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Agriculture in Sub-Saharan Africa is regularly threatened by the occurrence of 

weather shocks due to extreme events as well as inter-annual and intra-

seasonal climate variability. In this paper, we wonder whether the way farmers 

respond to shocks can affect land-use and induce deforestation, a question 

that has only been marginally studied in the literature. We conduct a review of 

the impacts of weather shocks on agriculture, and review the strategies used 

by farmers to cope with and adapt to these threats. We then wonder how 

these strategies can affect land-use, drawing from the land-use change 

literature, and reviewing publications that have connected weather shocks, 

adaptation and land-use change. It appears that weather shocks can induce 

land-use change both in the short and long-term, with some practices leading 

to land conversion while others may foster conservation. However, many 

effects remain ambiguous, and are likely to depend on socioeconomic and 

geographic factors. 
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Agricultural households’ adaptation to weather shocks in Sub-Saharan Africa: What 

implications for land-use change and deforestation? 

 

1. Introduction 

Climate in Sub-Saharan Africa is highly variable both across space and time, with a variability 

across different timescales: multi-decadal, decadal, inter-annual and intra-annual (Hulme et al., 

2005). Extreme weather events such as droughts, floods and storms regularly threaten the 

region. Additionally, inter-annual and intra-seasonal variations in temperatures and rainfall 

amounts and patterns can translate into a delayed or premature onset or a shortening of the rainy 

season, and into an erratic distribution of rainfalls within the season. These weather shocks can 

range from short events to prolonged episodes lasting several years.  With over 95% of total 

cropland being rainfed (International Water Management Institute, 2010), African agriculture 

is heavily dependent on weather conditions. As a consequence, agriculture and agricultural-

based livelihoods are regularly suffering from the occurrence of weather shocks induced by 

climate variability (Rosenzweig et al., 2001; Haile, 2005; Kotir, 2011; Thornton and Cramer, 

2012; Guan et al., 2015). Because of its low adaptive capacity constrained by widespread 

poverty and its dependence on natural resources, ecosystems and agriculture, Sub-Saharan 

Africa is particularly vulnerable to such shocks (Sokona and Denton, 2001; Somorin, 2010; 

IPCC, 2014). Indeed, over 70% of Sub-Saharan Africa’s population lives in rural areas and 

around 85% depends on rainfed agriculture and agriculture-based rural activities for their 

livelihoods (Shah et al., 2008). 

Parallely, agriculture and farmers’ livelihoods have been shown to be major drivers of 

land-use change and deforestation in Sub-Saharan Africa through agricultural expansion and the 

collection of resources such as fuelwood in ecosystems (Angelsen and Kaimowitz, 1999; Geist 

and Lambin, 2001; Curtis et al., 2018). 
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Hence, agricultural livelihoods are one of the main direct cause of land-use change in Sub-

Saharan Africa, while at the same time farmers are threatened by recurrent weather shocks, 

pushing them to react and adapt. This raises the question of whether (and how) agricultural 

household adaptation and response to weather shocks affect their land-use decisions, and 

consequently these current land-use change dynamics. In other words, do weather shocks 

encourage agricultural expansion and deforestation or, conversely, foster conservation? 

Numerous publications have studied the impacts of weather shocks on agriculture and 

examined how farmers in Sub-Saharan Africa adapt and cope with such shocks. Many also 

explored land-use change dynamics and drivers in the region. However, the effects of weather 

shock adaptation on land-use change seem to have only been marginally studied in Sub-Saharan 

Africa (and in developing countries more broadly). Understanding these effects is however 

critical. Indeed, the conversion and degradation of natural ecosystems such as forests induced 

by land-use change are responsible for emitting important amounts of greenhouse gases, and 

cause the destruction of carbon sinks that are essential to mitigate climate change. The impacts 

on biodiversity and many other ecosystem services (e.g. runoff control, soil quality) are not 

negligible either (IPCC, 2019). These ecosystems are also essential to the livelihoods of a large 

part of the population in Sub-Saharan Africa (Angelsen et al., 2014; Wunder et al., 2014; Noack 

et al., 2015; Wunder et al., 2018). Additionally, in a context of climate change, weather 

conditions might become even more variable than they already are in Africa, and weather shocks 

could become more frequent and intense. Studies and observations of past climate data in Sub-

Saharan Africa tend to show an increase in climate variability in the last decades and some 

project an increased variability in the 21st century (Usman and Reason, 2004; Cook and Vizy, 

2006; Kotir, 2011; IPCC, 2014; Panthou et al., 2014). The effects of weather shocks on land-

use could thus be amplified in the future. 
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Therefore, the purpose of this article is to examine the literature across different subjects 

in order to expose what is known of the effects of farmers’ adaptation to weather shocks on 

land-use in Sub-Saharan Africa and identify questions for future research on this topic. Here, 

we focus on adaptation at the household level in reaction to climate variability and the 

occurrence of weather shocks. We do not address adaptation to climate change more broadly.  

To this end, the article reviews the impacts of weather shocks on agriculture and farming 

households (section 2), and the strategies used by households to respond and adapt to weather 

shocks and climate variability (section 3), to get intuitions on how such shocks could affect 

land-use. In section 4, we review whether (and how) the effects of weather shocks on land-use 

have been studied in the literature and expose the mechanisms through which weather shocks 

can affect land-use in Sub-Saharan Africa, both in the short term and in the long term. Finally, 

section 5 concludes. 

We found that weather shocks can affect farmers’ land-use decisions in several ways. 

Indeed, some practices could foster conservation and reduce land conversion, while others may 

cause an increase in land-use change and induce deforestation. However, it remains unclear 

whether some strategies lead to an increase or rather a decrease in land-use change, as it is likely 

to depend on socioeconomic and geographic factors influencing farmers’ decisions. We also 

confirm that few articles have explicitly connected adaptation to weather shocks with land-use 

change. Among these publications, studies focusing on Sub-Saharan Africa are scarce. Hence, 

based on our review of the literatures focusing on farmers’ adaptation and land-use change, we 

identify areas where further research is needed. 

 

2. Impacts of weather shocks on agriculture and farmer livelihoods 

Extreme weather events (mainly droughts, heat waves, heavy rainfalls and floods in Sub-

Saharan Africa) can be detrimental to agriculture in different ways. Such events might induce a 
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decrease in yields or a complete or partial destruction of crops. Storms, heavy rains and floods, 

as well as drought-induced fires, can moreover lead to the destruction or degradation of 

agricultural land and infrastructures necessary to agricultural activities, either through a direct 

effect or because of induced erosion, landslides and debris deposition (Liswanti et al., 2011; 

Lobell et al., 2011; Thornton and Cramer, 2012; Fitchett and Grab, 2014). Additionally, it has 

been shown that weather shocks could lead to a decrease in the nutritional quality of food crops 

(Hummel et al., 2018). Other types of shocks due to inter-annual and intra-seasonal climate 

variability may also have adverse impacts on agriculture. For example, a prolonged dry spell 

after sowing, a delayed onset of the rainy season or a shortened season can affect yields 

negatively (Rosenzweig et al., 2001; Thornton and Cramer, 2012; Mbilinyi et al., 2013; Guan 

et al., 2015; Antwi-Agyei et al., 2018). 

The severity of the impacts of a shock on crops depends on the type of shock, its intensity 

and duration, as well as on crop species, as some species or varieties are more resistant than 

others to drought, heat or flooding. Cassava, for instance, is quite resistant to drought and high 

temperature conditions, but is sensitive to flooding (Thornton and Cramer, 2012). The moment 

in which the shock occurs within the growing cycle of the plant is also determinant. Indeed, 

weather shocks are particularly damaging during the early stages of plant development such as 

the juvenile and reproductive stages (Rosenzweig et al., 2001; Thornton and Cramer, 2012). At 

the reproductive stage for instance, four days of moisture stress can lead to a reduction in corn 

yield up to 50% (Rosenzweig et al., 2001). Noack et al. (2019), studying the impact of droughts 

on crop income, found that dry shocks are damaging during the plant growing period, and not 

necessarily around the harvesting period. Positive rainfall shocks, on the other hand, can be 

beneficial to some crops during the growing season and detrimental during the harvesting 

period, depending on the intensity of the precipitation. 
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Several studies have examined the potential effects of climate change on crop yields in 

Africa but those that quantify the impacts of weather shocks more specifically are few. It 

appears that while greater temperatures or precipitation (if not excessive) might be beneficial to 

certain crops in some areas, such changes can become highly detrimental when exceeding a 

certain level (Rosenzweig et al., 2001; van Asten et al., 2011; Lobell et al., 2011; Blanc, 2012; 

Thornton and Cramer, 2012). Lobell et al. (2011), using maize cropping trials and daily weather 

data in Africa, found a decrease in final yield by 1% for each degree day passed above 30°C 

under optimal rain-fed conditions. This percentage reaches 1.7% under drought conditions, 

underlying the importance of moisture for maize to cope with heat. Blanc (2012) found that a 

one standard deviation change from median precipitation lead to an increase in maize yields by 

2.9%, while yields during floods are lower by 7.1% compared to normal conditions in Sub-

Saharan Africa. Similarly, for sorghum, floods lead to lower yields by 7.5% compared to normal 

periods. Lobell et al. (2011) found that, under drought stress, all present maize-growing areas 

observed yield loss, and over 75% of the harvested area had at least a 20% loss of yield for 1°C 

warming. Groundnut, produced by many smallholders as a food and cash crop in Sub-Saharan 

Africa, could suffer important yield decrease due to temperature shocks coupled with water 

stress. Temperatures over 25°C were found to engender significant reduction in the number of 

subterranean pegs and pods, seed size and seed yield by 30-50% ((Ong, 1984) in (Thornton and 

Cramer, 2012)).  

Beyond its effects on crops, weather shocks also impact livestock rearing. Droughts, storms, 

floods and heat waves can lead to livestock mortality (Thornton and Cramer, 2012). During heat 

waves, animals are outside of their thermal comfort zone and thus reduce their food intake, 

which leads to a decrease in productivity (milk production, weight gain). It was found that above 

25-30°C (depending on the type of animal), animals reduce their feed intake by 3-5% per 

additional degree of temperature, thereby leading to a productivity loss of 10-20% per additional 
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degree of temperature (National Research Council, 1981; Thornton and Cramer, 2012). 

Moreover, heat waves and repeated droughts might impact animal reproduction, hence affecting 

herd size. Weather shocks might also render livestock more vulnerable to diseases (Herrero et 

al., 2009; Thornton and Cramer, 2012). In addition, it could affect water resources on which 

livestock rearing heavily depends, as well as feed sources in quality and quantity by affecting 

the productivity of feed crops and grazing systems, and the composition of pastures (Herrero et 

al., 2009; Thornton and Cramer, 2012). For pastoralist and agro-pastoralist households in 

Africa’s drylands, for whom livestock sometimes represents their only assets, or that depend 

extensively on livestock production for their livelihoods, the effects might be devastating. In 

the Horn of Africa, the droughts that took place between 1998 and 2011 killed over 50% of 

cattle in the most heavily impacted regions, affecting millions of livelihoods (De Haan, 2016). 

Furthermore, weather shocks might have indirect adverse effects on agriculture by affecting 

essential natural resources and ecosystem services. Such impacts become apparent later in time 

rather than immediately after a shock as it can take time for effects on ecosystem services and 

resources to manifest as agricultural losses. In this regard, weather shocks can affect soils 

(erosion, soil degradation, loss of absorption capacity, loss of soil moisture), water resources, 

and the functioning and composition of ecosystems. Important additional impacts include 

effects on the propagation and repartition of pathogens, plant diseases, pests, and on insects and 

species essential for crops (e.g. pollinators). For agricultural productions, effects on these 

overall components can be largely detrimental (Rosenzweig et al., 2001; Thornton and Cramer, 

2012). 

The impacts of weather shocks on agricultural productions may then reverberate on markets 

and food prices. Indeed, as yields become lower following a shock, the prices of agricultural 

products are expected to increase (Jodha, 1978; Roncoli et al., 2001; Araujo Bonjean and 

Simonet, 2016). The impacts of such market mechanisms on a household depend on whether it 
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is a net buyer or net seller i.e. whether the household produces more than it needs for its 

subsistence, or needs to buy surplus on the market (de Janvry and Sadoulet, 2011). Households 

that are net buyers might thus be impacted directly by the weather shock, but also indirectly 

through the prices of goods they need to buy. Likewise, for livestock products, prices generally 

increase after a shock, allowing those who were less impacted or with more assets to take 

advantage of this price increase. 

Hence, weather shocks due to extreme events and inter-annual and intra-seasonal variability 

can have strong repercussions on farmer households, affecting agricultural productions, markets 

and food prices, and consequently income, food security and even health (Haile, 2005; IPCC, 

2014; Kotir, 2011; Thornton and Cramer, 2012; Gautier et al., 2016; Noack et al., 2019). The 

extent of the impact on a farmer’s activities and livelihood varies upon the type, severity and 

duration of the shock that could range from a short event to an episode lasting several days, 

months, or even years as it was the case for the prolonged Sahelian droughts that occurred 

between the end of the 1960s and the 1980s (Dai et al., 2004). In the following section, it is 

shown that households have implemented diverse strategies to adapt to the risk posed by 

weather shocks, cope with the effects of those events and maintain their livelihoods.  

 

3. Farmer responses to weather shocks 

Several studies have reported that farmers in Africa perceive changes in climate as well as in 

inter-annual and intra-seasonal variability, including changes in the frequency and intensity of 

weather extremes. They can also observe the impacts of such phenomena on agricultural 

activities and livelihoods. Over the years, they have developed many practices and strategies to 

adapt to and deal with the diverse risks they are facing, including weather-related risks 

(Maddison, 2007; Thomas et al., 2007; Hassan and Nhemachena, 2008; Mertz et al., 2009; 

Bezabih and Sarr, 2012; Silvestri et al., 2012; Bryan et al., 2013; Kosmowski et al., 2016; Elum 
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et al., 2017). Here, we focus on adaptation and coping practices implemented at the farming 

household level, as it is assumed that decisions affecting livelihood strategy, production, 

adaptation and land-use are taken at that scale. 

In reaction to the shocks caused by climate variability, agricultural households in Sub-

Saharan Africa adopt different approaches. Following (or during) a weather shock, they resort 

to different coping strategies to deal with the consequences of the event, maintain their 

productions, and survive. These coping practices are most often temporary but may, in extreme 

cases, last or become permanent. In the longer-term, households may also implement 

anticipatory adaptation strategies to deal with the risk induced by climate variability. Some 

adaptation strategies aim at reducing the household’s exposure and sensitivity to the risk by 

smoothing income fluctuations ex-ante (risk-management practices). For instance, they can 

decide to diversify their sources of livelihoods. Other strategies (risk-coping practices) seek to 

prepare for the occurrence of shocks and limit potential impacts on the household through ex-

post income or consumption smoothing (Alderman et Paxson, 1994; Dercon, 2002). Households 

can for instance build asset stocks ex-ante that can be depleted in difficult times. These 

strategies, in contrast with coping measures, are anticipated, planned, and usually continuous, 

and not a reaction to a specific shock. The distinction between coping practices (ex-post) and 

anticipatory adaptation strategies (ex-ante) can, however, sometimes become blurred, as some 

coping practices may extend in time and become part of broader planned adaptation strategies, 

and other coping responses require actions and preparation ex-ante in order to be effective in 

the face of a shock. For instance, households in developing countries often constitute asset 

stocks during favorable times because they anticipate that they might need to sell assets to get 

cash and cope with a shock later.  

The use of the term ‘adaptation’ may seem inappropriate here, in the sense that 

adaptation is usually used in response to a situation that is changing (for instance, adaptation to 
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climate change) and many of the practices studied here are not solely implemented in response 

to weather events, but to deal with the many risks and shocks households in Sub-Saharan Africa 

face. Such practices may thus be a part of their usual livelihood strategy. The distinction 

between adaptation strategies and strategies used to deal with risk is not always clear in the 

literature. However, considering that climate change is likely to affect climate variability, and 

thus the severity and frequency of occurrence of weather shocks, we have decided to use the 

term ‘adaptation’ to refer to strategies implemented ex-ante to deal with climate variability, 

including strategies usually used by households to deal with diverse risks. 

 Thereafter, in tables 1, 2 and 3, common strategies found in the literature, and 

implemented by African farmers and herders in response to climate variability and weather 

shocks are categorized in accordance with the two distinctions introduced previously: 

anticipatory adaptation / coping strategies and risk-management / risk-coping practices. By 

definition, coping practices, which are used by households after a shock to deal with the impact, 

comprise only risk-coping practices. Finally, we differentiate agricultural from non-agricultural 

strategies as it does not resort to the same resources and is likely to have different impacts on 

the environment and land-use. Some of the articles cited below also mention adaptation and 

coping strategies used in developing countries more broadly, and are not focused only on Africa. 
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Anticipatory adaptation practices 

Table 1. Risk-management strategies 

 Practices Description References 
 
Off-farm 
& Non-
farm 

Diversification 
of income 
sources 

Diversifying income with non-farm or off-farm activities. 
It involves changes in labor allocation, and might involve 
migration. Common off-farm activities include the 
gathering of non-timber forest products (NTFP), petty 
trade, etc. 
In the case of a migration, the emigrated family 
member(s) can send remittances to the family.  

(Pattanayak and Sills, 
2001; Ellis, 2008; 
Osbahr et al., 2008; 
Paavola, 2008; 
Liswanti et al., 2011; 
Angelsen et al., 2014; 
Wunder et al., 2014) 

Income 
skewing 

Re-allocation of resources to one or several activities with 
lower returns but lower risks. 

(Dercon, 2002) 

Migration - Permanent migration and resettlement of the entire 
household, or only of some household members 

- Regular seasonal migration of household members 

(Jodha, 1978; Corbett, 
1988; Osbahr et al., 
2008; Paavola, 2008; 
Liswanti et al., 2011) 

 
Agricultu
ral 

Agricultural 
diversification 

- Diversification of crops, intercropping, halting of 
monoculture production, use of crops with different 
agronomic and physiological characteristics (time to 
maturity, etc.) 

- Diversification of agricultural practices (fallow times, 
rotations…) 

- Spatial diversification: division of the exploitation in 
plots with different attributes (crops, practices), taking 
advantage of landscape diversity (topography, soils, 
climate…) – this practice requires land and labor 

- Transition to crop-livestock mixed systems. This can 
be seen as a diversification strategy but might also be 
an integration strategy (use of one activity’s 
byproducts as an input for the other activity). 

- Diversification through the addition of trees. It may 
provide food, income, and ecosystem services for crop 
and livestock activities – it might require labor, skills 
and knowledge, as well as equipment. 

(Jodha, 1978; 
Reenberg and Paarup-
Laursen, 1997; 
Osbahr et al., 2008;  
Bezabih and Sarr, 
2012; Mapfumo et al., 
2014; Thornton and 
Herrero,  2014; 
Wunder et al., 2014; 
Yegbemey et al., 
2017; Veljanoska, 
2018) 

Other 
agricultural 
practices 

- Use of crops or varieties better adapted to droughts, 
high temperatures, and even waterlogging. This can 
lead to a change in the main crop, or to the 
introduction of new crops. New crops might as well 
be ancient varieties.  

- Addition of trees / agroforestry - protection from 
strong winds, shading, runoff control, fodder source, 
etc. 

- Relocation of crops to less exposed and better adapted 
lands, or even relocation of the farm – it requires 
access to land 

- Change in the agricultural calendar (sowing date, 
etc.), and choice of short-maturing varieties 

- Soil conservation and water harvesting techniques / 
climate-smart agriculture  

- Irrigation – it might be financially costly, but allows 
dry season farming, and growing fruits and vegetables 

- Increase in crop spacing to avoid plant competition for 
water 

- Seedling covering (plastic or other cover) 
- Expansion/extensification (decrease in fallow time, 

conversion of fallow or of new land) 
- Turning back to / increase of subsistence farming 

(Brou, 2005; Thomas 
et al., 2007 ; Paavola, 
2008; Bryan et al., 
2009; Mapfumo et al., 
2014; Thornton and 
Herrero, 2014; Elum 
et al., 2017; 
Yegbemey et al., 
2017; Partey et al., 
2018; Antwi-Agyei et 
al., 2018) 
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- Intensification 
Practices 
specific to 
livestock 
rearing 

- Use of breeds better adapted to droughts and high 
temperatures 

- Diversification through diversified herd composition, 
herd splitting in different places, transition to mixed 
crop-livestock systems 

- Reduction in herd size, or halting of livestock rearing 
- Diversification of feed sources, finding more resistant 

feed sources (to both drought conditions and 
waterlogging), change in feeding regime 

- Relocation of herds to less exposed or better adapted 
zones (in terms of climate, vegetation, feed sources).  

(Silvestri et al., 2012; 
Tibbo and van de 
Steeg, 2013; 
Mapfumo et al., 2014; 
Thornton and 
Herrero, 2014) 

 

Table 2. Risk-coping strategies 

 Practices Description References 
 
Off-farm 
& Non-
farm 

Participation in / 
development of 
kinship 
networks 

Such networks are based on reciprocity, to benefit 
from donation, lending, help, trading of food, labor, 
money, or other elements in case of shock (e.g. 
exchange of labor against food). It is a form of risk 
pooling, and can be done with family, friends, 
neighbors, or between communities and villages. 

(Corbett, 1988; Dercon, 
2002; Osbahr et al., 2008; 
Wunder et al., 2014) 

Constitution of 
buffer stocks 

Stocks of food, harvest, NTFP. Form of informal 
insurance.  

(Corbett, 1988; Wunder 
et al., 2014) 

Constitution of 
asset stocks 

Livestock is particularly being used for saving 
purposes. Most often, it is smallstock (e.g. poultry) as 
it is less expensive and easier to resell, but it depends 
on numerous factors among which culture, religion, 
wealth, and location. 

(Jodha, 1978; Corbett, 
1988; Dercon, 2002; 
Wunder et al., 2014) 

 

Coping responses to weather shocks 

Table 3. Risk-coping strategies 

 Practices Description References 
 
Off-farm 
& Non-
farm 

Asset sales Sales of assets acquired for saving purposes in the 
first place, such as smallstock or jewelry, and sales 
of productive assets later if the shock is severe, for 
instance cattle, farm, land (distress sales). 
 

(Jodha, 1978; Corbett, 
1988; Osbahr et al., 2008; 
Smucker and Wisner, 
2008; Silvestri et al., 2012; 
Wunder et al., 2014) 

Search of 
alternative 
income sources 

Through off-farm work, natural product harvesting, 
handicraft, etc. Such practice might take the form of 
temporary migration. The emigrated family 
member(s) can send remittances. The migration also 
alleviates pressure on the consumption needs of the 
family. More generally, this practice implies a 
reallocation of production factors, notably labor.  

(Corbett, 1988; Smucker 
and Wisner, 2008; 
Liswanti et al., 2011; 
Silvestri et al., 2012; 
Mapfumo et al., 2014; 
Wunder et al., 2014; 
Noack et al., 2019) 

Natural 
products 
harvesting 

For consumption or sale to make up for poor harvest 
(fuelwood, construction wood, fodder, NTFP, etc.). 
This practice might already take place in normal 
times but even more following a shock. Some studies 
report an increase in charcoal production (for cash 
income) after a shock. 

(Corbett, 1988; Angelsen 
and Wunder, 2003;  
Smucker and Wisner, 
2008; Liswanti et al., 2011; 
Woittiez et al., 2013; 
Gautier et al., 2016; Noack 
et al., 2019) 
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Purchase of 
food or 
construction 
materials 

The income from migration (remittances), or from 
other sources (asset sales, NTFP sales, off-farm 
work) can be used for this purpose. 

(Osbahr et al., 2008; 
Silvestri et al., 2012) 

Use of kinship 
networks 

To get food, livestock, labor, seeds, or work. 
However, in the case of severe or lasting shock this 
solution might be inefficient as the whole community 
is affected. 

(Corbett, 1988; Osbahr et 
al., 2008; Liswanti et al., 
2011; Silvestri et al., 
2012 ; Gautier et al., 2016) 

Change in the 
intensity of use 
of the labor 
force 

Household members work longer hours, harder, and 
children might be taken out of school to be used as 
additional labor.  
 

(Wunder et al., 2014) 

Economical 
behavior 

Reduced expenditures and consumption, rationing. 
Constitution of food stocks (crops, wild foods) if the 
shock is thought to last. 

(Jodha, 1978; Corbett, 
1988; Silvestri et al., 
2012 ; Gautier et al., 2016) 

Change in diet Consumption of different food (Silvestri et al., 2012) 
Migration  - Temporary migration to look for work 

- Distress migration (permanent) 
(Corbett, 1988; Osbahr et 
al., 2008; Gautier et al., 
2016) 

Taking a loan Use of credit from merchants or moneylenders. 
Interest rates might be high. 

(Corbett, 1988; Gautier et 
al., 2016) 

 
Agricultu
ral 

Responses for 
livestock 
rearing 

- Relocation of the herd and/or mobility to find areas 
with more feed and water resources, or with a more 
appropriate vegetation and climate. This can lead 
to grazing in protected areas, common pool 
resources, government areas. 

- Buying fodder and water 
- Selling animals - pastoralists are less inclined to 

kill or sell their animals after a shock compared to 
other farmers for whom livestock can be 
considered more as savings rather than as 
productive assets. 

(Ifejika Speranza, 2010; 
Mapfumo et al., 2014; 
Gautier et al., 2016) 

Focus on 
livestock 
(rather than 
crops) 

Reduce investment in agriculture / cessation of 
cropping activities to focus on livestock 
management. 

(Thomas et al., 2007) 

Finding 
temporary 
agricultural 
land 

Especially if the land was damaged or flooded. (Takasaki et al., 2004 ; 
Liswanti et al., 2011) 

Other practices Soil conservation and water management 
conservation practices, delaying planting / replanting. 

(Berman et al., 2014) 
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Among the practices and strategies listed in the above tables, it is important to 

distinguish those which increase the resilience of households and farmers, for instance soil and 

water conservation practices, from other practices which may bring advantages and relief in the 

short-term but also induce environmental degradation. For instance, practices that induce 

erosion, ecosystem depletion, land conversion, affect water resources or impact biodiversity 

will, in the long-term, decrease the resilience of households to weather shocks, and may even 

increase risk (increase greenhouse gases emissions) and lead to vicious cycles. Additionally, 

practices used by farmers to increase yields may in reality increase risk. For instance, if farmers 

use more farm inputs to increase yields, their costs increase, and so do the losses in the case of 

a bad rainy season or year. Hence some practices implemented to deal with weather shocks can 

aggravate the situation and make farmers more vulnerable.  

 

Market mechanisms 

As households adapt to and cope with weather shocks, some market mechanisms might affect 

their strategy. In this regard, market feedbacks from adaptation and coping practices are 

particularly interesting. Indeed, if shocks affect a large sample of households and a large 

geographic perimeter, and if household all undertake similar coping options simultaneously, 

those options may become less efficient. For instance, if everybody is selling assets to get cash 

income, asset prices might decrease, which reduces the coping efficiency of the selling (Jodha, 

1978; Dercon, 2002). Similarly, if many agents are looking for off-farm work to find alternative 

income sources, wages might decrease because of the increased labor supply. After a positive 

year or season, asset prices might spike as many want to acquire assets and (re)build stocks 

(Dercon, 2002). Hence, the timing in which the household choose to resort to such practices is 

determinant to its success. 
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Furthermore, the demand for goods and services in affected communities is reduced 

following droughts (Sen, 1981), which might limit the possibilities for off-farm employment 

and the search for alternative sources of revenue such as petty trade or selling crafts. The 

agricultural failure induced by a weather event can also limit rural employment possibilities 

(Haile, 2005). 

 

Gradation and sequence of farmer responses to weather shocks 

Research on weather shocks and coping practices suggests that agricultural households respond 

to shocks following a certain logic and sequence of actions. Indeed, they try to satisfy immediate 

needs and address imminent threats without depleting their means of subsistence (mainly, their 

productive assets) to maintain their livelihood, which indicates a long-term vision (Corbett, 

1988; Smucker and Wisner, 2008). An illustration of the gradation of farmer’s responses to a 

shock is given by Corbett (1988) that studies household coping mechanisms in the midst of 

drought-induced famines in Africa based on the work of Watts (1983), Cutler (1986), and 

Rahmato (1991). Even though many factors apart from weather events come into play to explain 

famine, the reasoning offered by (Corbett, 1988) remains interesting as it can be assumed 

households would behave similarly when facing shocks threatening their food security. 

In the first phase, households try to cope with the crisis while not endangering their long-

term survival, through the sale of assets acquired for saving purposes, reduction in consumption, 

collection of wild foods, or off-farm work. If it turns out not to be sufficient, households might 

engage in a second phase of response by selling important productive assets, or borrowing from 

merchants or moneylenders at high interest rates. Finally, in last resort, they might have to sell 

farmland and migrate permanently to look for land or work opportunities elsewhere and to 

survive. Depending on their initial endowments, and the severity and duration of the crisis, 

households engage more or less far in those stages of response. Hence, in severe cases, 
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households might implement strategies that will have long-term effects. If a farmer sold 

productive assets to buy food for instance, it might be hard for him to reacquire such assets after 

the crisis, and thus to prepare for the next shock. As Jodha (1978) points out, some farmers and 

herders might even become tenants or landless laborers at some point. An increase in the 

frequency and intensity of weather shocks would then exacerbate this phenomenon, increase 

poverty and vulnerability, while endangering the household’s capacity to respond to future 

threats. Weather shocks might thus create or reinforce poverty traps. First, because of their 

impacts on income and asset loss in the sense that some households might fall below a minimum 

asset threshold under which asset accumulation and livelihood growth are difficult (Carter et 

al., 2007). Second, through the adaptation and coping strategies that are implemented. Indeed, 

some practices required for the subsistence and insurance of the household keep them from 

undertaking other more profitable activities while not alleviating poverty either as the activity 

undertaken does not generate more than their subsistence needs. In this regard, Sunderlin et al. 

(2001), Angelsen and Wunder (2003) and Delacote (2009) describe how the use of common 

property resources, and NTFP extraction in particular, can represent both a safety-net and a 

poverty trap. 

 

Influence of socioeconomic and geographic factors on farmers’ choice of adaptation strategies 

The literature exploring farmer responses to weather shocks provides evidence showing that 

several factors can influence a household’s choice of adaptation and coping strategies, but also 

constrain its ability to adapt. Such factors are related to markets conditions (e.g. access to 

markets, to insurance and credit); household socioeconomic characteristics (e.g. wealth, 

education or risk aversion); local geographical and biophysical conditions (proximity of 

woodlands and natural resources, climate); as well as features specific to adaptation practices 

(e.g. cost). Table 4 gives a list of factors often quoted in the literature. 
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Table 4: Example of determinants influencing the possibilities and choices of adaptation and 

coping practices 

Type of factors Factors References 
Market Absence/imperfection/lack of access 

to insurance and credit market 
(Maddison, 2007 ; Bryan et al., 2009; Deressa et al., 
2009, Deressa et al., 2010; Hisali et al., 2011; 
Silvestri et al., 2012) 

Conditions of local labor market (Corbett, 1988) 
Access to input / output markets (Hassan and Nhemachena, 2008) 

Socio-economic Factor endowments and asset holding (Deressa et al., 2009, Deressa et al., 2010; Angelsen 
et al., 2014; Wunder et al., 2014) 

Wealth (Corbett, 1988; Bryan et al., 2009; Berman et al., 
2014) 

Sources of livelihood (Corbett, 1988) 
Level of risk aversion of the household (Alderman and Paxson, 1994; Knight et al., 2003; 

Bezabih and Sarr, 2012) 
Level of education, age and gender of 
the head of the household 

(Knight et al., 2003; Deressa et al., 2009; Deressa et 
al., 2010; Hisali et al., 2011; Angelsen et al., 2014; 
Berman et al., 2014; Alemayehu and Bewket, 2017; 
Antwi-Agyei et al., 2018) 

Household size (Angelsen et al., 2014) 
Level of income diversification and 
off-farm employment 

(Deressa et al., 2009; Hisali et al., 2011; Silvestri et 
al., 2012) 

Geographical and 
biophysical 

Proximity of forests and woodlands (Hedge and Bull, 2008; Fisher et al., 2010) 
Available natural resources (water, 
etc) 

(Bryan et al., 2013; Opiyo et al., 2015) 

Agro-ecological zone (Deressa et al., 2009; Deressa et al., 2010; Hisali et 
al., 2011; Bryan et al., 2013; Alemayehu and 
Bewket, 2017) 

Features of 
adaptation practices 

Cost (Bryan et al., 2013; Opiyo et al., 2015) 
Skills or knowledge requirement  (Opiyo et al., 2015) 
Ease / difficulty of access to some 
practices (irrigation, drought-resistant 
seeds, agroforestry, etc.) 

(Silvestri et al., 2012; Bryan et al., 2013; Opiyo et 
al., 2015) 

Other local 
conditions 

Land availability, access, and tenure (Corbett, 1988; Bryan et al., 2009; Hisali et al., 
2011; Silvestri et al., 2012; Bryan et al., 2013; 
Alemayehu and Bewket, 2017) 

Distance to the closest center and 
market 

(Hisali et al., 2011; Silvestri et al., 2012; Angelsen 
et al., 2014; Noack et al., 2015) 

Access to extension services (Bryan et al. 2009; Deressa et al., 2009; Deressa et 
al., 2010 ; Hisali et al., 2011; Silvestri et al., 2012 ; 
Bryan et al., 2013; Alemayehu and Bewket, 2017) 

 

 In particular, the climatic context might influence and constrain adaptation and coping 

possibilities. In the regions where climate variability is intensifying, and where weather shocks 

are expected to become more severe and frequent, some strategies might turn out to be 

inefficient or inoperable. In areas facing an increased frequency and intensity of droughts or 

heavy rains for instance, some insurance mechanisms such as the constitution of asset stocks 

through the acquisition of livestock may not be resorted to anymore due to a high mortality risk. 
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4. Effect of weather shocks on land-use 

The previous sections have underlined the negative impacts of weather shocks on agricultural 

activities and livelihoods in Sub-Saharan Africa, and detailed how farmers react and adapt in 

the short and long-term with climate variability and the occurrence of weather shocks. We now 

wonder whether the way farmers respond and adapt to such shocks induces land-use changes. 

Land-use change can be defined as the transition, either partial or complete, from one 

utilization of a land to another, for instance natural to agricultural, agricultural to urban or 

agricultural to natural. In some cases, land-use change can take the form of deforestation. Land-

use change, and tropical deforestation more specifically, are caused by a combination of 

proximate drivers (agriculture, infrastructure, etc.) and underlying forces influencing those 

drivers (socioeconomic, environmental, political and institutional) (Geist and Lambin, 2001; 

Lambin et al., 2001). In Sub-Saharan Africa, agriculture, in the form of agricultural expansion, 

has been shown to be one of the main direct driver of land-use change and deforestation (Geist 

and Lambin, 2001; Curtis et al., 2018). Furthermore, through practices such as fuelwood 

extraction, charcoal making and other natural product harvesting, farmer and rural livelihoods 

contribute to ecosystem degradation and deforestation (Geist and Lambin, 2001; Robledo et al., 

2012). We thus wonder if climate variability, and the occurrence of weather shocks, affect 

farmers’ land-use decisions and practices, and play a role in their decisions to expand or reduce 

farmland area, to exploit or conserve surrounding natural ecosystems i.e. whether climate 

variability represents an underlying driver of land-use change. 

In this section, we first conduct a review of publications that have explicitly connected 

farmers’ adaptation and coping strategies to weather shocks with land-use changes, with a focus 

on Sub-Saharan Africa. We also review papers studying this question in developing countries 

more broadly as it may give interesting insights on how weather shocks and land-use are 

connected. In a second part, and building on this review, we draw from the land-use change 



18 
 

literature and the adaptation literature to further connect weather shocks and land-use change 

and better understand the mechanisms through which such shocks affect land-use. Overall, this 

review of various literatures allows us to expose what is known about this question, and to 

identify areas where further research is needed. 

 

4.1. Literature connecting weather shock, adaptation, and effect on land-use 

In the literature studying the drivers of land-use change, a few studies have identified climate 

variability, and more specifically weather shocks, as an underlying force causing land-use 

change. Indeed, because such variability and shocks affect agricultural productions, it is also 

likely to influence farmers’ land-use decisions. Few studies however detail the mechanisms 

through which weather shocks lead to a change in land-use. In this regard, interesting papers in 

Sub-Saharan Africa are those of Reid et al. (2000), Tsegaye et al. (2010), Biazin and Sterk 

(2013) and Kindu et al. (2015), that use remote sensing techniques to identify land-use change 

dynamics in different regions of Ethiopia over the past decades, as well as socioeconomic and 

historical data and interviews to pinpoint the direct and underlying drivers of those dynamics. 

The sedentarization of a large part of the pastoral population and their transition from pastoral 

to mixed farming systems account for a significant proportion of the observed land-use changes 

in the region (shift from woodland and grassland to cultivated land). Along with other factors 

such as land reforms and demographic dynamics, rainfall variability and recurring droughts 

were perceived to have played a part in farmers’ decisions to settle down and start with mixed-

farming systems. Indeed, Biazin and Sterk (2013) show that mixed farming systems are less 

vulnerable to dry spells than is pastoralism. In Kenya, Campbell et al. (2005) found a similar 

land-use change pattern. 

Biazin and Sterk (2013) also observed that the land conversion rate in the Rift Valley of 

Ethiopia in the last decade was slower than in other regions with more abundant rainfall or 
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possibility of irrigation. In these regions the conversion to cropland did not slow down. They 

suggest that it could be explained by the fact that farmers in the Rift Valley (a more drought 

prone area) want to retain as much grazing land as possible to be able to continue with the mixed 

farming system in the future, a system that allows them to be less vulnerable to dry spells. Again, 

this suggest that climate conditions and variability are considered by farmers when making land-

use decisions. 

Additionally, the harvest, production and selling of fuelwood and charcoal was also 

perceived to be an important driver of land-use and land-cover changes in these studies. This 

activity is increasingly practiced during droughts as households look for additional sources of 

revenue in times of crisis. In this sense, droughts can indirectly contribute to land-use and land-

cover changes. 

Finally, these studies found that weather shocks can affect land-use because they induce 

migrations. The droughts that occurred in the 70s and 80s, in combination with other factors, 

triggered population movements, heavily used land was abandoned, and farmers migrated to 

maintain their livelihoods. Southern parts of Ethiopia, in particular, welcomed a lot of migrants 

because land was available and rainfall quite reliable in this part of the country (Reid et al., 

2000). Such migrations triggered land-use change in areas of destination, mainly because it lead 

to agricultural expansion (Tsegaye et al., 2010). 

Overall, these four studies underline several channels through which climate variability and 

weather shock occurrence can impact land-use: (i) it influences farmers’ decisions in terms of 

farming systems, (ii) it pushes farmers to collect resources in natural ecosystems which can lead 

to degradation, (iii) it pushes farmers to migrate, abandon land and establish themselves 

elsewhere, which can lead to new land clearing. However, the identification of the underlying 

forces explaining land-use change is mostly based on local populations’ perception (interviews) 

in these studies. It seems that no statistical analysis has been conducted to correlate the observed 
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land-use changes with the perceived drivers of these changes. Thus, these papers do not allow 

to quantify the extent of the role of weather shocks in causing these land-use changes. 

Focusing on the determinants of farmers’ land-use strategies in drought prone areas such as 

the Sahelian region, Reenberg (1994), Reenberg and Paarup-Laursen (1997) and Reenberg et 

al. (1998), also found that climate and rainfall parameters influence land-use. To adapt to 

droughts in such areas, farmers relocate fields to better adapted soils (e.g. land with a better 

absorption capacity) and use spatial diversification. It is not uncommon for farmers to cultivate 

different types of land (with different soils and slopes for instance), to harvest only some and 

abandon the others if the amount and timing of rainfall are good in the end. These articles are 

rather descriptive, based on field observations, and do not investigate if such practices cause 

land-use change i.e. if they require land conversion, expansion, or cause degradation. 

Roncoli et al. (2001), studying the coping practices of Burkinabe farmers in response to the 

drought of 1997, noted that some households had increased their cultivated area (notably in the 

lowlands) in 1998, while others had abandoned lands. Some of the reasons cited for this decrease 

in farmland area were that these lands had performed poorly in the 1997 drought year, or 

because of the loss of labor due to migrations and the effects of drought on health. This study 

suggests that weather shocks influence farmers’ decisions to expand or reduce farmed area in 

the short term (adjustment before the next growing season). On this question, we only found 

two papers in the literature empirically studying whether farmers expand their land following a 

weather shock. Results of Damania et al. (2017) suggest that dry shocks lead to an important 

expansion of cropland, whereas wet rainfall shocks are apparently not correlated with land-use 

change. This expansion would be explained by what the authors name the “safety-first” response 

of farmers to shocks: when facing repeated years of difficult weather conditions and lower 

yields, farmers realize that yields in the coming years might continue to be depressed and thus 

decide to expand as they have limited options to maintain production and income. When 
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studying the relation between droughts and deforestation in Madagascar, Desbureaux and 

Damania (2018) found that droughts trigger an increase in deforestation due to agricultural 

expansion (+7.6% country wide compared to years of normal weather, and +14% in areas with 

communities living nearby). However, while moderate droughts are correlated with an increase 

in deforestation, severe or consecutive droughts seem to have the opposite effect, reducing 

deforestation compared to years of normal weather. The authors suggest that this reverse effect 

could be explained by the risk-aversion behavior of farmers. As the risk becomes too high, 

farmers realize it, and chose to resort to different strategies rather than expand cultivated areas 

which would increase risk exposure. This hypothesis has not been tested by the authors, and 

other explanations are possible. After a period of severe, long or repeated shocks, households 

perhaps no longer have the resources to expand farmland (labor-intensive practice) due to the 

impact of weather shocks on the food security, health and work capacity of the household 

(Bailey et al., 1992; Wilkie et al., 1999; Roncoli et al., 2001). Moreover, the study of 

Desbureaux and Damania (2018) in centered on Madagascar where shifting agriculture is the 

dominant agricultural system, a system that has been pointed out as being an important source 

of deforestation. Thus, further research is needed to understand if similar process take place in 

other regions, with different environment and farming systems, and to better understand what 

conditions influence farmers to expand their land after a shock rather than to reduce it. 

Outside of Sub-Saharan Africa, one author stands out for having explicitly connected 

adaptation to climate variability with land-use change in two empirical studies focusing on 

protected areas in the Americas. Rodriguez-Solorzano (2014) investigates the impacts of some 

adaptation practices to climate variability on deforestation in Calakmul and Maya biosphere 

reserves in Mexico and Guatemala and finds out that diversification based on off-farm jobs or 

operating provision shops is a conservation-driving strategy, taking pressure off forests, 

whereas savings, based on cattle-ranching, is rather a deforestation-driving practice. For the two 
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other adaptations studied, migration and pooling (a form of risk-sharing used by households by 

working together as a productive group), no pattern arises. In a second article, this time focusing 

on internationally adjoining protected areas (IAPAs) in the Americas, Rodriguez-Solorzano 

(2016) shows that diversification and pooling have no statistically significant relationship with 

land-use change (defined here as the conversion from natural ecosystems into crops, pastures 

or infrastructures). Out-migration, on the other hand, is positively correlated with increased 

land-use change. In these two articles however, the mechanisms through which these adaptation 

practices lead to an increase (or a decrease) in land-use change are not investigated.  

Lastly, Azadi et al. (2018) review the interactions between droughts and agricultural land 

conversion, defined as the conversion of agricultural land to an urban use. This paper is 

descriptive, and not quantitative, and it does not focus solely on Africa or developing countries. 

Nevertheless, it proposes interesting insights on how droughts might affect land-use. The first 

pathway through which a drought impact land-use change is because of its direct biophysical 

effects on lands, resources and ecosystems that affect the available agricultural surface and 

agricultural possibilities. The second pathway is through socioeconomic processes triggered by 

the impacts of drought on yields, revenues, work load, job opportunities or health; and through 

the adaptation practices implemented. Households suffering from the consequences of drought 

could abandon agriculture, convert farmland to other uses, and migrate temporarily or 

permanently. Practices such as diversification and looking for off-farm sources of income could 

also favor agricultural land conversion as they induce a shift away from agricultural activities. 

On the other hand, practices aiming at enhancing farm productivity and reducing climate risk 

(irrigation, rainwater management, agricultural diversification, improvement of soil quality, 

etc.) would discourage agricultural land conversion because the impacts of droughts on 

households’ activities and income are reduced. 
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What comes out of this literature review is that weather shocks, because they affect 

agricultural production, food security and health, may influence farmers’ land-use decisions 

(cropland expansion, farming systems) and push them to take action or implement practices 

with possible consequences on land-use (collection of natural products in surrounding 

ecosystems, migration, diversification of activities). However, the mechanisms through which 

these adaptation and coping practices affect land-use decisions are not always clear, and the 

effect of weather shocks on land-use is sometimes ambiguous. For instance, it appears that 

weather shocks can lead to cropland expansion in some cases, and to a reduction in farmed area 

under other circumstances. Overall, only a few studies have explicitly connected weather 

shocks, farmers’ adaptation and land-use change, whether we look in Sub-Saharan Africa or in 

developing countries more broadly. Many insights we have on how weather shocks may affect 

land-use remain theoretical and have rarely been tested in Sub-Saharan Africa. From a 

methodological perspective, most of these studies are descriptive, and do not quantify the extent 

to which weather shocks can induce land-use change. More empirical studies are needed to 

confirm the effect of weather shocks on land-use and deforestation. Theoretical approaches and 

models could also be helpful to explain farmers’ behavior in reaction to weather shocks and 

possible effects of shocks on land-use. 

In the rest of this section, we build on the above literature review, and connect our research 

on weather shocks and farmers’ adaptation to the land-use change literature to better understand 

how weather shocks can impact land-use and deforestation in the short and longer-term, and 

summarize what is known (and not known) about this question. This allows us to identify topics 

on which further research is needed. 

 

4.2. Farmers’ adaptation and coping strategies to weather shocks and effects on land-use 
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In the short-term 

As detailed in section 3, farmers use diverse coping strategies during or in the aftermath of a 

shock to maintain their productions, livelihoods, and subsistence. Some of those coping 

practices could however cause severe degradation in natural ecosystems, which in the long-term 

may foster land-use change. If their production or land was damaged by a flood, storm or 

drought-induced fire, and if it happened early enough in the growing season, some farmers may 

look for alternative agricultural land to replant. Herders may practice herd mobility to address 

difficult weather conditions and access other feed and water sources, or relocate livestock to 

graze elsewhere, for instance on common pool resources or government property despite 

regulations. These practices could cause temporary land-use change, which may be the first step 

toward more permanent land-use change, for instance if climate variability increases and these 

practices are more often resorted to. It can also lead to degradations in natural ecosystems.  

Additionally, it has been reported that farmers look for alternative income and food 

sources following a weather shock. To this end, they often go collect natural products (food, 

forage, fuelwood, etc.) in surrounding ecosystems to consume, sell or trade (Woittiez et al., 

2013; Gautier et al., 2016). Depending on the nature, frequency and intensity of the harvest, and 

the type of items being collected, these harvests could lead to the deterioration of natural 

ecosystems in the short-term (cutting or damaging of trees and plants) and in the longer-term 

(change in ecosystem composition, disappearance of species) (Peters, 1994; Robledo et al., 

2012; Antwi-Agyei et al., 2018). If many people in a community go collect these products to 

cope with a shock, or if shocks occur (more) frequently, it might lead to overexploitation and to 

an important degradation of surrounding ecosystems, thereby endangering the future coping 

capabilities of farmers. Once natural ecosystems, and forests in particular, are degraded and 

depleted of their resources, thereby losing value for local population, there might be less 

incentives to conserve rather than convert such ecosystems to other land-uses. In the longer-
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term, it could thus encourage deforestation. The effect of natural product harvesting on land-

use will depend on the location of the harvest, whether it takes place in natural ecosystems such 

as forests or rather in areas already converted and used by farmers (e.g. fallow, farm bush, 

agroforest) in which case the impact of harvesting might not be as important. Overall, the way 

farmers cope with a weather shock can, in the short-term, cause degradations in surrounding 

ecosystems. Further research is needed to understand whether such degradations can encourage 

land-use change and deforestation in the longer-term. 

Furthermore, if the weather shock that occurs is particularly severe, or lasting, or if shocks 

occur frequently, it might push farmer households to migrate and relocate in another region 

permanently (Corbett, 1988). As a result, land-use change can occur both in the area of origin 

(farm abandonment) and of destination (conversion of land to establish a new farm, contribution 

to the process of urbanization in the case of rural-urban migration).  

Beside these coping practices use to maintain livelihood and survival, farmers may decide 

to make agricultural adjustments following a season of difficult weather conditions to prepare 

for the next growing season. On the one hand, the decrease in agricultural production induced 

by a weather shock may push farmers to relocate fields to better adapted or more productive 

plots, or expand farmed area. On the other hand, the effects of weather shocks on labor resources 

could lead them to decrease farmed area (Roncoli et al., 2001). Indeed, weather shocks affect 

food security and thus health and work capacity (Bailey et al., 1992; Wilkie et al., 1999). 

Indirectly, it also affects labor availability because shocks can induce a reallocation of labor 

away from agriculture for the search of alternative income and food sources, and can push some 

household members to migrate to look for a job or alleviate pressure on the household’s food 

needs. If these effects on labor occur at the same time as the decision to expand farmland, 

expansion might be constrained, because it is a labor-intensive practice. Additionally, farmers’ 

land-use decisions are likely to be influenced by their risk preferences. Indeed, it has been 
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reported that farmers in developing countries tend to be risk averse (Wik et al., 2004; Yesuf and 

Bluffstone, 2009). Hence, following a period of difficult weather conditions, some might decide 

to limit risk exposure by reducing farm activities and farmed area, and by switching to non-farm 

sources of income for instance. As explained precedently, further research is needed to better 

understand what factors influence or constrain farmers’ decision to expand their land after a 

shock or conversely, to reduce it. 

 

In the long-term 

In the longer-term, weather shocks are also likely to influence farmers’ land-use decisions, such 

as the farm size, intensification, the type of farming system and agricultural activities. Indeed, 

farmers may want to compensate for the direct and indirect effects of weather shocks on their 

production (land degradation and loss of ecosystem services, loss of productivity), as they 

realize that their yields might continue to be depressed in the coming years, or that the risk 

associated with climate variability is increasing. They may also decide to implement strategies 

to prepare for future shocks and limit the consequences. Farmers may decide to increase 

landholding to compensate for yield decrease and maintain a certain production level and 

income. On the other hand, the decline in farm profitability caused by weather shocks, and the 

increase in risk (if farmers are risk averse), could push some farmers to reduce their farmed 

area. 

Both in the short and long-term, a farmer’s decision to expand or reduce farmed area is 

also likely to depend on the household’s degree of integration into markets. Households in near-

subsistence systems (i.e. producing mainly for their own consumption) - and these types of 

farmers remain widespread in Sub-Saharan Africa -, as well as households having few 

alternative income sources, might need to expand farmland to maintain a certain level of 

production with little concern over farm profitability. Households more integrated into markets 
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may be more sensitive to the profitability argument. At the same time, if the prices of 

agricultural products rise in times of crisis, households that can sell a part of their harvest in 

markets might be incentivized to maintain or even increase production to take advantage of the 

price increase. In the longer-term, the impact of a weather shock on the prices of agricultural 

products is also likely to influence farmers’ land-use decisions in terms of whether to increase 

or decrease landholding and diversify income with non-farm activities, as well as the type of 

crops grown. However, the long-term effects of weather shocks on agricultural prices remains 

unclear. 

Some farmers may also decide to resort to intensification practices to boost yields and 

production. It is uncertain whether an increase in yield leads to a decrease or an increase in farm 

area. On one side, the Borlaug hypothesis, or subsistence hypothesis (Angelsen and Kaimowitz, 

2001), suggest that if farmers manage to produce more with the amount of land they already 

have, there is no reason for them to increase landholding. On the other side, the Jevons 

hypothesis (also called Jevons paradox) implies that an increase in the efficiency with which a 

resource is used leads to the increase in the use or consumption of the resource itself. If this 

thesis holds, intensification could lead to agricultural expansion as yields and farm profitability 

are improved. Moreover, if the intensification process frees labor resources, it could further 

stimulate production and consequently expansion. Again, numerous factors will determine 

which of these two outcomes is true, for instance, households’ characteristics such as labor and 

capital resources, its degree of integration into markets, the type of intensification practice or 

technology that is used and whether it is labor-intensive or -saving, and the scale of adoption of 

the intensification process (Angelsen and Kaimowitz, 2001; Ngoma et al., 2018). If many 

farmers in an area resort to intensification it could lead to an increase in supply and a decrease 

in prices in consequence (depending on demand’s elasticity), and this could discourage further 

expansion of farmland (Ewers et al., 2009; Rudel et al., 2009). Research work at a local scale 
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in Sub-Saharan Africa would be useful to understand the effect of intensification as a response 

to climate risks on land-use and the influence of contextual factors. 

Apart from expansion or intensification strategies, many farming households adapt to 

climate risks by making changes in their portfolio of farm activities, sometimes for 

diversification purposes. Some decide to quit (or reduce) either crop or livestock activities, 

which may result in land abandonment, and then nature regrowth or conversion to another land-

use. Others choose to transition to crop- or livestock-only exploitation to mixed crop-livestock 

systems. Depending on whether there is addition or substitution of crop and livestock activities, 

and if more space is needed for grazing for instance, this transformation could lead to land-use 

change. In some region where pastoralism is the dominant farming system, such a transition 

could induce a process of sedentarization, with very likely effects on land-use. Some farmers 

also use agroforestry because it can be beneficial to adapt to climate variability as it can protect 

crops, enhance soil structure and fertility, provide food, wood and other resources. It can also 

be a way to diversify production (Gautier et al., 2016, Partey et al., 2018). Thanks to the 

ecosystem services it provides the plantation of trees on farm can boost agricultural yields, and 

thus constitute a form of intensification, which as described above has ambiguous effects on 

land-use. In addition, agroforestry trees can be used for the collection of fruits, wood, fodder 

and other products and could thus alleviate pressure on forests through reduced harvest of 

natural products in nearby ecosystems, thereby fostering conservation. The positive effects of 

agroforestry on forests are even more important when it is implemented close to the forest 

margins (Minang et al., 2011). 

Farmers also use spatial diversification to manage climate risks (Tibbo and van de Steeg, 

2013; Veljanoska, 2018). For instance, they spread fields in different places and take advantage 

of landscape diversity to use lands with different slopes, soils, or vegetation. Some split their 

herds in several sites as well. It is not uncommon for farmers to cultivate different types of land 
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and to harvest only some and abandon the others if rainfall amounts and timing are good in the 

end (Reenberg and Paarup-Laursen, 1997). These practices could thus require cultivating or 

using more land, and lead to land conversion or degradation. More generally, the relocation of 

fields or even of the farm in search of land less exposed or better adapted to adverse climatic 

conditions can lead farmers to abandon some lands and convert new plots. The extent to which 

those practices can lead to degradation and land conversion is not known. 

Beside these land-use-based farm strategies (extensification, intensification, change in 

farming system and activities), other risk-management practices that are not agricultural may 

have an effect on land-use and surrounding ecosystems, either directly or because they affect 

households’ resources such as labor and income and thus influence land-use decisions. When 

households diversify their income and food sources they engage in several occupations (if 

possible with low covariance in revenue) both on and off-farm (Dercon, 2002). Some household 

members could migrate to look for opportunities elsewhere, either permanently or just 

seasonally and send back some of the money they earn (remittances) to their family. For a given 

endowment in resources and production factors less is available for farm activities. In particular, 

labor resources are divided among different activities or locations, and if the diversification 

process implies migration or labor intensive activities, the work force available for agriculture 

and the harvest of natural products will be reduced. In particular, it could constrain expansion 

that is a labor-intensive practice. Through this labor effect, it can thus take pressure off forests 

and natural ecosystems. Angelsen and Kaimowitz (1999), reviewing numerous economic 

models analyzing the causes of tropical deforestation, found that greater off-farm employment 

opportunities tend to reduce deforestation by competing with agricultural and forestry activities 

for labor at the household level. Moreover, households that diversify generate higher off-farm 

income and are thus less dependent on farm activities, less vulnerable to weather shocks, and 

do not need to produce as much which reduces potential incentives to clear land. Araujo et al. 
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(2014), focusing on Brazil and the Amazon, found that a higher off-farm income tends to reduce 

deforestation and suggest that this could be explained by an increase in the opportunity cost of 

farm activities. Diversification, through the reallocation of production factors and resources 

away from agricultural activities, could thus alleviate pressure on surrounding ecosystems such 

as forests. That being said, many farmers in Sub-Saharan Africa remain in near-subsistence 

systems and may decide to still allocate an important amount of time and labor to agricultural 

activities. Moreover, the income generated by off-farm activities, and in particular the 

remittances sent by emigrated household members, could be invested to make up for the loss of 

labor or allow farmers to engage in riskier activities and investments (e.g. expansion, 

intensification, high value crops, livestock acquisition) that are not neutral in terms of land-use 

and have a priori ambiguous impacts (de Sherbinin et al., 2008; Radel and Schmook, 2008; 

Greiner and Sakdapolrak, 2013; Romankiewicz et al., 2016). Whether diversification of 

livelihoods, and diversification through migration in particular, reduce expansion and pressure 

on land is thus not certain. 

As part of their diversification strategy, many farmers in Sub-Saharan Africa (and in rural 

communities more generally) collect natural products in various ecosystems such as food, 

forage, construction materials, fuelwood, medicine. Those products can be used for 

consumption, barter or income. This practice is used by households in normal times for 

diversifying their production and revenues. It may be increasingly resorted to in times of crisis, 

thus playing a role of safety-net (Angelsen and Wunder, 2003; Sunderlin et al., 2005; Liswanti 

et al., 2011; Woittiez et al., 2013; Noack et al., 2019). It could be assumed that households 

relying on natural product collection for their livelihoods value and want to protect and conserve 

the ecosystems in which they harvest, so they can continue using this strategy to diversify their 

income and food sources and cope with shocks when necessary. Providing a theoretical 

perspective, Delacote (2007) describes how the use of Non-Timber Forest Products (NTFP) 
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collection as a safety net against (not only climate) agricultural risk may impact deforestation. 

It is shown that an increase in agricultural risk, for instance an increase in weather shock 

occurrence, may decrease the pressure on forests, by increasing the value of the safety-net 

activity, which may reduce deforestation. Furthermore, some communities have designed rules, 

management and monitoring systems, sometimes with fines and sanctions, to restrict and 

preserve the access to and the use of common pool resources such as forests, thereby showing 

that local populations value ecosystem services (Ostrom, 1990; Agrawal, 1994; Libois, 2016). 

Yet, evidence of ecosystem degradation suggest that it is not because people can benefit from 

ecosystem services that they necessarily practice conservation. Moreover, as detailed 

previously, the collection of natural products, if extraction is too heavy or use at an 

unsustainable pace, may lead to severe deterioration of natural ecosystems such as woodlands, 

depending on the nature, frequency and intensity of the harvest, and the type of species being 

exploited. If the risk induced by climate variability becomes more important, rural households 

might rely more heavily on natural products for diversifying their revenues and build NTFP 

stocks for instance, which could lead to overexploitation. Again, this loss of forest ecosystem 

services due to over-harvesting can lead to the decrease of the forest value for local population, 

and can be considered as a first step toward deforestation. Again, the effect of natural product 

harvesting on land-use depends on the location of the harvest (forest, fallow, etc.) and the way 

in which common pool resources are managed within the community. The impact of natural 

product collection on land-use is ambiguous and needs to be further explored. 

Finally, one last strategy that is worth mentioning because of its potential impact on land-

use is the acquisition of assets during favorable times such as years of good harvest to constitute 

buffer stocks that can be liquidated in the event of a shock (Corbett, 1988; Dercon, 2002). In 

Sub-Saharan Africa, livestock if often bought for such purposes. Yet livestock rearing has been 

identified as an important driver of land-use change and deforestation because it induces 
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degradation and conversion of natural areas and forests for feeding and grazing purposes (Geist 

and Lambin, 2001). This strategy could therefore induce changes in land-use. However, in 

places where weather shocks (and droughts in particular) are projected to become more frequent 

or intense this strategy might be challenged as the livestock acquired as a buffer stock will be 

severely impacted and might not be able to play its role of insurance. The effect of this strategy 

on land-use also depends on the type of livestock acquired (cattle or rather smallstock such as 

poultry, goat or sheep) as the surface required is likely to differ. The type of animals acquired 

varies upon location, financial resources, but also religion and cultural considerations. Once 

again, the extent to which asset stock building through livestock acquisition might induce land-

use change has not been explored in Sub-Saharan Africa, to our knowledge. 

Overall, it appears that weather shocks can induce land-use change in the short and long-

term. The way through which farmers cope with the occurrence of a shock can, in the short-

term, cause degradations in ecosystems. Such degradation process could, in the longer-term, 

foster deforestation and land conversion. Moreover, agricultural adjustments following a shock 

to prepare for the next growing season may cause land-use changes (expansion or reduction of 

farmland). In the longer-term, farmer households also make transformational changes into farm 

activities and implement many risk-management and risk-coping strategies. Such practices, that 

aim at reducing a household’s exposure and sensitivity to risk and to limit the impacts of shocks, 

may reduce the need for households to cope with shocks and thus the short-term effects of 

weather shocks on land-use. However, these ex-ante adaptation strategies can also lead of their 

own to slower and more progressive, but perhaps also more permanent, land-use changes. 

Many potential effects of weather shocks on land-use however remain uncertain and 

ambiguous, and likely to depend on socioeconomic and geographic conditions. Moreover, these 

effects are also likely to be influenced by the type, severity, intensity, duration, spatial extent 

and moment of occurrence of shocks, as these characteristics influence the impact of shocks on 
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farmers, their decisions in term of adaptation, and thus the effect on land-use. Indeed, as exposed 

in section 2, different shocks have different impacts on agricultural activities, and thus call for 

different response strategies. Moreover, some shocks have slow onsets (e.g. droughts), and thus 

leave time to farmers to prepare and adjust, while other shocks are more sudden and 

unpredictable (e.g. floods). Similarly, depending on when the shock occurs within the season 

(beginning, middle, or close to harvest), farmers will have more or less possibilities to adjust. 

Following a flood in the beginning of the rainy season, farmers may look for alternative fields, 

and perhaps replant. During a drought amid the growing season, such response will not be 

possible. The spatial extent of a shock also conditions adaptation strategies based on land-use 

(e.g. search of alternative fields or pastures, relocation of herds). Additionally, the severity, 

duration and frequency of occurrence of shocks influence farmers’ responses. As explained in 

section 3, there exist a gradation of farmers’ responses to shocks, and some practices (selling 

productive assets, migrating, reallocating production factors) are usually only resorted to when 

previous responses have not been sufficient (Corbett, 1988; Smucker and Wisner, 2008). More 

generally, an increase in weather-related risks, for instance an increase in the frequency or 

intensity of shocks, might push farmers to change their strategy. For example, they could decide 

to abandon their farm and migrate. Moreover, some strategies such as building food or asset 

stocks, are implemented during favorable times (years of good harvest) to prepare for hardships 

and might thus be unavailable in the event of consecutive difficult years due to repeated shocks. 

Overall, the type, duration, intensity, frequency, and timing of occurrence of shocks affect how 

farmers cope and adapt, and consequently the impact they may have on land-use. Hence, these 

different characteristics of weather shocks should be taken into account when assessing how 

weather shocks impact land-use.  

 

5. Conclusion 
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Agriculture in Sub-Saharan Africa faces numerous risks. In particular, the important variability 

that characterizes the climate of the region translates into the regular occurrence of weather 

shocks that, in a context of climate change, could become more frequent and intense. Such 

shocks have important impacts on agriculture, and threaten farmers’ income, food security and 

health and more generally, their livelihoods. In response, they have developed many practices 

to deal with weather-related risks, cope with the occurrence of shocks and adapt to their 

intensification under climate change. These practices are likely to have feedback effects on the 

environment.  

Our contribution is thus threefold. First, we review in the literature how climate variability 

and weather shocks impact agriculture in Sub-Saharan Africa. Second, this paper reviews and 

categorize the adaptation and coping strategies to these shocks. Finally, we relate these 

strategies to the land-use change literature in order to get some intuitions on possible links 

between commonly used adaptation practices and effects on land-use change and deforestation 

dynamics. 

It appears that weather shock influence farmers’ land-use decisions and pushes them to 

implement strategies that can have implications on land-use both in the short and long-term (e.g. 

change in farm area, change in agricultural system, exploitation of nearby woodlands). Some 

practices might lead to land-use change, while others may rather foster ecosystem conservation. 

In some cases, the effect on land-use is ambiguous and likely to depend on contextual factors 

such as household characteristics and local conditions. Yet, studies exploring how adaptation to 

weather shocks might affect land-use change and deforestation in developing countries have 

been scarce, especially in Sub-Saharan Africa. Further research work on the linkages between 

adaptation and land-use change is thus needed, with both theoretical and empirical approaches. 

Besides, several further questions have been identified for future research. First, adaptation 

practices strongly depend on geographic characteristics. Hence, it is very likely that the impacts 
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of shocks and adaptation on land-use change and deforestation also depend on geography. 

Indeed, there is an immense diversity in climates, ecosystems and agro-ecological zones across 

the continent, which, along with other factors, influence the different types of farming systems 

and crops grown that can be found in Africa. Differences in farming systems and practices imply 

different sensitivity to weather shocks, but also very diverse response and possible adaptations 

to shocks. Moreover, climate also varies quite a lot across the continent, and different location 

are subject to different weather shocks. The geographical local context is also likely to influence 

and constrain adaptation and coping possibilities in response to shocks. The presence of 

woodlands, waterbodies, or market access for instance will determine whether farmers can go 

harvest resources in forests, implement irrigation, relocate near water sources, or go look for a 

job elsewhere. Hence, the way farmers adapt and react, and thus the effects of weather shocks 

on land-use vary across different landscapes. Studying the effects of weather shock on land-use 

thus calls for a localized approach. In this regard, it would be particularly interesting to study 

how different farming systems in different regions react and adapt in the short and long-term to 

weather shocks. A deeper analysis of local characteristics (e.g. forest cover, agro-ecological 

zone), and how these characteristics influence the link between weather shocks and land-use 

change, is also needed.  

Second, the socio-economic context also has some strong influence on the practices that 

may be implemented to respond to weather shocks. Here again, a question that arises is how do 

the socio-economic context (e.g. market access, factor endowment and wealth, access to energy, 

etc.) can influence land-use change following the occurrence of a weather shock.  

Finally, the difference between ex-ante adaptation and ex-post coping strategies are likely 

to have diverse impacts on land-use change. Indeed, ex-ante adaptation strategies are more 

likely to be implemented in the long-run, with possible slow yet permanent land-use change 

implications. In contrast, coping strategies may have short-run impacts, of which unexpected 
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deforestation implications can reduce long-term adaptation capacities and available strategies 

for more vulnerable households. Further research is needed to better understand and distinguish 

short-term from long-term impacts of weather shocks on land-use. 

 

 

  



37 
 

References 

Agrawal, A. (1994), ‘Rules, Rule Making and Rule Breaking: Examining the Fit between Rule 

Systems and Resource Use’, in: E. Ostrom, R. Gardner and J. Walker (eds.), Rules, 

Games and Common-Pool Resources, Ann Arbor: University of Michigan Press, pp. 

267–282. 

Alderman, H. and C.H. Paxson (1994), ‘Do the Poor Insure? A Synthesis of the Literature on 

Risk and Consumption in Developing Countries’, in: Bacha, E.L. (eds.), Economics in 

a Changing World, International Economic Association Series, London: Palgrave 

Macmillan, pp. 48–78.  

Alemayehu, A. and W. Bewket (2017), ‘Determinants of smallholder farmers’ choice of coping 

and adaptation strategies to climate change and variability in the central highlands of 

Ethiopia’, Environmental Development 24:77–85.  

Angelsen, A., P. Jagger, R. Babigumira, B. Belcher, N.J. Hogarth, S. Bauch, J. Börner, C. 

Smith-Hall and S. Wunder (2014), ‘Environmental Income and Rural Livelihoods: A 

Global-Comparative Analysis’, World Development 64(1): S12–S28.  

Angelsen, A. and D. Kaimowitz (2001), Agricultural technologies and tropical deforestation, 

Wallingford, Oxon, UK; New York, NY, USA: CABI Publishing in association with 

Center for International Forestry Research (CIFOR) 

Angelsen, A. and D. Kaimowitz (1999), ‘Rethinking the Causes of Deforestation: Lessons from 

Economic Models’, The World Bank Research Observer 14(1): 73–98.  

Angelsen, A. and S. Wunder (2003), ‘Exploring the forest-poverty link: key concepts, issues 

and research implications’, CIFOR Occasional Paper No. 40, Center for International 

Forestry Research (CIFOR), Bogor, Indonesia. 



38 
 

Antwi-Agyei, P., A.J. Dougill, L.C. Stringer, and S.N.A. Codjoe (2018), ‘Adaptation 

opportunities and maladaptive outcomes in climate vulnerability hotspots of northern 

Ghana’, Climate Risk Management 19:83–93. 

Araujo Bonjean, C. and C. Simonet (2016), ‘Are grain markets in Niger driven by speculation?’ 

Oxford Economic Papers 68(3): 714–735.  

Araujo, C., J.-L. Combes, J.G. Feres (2014), ‘Determinants of Amazon deforestation: The role 

of off-farm income’, Etudes et Documents No. 23, CERDI, Clermont-Ferrand, France. 

Azadi, H., P. Keramati, F. Taheri, P. Rafiaani, D. Teklemariam, K. Gebrehiwot, G. Hosseininia, 

S. Van Passel, P. Lebailly, and F. Witlox (2018), ‘Agricultural land conversion: 

Reviewing drought impacts and coping strategies’, International Journal of Disaster 

Risk Reduction 31: 184–195.  

Bailey, R.C., M.R. Jenike, P.T. Ellison, G.R. Bentley, A.M. Harrigan, and N.R. Peacock (1992), 

‘The ecology of birth seasonality among agriculturalists in central Africa’, Journal of 

Biosocial Science 24(3): 393–412.  

Berman, R.J., C.H. Quinn, and J. Paavola (2014), ‘Identifying drivers of household coping 

strategies to multiple climatic hazards in Western Uganda: implications for adapting to 

future climate change’, Climate and Development 7(1): 71–84.  

Bezabih, M. and M. Sarr (2012), ‘Risk Preferences and Environmental Uncertainty: 

Implications for Crop Diversification Decisions in Ethiopia’, Environmental and 

Resource Economics 53(4): 483–505.  

Biazin, B. and G. Sterk (2013), ‘Drought vulnerability drives land-use and land cover changes 

in the Rift Valley dry lands of Ethiopia’, Agriculture, Ecosystems and Environment 

164 :100–113.  

Blanc, E. (2012), ‘The impacts of climate change on crop yields in Sub-Saharan Africa’, 

American Journal of Climate Change 1(1) :1-13 



39 
 

Brou, Y.T. (2005), ‘Climat, mutations socio-économiques et paysages en Côte d’Ivoire’, 

Rapport d’activités scientifique, pédagogique, administrative et publications en appui 

au mémoire de synthèse présenté en vue de l’obtention de l’Habilitation à Diriger des 

Recherches, Université des Sciences et Technologies de Lille, France. 

Bryan, E., T.T. Deressa, G.A. Gbetibouo, and C. Ringler (2009), ‘Adaptation to climate change 

in Ethiopia and South Africa: options and constraints’, Environmental Science and 

Policy 12(4): 413–426. 

Bryan, E., C. Ringler, B. Okoba, C. Roncoli, S. Silvestri, and M. Herrero (2013), ‘Adapting 

agriculture to climate change in Kenya: Household strategies and determinants’,  

Journal of Environmental Management 114: 26–35.  

Campbell, D.J., D.P. Lusch, T.A. Smucker, and E.E. Wangui (2005), ‘Multiple Methods in the 

Study of Driving Forces of Land Use and Land Cover Change: A Case Study of SE 

Kajiado District, Kenya’, Human Ecology 33(6): 763–794.  

Carter, M.R., P.D. Little, T. Mogues, and W. Negatu (2007), ‘Poverty Traps and Natural 

Disasters in Ethiopia and Honduras’, World Development 35(5):835–856.  

Cook, K.H. and E.K. Vizy (2006), ‘Coupled Model Simulations of the West African Monsoon 

System: Twentieth- and Twenty-First-Century Simulations’, Journal of Climate 19(15): 

3681–3703.  

Corbett, J. (1988), ‘Famine and household coping strategies’, World Development 16(9): 1099–

1112.  

Curtis, P.G., C.M. Slay, N.L Harris, A. Tyukavina, and M. C. Hansen (2018), ‘Classifying 

drivers of global forest loss’, Science 361(6407): 1108–1111.  

Cutler, P. (1986), ‘The response to drought of Beja famine refugees in Sudan’, Disasters 10(3): 

181–188.  



40 
 

Dai, A., P.J. Lamb, K.E. Trenberth, M. Hulme, P.D. Jones, and P. Xie (2004), ‘The recent Sahel 

drought is real’, International Journal of Climatology 24(11):1323–1331.  

Damania, R., S. Desbureaux, M. Hyland, A. Islam, S. Moore, A.-S. Rodella, J. Russ, and E. 

Zaveri (2017), ‘Uncharted Waters: The New Economics of Water Scarcity and 

Variability’, Washingthon, D.C.:The World Bank.  

De Haan, C. (2016), Prospects for livestock-based livelihoods in Africa’s drylands, World Bank 

Studies, Washington, D.C.: The World Bank. 

de Janvry, A. and E. Sadoulet (2011), ‘Subsistence farming as a safety net for food-price 

shocks’, Development in Practice 21(4-5):472–480.  

de Sherbinin, A., L.K. VanWey, K. McSweeney, R. Aggarwal, A. Barbieri, S. Henry, L.M. 

Hunter, W. Twine, and R. Walker (2008), ‘Rural household demographics, livelihoods 

and the environment’, Global Environmental Change 18(1):38–53.  

Delacote, P. (2009), ‘Commons as insurance: safety nets or poverty traps?’, Environmental and 

Development Economics 14:305–322.  

Delacote, P. (2007), ‘Agricultural expansion, forest products as safety nets, and deforestation’, 

Environmental and Development Economics 12(2):235-249.  

Dercon, S. (2002), ‘Income Risk, Coping Strategies, and Safety Nets’, The World Bank 

Research Observer 17(2): 141–166.  

Deressa, T.T., R.M. Hassan, C. Ringler, T. Alemu, and M. Yesuf (2009), ‘Determinants of 

farmers’ choice of adaptation methods to climate change in the Nile Basin of Ethiopia’, 

Global Environmental Change 19(2): 248–255.  

Deressa, T.T., C. Ringler, and R.M. Hassan (2010), ‘Factors affecting the choices of coping 

strategies for climate extremes - The case of farmers in the Nile basin of Ethiopia’, IFPRI 

Discussion Paper No. 01032, International Food Policy Research Institute (IFPRI), 

Washington, D.C., USA 



41 
 

Desbureaux, S. and R. Damania (2018), ‘Rain, forests and farmers: Evidence of drought induced 

deforestation in Madagascar and its consequences for biodiversity conservation’, 

Biological Conservation 221:357–364.  

Ellis, F. (2008), ‘The Determinants of Rural Livelihood Diversification in Developing 

Countries’, Journal of Agricultural Economics 51(2):289–302.  

Elum, Z.A., D.M. Modise, and A. Marr (2017), ‘Farmer’s perception of climate change and 

responsive strategies in three selected provinces of South Africa’, Climate Risk 

Management 16: 246–257.  

Ewers, R.M., J.P.W. Scharlemann, A. Balmford, and R.E. Green (2009), ‘Do increases in 

agricultural yield spare land for nature?‘, Global Change Biology 15(7): 1716–1726.  

Fisher, M., M. Chaudhury, and B. McCusker (2010), ‘Do Forests Help Rural Households Adapt 

to Climate Variability? Evidence from Southern Malawi’, World Development 

38(9):1241–1250.  

Fitchett, J.M. and S.W. Grab (2014), ‘A 66-year tropical cyclone record for south-east Africa: 

temporal trends in a global context’, International Journal of Climatology 34(13): 3604–

3615.  

Gautier, D., D. Denis, and B. Locatelli (2016), ‘Impacts of drought and responses of rural 

populations in West Africa: a systematic review’, Wiley Interdisciplinary Reviews: 

Climate Change 7(5): 666–681.  

Geist, H.J. and E.F. Lambin (2001), ‘What drives tropical deforestation - A meta-analysis of 

proximate and underlying causes of deforestation based on subnational case study 

evidence’, LUCC Report Series No. 4, LUCC International Project Office, University 

of Louvain, Louvain-la-Neuve, Belgium 



42 
 

Greiner, C. and P. Sakdapolrak (2013), ‘Rural–urban migration, agrarian change, and the 

environment in Kenya: a critical review of the literature’, Population and Environment 

34(4): 524–553. 

Guan, K., B. Sultan, M. Biasutti, C. Baron, and D.B. Lobell (2015), ‘What aspects of future 

rainfall changes matter for crop yields in West Africa?’, Geophysical Research Letters 

42(19): 8001–8010.  

Haile, M. (2005), ‘Weather patterns, food security and humanitarian response in sub-Saharan 

Africa’, Philosophical Transactions of the Royal Society B: Biological Sciences 360: 

2169–2182.  

Hassan, R.M. and C. Nhemachena (2008), ‘Determinants of African farmers’ strategies for 

adapting to climate change: Multinomial choice analysis’, African Journal of 

Agricultural and Resource Economics 2(1), 83–104. 

Hedge, R. and G. Bull (2008), ‘Economic shocks and Miombo Woodland resource use: A 

household level study in Mozambique’, in: Dewees (ed.), Managing the Miombo 

Woodlands of Southern Africa, Washington, D.C.: The World Bank, pp. 80–105. 

Herrero, M., P.K. Thornton, J. van de Steeg, and A. Notenbaert (2009), ‘The impacts of climate 

change on livestock and livestock systems in developing countries: A review of what 

we know and what we need to know’, Agricultural Systems 101(3): 113–127.  

Hisali, E., P. Birungi, and F. Buyinza (2011), ‘Adaptation to climate change in Uganda: 

Evidence from micro level data’, Global Environmental Change 21(4): 1245–1261.  

Hulme, M., R. Doherty, T. Ngara, and M. New (2005), ‘Global warming and African climate 

change: a reassessment’, in: P.S. Low (ed.), Climate Change and Africa, Cambridge: 

Cambridge University Press, pp. 29–40. 

Hummel, M., B.F. Hallahan, G. Brychkova, J. Ramirez-Villegas, V. Guwela, B. Chataika, E. 

Curley, P.C. McKeown, L. Morrison, E.F. Talsma, S. Beebe, A. Jarvis, R. Chirwa, and 



43 
 

C. Spillane (2018), ‘Reduction in nutritional quality and growing area suitability of 

common bean under climate change induced drought stress in Africa’, Scientific Reports 

8(1), Article number: 16187 

Ifejika Speranza, C. (2010), ‘Drought Coping and Adaptation Strategies: Understanding 

Adaptations to Climate Change in Agro-pastoral Livestock Production in Makueni 

District, Kenya’, The European Journal of Development Research 22(5): 623–642. 

International Water Management Institute (IMWI) (2010), ‘Managing water for rainfed 

agriculture’, IWMI Water Issue Brief No. 10, International Water Management Institute, 

Colombo, Sri Lanka 

IPCC (2019), ‘Climate change and Land: An IPCC special report on climate change, 

desertification, land degradation, sustainable land management, food security, and 

greenhouse gas fluxes in terrestrial ecosystems’, https://www.ipcc.ch/report/srccl/ 

IPCC (2014), ‘Climate change 2014: impacts, adaptation, and vulnerability: Working Group I, 

II, and III contribution to the fifth assessment report of the Intergovernmental Panel on 

Climate Change’, New-York: Cambridge University Press. 

Jodha, N.S. (1978), ‘Effectiveness of farmers’ adjustments to risk’, Economic and Political 

Weekly. 13(25): A38-A41, A43-A48. 

Kindu, M., T. Schneider, D. Teketay, and T. Knoke (2015), ‘Drivers of land use/land cover 

changes in Munessa-Shashemene landscape of the south-central highlands of Ethiopia’, 

Environmental Monitoring and Assessment 187:452 

Knight, J., S. Weir, and T. Woldehanna (2003), ‘The role of education in facilitating risk-taking 

and innovation in agriculture’, Journal of Development Studies 39(6):1–22.  

Kosmowski, F., A. Leblois, and B. Sultan, B. (2016), ‘Perceptions of recent rainfall changes in 

Niger: a comparison between climate-sensitive and non-climate sensitive households’, 

Climatic Change 135(2): 227–241.  



44 
 

Kotir, J.H. (2011), ‘Climate change and variability in Sub-Saharan Africa: a review of current 

and future trends and impacts on agriculture and food security’, Environment, 

Development and Sustainability 13(3): 587–605.  

Lambin, E.F., B.L. Turner, H.J. Geist, S.B. Agbola, A. Angelsen, J.W. Bruce, O.T. Coomes, R. 

Dirzo, G. Fischer, C. Folke, P.S. George, K. Homewood, J. Imbernon, R. Leemans, X. 

Li, E.F. Moran, M. Mortimore, P.S. Ramakrishnan, J.F. Richards, H. Skånes, W. 

Steffen, G.D. Stone, U. Svedin, T.A. Veldkamp, C. Vogel, and J. Xu (2001), ‘The causes 

of land-use and land-cover change: moving beyond the myths’, Global Environmental 

Change 11(4): 261–269.  

Libois, F. (2016), ‘Success and failure of communities managing natural resources: static and 

dynamic inefficiencies’, Working Paper No. 1601, University of Namur, Department of 

Economics, Namur, Belgium. 

Liswanti, N., D. Sheil, I. Basuki, M. Padmanaba, and G. Mulcahy (2011), ‘Falling back on 

forests: how forest-dwelling people cope with catastrophe in a changing landscape’, 

International Forestry Review 13(4): 442–455.  

Lobell, D.B., M. Bänziger, C. Magorokosho, and B. Vivek (2011), ‘Nonlinear heat effects on 

African maize as evidenced by historical yield trials’, Nature Climate Change 1:42-45. 

Maddison, D. (2007), ‘The Perception Of And Adaptation To Climate Change In Africa’, World 

Bank Policy Research Working Paper No. 4308, The World Bank, Washington, D.C., 

USA 

Mapfumo, P., S. Jalloh, and S. Hachigonta (2014), ‘Review of research and policies for climate 

change adaptation in the agriculture sector in Southern Africa’, Future Agricultures 

Working Paper No. 100 



45 
 

Mbilinyi, A., G. Ole Saibul, and V. Kazi (2013), ‘Impact of climate change to small scale 

farmers: voices of farmers in village communities in Tanzania’, ESRF Discussion Paper 

No. 47, Economic and Social Research Foundation, Tanzania. 

Mertz, O., C. Mbow, A. Reenberg, and A. Diouf (2009), ‘Farmers’ perceptions of climate 

change and agricultural adaptation strategies in rural sahel’, Environmental 

Management 43(5): 804–816.  

Minang, P., F. Bernard, M. van Noordwijk, and E. Kahurani (2011), ‘Agroforestry in REDD+: 

Opportunities and Challenges’, ASB Policy Brief No. 26, Nairobi, Kenya: ASB 

Partnership for the Tropical Forest Margins 

Ngoma, H., A. Angelsen, S. Carter, and R.M. Roman-Cuesta (2018), ‘Climate-smart 

agriculture: Will higher yields lead to lower deforestation?’, in: A. Angelsen, C. Martius, 

V. de Sy, A.E. Duchelle, A.M. Larson, T.T. Pham (eds.), Transforming REDD+: 

Lessons and New Directions, Bogor, Indonesia: Center for International Forestry 

Research (CIFOR), pp. 175–188. 

Noack, F., M.-C. Riekhof, and S.D. Falco (2019), ‘Droughts, Biodiversity and Rural Incomes 

in the Tropics’, Journal of the Association of Environmental and Resource Economists 

6(4)  

Noack, F., S. Wunder, A. Angelsen and J. Börner (2015), Responses to Weather and Climate: 

A Cross-Section Analysis of Rural Incomes’, Policy Research Working Papers No. 

7478, The World Bank, Washington, D.C., USA 

National Research Council (NRC) (1981), Effect of environment on nutrient requirements of 

domestic animals. Washington, D.C.: National Academy Press. 

Opiyo, F., O. Wasonga, M. Nyangito, J. Schilling, and R. Munang (2015), ‘Drought Adaptation 

and Coping Strategies Among the Turkana Pastoralists of Northern Kenya’, 

International Journal of Disaster Risk Science 6(3): 295–309.  



46 
 

Osbahr, H., C. Twyman, W. Neil Adger, and D.S.G. Thomas (2008), ‘Effective livelihood 

adaptation to climate change disturbance: Scale dimensions of practice in Mozambique’, 

Geoforum 39(6): 1951–1964.  

Ostrom, E. (1990), Governing the commons: the evolution of institutions for collective action. 

Cambridge, New York: Cambridge University Press. 

Paavola, J. (2008), ‘Livelihoods, vulnerability and adaptation to climate change in Morogoro, 

Tanzania’, Environmental Science and Policy 11(7): 642–654.  

Panthou, G., T. Vischel, T. Lebel (2014), ‘Recent trends in the regime of extreme rainfall in the 

Central Sahel’, International Journal of Climatology 34(15): 3998–4006. 

Partey, S.T., R.B. Zougmoré, M. Ouédraogo, and B.M. Campbell (2018), ‘Developing climate-

smart agriculture to face climate variability in West Africa: Challenges and lessons 

learnt’, Journal of Cleaner Production 187:285–295.  

Pattanayak, S.K. and E.O. Sills (2001), ‘Do Tropical Forests Provide Natural Insurance? The 

Microeconomics of Non-Timber Forest Product Collection in the Brazilian Amazon’, 

Land Economics 77(4): 595–612.  

Peters, C.M. (1994), Sustainable Harvest of Non-Timber Plant Resources in Tropical Moist 

Forest: An Ecological Primer, Washington, D.C.: Biodiversity Support Program 

Radel, C. and B. Schmook (2008), ‘Male Transnational Migration and its Linkages to Land-

Use Change in a Southern Campeche Ejido’, Journal of Latin American Geography 

7:59–84. 

Rahmato, D. (1991), Famine and Survival Strategies: A Case Study from Northeast Ethiopia, 

Uppsala, Nordiska, Afrikainstitutet (The Scandinavian Institute of African Studies) 

Reenberg, A. (1994), ‘Land-use dynamics in the Sahelian zone in eastern Niger - monitoring 

change in cultivation strategies in drought prone areas’, Journal of Arid Environment 

27(2): 179–192.  



47 
 

Reenberg, A., T.L. Nielsen, and K. Rasmussen (1998), ‘Field expansion and reallocation in the 

Sahel – land use pattern dynamics in a fluctuating biophysical and socio-economic 

environment’, Global Environmental Change 8(4): 309–327.  

Reenberg, A. and B. Paarup-Laursen (1997), ‘Determinants for land use strategies in a Sahelian 

agro-ecosystem - Anthropological and ecological geographical aspects of natural 

resource management’, Agricultural Systems 53(2-3): 209–229.  

Reid, R.S., R.L. Kruska, N. Muthui, A. Taye, S. Wotton, C.J. Wilson, and W. Mulatu (2000), 

‘Land-use and land-cover dynamics in response to changes in climatic, biological and 

socio-political forces: the case of southwestern Ethiopia’, Landscape Ecology 15(4): 

339–355.  

Robledo, C., N. Clot, A. Hammill, and B. Riché (2012), ‘The role of forest ecosystems in 

community-based coping strategies to climate hazards: Three examples from rural areas 

in Africa’, Forest Policy and Economics 24: 20–28.  

Rodriguez-Solorzano, C. (2016), ‘Connecting climate social adaptation and land use change in 

internationally adjoining protected areas’, Conservation and Society 14(2):125-133 

Rodriguez-Solorzano, C. (2014), ‘Unintended outcomes of farmers’ adaptation to climate 

variability: deforestation and conservation in Calakmul and Maya biosphere reserves’, 

Ecology and Society 19(2):53.  

Romankiewicz, C., M. Doevenspeck, and M. Brandt (2016), ‘Adaptation as by-product: 

migration and environmental change in Nguith, Senegal’, Journal of the Geographical 

Society of Berlin 147(2):95-108  

Roncoli, C., K. Ingram, and P. Kirshen (2001), ‘The costs and risks of coping with drought: 

livelihood impacts and farmers’ responses in Burkina Faso’, Climate Research 19 : 119–

132.  



48 
 

Rosenzweig, C., A. Iglesius, X.B. Yang, P.R. Epstein, and E. Chivian (2001), ‘Climate change 

and extreme weather events - Implications for food production, plant diseases, and 

pests’, Global Change and Human Health 2(2): 90-104 

Rudel, T.K., L. Schneider, M. Uriarte, B.L. Turner, R. DeFries, D. Lawrence, J. Geoghegan, S. 

Hecht, A. Ickowitz, E.F. Lambin, T. Birkenholtz, S. Baptista, and R. Grau (2009), 

‘Agricultural intensification and changes in cultivated areas, 1970-2005’, Proceedings 

of the National Academy of Sciences of the United States of America 106(49): 20675–

20680.  

Sen, A. (1981), Poverty and famines: an essay on entitlement and deprivation, Oxford: 

Clarendon Press, Oxford University Press 

Shah, M.M., G. Fischer, H. van Velthuizen (2008), ‘Food security and sustainable agriculture: 

The challenges of climate change in Sub-Saharan Africa’. Laxenburg, Austria: 

International Institute for Applied Systems Analysis A-2361 

Silvestri, S., E. Bryan, C. Ringler, M. Herrero, and B. Okoba (2012), ‘Climate change 

perception and adaptation of agro-pastoral communities in Kenya’, Regional 

Environmental Change 12(4): 791–802.  

Smucker, T.A. and B. Wisner, B (2008), ‘Changing household responses to drought in Tharaka, 

Kenya: vulnerability, persistence and challenge’, Disasters 32(2): 190–215.  

Sokona, Y. and F. Denton (2001), ‘Climate change impacts: can Africa cope with the 

challenges?’ Climate Policy 1(1): 117–123.  

Somorin, O.A. (2010), ‘Climate impacts, forest-dependent rural livelihoods and adaptation 

strategies in Africa: A review’, African Journal of Environmental Science and 

Technology 4(13): 903–912. 



49 
 

Sunderlin, W.D., A. Angelsen, B. Belcher, P. Burgers, R. Nasi, L. Santoso, S. Wunder (2005), 

‘Livelihoods, forests, and conservation in developing countries: An Overview’, World 

Development 33(9):1383-1401 

Sunderlin, W.D., A. Angelsen, D.P. Resosudarmo, A. Dermawan, and E. Rianto (2001), 

‘Economic Crisis, Small Farmer Well-Being, and Forest Cover Change in Indonesia’, 

World Development 29(5):767–782.  

Takasaki, Y., B.L. Barham, and O.T. Coomes (2004), ‘Risk coping strategies in tropical forests: 

floods, illnesses, and resource extraction’, Environment and Development Economics 

9(2): 203–224  

Thomas, D.S.G., C. Twyman, H. Osbahr, and B. Hewitson (2007), ‘Adaptation to climate 

change and variability: farmer responses to intra-seasonal precipitation trends in South 

Africa’, Climatic Change 83(3): 301–322.  

Thornton, P. and L. Cramer (2012). ‘Impacts of climate change on the agricultural and aquatic 

systems and natural resources within the CGIAR’s mandate’, CCAFS Working Paper 

23, CGIAR Research Program on Climate Change, Agriculture and Food Security 

(CCAFS), Copenhagen, Denmark. 

Thornton, P.K. and M. Herrero (2014), ‘Climate change adaptation in mixed crop–livestock 

systems in developing countries’, Global Food Security 3(2): 99–107.  

Tibbo, M., and J. van de Steeg (2013), ‘Climate Change Adaptation and Mitigation Options for 

the Livestock Sector in the Near East and North Africa’, in: Sivakumar, M.V.K., Lal, 

R., Selvaraju, R., Hamdan, I. (eds.), Climate Change and Food Security in West Asia 

and North Africa, Dordrecht: Springer Netherlands, pp. 269–280.  

Tsegaye, D., S.R. Moe, P. Vedeld, E. Aynekulu (2010), ‘Land-use/cover dynamics in Northern 

Afar rangelands, Ethiopia’, Agriculture, Ecosystems and Environment 139(1-2): 174–

180.  



50 
 

Usman, M. and C. Reason (2004), ‘Dry spell frequencies and their variability over southern 

Africa’, Climate Research 26(3): 199–211.  

van Asten, P.J.A., A.M. Fermont, and G. Taulya (2011), ‘Drought is a major yield loss factor 

for rainfed East African highland banana’, Agricultural Water Management 98(4): 541–

552.  

Veljanoska, S. (2018), ‘Can land fragmentation reduce the exposure of rural households to 

weather variability?’, Ecological Economics 154:42-51 

Watts, MJ. (1983), Silent violence: Food, famine and peasantry in Northern Nigeria. Berkeley: 

University of California Press. 

Wik, M., T. Aragie Kebede, O. Bergland, and S.T. Holden (2004), ‘On the measurement of risk 

aversion from experimental data’, Applied Economics 36(21): 2443–2451.  

Wilkie, D., G. Morelli, F. Rotberg, and E. Shaw (1999), ‘Wetter isn’t better: global warming 

and food security in the Congo Basin’, Global Environmental Change 9(4):323–328.  

Woittiez, L.S., M.C. Rufino, K.E. Giller, and P. Mapfumo (2013), ‘The Use of Woodland 

Products to Cope with Climate Variability in Communal Areas in Zimbabwe’, Ecology 

and Society 18(4):24 

Wunder, S., F. Noack and A. Angelsen (2018), ‘Climate, crops, and forests: a pan-tropical 

analysis of household income generation’, Environment and Development Economics 

23(3):279-297 

Wunder, S., J. Börner, G. Shively, and M. Wyman (2014), ‘Safety Nets, Gap Filling and Forests: 

A Global-Comparative Perspective’, World Development 64(1): S29–S42.  

Yegbemey, R.N., E.O. Yegbemey, and J.A. Yabi (2017), ‘Sustainability analysis of observed 

climate change adaptation strategies in maize farming in Benin, West Africa’, Outlook 

on Agriculture 46(1):20–27.  



51 
 

Yesuf, M. and R.A. Bluffstone (2009), ‘Poverty, Risk Aversion, and Path Dependence in Low-

Income Countries: Experimental Evidence from Ethiopia’, American Journal of 

Agricultural Economics 91(4):1022–1037.  

 
 



 

– Chaire Économie du Climat • Palais Brongniart, 4
ème

 étage • 28 place de la Bourse • 75002 PARIS – 
www.chaireeconomieduclimat.org 

 
 

N°2019 - 02 • SEPTEMBER 2019 

WORKING PAPER 
 ...................................................................................................  

PREVIOUS ISSUES 
 .............................................................................................  

 
 
 

Emissions trading with rolling horizons 

Simon QUEMIN, Raphaël TROTIGNON 

N°2019-01 

 

Network tariff design with prosumers and electromobility: who wins, 
who loses? 

Quentin HOARAU, Yannick PEREZ 

N°2018-10 

 

Green, yellow, red or lemons? Artefactual field experiment on houses 
energy labels perception 
Edouard CIVEL, Nathaly CRUZ 

N°2018-09 

 

A tale of REDD+ projects. How do location and certification impact 
additionality? 
Philippe DELACOTE, Gwenolé Le VELLY, Gabriela SIMONET 

N°2018-08 

 

What drives the withdrawal of protected areas? Evidence from the 
Brazilian Amazon 
Derya KELES, Philippe DELACOTE, Alexander PFAFF 

N°2018-07 

 

Public spending, credit and natural capital: Does access to capital 
foster deforestation? 
Jean-Louis COMBES, Pascale COMBES MOTEL, Philippe DELACOTE, 
Thierry URBAIN YOGO 

N°2018-06 

 

Cross subsidies across network users: renewable self-consumption 
Cédric CLASTRES, Jacques PERCEBOIS, Olivier REBENAQUE,  
Boris SOLIER 

N°2018-05 

 

Linking permits markets multilaterally 
Baran DODA, Simon QUEMIN, Luca TASCHINI 

N°2018-04 

 

 

 

 

Working Paper Publication Director : Philippe Delacote  

  
The views expressed in these documents by named authors are solely the responsibility of 

those authors. They assume full responsibility for any errors or omissions. 

 

The Climate Economics Chair is a joint initiative by Paris-Dauphine University, CDC, TOTAL 

and EDF, under the aegis of the European Institute of Finance. 


