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Climate
• The slowly varying aspects of the 

atmosphere – hydrosphere– land 
surface system.

• Typically characterized in terms of
– suitable averages of the 

climate system over periods of 
a month or more 

– taking into consideration the 
variability in time of these 
averaged quantities. 

• The concept has broadened and 
evolved in recent decades in 
response to the increased 
understanding of the underlying 
processes that determine climate 
and its variability.

Weather

• The state of the atmosphere, 
mainly with respect to its effects 
upon life and human activities.

• It consists of the short-term 
variations in the atmosphere. 
Weather is commonly thought of 
in terms of temperature, humidity, 
precipitation, cloudiness, 
visibility, and wind.
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Source http://glossary.ametsoc.org/wiki/Main_

Climate and Weather



• Continued population growth and delayed demographic 
transition in Africa.

• Wide-spread resource-poverty in agriculture and, 
as a result, low capacity to absorb risks.

• Low level of non-traditional human capital in African 
agriculture.

• Remarkable capacity to adapt 

digital technology to local needs

(e.g. M-Pesa Mobile Wallets).
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Climate change is not the only game in town



• Climate change is a significant change in the environment of farmers' 
decision-making ecology.

• as the environment changes

– farmers’ values may change 
(we know next to nothing about farmers' values as we usually 
assume utility maximization)

– farmers decision routines, their heuristics, may need to change 
(we don't know much about this as we don't know the old 
heuristics, we have simply assumed full economic rationality)

– the set of relevant technologies changes 
(this requires innovation and involves tech adoption)

4

What change means for farmers' decision-making



 Highlight on the challenges posed by climate change and how 
farmers in Sub-Saharan Africa are adapting to these 
challenges.

 Brief discussion on the empirical literature on impacts of 
adaptation to climate change on rural households in Sub-
Saharan Africa.

 Present some findings from a study on impact of adaptation to 
climate change on yields, food and nutrition security and risk 
exposure among farm households in Ghana.

 Conclusion, policy implications and future research 
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Outline of Presentation



• Science is generally in agreement on likelihood of future
climate trends, although predictions differ (Hassan, 2010).

• The World Bank (2010) identified three major physical impacts
of climate change in African countries.
– Temperature change, change in rainfall, and sea level rise

– All of which impact negatively on agriculture and household
livelihoods

• The IPCC (2014) projects that global mean surface temperature 
could increase between 3.7 0C and 4.8 0C in 2100 compared to
pre-industrial levels.
– Achieving below 2 0C requires more mitigation efforts (IPCC, 2014)
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Challenges of climate change for Sub-Saharan  Africa 
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• SSA contributes less than 5% to global GHGs emissions, but is the 
most vulnerable (IAASTD, 2009).

• Vulnerability due to structural, technological, institutional
weaknesses, low asset base and high poverty (Hassan, 2010)

• Key question: not whether there will be any effect, but to which extent

 By 2020, crop yields from rain-fed agriculture, which accounts for 
90% of farming, in some African countries are projected to decline by 
up to 50% (IPCC, 2007). 

 Yields of wheat, maize, and sorghum are expected to decrease by 
17%, 5.4% and 15%, respectively, in Africa by the year 2080 (Knox, 
et al., 2012). 

Implications of climate change on agricultural productivity 
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Source: Walker et al. 2016.

Yield level: Maize is the problem!

The authors indicate that the effects are not that large, and express 
optimism that plant breeding and crop agronomy can be deployed to 
dampen the projected declines in yield from global warming



• Changes in the economics of climate change 

• Mitigation
Action taken to eliminate or diminish long-term risk and hazards 
of climate change. Focuses on reducing the flow of greenhouse 
gases into the atmosphere.

 At the various aggregate levels: international – national - industry 

• Adaptation
Ability of an individual or a system to adjust to climate change. 
Aims at reducing the vulnerability to the effects of climate 
change. Eminently local character.

 At micro levels: farm-household - plot
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What can be done?
Mitigation and Adaptation Strategies



• Adaptation in African agriculture:
– key issue is crop failure due to more extreme weather events.

– focus of adaptation is on coping with weather risks.

• Farmers' means of coping with extreme weather risks:
– traditional heuristic weather forecasting

– seeds and planting (timing and rate)

– crop choice 
(improved & drought-tolerant cultivars, crop diversification)

– irrigation

– soil & water conservation

– use of crop insurance

– off-farm income and migration
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Focusing on Adaptation
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Irrigation and water havesting techniques

Small community dams 
and Dug-outs

Protected wells technologies

Source: WRC, Bolgatanga, Ghana
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Examples of climate-smart technologies

Improved soil and water 
conservation (reduced or 
no tillage, mulching)

A conservation agriculture 
trial clearly demonstrates 
the benefits – farmers’ 
traditional soil 
management practices on 
the right. CIMMYT

Flood protection stone 
bonding technology
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Drought tolerant 
beans

Drought tolerant 
maize seed

Crop choices and drought tolerant varities

• Study by Elum et. Al (2017) showed that planting of 
drought-tolerant varieties was the most common climate-
response strategy in SSA. 



• Kurukulasuriya et al. (2006) employed a Ricardian framework, with data from a
survey of 9000 farmers, to examine how climate variables influence farmers
revenues in 11 African countries:
– Their findings revealed that crop output in the sub-region are quite sensitive to

climate variability, with temperature rises and decreases in rainfall, negatively
impacting on net revenue, while irrigation improves farm income.

• Benhin ( 2008) study on South Africa, using revised Ricardian approach, found that
if temperature rises by 1% the net crop revenue will increase about $80, whereas
rainfall decreases of 1 mm/month produces a revenue fall of $2.

• A study on Kenya and South Africa by Bryan et al. (2009), found that access to
credit, extension services and wealth are the major barriers to adaptation.

• Di Falco and Veronesi (2013) on Ethiopia, using Endogenous Switching
Regression, found positive impacts of adaptation on crop yields.

• Some studies revealed significant impact of adaptation on declining risk exposure
(e.g. Di Falco, et al, 2011; Seo, et al 2008; Kassie et al., 2014; Kim et al., 2014).
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Modeling impact of and barriers to adaptation: 
Some empirical evidence



Material and 
institutions

• Asset endowments
• Access to credit or 

capital
• Access to input and 

output markets
• Property rights

Cognitive and 
Behavioral

• Education
• Access to 

information
• Risks profile or 

attitudes
• Entrepreneurship
• Behavioral traits
• Role of gender?

Drivers of and barriers to adaptation
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Source: Global Weather Data (2017)

Analysis on the Impact of Adaptation on Farm Performance 
and Risk Exposure in Ghana (Gazali and Abdulai, 2017)

Source: Amikuzuno (2013) 

Continued climate change will 
result in yield losses of some 
staple crops in Ghana

-14,5

-9,6

-6,9

-2,3

-15,2

-7,1
-7,9

-3

-16

-14

-12

-10

-8

-6

-4

-2

0

RICE MAIZE MILLET SORGHUM
Commonwealth Scientific and Industrial Research
Organisation (CSIRO)
National Centers Atmospheric Research (NCAR)

Average rainfall and temperature
data show great variability



17

Main objective of study

Main objective:

To identify the determinants and impact of adaptation to climate
change for two common adaptation strategies (crop choice, soil
and water conservation), and their combination (incl. importance
of climate variables) on crop yield, food security, and exposure
to risks of smallholder farmers.

Crop choice: This includes the use of modern varieties, drought
resistant and early maturing varieties. It also captures changing
crops in response to climate variability.

Soil and water conservation: This captures erosion control and
other measures to prevent soil and nutrient loss.
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Data from Global Weather Data (NCEP) (2017)

• Survey data for 2015/2016 cropping season (476 HH)

• Thin plate spline method of spatial interpolation 
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Distribution of adaptation Status by AEZ

Trans zone Guinea Sav Sudan Sav

Study area and data used in the analysis 

AEZ Rainfall (mm) Average temp

Sudan Savannah 674.38 30.19

Guinea  Savannah 964.44      29.60

Transitional zone 1267.20 27.70
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Choice 

Crop 

Choice (C)

Soil &Water 

Conservation (Sw)

Relative 

Frequency

[%]

Yes No Yes No

Non-adaptation x x 17.48

Crop choice x 18.58

Soil&Water Conservation x 35.26

Joint Adaptation x x 28.67

N 1001

Adoption of climate-smart strategies (CAS's) combinations

Outcome variables:
• Crop yield (monetary value) and net  revenues
• Dietary diversity and food insecurity scores
• Risk exposure and cost of risk measured by variance and skewness.

← Number of plots
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• We model households’ choice of multiple adaptation strategies and
welfare outcome (crop yield) and risk exposure (yield variance &
skewness) in a random utility framework (expected utility max).

• We model adaptation impact on mean yield, variance, skewness and
risk premium in a multinomial endogenous switching regression
approach (Bourguignon et al., 2007). Referred to as BFG-Method

• Approach has the advantage of evaluating both individual and
combined practices, while capturing the interactions between the
choices of alternative practices .

• Also it uses a latent factor structure, which allows a distinction to be
made between selection on unobservables and observables (Deb and
Trivedi, 2006b).

Modelling choice and impact of multiple adaptation strategies
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Estimates of the multinomial logit model (base outcome = Nonadaptation)

Crop Choice Soil & Water Cons Joint Adaptation
Variable Estimate Estimate Estimate

_cons 1305.88** 61.625 1229.63**  
Age -0. 724** -0. 726** - 1.134***
Gender 19.226** 41.455*** 14.898**
HH_size 0.428** 0.715*** 0.184
Education 0.949** 2.467*** 0.841**
Pltsize_Ha 2.270** 5.687*** 1.412*
Asset 16.698** 35.543*** 11.533**
Livestock-TLU 5.173** 12.605*** 4.552** 
Off-farm -8.439*** -17.658*** -7.088***
Fertilizer 1.864** 4.526*** 1.626**
Weedicide 0.820*** 1.870*** 0.959***
Rainfall -0.057 0.026 0.019
Temp 21.622 8.044 1.537***
RFanorm 11.665** 6.880* 0.129
Tem-anorm 1.010* 1.123** 0.653***
Tem x RF-anomal 0.274* 0.052 0.520***
Extension 27.048** 66.815*** 23.601**
Mudlak’s fixed effects Yes Yes Yes
FBO_memb 0.963*** 1.216*** 0.515*
weatherinfo 0.367 0.440* 1.082***
N 1001



Expected yield with Adaptation (from MESR)
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Outcome

Adaptation decision

ATT (%)

ChangeAdapting
Not 
adapting

logYield (GHS)

Crop choice 5.848 5.192 0.656*** 12.63

Soil & Water Conservation 5.978 5.356 0.622*** 11.62

Joint Adaptation 6.714 5.565 1.149*** 20.64 



Impact of Adaptation on Household Welfare (from MESR)
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*** represent 1%, 5%, and 10% significance level, respectively.  1 GHS = 0.2632 US Dollar at the time of the 
survey

Outcome Adaptation decision ATT % change
Adapting Not adapting

Net-farm rev (GHS) 1369.58 1174.80 194.78*** 16.59

Household Dietary Diversity 
Score

8.60 7.47 1.13*** 15.13

Household Food Insecurity 
Score 

3.06 5.13 -2.07*** -40.30

Adaptation improves net revenues as well as food and nutrition security
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• Adaptation reduces 
downside risk exposure
(increases Skewness).

• Reduction higher with 
joint adaptation

Downside risk and risk premium w/wo Adaptation

Adaptation leads to 
reduction in expected risk 
premium
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Impact of Adaptation on Welfare by Agro-ecological zone
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Conclusion and Policy Implications
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 Reducing vulnerability and strengthening adaptation 
• Future interventions to increase agricultural productivity and reduce 

farmers’ risk exposure should consider alleviating farmers’ climate 
adaptation difficulties (barriers to adaptation).

• Expanding irrigation facilities to reduce dependence on rain-fed 
agriculture.

• Investments to increase job opportunities outside agriculture.

• Promotion of weather-based insurance schemes for crop and 
livestock production as an adaptation strategy.

• Promoting research on heat and drought-resistant varieties, as well as 
making quality climate data accessible to farmers.
• The provision of weather forecasts to help farmers cope with 

variable weather. Digital technology likely to be useful.
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Source: Gordon Conway, G. and Toenniessen, G.  2003. Science for African Food Security.
Science 21 Feb 2003: Vol. 299, Issue 5610, pp. 1187-1188. DOI: 10.1126/science.1081978

Improving yields and food security

Science and technology can make a difference in African agriculture



• Using panel data to account for unobserved heterogeneity and to
assess the long-term impacts.

• Strengthening the empirical foundations of our models.
– Dynamics of the interactions should be captured in conceptual

frameworks and empirical analysis.

• Increasing effort to learn more about farmers‘ behavior.
• Designing mechanism for collective actions and/or creating

institutions that support these collective action.

 How do meteorological weather forecasts feed into farmers' 
crop choice and management heuristics?

•  We need to find out through research!

29

Future research



Thanks for your time 
and interest!

Adaptation to the worst case scenario: 
Future generations would need to learn how to swim!


