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Abstract: This paper assesses the impact of drought in Africa and selects the vulnerable areas to drought by using 
Standard Precipitation Evapotranspiration Index (SPEI) as a new index for drought monitoring during the period 
from 1960 to 2008 at time scales 12. Results of this study refer to the characteristic of drought over Africa using the 
Stander Precipitation Evapotranspiration Index (SPEI) at time scale 12 for month of Dec. during the period from 
1960 up to 2008 was analyzed. Results concluded that the first decades were less drought area and the drought 
increased with time. Frequency of drought (SPEI values ≤ -1) increased in last decades. There are most difference 
between extreme drought and wet events while the severe and moderate classes were closer. The assessment of the 
drought impact in Africa needs to determine several systems (water resource, natural vegetation and crops) to 
quantify the impact of drought in terms of both system's resistance and resilience, to produce drought impact curve 
for each system and region. 
 [Hassanein M. K.; A. A. Khalil; Y. H. Essa. Assessment of Drought Impact in Africa Using Standard 
Precipitation Evapotranspiration Index. Nat Sci 2013;11(12):75-81]. (ISSN: 1545-0740). 
http://www.sciencepub.net. 11 

 
Key words: Drought, Drought index Assessment, Impact and Standard Precipitation Evapotranspiration Index 
(SPEI) 
 
 
1. Introduction 

Droughts are recognized as an environmental 
disaster and have attracted the attention of 
environmentalists, ecologists, hydrologists, 
meteorologists, geologists and agricultural scientists. 
Droughts occur in virtually all climatic zones, such as 
high as well as low rainfall areas and are mostly 
related to the reduction in the amount of precipitation 
received over an extended period of time, such as a 
season or a year. Temperatures; high winds; low 
relative humidity; timing and characteristics of rains, 
including distribution of rainy days during crop 
growing seasons, intensity and duration of rain, and 
onset and termination, play a significant role in the 
occurrence of droughts. In contrast to aridity, which is 
a permanent feature of climate and is restricted to low 
rainfall areas (Wilhite, 1992), a drought is a 
temporary aberration. In Africa drought is the natural 
hazard that affects a large number of people with the 
most negative consequences, being responsible for 
famine (Scrimshaw, 1987), epidemics and land 
degradation (Bandyopadhyay, et al., 2012; UN, 
2008). Among the most important natural disasters 
affecting the world, drought record the two highest 
number killed between years 1974 and 2007, where it 
killed 450,000 and 325,000 persons in 1984 and 1974 
in Ethiopia/Sudan and the Sahel region, respectively 
(UN, 2008). Drought increases the structural problems 
of the African continent and in the last decades has 
caused a decrease of crop yields, unemployment, 

impoverishment and even forced migrations 
(Scheffran et al., 2012d; UN, 2008). The problem 
may increase in the future since the current population 
projections predict a demographic increase in the 
regions affected by chronic water deficits in Africa, 
and climate change models also indicate the likely 
increase of drought severity during the 21st century 
(Dai, 2011), which are likely to increase famine 
(Marta M. Jankowska et al., 2012) social conflicts 
and the risk of civil wars in African countries (Burke 
et al., 2009). Understanding, monitoring and 
mitigating drought is a very difficult task as a 
consequence of the intrinsic nature of the 
phenomenon. In addition, assessing the impact of 
drought on ecosystems and societies is also a complex 
task, because the same drought severity may have 
different consequences in different regions and 
systems due to the underlying vulnerabilities. New 
technologies based on geospatial information are 
available to determine the risk and vulnerability of a 
system to a drought and to develop monitoring and 
early warning systems based on real-time information 
to support decision making (Sergio M. et al 2012). 
The objective of this study is to monitoring, assessing 
drought impact in Africa, and selected the vulnerable 
areas to drought by using Standard Precipitation 
Evapotranspiration Index (SPEI). 
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2. Material and method: 
Monitoring and assessing drought in Africa 

has been done using the Standard Precipitation 
Evapotranspiration index (SPEI) (Vicente-Serrano et 
al. 2010b), which takes into account both precipitation 
and potential Evapotranspiration (PET) demand of the 
atmosphere. This index is calculated as the difference 
between monthly precipitation (P) and the potential 
evapotranspiration (PET),  

 
D = P – PET 
 

The probability distribution of cumulative D 
series is aggregated at selected time scales. The 3-
parameter Log-logistic distribution adopted for 
standardizing the D series for all time scales. And then 
transform it to Z –score by converting F(x) values 
obtained to z-standardized values. For example, 
following the classical approximation of Abramowitz 
and Stegun (1965): 

 
                       (C0+C1W+C2W

2) 
SPEI  =   W   - 
                        (1+d1W+d2W

2+d3W
3) 

 

Where W = �− ∗ ( )  for P ≤ 0.5, P is the 
probability of exceeding a determined D value, P 
=1−F(x). If P > 0.5, P is replaced by 1−P, and the 
sign of the resultant SPEI value is reversed. The 
constants are: C0 = 2.515517, C1 =0.802853, C2 = 
0.010328, d1 = 1.432788, d2 = 0.189269 and d3 = 
0.001308. 
 
The average value is 0, and the standard deviation is 1.  

Global gridded dataset of the Standard 
Precipitation - Evapotranspiration Index (SPEI) at 
time scale 12 months is downloaded from 
http://digital.csic.es/handle/10261/48169 with spatial 

resolution of 0.5º lat/lon. Temporal coverage between 
January 1901 and December 2009. The FAO-56 
Penman - Monteith's method has been used for 
computing PET. Unbiased probability weighted 
moments (ub-pwm) method has been used for fitting 
the log-Logistic distribution. The whole world is put 
in one single netCDF file.  
 
3. Result and Disscusion 

The Standard Precipitation Evapotranspiration 
index (SPEI) as drought index has been showed in 
figures (1 and 2) from 1960 upto 2008 for month of 
Dec. at time scale 12 to include all months of each 
year for decades 1960, 1970, 1980, 1990, and 2000 
respectively. It’s observed that the older decades have 
less area of drought events, where the decade 1960 has 
most wet categories percentage area and decade 2000 
has most drought categories percentage area compared 
with other studied decades. Year of 1961 has the most 
extreme wet area percentage while year of 1996 has 
the most extreme drought area percentage. Years of 
1976, 1991, 1999, 2001, and 2006 haven’t exposed to 
extreme drought. 

The frequency distribution of SPEI values in 7 
classes of drought category (%) over Africa at time 
scale 12 for month of Dec. during studied decades 
showed in table (1). As it observed all drought 
categories are increasing with time and all wet 
categories are decreasing with time, while the normal 
condition was nearly close during study period. 

Figure (3) represents the average distribution of 
SPEI categories over Africa during study period, and 
it shows the normal condition around 79 % out of total 
values, moderate drought and wet were around 10.3 % 
and 5.1%, severe drought and wet were around 1.7% 
and 2.5%, and extreme drought and wet were around 
0.2% and 2.3%. 

 
 
 
Table (1): The frequency distribution of SPEI values in 7 classes of drought category (%) in Africa at time 
scale 12. 

Classification decade 60 decade 70 decade 80 decade 90 decade 2000 
Extreme Drought 0.1 0.1 0.2 0.3 0.4 
Severe Drought 0.6 1.2 2.2 2.1 2.3 

Moderate Drought 5.2 8.0 12.5 12.8 13.1 
Normal 75.7 81.0 76.4 80.5 80.5 

Moderate Wet 7.8 5.3 6.1 3.2 3.0 
Severe Wet 5.2 2.9 2.1 1.3 1.2 

Extreme Wet 5.4 2.6 1.6 1.0 0.9 
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Figure (1): SPEI at time scale 12 for month of Dec. during the period from 1960 to 1989. 
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Figure (2): SPEI at time scale 12 for month of Dec. during the period from 1990 to 2008. 

 

 
 

Figure (3): Average distribution of SPEI categories in Africa. 
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Figure (4) show the comparison between the average percentage of total drought (values ≤ -1) and wet 

categories (values ≥1) from 1960 up to 2008, where it was noted the predominance of wet event during decades 
1960, then it approached a lot of drought event at 1970 decade, then followed by decreasing, and increasing of 
drought event. 

By separating each drought and wet classification for studied decade as shown in figure (5) it was noted that, 
the biggest difference was between the extremes drought and wet events and this difference was less in sever and 
moderate classes. Also the extreme wet event greater than extreme drought in all studied decades. 

In recent years, large scale intensive droughts have been observed on all continents affecting large areas in 
Europe, Africa, Asia, Australia, South America, Central America and North America (Le Comte, 1995) and high 
economic and social costs have led to increasing attention to drought (Downing and Bakker, 2000). Since the late 
1960s, the Sahel (a semiarid region in West Africa between the Sahara desert and the Guinea coast rainforest) has 
experienced a drought of unprecedented severity in recorded history. Drought has a devastating impact on this 
ecologically vulnerable region and was a major impetus for the establishment of the United Nations Convention on 
Combating Desertification and Drought (Zeng, 2003). While the frequency of droughts in the region is thought to 
have increased from the end of the 19th century, three long droughts have dramatic environmental and societal 
effects upon the Sahel nations. Famine followed severe droughts in the 1910s, 1940s, 1960s, 1970s and 1980s, 
although a partial recovery occurred from 1975–1980. While at least one particularly severe drought has been 
confirmed in each century since the 1600s, the frequency and severity of the recent Sahelian drought stands out the 
famines and dislocation on a massive scale from 1968 to 1974 and again in the early and mid-1980s was blamed on 
two spikes in the severity of the 1960– 1980s drought period (Batterbury and Warren, 2001). Bordi and Sutera 
(2001) found dry conditions over Europe, Eastern Asia, Central Africa and the Caribbean region to be 
interconnected and affected by the tropical climatic variability. 

 
 

 
 

Figure (4): Comparison between the average percentage of total drought and wet categories. 
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Figure (5): Comparison between drought and wet classification in each decade. 
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Conclusion 
The characteristic of drought over Africa 

using the Stander Precipitation Evapotranspiration 
Index (SPEI) at time scale 12 for month of Dec. 
during the period from 1960 up to 2008 was analyzed. 
Results concluded that the first decades were less 
drought area and the drought increased with time. The 
frequency of drought (SPEI values ≤ -1) increased in 
last decades. There are big difference between 
extreme drought and wet events while the severe and 
moderate classes were closer. Assessment of the 
drought impact in Africa needs to determine of several 
systems (water resource, natural vegetation and crops) 
to quantify the impact of drought in terms of both 
system's resistance and resilience, and to produce 
drought impact curve to each system and region. 
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