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HIGHLIGHTS

GRAPHICAL ABSTRACT

Plantain yield in Cameroon declined
43% from 1991 to 2011.

Climatic variables explained the reduc-
tion in productivity (R* = 0.68).
Education levels in rural households
correlated with crop productivity (R?> =
0.82).

By 2080 we predict a 39% decrease in
plantain yields and 51% in education out-
comes.

Farmer training could enhance the adap-
tive capacity of food production systems.
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Although a number of recent studies suggest that climate associated shifts in agriculture are affecting social
and economic systems, there have been relatively few studies of these effects in Africa. Such studies would
be particularly useful in Central Africa, where the impacts of climate warming are predicted to be high but
coincide with an area with low adaptive capacity. Focusing on plantain (Musa paradisiaca), we assess
whether recent climate change has led to reduced yields. Analysis of annual temperature between 1950
and 2013 indicated a 0.8 °C temperature increase over this 63-year period - a trend that is also observed
in monthly temperatures in the last twenty years. From 1991 to 2011, there was a 43% decrease in plantain
productivity in Central Africa, which was explained by shifts in temperature (R? = 0.68). This decline
may have reduced rural household wealth and decreased parental investment in education. Over the past
two decades, there was a six month decrease in the duration of school attendance, and the decline was
tightly linked to plantain yield (R?> = 0.82). By 2080, mean annual temperature is expected to increase at
least 2 °C in Central Africa, and our models predict a concomitant decrease of 39% in plantain yields and
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51% in education outcomes, relative to the 1991 baseline. These predictions should be seen as a call-to-
action for policy interventions such as farmer training programs to enhance the adaptive capacity of food
production systems to mitigate impacts on rural income and education.

© 2017 Elsevier B.V. All rights reserved.

1. Introduction

The Fifth Assessment Report of the Intergovernmental Panel on Cli-
mate Change (IPCC) outlined hypotheses about the impacts of climate
change on agriculture, disease, ecosystems, and water resources in
Africa (Niang et al., 2014). Regarding agriculture, the Fifth Assessment
hypothesized that with warmer temperatures and decreased rainfall,
crop yields will decline. Since the Fifth Assessment was published, the
effects of climate change on yield have been predicted for cocoa in
West Africa. By the 2050s, increases in maximum temperature are fore-
cast to cause declines in areas suitable for cocoa production in countries
along the Gulf of Guinea (Schroth et al., 2016). In addition to effects on
agriculture, the Fifth Assessment hypothesized that the geographic
ranges of vector-borne and water-borne diseases will expand and that
the geographic boundaries of ecosystems will shift affecting wildlife
and natural resources (Niang et al., 2014).

The sensitivity of crop yields to climate change is often complex
encompassing both direct biophysical effects, such as the impact of
shifts in temperature and precipitation on plant growth, as well as indi-
rect effects, such as the impact of climate on the abundance of patho-
gens, vectors, and their predators (Ye et al, 2015). Examples of
reduced yields attributed to climate change include rice and wheat in
India (Burney and Ramanathan, 2014) and the productivity of a variety
of staple food crops in Sub-Saharan Africa (Blanc, 2012). Banana (Musa
spp.) and plantain (Musa paradisiaca) are predicted to be highly sensi-
tive to the direct effects of climate change due to their narrow temper-
ature and water tolerance (Jarvis et al., 2012). In Cameroon in Central
Africa (Fig. 1(A)), plantain is expected to be sensitive to climate change
because the predicted increase in temperature could delay flower de-
velopment and bunch emergence causing yields to decline (Turner
et al.,, 2007). Furthermore, the irrigation requirements of banana are
1200 mm in tropical climates and declines in precipitation below this
threshold could induce water stress (FAO, 2015). As discussed below,

adaptation via changes in management such as genetic improvement
of Musa might partially mitigate the impacts of climate change on plan-
tain yield, but will not eliminate them entirely due to the significant
time and investment required to establish crop breeding programs.

As most farmers in Central and West Africa rely on rain for irrigation,
the vulnerability of the region's agricultural production systems to
drought is high. Over the last 40 years, one of the strategies that rural
populations have adopted in response to drought is to abandon agricul-
ture and migrate away from farming areas (Njock and Westlund, 2010).
For example, in 1972 and 1983-4 droughts prompted major migration
events involving millions of people who relocated from dry ecosystems
in the Sahel to humid coastal ecosystems along the Gulf of Guinea
(Gautier et al., 2016; Mertz et al., 2010; Ouedraogo et al., 2010). Future
droughts and demographic shifts such as substantial growth of the pop-
ulation under 15 years of age are predicted to result in increased popu-
lation vulnerability and migration in northern Nigeria, western
Cameroon, and coastal areas of the Republic of Congo and the Demo-
cratic Republic of Congo (Lopez-Carr et al., 2014).

Understanding the impacts of climate change on crop productivity in
Central Africa is vital due to the economic importance of the region's ag-
ricultural sector. For example, in Cameroon >70% of the rural population
works on small farms (Yengoh, 2012). Given the importance of crop
production, the negative effects of climate change on food crop yields
could impact the dynamics of supply and demand in the plantain sector.
A decrease in the supply of plantain would increase demand due to
shortages, but whether this would affect prices would depend on
buyers' willingness and ability to pay more for plantain. The most
recently-available price data from Cameroonian markets is from 2009
to 2011 and indicates that the price per kilogram rose 55% over this pe-
riod, increasing from 100 to 150 Central African Francs per kilogram
(Institut National de la Statistique, 2012). However, over longer periods,
climate change may reduce consumer income, making buyers unable to
match increased plantain prices.
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Fig. 1. Study area and schematic of climate change impacts on crops: (A) countries of Central Africa. EG = Equatorial Guinea; (B) mechanisms by which climate change could affect plan-

tain yields and school attendance in Cameroon.
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