate the use of natural resources.

There have been five major conflicts between the Borana (Oromo ethnicity) and the Garre/Garri
(Somali ethnicity), sometime also with the shifting alliance of the Gabra (Oromo), between 2000
and 2004, and others in recorded 2008 and 2010. Garri-Somali-inhabited villages such as Hudet Project
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a settlement along the main road to Moyale - have flourished from what were initially
temporary settlements. The Borana groups have a strong cultural tradition of hospitality, for
example, believing that it is a moral obligation to share resources (Tafere Rada 2016).
According to informants, the Borana tend to perceive that their initial generosity in
accommodating the Garri was taken advantage of, and the group has outstayed their welcome
(pers. Comms; see also Tafere Rada 2016). These are points that were already under severe
pressure because of their diminishing carrying capacity. Furthermore, the proliferation of small
arms in the Horn of Africa and for pastoralists’ self-protection has escalated the (Mkutu 2001,
2003). A culture of reprisals and counter-reprisals from all sides builds, serving as a factor in
conflict escalation. Over many years, as in this case, this can build into a history of resentment.
This trend is similar to the experience with the Issa Somali people, who are currently perceived
as intruders in Afar territories in the eastern part of the country.
While Somali pastoralist groups are increasingly settling in Oromiya, other trends are
contributing to their sedentarization. Land tenure insecurity is the prime factor among them.
Additionally, the Borana increasingly perceive land as private ‘property’ rather than as
communal (see also Tafere Rada 2016). This inclination towards well-defined ‘land ownership’
rather than ensuring access rights has led to inter-group disputes.
All considered, informants suggest that displacement from Somali regions and from the
Oromiya/Somali border areas are as much a result of drought-related famine as the cumulative
effects of resource-based conflicts. Most were pastoralists and agro-pastoralists. ‘Refugees’
recorded in the Dollo Ado settlements 2016 also included people internally displaced Garre. The
current experience reflects that of the severe drought in Horn of Africa in 2011, which coincided
with conflict-related displacement of people from Somalia.
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Figure 5: Displacement Oct-Dec 2015 Recorded by the IOM DTM
Insights from the Ethiopia Socioeconomic Survey (ESS) Panel
Burton et al. (1993) show four characteristic patterns of behavior of people living in a hazard
zone: (1) deny the hazard, ignore it, (2) tolerate the prospective loss without taking
countermeasures, (3) take action to prevent impacts in their location and (4) take significant
action including abandoning the hazard zone. Analysis of data from the World Bank Living
Standards Measurement Study (LSMS) in southern Ethiopia would appear to support this
classification.
Drought was a common experience in 2015/2016, with 21.3% of households surveyed reporting
they had faced drought in the past twelve months. 76.4% of those households ranked it as the
most important shock faced. This was a significant increase from previous cycles of the survey,
indicating that households are either more attuned to climate changes or experiencing the
changes more severely. Focus group and key informant interviews would be needed in the
enumeration areas to resolve the question. It has been noted by scholars that perceptions can
aggravate a situation and even ‘produce’ a drought as people do not recognize that the causes
for reduced water availability, even if the seasonal quantity and distribution of rainfall is
measurably sufficient (Du Toit 1985).
While migration was not listed as a common response to drought – households preferred to rely
on savings, benefit from government assistance, pray, or sell livestock – it was lifted by a limited
number as a response to rising food prices, a reliable proxy for household consumption.
However, it is important to note that coping mechanisms are not always an option for
households. For example, 14% of households with an ill member, the most commonly reported
shock, and 8% of those who faced drought, reported that they did not employ any method of
coping.
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Conclusions
This paper sought the understand human mobility related to the 2015-16 drought and famine in
southeastern Ethiopia. The case study, and the analogous experience in 2011, suggest that
distinguishing between famine-related displacement and conflict-related displacement is less
useful than considering both as drivers of movement, and both as cumulative processes of
increasing vulnerability. Displaced people rarely personally perceived drought or the climatic
situation as the only or main reason for movement. Practical realities and humanitarian
considerations on the ground make the distinction difficult and of limited utility. Experts
interviewed for this research noted that while displaced people arriving to the Dollo Ado
settlements in 2011 cited drought or famine as the proximate cause of their movement, they
were recorded and treated as conflict displaced. In 2016, drought and famine were viewed more
legitimately as the primary driver of displacement, reflecting a shift in perceptions among
humanitarians and the public from a strict conflict-related interpretation of displacement to
accepting a higher degree of multi-causality and cumulative causality.
A serious caveat to environment-migration-adaptation nexus research is that humans’ ability to
improve their adaptive capacities can be increased over time and with knowledge and
experience. The official response as well as households’ response to the drought studied for this
research - which continued at the time of writing – may benefit from lessons learned during the
2011 drought and famine crisis.
This study confirms previous findings that localized conflicts may arise from coping strategies
that put pastoralists in increased contact with other pastoralist groups and agriculturalists.
Policies and interventions aimed at improving natural resources and pastoral development
efforts should take into account the history, culture, and leadership structures of competing
groups. There is also a need to clarify and solidify land tenure arrangements harness property
relations between various cultural groups and stakeholders to avoid further conflict in the
already volatile environments of southern Ethiopia. As dryness, rain failure and an unpredictable
climate becomes the norm, resilience building measures and diversification of livelihoods will be
key, while taking into account existing inter-group dynamics, so that the judicious management
of resources can be ensured through peaceful coexistence and collaboration.
This case study proves useful to addressing the question of to what extent the drought-related
movement described above can be characterized as ‘induced movement’ or an ‘anticipatory’
and ‘crisis’ survival strategy, as well as the fundamental question of how climate impacts
societal equilibrium. In the rural areas described above, after certain number of months of
gradually eroding resilience absolute limits appear, manifested through critical food- and water
deficiency. The attainment of these limits can reduce or equalize the primary difference in
vulnerability between households, as all seek to employ coping strategies (see also MezeHausken 2000: 401). When such a threshold is exceeded, the availability of coping options
dwindle, making rural inhabitants - regardless of their socio-economic point of departure equally affected and compelling many of them to migrate (ibid).
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In resource-based communities where the level of food security and overall living standards
have been low or was lowered from a previous event, including insecurity or conflict in many
cases, an environmental shock or climatic event is simply a triggering mechanism that was latent
within the system (García 1981). This is germane because climate variation is expected to impact
regions and households that under ‘normal’ climate conditions are already stressed, and those
at the margins who are most susceptible to climate anomalies or changes, such as pastoralist
groups (Kates 1985: 20). This paper demonstrates that these thresholds, which can otherwise be
described as social ‘tipping points’ (c.f. Lenton 2011), apply not just to covariant environmentrelated shocks, but to the cumulative effects of climate warming (specifically, dryness and
erratic rainfall). The result can be en masse out-migration in response to dryness and drought, as
has been observed in previous drought crises in Ethiopia and across the Horn of Africa.
Insecurity can also add to the cumulative shocks, but just as the climate, is not necessarily the
only or most important factor.
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Tanzania
Migratory Impacts of the Charcoal Chain Among Forest Communities in Central
Tanzania
1. Explores the interaction between migration and charcoal production to assess the ways in
which future populations may react to increased climate-related livelihood stress, and to
assess how maladaptive coping strategies may further feed into greenhouse gas emissions (in
the case study, deforestation and land use change)
2. Findings:
a. There is a clear but complex link between migration patterns, charcoal production
and forest degradation
b. Illegal charcoal production by livelihood-stressed migrants and populations displaced
by the UN REDD programme may turn to forest-degrading activities as a maladaptive
coping strategy, while (semi-)permanent migrants, hired to work for established
charcoal kilns produce charcoal in an authorized, more sustainable manner
Introduction
The Climate-Land Degradation Spiral

At present, natural forests cover another 30% (3.9 billion ha) of earth’s land surface
(FAO, 2000). Forests are intrinsic to agroforestry that is a common form of agriculture in
many developing countries, where nearly 70% of people live in rural areas where
agriculture is the largest supporter of livelihoods (Easterling et al 2007). Overall, the
United Nations Food and Agriculture Organization (FAO) estimates that the livelihoods
of roughly 450 million of the world’s poorest people are entirely dependent on managed
ecosystem services. Loss of forests and forest services is a serious concern for local
communities and for governments.
The relationship between climate change and forest degradation is complex. When cleared or
harvested unsustainably, forests contribute about one-sixth of global carbon emissions. Forests
are also among the ecosystems that are most sensitive to a changing climate. Deforestation and
degradation of forests, broadly considered here as “temporary or permanent clearance of forest
for agriculture or other purposes” (Grainger, 1993), has many contributing factors. Expansion
and clearance for small-scale and commercial agriculture, in particular for cash crops such as
cotton and tobacco, have been a leading cause of deforestation and encroachment on forest
reserves in developing countries for decades. Felling trees for fuelwood, charcoal, building
poles, overgrazing, indiscriminate bush clearing and bush fires have also contributed (MTNRE,
1994).
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Deforestation is the second-largest anthropogenic source of carbon dioxide in the atmosphere,
exceeded only by fossil fuel combustion (van der Werf et al., 2009). Despite moderate
commitments to mitigation of greenhouse gas, forest conservation and management at the
international level since the establishment of the United Nations Framework Convention on
Climate Change (UNFCCC) in 2001 and the Kyoto Protocol (1997), “land use, land use change
and forestry” (LULUCF)4 also show a rise in carbon emissions overall; although the rate of
deforestation globally was slightly lower in the 2000-2005 period than in the 1990-2000 period
(IPCC, 2007: 541-584), LULUCF emissions grew by 40% between 1970 and 2004 (IPCC, 2014: 3).
Current research suggests that approximately 10% of all human-related carbon-based emissions
in the past decade are from land use change, estimated at 3.3 billion tons of carbon dioxide
equivalent annually (ibid.). Only moderate agreement exists among scientists in regards to the
total LULUCF emissions – of which emissions from deforestation are a subset – owing largely to
significant data uncertainties and some persisting incoherencies in carbon accounting for land
use change (Blocher, 2010). The latest findings from the Intergovernmental Panel on Climate
Change (IPCC), combining agriculture, forestry and other land use into one measurement,
shorthanded as AFOLU, showing that the AFOLU sector is globally the largest emitter after
energy, representing 20-24% of all direct emissions (IPCC 2013: 997) (Fig. 1). Experts contend
that deforestation is the largest contributor to this sector, representing 6-17% of annual
anthropogenic emissions (Baccini et al., 2012).
On the other hand, when managed sustainably, they have the potential to absorb about onetenth of global carbon emissions projected for the first half of this century into their biomass,
soils and products and store them, thereby helping to mitigate climate change (FAO 2017). In
international discussions, reducing emissions due to land use changes, of which forestry is a
major contributor, as well as maintenance of forests as “carbon sinks” have been of paramount
importance to efforts to mitigate climate change (IPCC, 2014).
Furthermore, the ability of climate change to accelerate and intensify anthropogenic land and
forest degradation merits further attention. Deforestation can also cause damage to agriculture
and infrastructure and contribute to an increased frequency of flash floods, landslides and
consequent displacement as well as loss of life (NEMC, 1995). Land degradation, reduction in
agricultural productivity and loss of land area for communities downstream from serious erosion
decrease the livelihood security of rural households. Agriculturalists whose livelihoods have
been displaced due to overexploited soils or climate-related crop failure, may move to clear land
to access rich soils underneath forests, thereby contributing to a vicious climate-land
degradation downward spiral.

Degradation of forests also impacts the lives of communities that depend on forest
resources for their livelihoods. Weather events and climate also erode farming livelihoods
via less availability of and access to non-timber forest products (Hertel and Rosch, 2010;
Sonwa et al., 2012). Forest degradation, and land degradation more generally, are
conceived here as slow-onset. It could be a slow-onset disaster because it they both
seriously directly affects the lives of millions of people and indirectly seriously affects
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the global climate ‘budget’. Yet the majority of research on the impacts of climate change
on populations and their mobility patterns is oriented toward extreme events, rapid-onset
disasters, and subsequent impacts on livelihoods and poor people’s lives. Subtle changes
like land degradation and drought/dryness are not as commonly enumerated, making
quantification of long-term trends and detection of impacts difficult (Olsson et al 2014).
Filling these gaps is thus important to complete the literature.

Reducing Emissions from Deforestation and forest Degradation in developing countries
(REDD)
Forest loss has been considered in recent decades not only as an environmental concern to the
local communities who depend on natural resources, but also at the national level as a possible
loss of future sustainable development potential and as a contributor to national greenhouse
gas emissions. Government programs across sub-Saharan Africa have sought to curb the loss of
natural resources. Established in 2008, the United Nations collaborative initiative on Reducing
Emissions from Deforestation and forest Degradation in developing countries (REDD) is the
world’s leading forest conservation and management program, with global scope. It is
characterized as the forest component in internationally agreed initiatives to reduce greenhouse
gas emissions resulting from land use changes, first elaborated in 2005 in discussions
surrounding the United Nations Framework Convention on Climate Change (UNFCCC, 1992). It
has been proclaimed as “a new direction in forest conservation” (Anglesen, 2009: 125). By
providing financial incentives to reduce forest loss, UN-REDD seeks to build mechanisms
whereby developing and especially tropical countries can better protect and manage their
forests while minimizing the emissions released by land use changes, by providing financial
incentives to reduce forest loss (UN-REDD, 2013). The initiative was taken forward in
collaboration between the United Nations Development Programme (UNDP), the United
Nations Environment Programme (UNEP), and the Food and Agricultural Organization (FAO)
grounded in a financial incentives-based approach proposed by UNEP, World Bank, and Global
Environmental Facility (GEF). Nine pilot countries were chosen to develop the program’s
strategy in phases, preparing developing countries for participation in future REDD carbon credit
mechanisms. The pilot countries are: Bolivia, Democratic Republic of Congo, Indonesia, Panama,
Papua New Guinea, Paraguay, Tanzania, Vietnam and Zambia. The program has since added five
countries and refocused on “REDD+” climate change mitigation strategies, which go beyond
deforestation and forest degradation in including the role of conservation, sustainable
management of forests and enhancement of forest carbon stocks in reducing emissions.
The REDD program was not designed with due consideration of potential migratory outcomes,
voluntary and forced. Perhaps more essentially, inadequate consideration was given to
livelihoods outcomes. Mitigation policies with social co-benefits expected in their design,
including REDD+ as well as Clean Development Mechanism (CDM), have had limited or no effect
in terms of poverty alleviation and sustainable development (Olsson et al 2014). Scholars have
noted that in rural areas, restricted forest access may exacerbate poverty among already
income-poor and elderly households who rely on forest resources to respond to climatic shocks
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(Fisher et al., 2010). However, any such degradation of livelihoods currently caused by climate
remain underexplored, and are only partly captured in poverty data and adaptation monitoring
(Olsson et al 2014).

The result of climate change mitigation efforts – for example, through the United Nations
collaborative initiative on Reducing Emissions from Deforestation and forest
Degradation in developing countries (REDD), which in essence restricts forest access –
on the livelihoods of rural peoples merits further exploration. A number of criticism have
been leveled against UN-REDD, ranging from the practical (such as the lack of adequate
baseline data to calculate reference forest emissions, see Burgess et al., 2010) to the
socio-cultural (for example, the program stimulates a process of redefinition of socionatural landscapes and socio-natural relations, see Farris & Bassett, 2012). This study
seeks to consider migratory dynamics, and in so doing, assesses the coherence and
effectiveness of forest-related climate mitigation projects in their objectives of reducing
emissions and improving lives.
The continuing rise of charcoal
Charcoal is cleaner and easier to use than firewood, cheaper and more readily available than gas
or electricity. It has become the preferred fuel in many African cities. Its use is a sign of status
and wealth among some communities in Dar es Salaam (albeit less than gas). The evidence is
clear that charcoal production is increasing, along with demand (Blocher 2016). While the rate
of access to electricity may be as high as 39% of households in Tanzanian cities according to
UNDP (and 2% in rural areas), less than 1% use electricity for cooking. Natural gas is more
suitable for use as cooking fuel, but only 7.2% of households in the country have access, by the
most generous estimates. There are also cultural barriers to increasing gas and electricity use, as
firewood and charcoal are used to cook traditional dishes and purportedly give food a better
taste.
Charcoal has also become one of the biggest engines of Africa’s informal economy. Along with
demand, charcoal prices have risen and created lucrative opportunities. While most charcoal in
Tanzania is supplied by mid-size suppliers who hire producers and transporters - and who
obtain the necessary permits and pay transport taxes (Blocher 2016) - smaller, illegal enterprises
have thrived. As many Tanzanians are aware of their deforestation problem, charcoal
production has developed a stigma and very negative reputation. Using biofuels can be seen as
primitive or antiquated in this emerging and westernizing society. There is a general perception
that charcoal producers are mainly migrants and other low-income groups, and that
unauthorized tree felling is contributing to significant devastation of Tanzania’s natural richness.
Objectives
This study sought to explore the interaction between migration and charcoal production, to
explore how charcoal may serve as a pull factor for migration, due for example to its high
income potential, as well as how migration networks may themselves facilitate charcoal supply
chains. By testing the connection between livelihood stress-related migration and charcoal
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production, this research considers the ways in which future populations may react to increased
livelihood stress as a result of dryness and unpredictable climate, as well as how maladaptive
coping strategies may further feed into greenhouse gas emissions, in this case primarily through
deforestation and land use change.
Case Study
As a leading country in developing participatory forest management programs for over two
decades, as well as one of the nine initial pilot countries for UN-REDD and thus where much of
the program’s objectives and strategy were elaborated, Tanzania provides the ideal setting to
explore the interface between human mobility and forest conservation. Kilosa district, located
around 200 km to the west of Dar es Salaam, was chosen due to its proximity to the city as well
as to forests, as well as the presence of a well-established community-based forest program (the
Tanzania Forest Conservation Group and the Community Forest Conservation Network of
Tanzania, or TFCG/MJUMITA). The area surrounding Dar es Salaam has experienced severe
deforestation in recent years, due largely to the city denizen’s appetite for fuel. The population
of Kilosa district is approximately 438,175 according to the 2012 census. Kilosa town is the
administrative seat, and is surrounded by a number of small villages arranged in a half-moon
configuration alongside of the foothills of the Rubeho Mountains.
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Figure 7. Map showing Kilosa District.
From: Ntwenya, J., Kinabo, J., Msuya, J., Mamiro, P., Mamiro, D., & Katalambula, L. (2015).
Household food insecurity and associated factors in rural communities: A case of Kilosa District,
Tanzania. African Journal of Agricultural Research, 10(52), 4783-4794.
Data & Methods
This study is based on desk research, observations and key informant interviews (n=25)
conducted in Dar es Salaam and Kilosa District in central Tanzania in February 2015.
Interviewees included the Kilosa district administrator and other officials, local community
members (farmers and agro-pastoralists), to understand the community point of view of their
situation and of the development of forest conservation projects over time; development- and
environmentally-focused donors in the capital (primarily from the EU delegation), to understand
pressures, constraints and impetus for targeting the charcoal chain; and NGO staff leading a
community forest project carried out by the Tanzania Forest Conservation Group (TFCG) and the
Community Forest Conservation Network of Tanzania (MJUMITA), who provided technical
details of forest conservation projects as well as insights into the target community.
Unstructured interviews were carried out with 13 charcoal sellers on the highway from Dodoma
(the administrative capital) to Dar es Salaam (the de facto capital), to gain insights into the
charcoal supply chain. The 2012 Tanzanian census was explored to identify broad migration
patterns in the country, but ultimately not useful for the purpose of this study. This is because
although de facto migration data is captured by comparing movements and population changes
between regions/districts/cities as compared to the previous census in 2002, it does not
adequately capture more recent, individual, and short-term – as well as sometimes
unauthorized – movement that is the focus of this study.
The study explored primarily the legal channels to charcoal production, namely through
communities engaged in ‘sustainable’ participatory forest management which includes a
controlled amount of government-permitted, high-efficiency charcoal production. However,
some rural charcoal sellers along the highway (a typical point of sale) were interviewed in an
effort to gain insights on illicit producers. This research was limited to a qualitative exploration
of migrants involved in the charcoal chain, and due to the illicit nature of some production, it
was not possible to quantify the percentage of charcoal produced by migrants or the change in
charcoal supply/availability over time. Confidentiality is afforded to all interviewees except in
cases where the interviewee agreed to be names.
A review of REDD policies and strategies, of case studies of implementing REDD initiatives, and
of academic and “grey” literature was undertaken. As the goal of this study was a qualitative
understanding of motivations and outcomes, no quantitative survey was needed. Some initial
findings and reflection are presented here, although a household survey would be needed to
fully capture migration into and out of the district. Longitudinal research and carbon
assessments of the area of study would be needed to fully assess the dynamics of how
communities respond to REDD+ initiatives and whether these efforts have positive or
maladaptive effects.
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Results and Discussion
Climate change and Migration Accelerate and Intensify Land and Forest Degradation
The interviewees of this study demonstrate that income-generating potential of charcoal
production has a clear link to migration patterns, although a complex one. Charcoal production
is well-known as an activity that can earn income quickly, making it a popular choice for
desperate people who migrate temporarily (for the production only, often illegally) or
permanently (to a forest where charcoal production is permitted, gaining permits to work for
mid-level producers).
Community members in the area of study could be divided into four categories of relevance: the
non-migrant local denizens participating in the TFCG/MJUMITA pilot, in which controlled felling
of timber was permitted for production in a high-efficiency charcoal kiln; the non-migrant locals
or neighboring villagers not part of the TFCG/MJUMITA pilot, but covered under REDD+ and not
permitted to fell timber; the migrant ‘settlers’ who reside permanently or semi-permanently in
the pilot area, at least in part because they were hired to work for established charcoal kilns;
and the ‘invaders’ (as described by Kilosa community members) who illegally fell timber, mainly
for charcoal production.
Agriculturalists who are no longer able to sustain their livelihoods may turn to forest-degrading
activities as a maladaptive coping strategy. The ‘invaders’ fall into this narrative. They are likely
to engage in one-off illegal charcoal production and sell their product either directly on the
highways to individuals or to mid-level sellers passing by. Among the interviewees along the
highway, the most cited reasons for charcoal production were crop failure due to erratic climate
and crop destruction by animal pests (mainly baboons were blamed, although zebra,
wildebeests, elephants and other animals could also be culprits). Therefore, while REDD+
funding in communities that are already involved in participatory forest management projects is
meant contribute to income diversification and risk spreading (Karky, 2008; Malimbwi & Zahabu
2009; Katani et al., 2012), in times of severe need income-poor families may still revert to illegal
logging of timber and charcoal production in nearby forest areas (Blocher 2016). While
community peer pressure was generally believed to keep illegal tree felling to a minimum, some
members of the community where the TFCG/MJUMITA pilot was carried out were reported for
improper use of the protected forest area (ibid). Encroachments on land for grazing, agriculture
and other uses were reported or discovered (M. Tarimo, pers. comm.). Illegal charcoal
production and illegal timber harvesting were reported in some villages in 2012 (TFCG, 2012),
2013 (Mosi, 2013; Vatn et al., 2013) and again by residents in 2015. This occurred when
participants considered their compensation from the pilot program to be inadequate and not
worth the income loss resulting from restriction in forest resource use (C. Leonard, pers.
comm.).
Displaced people are also contributing to this phenomenon. A risk of the REDD program is that
central governments may assert “ownership” of the forests and reclaim forestland from
communities with usufruct rights. Governments furthermore could do so without appropriately
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compensating the affected communities (Barnes & Quail, 2010). These states have the authority
to legally seize forests and not to recognize existing rights or withdraw them altogether. Where
the rights are not clear in existing laws, such a situation would apply both to non-extractive
resources (e.g., wood and timber products and non-timber forest products such as fruits, nuts,
medicinal plants, grasses and leaves), over which the government can claim ownership for the
“public good”, as well as extractive resources (e.g., sequestered carbon, so-called payment for
environmental services such as watershed protection) (USAID, 2012).
There is considerable evidence that involuntary evacuations of populations are already
occurring in parts of East Africa (Mosi, 2013). On one hand, intensified activities of growing
populations in environmentally sensitive areas have numerous negative downstream effects on
income sources and inter-communal cohesion for populations in mid and lowland areas (M. J.
Mbonile, pers. comm). This situation may have the perverse domino effect of leading to an
increase in abandonment of conservation efforts and to unsustainable deforestation in
livelihood-stressed communities. On the other hand, without planning compensation for
evacuees, environmentally degrading activities may simply be displaced elsewhere. Involving
local communities in forest management planning presents itself as a vital means to minimize
maladaptive effects of forest conservation and management planning (Gebara et al., 2014).
The migrant settlers can be compared to the ‘invaders’. Most migration in Kilosa district is due
to seasonal/agricultural workers, marriage, and sedentarization of pastoralists. The settlers of
note to this study migrated from other districts, meaning they went through a formal district
registration process, to settle for a season or longer in Kilosa. In some cases, migrants were
hired by mid-level charcoal suppliers for their charcoal-producing skills (possibly perceived skill,
as people from the highlands, included those who were involuntarily evacuated from water
cachement areas, were reported to be more adept at the activity). These migrants would settle
and receive assistance from the suppliers for necessary timber felling and charcoal transport
permits. They produce year-round, whereas most farmers who dabble in charcoal production do
so only after the harvest, when the land does not need to be tended and there may be ‘extra’
biofuel available. Therefore, the migrant settlers require more tree input and produce a higher
volume of charcoal overall. The TFCG/MJUMITA pilot, as compared to the REDD+ protected
areas, enabled this activity. However, the TFCG/MJUMITA pilot ensured that only up to a set
amount of forest would be harvested.
The results of this study were surprising. While ‘migration’ understood in broad terms was
indeed found to be connected to charcoal production and forest degradation, the dynamic is
complex. Short-term ‘invaders’ - who may indeed be livelihood-stressed migrants and displaced
people, but not always - were ultimately assessed to be of greater concern than the ‘settlers’ in
Kilosa district. The ‘settlers’, were producing charcoal in an authorized, sustainable manner (as
much as can be expected). Demand for charcoal is unlikely to dwindle as electrification and
gasification in Tanzania is small and slow, thus sustainable harvesting, such as promoted in the
TFCG/MJUMITA project, may be a viable solution.
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Adaptation Strategies and Barriers
The forest management pilot conducted by TFCG/MJUMITA attempts to mitigate the potential
lack of adoption witness in REDD+ programs. As the benefits of REDD+ offsets remain uncertain,
due in part to the legal uncertainties of carbon markets, perceived ownership of the program is
low and adoption is limited (Blocher 2016). Villagers are concerned that their existing forest use
rights and benefits – for many, their main source of income or an occasional risk insurance, as a
means to smooth household consumption – will be undermined by REDD+ implementation.
Similar concerns have emerged in other studies. A visible result in these communities has been
less emphasis on protection of the forest from external charcoal producing “invaders” and more
concern with encroachment on protected land by external individuals and neighboring village
community members (C. Leonard, pers. comm), including pastoralists.
An additional concern highlighted in the case of Kilosa is the fostering of equity between
communities (Katani et al., 2015). If certain communities receive REDD+ revenues while others
do not, the latter may feel unfairly treated and be discouraged from supporting the REDD
mechanisms. Few if any community members migrated from REDD+ program communities to
the TFCG/MJUMITA pilot communities, but the resentment of the former for the success of the
latter - demonstrated by newly built community buildings - is palpable. This contributes to the
abandonment of sustainable forest management efforts and to further forest encroachment,
which may or may not be captured in carbon auditing. Importantly, certain communities and
specific groups within communities are less likely to benefit from fair distribution of benefits,
leading to social tensions, increased inequality, and increased vulnerability. Appropriate and
participatory knowledge input and assessment mechanisms are needed to avoid these
maladaptive effects of policy implementation.
The case study presented of REDD+ supported forest management in Kilosa District of Tanzania
has all the benchmarks of being one in which participation was very central to the process.
However, issues of accountability still rear their head. First, there are issues of villagers tending
not to trust more central political institutions, especially when it comes to questions of land
tenure and land use. Villagers were, at least initially, suspicious of REDD+ initiatives because of
past circumstances in which land had been appropriated for use by other, and foreign, entities.
Local NGOs TFCG/MJUMITA had to work to alleviate these concerns. The way in which the pilot
project was established, bilaterally with the Norwegian (Mosi, 2013; Ngabo, 2013), may reflect
both the expectation that NGOs could deliver REDD+ better than the state authorities could, and
sensitivity to local distrust of central government interference in forest land access and use.
Intra-community inequalities prove to be critical. The income-generating activities promoted by
TFCG/MJUMITA appeared to be poorly understood and involved few inhabitants (Vatn et al.,
2013). In general charcoal and timber producers were initially dissatisfied with the amount of
land demarcated for their use. However, in the long run the large-scale producers have the
economic incentive to support the project as it ensures them a constant and legal supply of
charcoal. Given the fixed tax on the maximum weight of charcoal that is allowed to be
transported, a more predictable supply of charcoal means that people involved in commercial
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and year-long charcoal production are able to maximize their profit margin. By contrast, the
marginal gain is low for smaller producers or those who produce charcoal for fast cash for each
additional unit of charcoal. Thus a situation is created in which large-scale producers are given
incentives to continue producing large amounts of charcoal while those whose is livelihood
insecure cannot gain enough to pull themselves up by much. They also have incentive to
continue producing inefficiently. Whether the goal to optimize charcoal production has been
met or if the new practices have been adopted at all would need further research, although
some indications from locals suggest mixed results.
Many interviewees repeated that people would not be producing charcoal if they had an
alternative. It is a very labour- and time-intensive activity. It also can carry a stigma, as
mentioned above, as the activity can be perceived by some as antiquated or even criminal.
Conclusion
This case study presents many implications for future climate scenarios.
Erratic rainfall and dryness weaken forests (Olsson 2014). Human activity can accelerate land
and forest degradation directly, as well as indirectly, by altering water runoff that then leads to
greater erosion downstream. This is critical for rural communities as well as for the global goal
of emissions reductions set out in the UNFCCC, the UN-agreed Sustainable Development Goal 7,
the Paris Agreement, and other international agreements.
The main goal of this study was to test the interaction between livelihood stress-related
migration and charcoal production, in order to consider the ways in which future populations
may react to increased livelihood stress as a result of dryness and unpredictable climate. As
demonstrated in this study, land degradation, crop failure and lack of alternative coping
strategies can lead to maladaptive income-generating choices which further feed into a vicious
cycle of land degradation and emissions. Furthermore, the ‘pull’ of income from charcoal
production does indeed contribute to in-migration. Little evidence was found to support the
thesis that migrant networks facilitate the charcoal supply chain. On the contrary, this study
would suggest that migrants are mainly involved in the production while wealthier suppliers
ensure its transport and profit from its sale (Blocher 2016). This has implications for inequality
and for mountain and forest communities. The local inhabitants are assured the right to benefit
from sustainable exploitation of local resources and, in the larger sense, the pursuit of improved
economic conditions, educational and personal fulfillment, the highest attainable standard of
physical and mental health, and the improvement of their surrounding environment (ICPR,
1966). By empowering the local community and making the inhabitants the principal forest
stakeholders, the participatory management project encourages people to assume responsibility
for the protection of the forest against external and often illegal exploitation (Blocher 2016). The
community receives multiple tangible economic and social benefits. First, certain individuals
directly gain income generated from the sale of charcoal. Second, the villages benefit by being
the recipients of increased revenues, particularly from taxes levied against forest resource use
and transport of charcoal, which they are themselves responsible for allocating through the
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village councils. Finally, this local political empowerment has intangible benefits, particularly for
remote communities.
An unexpected finding of this study was the incoherence and potential perverse effects of
REDD+ programs. As described above, without considering the livelihoods and empowerment of
people in forest areas, the impacts of REDD+ and other forest conservation programs may not
deter forest degradation and could potentially lead to greater emissions. There are also likely to
contribute to migration through complex push-pull factors identified in this study. Such local
dynamics must be considered in government-supported climate change adaptation and
mitigation efforts.
References

Angelsen, A., Brown, S., & Loisel, C. (2009) Reducing emissions from deforestation and
forest degradation (REDD): an options assessment report.
Baccini Alessandro, Goetz Scott J., Walker Wayne S., Laporte Nadine T., Sun M., SullaMenashe Damien, Hackler J., Beck P. S. A., Dubayah R., Friedl Mark A., Samanta Sudip,
Houghton Richard A., (2012) Estimated carbon dioxide emissions from tropical
deforestation improved by carbondensity maps, Nature Climate Change, 2, 182-185.
Barnes, G., & Quail, S. (2010) Property rights to carbon in the context of climate change.
School of Forest Resources and Conservation, University of Florida. Available at
siteresources. worldbank. org/INTIE/Resources/Barnes. doc. Accessed, 8.
Blocher Julia (2016) Water always Flows Downhill: A Case for Participatory Forest
Management (PFM) In: David Ambrosetti, Jean-Renaud Boisserie, Deresse Ayenachew
and Thomas Guindeuil (eds.) Climatic and Environmental Challenges: Learning from the
Horn of Africa. Addis: Centre français des études éthiopiennes
Burgess Neil D., Bahane Bruno, Clairs Tim, Danielsen Finn, Dalsgaard Søren, Funder
Mikkel, Hagelberg Niklas, Harrison Paul, Haule Christognus, Kabalimu Kekilia, Kilahama
Felician, Kilawe Edward, Lewis Simon L., Lovett Jon C., Lyatuu Gertrude, Marshall
Andrew R., Meshack Charles, Miles Lera, Milledge Simon A.H., Munishi Pantaleo K.T.,
Nashanda Evarist, Shirima Deo, Swetnam Ruth D., Willcock Simon, Williams Andrew,
Zahabu Eliakim (2010) Getting Ready For Redd+ In Tanzania: A Case Study Of Progress
And Challenges, Fauna & Flora International, 44 (3), 339-351.
Energy Access Situation Report (Easr) (2016) Special Report: Crisis As 71pc Of
Households
Use
Firewood
In
Tanzania.
Available:
Http://Www.Thecitizen.Co.Tz/News/Crisis-As-71pc-Of-Households-Use-Firewood-InTanzania/1840340-3908836-Os2aal/Index.Html
Easterling, W.E., P.K. Aggarwal, P. Batima, K.M. Et Al. (2007) Food, Fibre And Forest
Products. Climate Change 2007: Impacts, Adaptation And Vulnerability. Contribution Of
Working Group Ii To The Fourth Assessment Report Of The Intergovernmental Panel On
Project
603864
125

Climate Change, M.L. Parry, O.F. Canziani, J.P. Palutikof, P.J. Van Der Linden And C.E.
Hanson, Eds., Cambridge University Press, Cambridge, Uk, 273-313.
Food And Agricultural Organization (Fao) (2000) The State Of Food And Agriculture.
Rome: Fao. Available: Www.Fao.Org/Docrep/017/X4400e/X4400e.Pdf
_______ (2017) The Future Of Food And Agriculture – Trends And Challenges. Rome.
Available: Www.Fao.Org/3/A-I6583e.Pdf
Beymer-Farris, B. A., & Bassett, T. J. (2012) The Redd Menace: Resurgent Protectionism
In Tanzania's Mangrove Forests. Global Environmental Change, 22(2), 332-341.
Fisher, M., Chaudhury, M., & Mccusker, B. (2010). Do Forests Help Rural Households
Adapt To Climate Variability? Evidence From Southern Malawi. World Development,
38(9), 1241-1250.
Gebara Maria Fernanda, Muccillo Luiza, May Peter, Vitel Claudia, Loft Lasse, Santos
Angelo, 2009, Towards Sustainable Production And Use Of Resources: Assessing
Biofuels, Nairobi, International Resource Panel, United Nations Environment Programme.
Government Of Tanzania (Got) (2013) 2012 Population And Housing Census Population
Distribution By Administrative Areas, National Bureau Of Statistics And Office Of Chief
Government
Statistician,
Dar
Es
Salaam.
Available:
Http://Www.Tzdpg.Or.Tz/Fileadmin/Documents/Dpg_Internal/Dpg_Working_Groups_C
lusters/Cluster_2/Water/Wsdp/Background_Information/2012_Census_General_Report.P
df
Grainer Alan (1993) Rates Of Deforestation In The Humid Tropics: Estimates And
Measurements. The Geographical Journal 159 (1): 33-44.
Hertel, T. W., & Rosch, S. D. (2010). Climate Change, Agriculture, And Poverty. Applied
Economic Perspectives And Policy, 32(3), 355-385.
International Covenant On Civil And Political Rights (Icpr), 19 December 1966, Adopted
By
The
General
Assembly
Of
The
United
Nations.
Available:
Https://Treaties.Un.Org/Doc/Publication/Unts/.../Volume-999-I-14668-English.Pdf
Intergovernmental Panel On Climate Change (Ipcc) [Nabuurs G.J., Masera O., Andrasko
K., Benitezponce P., Boer R., Dutschke M., Elsiddig E., Ford-Robertson J., Frumhoff P.,
Karjalainen T., Krankina O., Kurz W.A., Matsumoto M., Oyhantcabal W., Ravindranath
N.H., Sanz Sanchez M.J., Zhang X.] (2007) Forestry, In B. Metz, O.R. Davidson, P.R.
Bosch, R. Dave, L.A. Meyer (Eds.) Climate Change 2007: Mitigation: Contribution Of
Working Group Iii To The Fourth Assessment Report Of The Intergovernmental Panel On
Climate Change, Cambridge University Press, Cambridge.
_______ [Field, C.B., Barros, V.R., Dokken, D.J., Mach, K.J., Mastrandrea, M.D., Bilir,
T.E., Chatterjee, M., Ebi, K.L., Estrada, Y.O., Genova, R.C., Girma, B., Kissel, E.S., Levy,
Project
603864
126

A.N., Maccracken, S., Mastrandrea, P.R., White, L.L.] (2014) Climate Change 2014:
Impacts, Adaptation, And Vulnerability. Part A: Global And Sectoral Aspects.
Contribution Of Working Group Ii To The Fifth Assessment Report Of The
Intergovernmental Panel On Climate Change, Cambridge University Press,
Cambridge/New York.
Karky Bhaskar Singh (2008) The Economics Of Reducing Emissions From Community
Managed Forests In Nepal Himalaya, Centre For Clean Technology And Environmental
Policy University Of Twente [Url: Http://Doc.Utwente.Nl/68916/1/Thesis_B_Karky.Pdf].
Katani Josiah Z. Mustalahti Irmeli, Mukama Kusaga, Zahabu Eliakimu (2015)
Participatory Forest Carbon Assessment In South-Eastern Tanzania: Experiences, Costs
And Implications For Redd+ Initiatives, Fauna & Flora International,1-10.
Olsson, L., M. Opondo, P. Tschakert, A. Agrawal, S.H. Eriksen, S. Ma, L.N. Perch, And
S.A. Zakieldeen (2014) Livelihoods And Poverty. In: Climate Change 2014: Impacts,
Adaptation, And Vulnerability. Part A: Global And Sectoral Aspects. Contribution Of
Working Group Ii To The Fifth Assessment Report Of The Intergovernmental Panel On
Climate Change [Field, C.B., V.R. Barros, D.J. Dokken, K.J. Mach, M.D. Mastrandrea,
T.E. Bilir, M. Chatterjee, K.L. Ebi, Y.O. Estrada, R.C. Genova, B. Girma, E.S. Kissel, A.N.
Levy, S. Maccracken, P.R. Mastrandrea, And L.L. White (Eds.)]. Cambridge University
Press, Cambridge, United Kingdom And New York, Ny, Usa, Pp. 793-832.
Malimbwi Rogers E, Zahabu Eliakimu (2009) The Analysis Of Sustainable Charcoal
Production Systems, In S. Rose, E. Remedio, M.A. Trossero (Eds.), Criteria And Indicators
For Sustainable Woodfuels: Case Studies From Brazil, Guyana, Nepal, Philippines And
Tanzania, Rome, Fao Forestry Department, 195-227 And 229-258 [Url:
Http://Www.Fao.Org/Docrep/012/I1321e/I1321e09.Pdf].
Ministry Of Tourism, Natural Resources And Environment (Mtnre), 1994, Tanzania
Forestry Action Plan 1989/90 - 2007/08 Update. Dar Es Salaam, United Republic Of
Tanzania.
Mosi Elvis Christopher, 2013, An Assessment Of The Introduction Of Redd+ In Tanzania,
Ås, Department Of International Environment And Development Studies, Norwegian
University Of Life Sciences.
Leonard Charles, Project Manager, Tfcg/Mjumita, Interview February 19 2015.
National Environmental Management Council (Nemc), 1995, Tanzania National
Conservation Strategy For Sustainable Development, Dar Es Salaam, Nemc.
Sonwa, D. J., Somorin, O. A., Jum, C., Bele, M. Y., & Nkem, J. N. (2012). Vulnerability,
Forest-Related Sectors And Climate Change Adaptation: The Case Of Cameroon. Forest
Policy And Economics, 23, 1-9.
Tarimo Elias, Kilosa District Commissioner, Interview February 19 2015.
Project
603864
127

Vatn Arild, Angelsen Arild (2009) Options For A National Redd+ Architecture, In Arild
Angelsen (Ed.), Realising Redd+: National Strategy And Policy Options, Denmark, Center
For International Forestry Research, 57–74.
Van Der Werf Guido R., Morton Douglas C., Defries Ruth S., Olivier Joss G.J., Kasibhatla
Prasad S., Jackson Robert B., Collatz G. James, Randerson James T. (2009) Co2 Emissions
From Forest Loss, Nature Geoscience, 2, 737.
United Nations Framework Convention On Climate Change (Unfccc), May 9, 1992, S.
Treaty
Doc
No.
102-38,
1771
U.N.T.S.
107.
[Url:
Http://Unfccc.Int/Resource/Docs/Convkp/Conveng.Pdf].
Un-Redd (2013) Frequently Asked Questions Geneva, Un-Redd Secretariat [Url:
Http://Www.Unredd.Org/Aboutredd/Tabid/102614/Default.Aspx].
Usaid (2012) Redd+ And Carbon Rights: Lessons From The Field Property Rights And
Resource Governance Project (Prrgp), Seattle, Landesa For Usaid [Url:
Http://Usaidlandtenure.Net/Sites/Default/Files/
Usaid_Land_Tenure_Redd%2b_And_Carbon_Rights_Lessons_From_The_Field.Pdf].

Project
603864
128

