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   1.1   Expert Opinion 

  1.1.1   Introduction 

 Globally, climate change is causing average 
 temperatures to rise and the intensity and 
frequency of  extreme events to increase. How-
ever, these changes will not be uniform globally 
( Sillmann  et al ., 2013 ) and will have differential 
impacts based on population vulnerability. Across 
Africa, changes to seasonal rainfall and tem-
perature extremes will have significant  impacts 
on society, particularly those strongly dependent 
on seasonal rains for agriculture. Moreover, 
these impacts will vary across the region due to 
a range of  local factors. Support for agricultural 
development programmes, e.g. research into 
how to meet the challenges of  food production in 
a changing climate ( Fig. 1.1 ), is key in integrat-
ing the impacts of  climate change into long-term 
planning. In parallel, support is needed for deci-
sion makers to help them work under conditions 
of  uncertainty and help develop ways for local 
stakeholders to access and assess information as 
more data and knowledge become available. The 
contribution of  this expert opinion is to provide 
a synthesis of  the current and future climate 
risks for Africa and the range of  impacts in the 
medium to long term. It also seeks to highlight 

areas where research and resources might need 
to be focused, in the future, to limit or 
avoid negative climate risks to socio-economic 
development. 

    1.1.2   What do we understand about 

the future climate of Africa? 

 Climate change is projected to continue the cur-
rent warming trend in Africa, with annual mean 
temperatures likely to increase beyond 2°C above 
pre-industrial temperatures by the mid-21st 
century under a high greenhouse gas emissions 
scenario ( Niang  et  al ., 2014 ). How the climate 
will change in different regions over the coming 
decades, however, remains uncertain. 

 There is still significant uncertainty in 
model projections of  climate change for Africa, 
particularly for changes to the rainfall regime. 
This uncertainty can be a challenge for decision 
makers designing policies and plans for the 
 future. Some types of  uncertainty can never be 
eliminated fully, and it is important to work with 
decision makers to support them to work under 
conditions of  uncertainty by considering a 
range of  possible futures ( Dessai  et  al ., 2018 ; 
 Shepherd  et  al ., 2018 ). However, recent work, 
particularly through the Future Climate for 
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 Africa (FCFA) (https://futureclimateafrica.org, 
accessed 26 May 2021) programme, has improved 
our understanding of  African climate and nar-
rowed the range of  uncertainty in climate model 
projections for Africa. 

 Across Africa, annual and seasonal mean 
temperatures have increased over the last century, 
with minimum temperatures increasing more 
rapidly than maximum temperatures ( Niang 
 et  al ., 2014 ). Model projections across Africa 
show mean annual temperatures are expected to 
continue to rise, particularly in more arid re-
gions, with the rate of  increase in minimum 
temperatures continuing to exceed that of  max-
imum temperatures ( Niang  et al ., 2014 ). How-
ever, this temperature increase is not uniform 
across the region and depends on factors such as 
proximity to the ocean. For East Africa, which has 
the largest proportion of  Africa’s livestock popu-
lation, average temperatures have been estimated 
to increase by 2–3°C by mid-century and 2–5°C 
by end-of-century ( Otieno and Anyah, 2013 ; 
 Ongoma  et al ., 2018a ). This will be detrimental 
to the livestock comfort temperature. Under a 
medium emissions scenario, coastal regions are 
likely to see the largest increases in the number of  
warm nights by the end of  the century ( Ongoma 
 et al ., 2018b ). Across West and Central Africa, 
temperature rises are more intense in the 
driest regions of  the Sahel, with maximum 

temperatures increasing substantially ( Diedhiou 
 et  al ., 2018 ). The duration of  warm spells and 
the number of  heatwaves are also expected to in-
crease, along with the number of  warm days, 
while there is likely to be a reduction in the num-
ber of  cold extreme events in Africa ( Seneviratne 
 et al ., 2012 ). 

 Projections of  future changes in rainfall over 
Africa are uncertain, with the climate models 
assessed for the fifth assessment report of  the 
Intergovernmental Panel on Climate Change 
(IPCC) varying in both whether rainfall will 
increase or decrease, and by how much ( Niang 
 et  al ., 2014 ). These projections also suggest 
there may be increases in heavy rainfall events, 
but with low confidence ( Seneviratne  et  al ., 
2012 ;  Niang  et al ., 2014 ). More recent work has 
narrowed the range of  uncertainty in model 
projections and improved our understanding of  
African climate in three key areas of  the precipi-
tation regime: timing of  rainy seasons; magni-
tude of  changes to rainfall amount; and changes 
to the frequency and intensity of  extreme rain-
fall events. 

 The timing of  the rainy seasons in Africa 
has significant consequences for the large pro-
portion of  the population who are dependent on 
rain-fed agriculture and livestock for their liveli-
hoods (Dunning  et al .,  2016 ,  2017 ). Changes to 
the timing and intensity of  the rainy seasons will 

 Fig. 1.1.      Harvesting sesame seed in West Africa for the family lunch. (Authors’ own photograph.)    
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impact the length of  the growing season and 
agricultural yields ( Vizy and Cook, 2017 ) and 
pasture, hence directly affecting the resilience of  
the population. A continent-scale analysis of  
changes in wet-season characteristics for Africa 
under medium and high emission scenarios pro-
jects significant regional variation across the 
continent. In West Africa and the Sahel, the wet 
season is projected to be delayed by 5–10 days, 
starting later and finishing later, with no overall 
change in length of  the wet season. In contrast, 
the later start to the wet season in southern 
 Africa is projected to lead to a shorter wet season 
with reduced total wet-season rainfall. To the 
north of  the equator, wet-season rainfall is pro-
jected to increase with little change in the timing 
of  the rains. In the central equatorial region and 
the Horn of  Africa, where there are two wet sea-
sons a year, the short rainy season is projected to 
be extended by 8 days on average with higher 
rainfall amount ( Dunning  et al ., 2018 ). Factors 
not considered in these climate models may also 
impact the seasonal precipitation regime, such 
as aerosol emissions. Modelling suggests reduced 
aerosol emissions may delay the timing of  the 
short rainy season in East Africa. However, com-
parisons across models show significant uncer-
tainties and the need for aerosol emission 
scenarios to be incorporated into climate models 
more widely ( Scannell  et al ., 2019 ). Changes to 
the timing of  the rainy season, which is relied 
upon heavily for providing water for both crops 
and livestock ( Vetter, 2009 ;  Archer van Garderen, 
2011 ), will also impact on the interaction of  
vegetation with pests, predators and diseases in 
the wider ecosystem ( Adhikari  et al ., 2015 ). 

 There remain significant uncertainties in 
whether the total amount of  annual and 
seasonal rainfall will increase or decrease across 
Africa. However, rainfall intensity is projected to 
increase across West Africa (see  Taylor  et  al ., 
2017 ), southern Africa and Central Africa, with 
the amount of  rainfall per rainy day projected to 
increase in the wet season. The number of  rainy 
days in the wet season is projected to decrease for 
West and southern Africa ( New  et  al ., 2006 ), 
leading to an overall slight decline in total 
wet-season rainfall. By contrast, Central Africa 
is projected to experience an increase in total 
seasonal rainfall due to increasing rain per rainy 
day and no change in number of  rainy days 
( Dunning  et al ., 2018 ). 

 On top of  changes to the seasonal and an-
nual rainfall amounts, the frequency and inten-
sity of  wet and dry extremes are critical elements 
of  the precipitation regime with significant im-
pacts on livelihoods and population vulnerabil-
ity. Model projections of  changes to wet and dry 
extremes have been improved by recent applica-
tion of  convection-permitting models (CPMs) to 
the African continent, which better simulate the 
diurnal cycle of  tropical convection, vertical 
cloud structure and coupling between soil and 
atmosphere in the Sahel ( Stratton  et al ., 2018 ). 
The CPM agrees with coarser-resolution models 
that wet-season rainfall is likely to be less frequent 
but more intense over much of  Africa, even 
where overall rainfall amount declines. How-
ever, the CPM shows larger decreases in rainfall 
occurrence, and increases in rainfall intensity 
and extremes, compared with conventional cli-
mate models. Flood-inducing events, defined as 
exceeding 60 mm accumulated rain in 3 h over a 
25-km grid scale, are projected to increase from 
occurring once every 30 years at present to once 
every 3–4 years in the future. Additionally, dry 
spells are projected to lengthen significantly dur-
ing the wet season over the Sahel, Gulf  of  Guinea 
and Central Africa. In the Gulf  of  Guinea, dry 
spells longer than 10 days are expected to double 
in frequency in the future ( Kendon  et al ., 2019 ; 
 Wainwright  et al ., 2020 ). These changes in ex-
treme rainfall are larger and more widespread 
than previously predicted, with implications for 
disaster risk reduction, food security and infra-
structure planning across Africa. 

 The impact of  all these climatic changes 
across Africa will affect multiple sectors, includ-
ing food security, vulnerability of  the population 
to disasters, water availability for crops and live-
stock, public health and infrastructure.  

  1.1.3   What are the likely impacts on 

 agriculture and people’s livelihoods? 

 These ongoing changes in the climate will have 
impacts on a range of  sectors in the region. 
 Existing stress on water availability is likely to be 
amplified by climate change ( Niang  et al ., 2014 ). 
Estimating the influence of  climate change on 
water resources is, however, limited by uncer-
tainties in future rainfall changes, as well as the 
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influences of  non-climatic drivers such as popu-
lation growth. 

 Livestock are likely to be affected by pro-
jected decreases in rainfall, which may lead to more 
droughts, impacting drinking-water ( Fig. 1.2 ) 
and crop production for fodder. Changing wea-
ther patterns could expand the distribution of  
ticks causing animal disease ( Niang  et al ., 2014 ). 
Increases in the variability of  rainfall, including 
longer dry spells and more intense rainfall 
events, are likely to lead to more frequent and in-
tense flood events. Floods may increase livestock 
mortality due to damage to livestock housing 
and the potential for increased transmission of  
water-borne diseases in floodwaters ( FAO, IFAD, 
UNICEF, WFP and WHO, 2018 ; InterAcademy 
 Partnership, 2018 ). Furthermore, increases in 
temperature will lead to increases in heat stress 
for livestock, leading to reduced welfare, health 
and productivity ( Escarcha  et al ., 2018 ). Climate 
change is expected to affect the incidence and 
geographical range of  diseases, including tick-
borne diseases such as theileriosis, through 
warming temperatures and changes in rainfall 

( Niang  et  al ., 2014 ). Climate change is very 
likely to negatively affect access to safe water, 
sanitation, food security, access to healthcare 
and education, and increase the burden of  mal-
nutrition ( Niang  et al ., 2014 ). 

    1.1.4   Addressing the science gaps to 

support agricultural decision making 

 As outlined above, there remain some specific 
areas where additional climate science is needed 
in which the direction of  forced change in many 
impact-relevant variables is uncertain. For ex-
ample, there is still significant uncertainty over 
the direction and magnitude of  precipitation 
change in East ( Wainwright  et  al ., 2019 ) and 
West Africa. Further scientific gaps are docu-
mented in the latest synthesis report from the 
IPCC, which highlights outstanding knowledge 
gaps in both the underlying science on climate 
change impacts ( Hoegh-Guldberg  et  al ., 2018 ) 
and our understanding of  the pathways to ac-
tion ( de Coninck  et  al ., 2018 ). More generally, 
there is a need to characterize risks and oppor-
tunities in terms relevant to local stakeholders, 
to support policy-relevant risk assessment. This 
includes developing ways of  coming up with 
relevant and plausible climate scenarios and as-
sessment frameworks.   

  1.2   Future Predictions 

 Although global aspects of  climate change are 
well understood, there remains great uncer-
tainty at regional and national scales, and 
 traditional probabilistic approaches lead to a 
‘cascade of  uncertainty’ ( Wilby and Dessai, 2010 ). 
As part of  the HyCRISTAL project (2015–2021) 
(https://futureclimateafrica.org/project/hycristal/, 
accessed 26 May 2021), this uncertainty of  the 
future climate was captured in a set of  stories 
that describe three possible futures for rural East 
Africa in 2050 ( Burgin  et  al ., 2019 ). These fu-
tures do not cover every possible outcome pro-
jected but seek to describe some of  the resulting 
impacts that could be experienced in rural areas. 
Under Future 1, the climate is much wetter and 
hotter, rainfall intensity and frequency of  storms 
increase, and the long rainy season increases in 

 Fig. 1.2.      Collecting water from a community borehole 

in Burkina Faso. (Authors’ own photograph.)    
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length. This longer rainy season prevents some 
staple crops from maturing properly but in-
creases opportunities to grow perennial crops 
and a wider variety of  fruits and vegetables, in-
cluding crops used for livestock fodder. Under 
Future 2, the climate is hotter and there is a 
smaller increase in rainfall intensity and storms, 
leading to similar problems and opportunities 
for crop production as in Future 1. Under these 
slightly wetter conditions, livestock production 
can increase. Under Future 3, the climate is 
much hotter and drier with temperatures rising 
by 3°C on average. Rainfall decreases overall, 
with shorter rainy seasons. This hotter and drier 
climate leads to a reduction in the range of  per-
ennial crops, including livestock fodder, and 
other fruits and vegetables that can be grown, 
and farming communities suffer lack of  income 
and poor nutrition ( Burgin  et al ., 2019 ). 

 A similar approach has been applied to 
model and describe three possible futures for 
water resources under climate change in West 
Africa, specifically Burkina Faso and Northern 
Ghana, in 2050 ( Cornforth  et al ., 2019 ), and the 
impacts these futures would have on crop and 
livestock production. Under Future 1, the cli-
mate is much hotter and drier with more erratic 
rainfall. The lower rainfall leads to low levels of  
surface water and groundwater, and declines in 
staple, cash and fodder crops. Livestock mortal-
ity increases due to lack of  water and fodder, as 
well as increased water-borne diseases due to 
people and livestock being concentrated around 
fewer resources. Under Future 2, groundwater 
levels are similar to current day, but there is 
greater variability in the climate with long dry 
spells and more intense rainfall events. Rain-fed 
agriculture declines due to risks from the unpre-
dictable nature of  the climate. Long dry spells 
lead to declines in livestock production as under 
Future 1. Under Future 3, the climate is much 
wetter, with increases in intensity and frequency 
of  rainfall events and increases in groundwater 
levels. Rain-fed and irrigated crop and fodder 
production can increase; however, flooding and 

waterlogging also increase, although this is spa-
tially variable. Livestock production is supported 
by availability of  water and fodder but suffers in-
creased losses due to damage from flooding 
( Cornforth  et al ., 2019 ). 

 These alternative possible futures for cli-
mate change in East and West Africa illustrate 
the range of  uncertainty from climate projec-
tions over the next few decades. This explicit 
communication of  uncertainty in climate pro-
jections to decision makers enables more effect-
ive adaptation planning. The three possible 
climate futures offer the potential for planners 
and policy makers to consider which actions 
would be beneficial across multiple possible fu-
tures and when such actions need to be applied. 

 However, the impacts of  future climate 
change will vary across a region due to a range 
of  local factors. For example, flooding and wa-
terlogging of  soils will be spatially variable and 
impacts will depend on the types of  crops grown, 
as well as the infrastructure and management 
options for protection of  livestock. Therefore, 
local- scale studies which incorporate high- 
resolution (differentiated) information on climate, 
mapped on to high-resolution (differentiated) in-
formation on vulnerability and exposure, will be 
needed to better assess impacts and conse-
quences at a scale relevant to local decision 
makers ( Young  et al ., 2021 ). This approach has 
been adopted in Uganda to assess the impacts of  
climate change on sweet potato, an understud-
ied staple crop in East and Central Africa ( Ewell, 
2002 ; Young  et al .,  2020a , b ). This approach of  
working at the local scale, and integrating infor-
mation from climate, agricultural and social sci-
ence, produces contextualized assessments of  
climate risk that are meaningful to local decision 
makers. Such a systems-based view of  risks to 
livestock, agriculture and wider livelihood resili-
ence enables adaptation planning that acknow-
ledges the interdependence of  sectors such as 
water, agriculture, social protection and health, 
for a multi-sector and multi-scale approach to 
climate adaptation ( Cornforth  et al ., 2021 ).   
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