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rainfall and rainfall Variability
Philip Thornton

wHAt ArE tHEsE MAPs tELLinG Us?
An average of less than 1,000 millimeters of rain falls per year 
across most of Africa (Map 1)� Rainfall tends to decrease 
with distance from the equator and is negligible in the 
Sahara (north of about latitude 16°N), in eastern Somalia, 
and in the southwest of the continent in Namibia and South 
Africa� Rainfall is most abundant on the eastern seaboard 
of Madagascar; portions of the highlands in eastern Africa; 
large areas of the Congo Basin and central Africa; and parts 
of coastal western Africa including Liberia, Sierra Leone, and 
Guinea� Northern Africa experiences highly variable rain-
fall, except along the coasts of Algeria and Morocco (Map 2)� 
This region’s coefficient of variation—a measure of how 
much rainfall varies from the annual average—is greater 
than 45 percent, reflecting the erratic nature of rainfall in 
a region that gets little precipitation� The story is similar in 
the extreme southwest of the continent and in pockets of 
the Horn of Africa� The amount of rainfall in parts of the 
Congo Basin is much less variable, with a coefficient of varia-
tion around 10–15 percent� For most of the continent where 
rainfed crops are prevalent, the variability is 15–35 percent�

wHY is tHis iMPortAnt?
In Africa, where most agriculture is rainfed, crop growth is 
limited by water availability� Rainfall variability during a grow-
ing season generally translates into variability in crop produc-
tion� While the seasonality of rainfall in the drier rangelands 
can play a significant role in productivity, rain-use efficiency 
(RUE)—the amount of biomass produced (in kilograms of 
dry matter per hectare) per millimeter of rainfall—also drives 
production� RUE averages about 3�0 kg of dry matter per hec-
tare for every millimeter of rainfall in northern Africa, 2�7 in 
the Sahel, and 4�0 in eastern Africa, compared with up to 
10�0 or so in temperate rangelands (Le Houérou, Bingham, 
and Sherbek 1988)� Estimates of annual rainfall variability 
in the drier rangeland can offer a rough indication of pos-
sible production changes� Figure 1 shows how Ethiopia’s 
gross domestic product echoed rainfall variability (mea-
sured as a percentage  variation from the long-term average) 
from the early 1980s to 2010� The close relationship illus-
trates the importance of rainfed agricultural production to 
the national accounts of Ethiopia during this time period� 
Ethiopia is one of many countries in Africa where the econ-
omy is closely tied to rainfed agriculture�

wHAt ABoUt tHE UndErLYinG dAtA?
Rainfall data are from WorldClim (Hijmans et al� 2005), 
an interpolated product based on average monthly cli-
mate data from weather stations from 1960 to 1990� The 
data were aggregated to a spatial resolution of 5 arc- 
minutes (grid cells approximately 100 km2 at the equa-
tor), and the long-term average monthly rainfall amounts 
add up to the annual totals (Map 1)� To estimate the 
variability of annual rainfall (Map 2), the weather gen-
erator MarkSim (Jones and Thornton 2013) was used to 
simulate 1,000 years of daily rainfall data for the roughly 
420,000 grid cells that make up Africa and the standard 
deviation of annual rainfall was calculated for each grid cell 
and converted to the coefficient of variation� MarkSim pre-
dicts rainy days and is able to simulate the variation in rain-
fall observed in both tropical and temperate regions�

wHErE CAn i LEArn MorE?

WorldClim data� Hijmans et al� 2005:  
www�worldclim�org/methods

Generating Downscaled Weather Data from a Suite of 
Climate Models for Agricultural Modelling Applications.  
Jones and Thornton 2013�

“Evidence from Rain-use Efficiencies Does Not Indicate 
Extensive Sahelian Desertification�”  
Prince, Brown De Colstoun, and Kravitz 1998�

FIGURE 1 Economic growth and rainfall variability in 
Ethiopia, 1982–2010
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Source: Thornton, Ericksen, and Herrero 2013; World Bank 2013; IRI/LDEO 2013.
Note: WASP = the 12-month Weighted Anomaly of Standardized Precipitation. 
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http://www.worldclim.org/methods


Data source: Map 1—WorldClim (Hijmans et al. 2005); Map 2—MarkSim (Jones and Thornton 2013).
Note: Rainfall variability is represented by the coefficient of variability (CV), calculated as the 
standard deviation divided by the mean annual rainfall. It is expressed as a percentage and indi-
cates how much rainfall varies from average annual rainfall.
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