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Abstract 
Climate variability in DR Congo in general and in the Kongo Central Province in 
particular is well established. However, rains related to variables such as frequency of 
rainy days and duration of the rainy seasons was generally very little studied. This 
study aims to investigate the influence of the climate event on rainfall patterns in the 
south-western of the DRC. This is firstly to characterize the climate event from the 
analysis of the air temperature, the frequency of rainy days and duration of the rainy 
seasons. Furthermore compare the normal monthly rainfall over the period 1962- 
2012 to clear the behavior of seasonal rainfall patterns. Climate variability is mani-
fested by temporal dynamic regressive temperatures, annual rainfall and a decrease 
in the number of rainy days. A temperature increase of around 1˚C was observed 
from 1992 and the thermal peak was recorded in 1994 (>28˚C). The highest rainfall 
was recorded in 2006 (>2400 mm). These variabilities cause short periods of intense 
rainfall leading to early droughts of the end of season. 
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1. Introduction 

In the province of Kongo Central in the Democratic Republic of Congo (DR Congo), 
rainfall is generally abundant due to the influence of warm winds from the southwest 
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and condensation caused by cold currents Benguela [1]. They are short-term and fo-
cused on ten days per month and total for the rainy season, an average monthly height 
of about 130 mm, with a maximum exceeding 230 mm in December or April. All these 
supposed phenomena known by locals are very few argued objectively on science. 
Aguilar et al. [2] state that lack of information on trends in rainfall variables and cli-
mate extremes in many regions across the developing world. SOLOMON et al. [3] also 
believe that the rainfall indexes are still too few studies in sub-Saharan Africa. 

Despite the often dramatic consequences of the rainfall fluctuation on agriculture 
and the environment Mvuazi, variability remains unclear as outliers in its time series. 
The daily rainfall series analyzed in this area only covers the period 1990-2008 [4]. On 
the other hand, note that the strong human impact in Mvuazi zone followed by a noti-
ceable degradation of natural resources would only increase this climate variability 
and/or impacts in the region. 

It is therefore necessary to thoroughly analyze the seasonal cycle of Mvuazi rainfall. 
Indeed, the interest in this type of study lies in the fact that extreme events may become 
more frequent due to global warming [5] and it is appropriate to consider them now. 
There is currently a strong scientific interest in the field of analysis of climate extremes 
because they reflect some important nonlinearity and their economic and social conse-
quences of human activity are potentially huge [6]. 

This study addresses a characterization of Umbro-thermal Mvuazi events. Thus time 
series at different time were formed. The results of this study may find direct applica-
tion locally including demonstrations of erosion phenomena, the landslides, and oc-
currences of floods and in the context of agriculture-related activities. The study will 
generate strategies to lead by farmers to consider the notion of seasonal hydrological 
risks in the development of the agricultural calendar. 

2. Materials and Methods 
2.1. Data 

The analysis of rainfall and temperature dependence of the INERA Mvuazi station 
(5˚21'S, 14˚5'E and altitude of 470 m above sea level) was conducted from rainfall data 
available daily from 1 January 1962 to 31 December 2012. 

2.2. Approach 

The approach is based on a global study based on statistical methods, and the calcula-
tion of the few meteorological indexes. 

Analysis of drought by using meteorological drought indexes. 
Drought indexes and the most commonly used for monitoring and forecasting tools are 

following. 

2.3. Gap Index Average (Em) 

The deviation from the average is the difference between the annual amount of precipi-



K. Tshiabukole et al. 
 

3/9 OALib Journal

tation (Pi) and the average annual precipitation amount (Pm). This is the index most 
used to estimate the rainfall deficit throughout the year. However, the gap in the middle 
is the most used by agro meteorologists, obviously, when the data sample is asymme-
trical, the difference between the mean and the median is great. 

Em Pi Pm= −                             (1) 

The gap is positive for the wet year and negative for the dry year. There is talk of deficit 
year when rainfall is below average and over-year when the average is exceeded. This in-
dex allows visualizing and determining the number of loss-making years and their estate. 

2.4. Compared to Normal Rainfall (RN) 

This index is expressed mathematically as a percentage as follows: 
( ) ( )RN % Pi Pm 100= ×                        (2) 

where  
Pi: precipitation of the iyear; 
Pm: the average precipitation for the same time period studied. 
This report makes a point estimate rainfall compared to normal: A year is classified 

as dry if rainfall is below normal; that is to say when the RN is less than 100% [7]. 

2.5. Rainfall Deficit Index (IDP) or Index of the Deviation from Normal 
(En) 

To locate rainfall in a long series of rainfall records, proportional to the average devia-
tion is used. This index (Equation (3)) allows visualizing and determining the number 
of loss-making years and their estate. A positive value indicates a wet year while a negative 
value indicates a dry year. The accumulation of years of successive indexes serves to iden-
tify the major trends in isolation from small fluctuations from one year to another. When 
the sum of the differences increases, it is a wet tendency. The trend is a “dry” otherwise. 

( ) ( )IDP % Pi Pm Pm 100= − ×                      (3) 

where: 
IDP: rainfall deficit index (percentage). 
Pi: annual rainfall (mm). 
Pm: average rainfall (mm). 

2.6. Standardized Precipitation Index (SPI) 

Standardized Precipitation Index (SPI) created by MCKEE et al. [8] 

( )SPI Xi Xm Si= −                          (4) 

where Xi is the cumulative rainfall for i year; Xm and Si are the mean and the standard 
deviation of annual rainfall observed for a given set respectively. 

Adopted by the World Meteorological Organization (WMO) in 2009 and approved 
during the Congress World Meteorological Congress in 2011, the standardized precipi-
tation index is a simple, powerful and flexible both based on rainfall data [8] [9] and 
allow as well checking the periods/dry cycles that periods/dry cycles. SPI compares 
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rainfall over a certain period (usually 1 - 24 months) to long-term average rainfall ob-
served on the same site [10] [11] (Table 1). 

3. Results and Discussion 
3.1. Evolution of Rainfall 

Analysis of the characteristics of rainfall series of Mvuazi (Table 2) shows that they  
are relatively unbalanced. There is a non-significant difference between positional pa-
rameters (mean, median). The gap between the minimum and the maximum is very 
important. The coefficient of variation (CV) for annual precipitation series is characte-
rized by strong fluctuations. Based on the observed seasonal and annual data, one can 
notice the irregularities in rainfall and rising trends (Figure 1).  

The big trend is clear from the accumulated differences in rainfall (Figure 2) disre-
garding the slight fluctuations of successive years over the entire period. 

According ROGNON [7], a year is classified as dry if rainfall is below normal; that is 
to say when the RN is less than 100%. On the last 2 decades only six years 1997/98, 
1999/2000, 2000/01, 2007/08, 2010/11, 2012/13 were classified as dry (Figure 3). 

Although the trend of rainfall is on the rise, the pace of daily precipitation shows a 
decrease in the number of days of rainfall from 1999 to 2012. In other words, it rains  

 
Table 1. Values of the SPI. 

from 2.0 to more Extremely Wetter 

from 1.5 to 1.99 Very wet 

from 1.0 to 1.49 Moderately moist 

from −0.99 to 0.99 Near normal 

from −1.0 to -1.49 Moderately dry 

from −1.5 to -1.99 Very dry 

from −2 to less Extremely dry 

 
Table 2. Characteristics of statistical annual rainfall data. 

Statistics Annual rainfall (mm) Season A SeasonB 

Means 1506.3 598.2 577.3 

Minimum 1029.1 314.1 360.1 

Maximum 2428.10 1228.1 802.3 

Mediane 1513.5 594.1 578.8 

Standard deviation 265.3 163.6 119.0 

Variance 70,373 26,754.1 14,157.7 

Standard error 37.1 22.9 16.6 

CV (%) 17.6 27.3 20.6 

Season A (starts from mid-October to end January) and season B (lasts from mid-March to mid-May). 
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Figure 1. Evolution of annual rainfall in the Mvuazi station from 1962 to 2012. 

 

 
Figure 2. Evolution of the difference cumulative rainfall compared to normal Mvuazi. 

 

 
Figure 3. Report to normal rainfall. 

 
heavily but in very short time. This causes the shortening of the rainy season and late 
season drought (Figure 4). 

The most persistent droughts occurred in the early decades, they are formed of two 
or three consecutive dry years (Figure 5). The difference analysis between dry and wet 
periods experienced periods presented in Figure 3 can show once again that the South- 
west region of the DR Congo undergoes a wet climate change trend. This was predicted 
by the GIEC [12]. 

In order to characterize the level of severity of droughts experienced, we relied on the 
calculation of the index of standardized precipitation (SPI). As a result, the frequency of 
moderate drought is 18% while that of severe droughts is 0.2%. 
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Figure 4. Evolution of the annual number of rainy days. 

 

 
Figure 5. Standardized Precipitation Index (SPI). 

 
The most persistent droughts occurred in the first decades, they consist of two, three 

and four consecutive dry years (Figure 5).  
The analysis of different experienced droughts and wet periods presented in Figure 5 

can show once again that the South-west region of DR Congo undergoes climate dis-
ruption wet trend: 

- Before 1994, rainfall was less abundant and well distributed; after 1995, by cons, we 
had more and more heavy rain for short periods. 

- The last two decades have seen a moderate drought, making it the wettest dec-
ades. 

The succession of dry years is 2 years while that of wet years is 6 years maximum. 

3.2. Temperatures Evolution 

Table 3 on the main characteristics of temperature data sets to Mvuazi station allows 
highlighting an increase in the average temperature of approximately 1˚C, providing 
information about the global warming phenomenon [13]. 

The thermally absolute temperature record was broken in the period (2010 and 
2011). This trend is consistent with global warming recorded during the last fifty years 
with the acceleration of this process during the period 1993-2011 (Figure 6), which was 
named one of the hottest episodes [13]. 
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Figure 6. Evolution of the annual average temperature from 1962 to 2012. 
 

Table 3. Statistical characteristics of annual and seasonal average temperatures for the period 
1962-2012 to Mvuazi. 

Statistics Annual temperature (˚C) Season A Season B 

Means 24.40 25.1 25.6 

Minimum 23.5 28.8 24.2 

Maximum 25.6 26.4 26.8 

Mediane 24.4 25.1 25.6 

Standard deviation 0.5 0.5 0.6 

Variance 0.23 0.29 0.35 

Standard error 0.07 0.08 0.08 

CV (%) 2.0 2.1 2.3 

Season A (starts frommid-October to end January) and season B (lasts from midMarch to mid-May). 
 

The study of thermal series shows an asymmetry and a non-significant difference 
between positional parameters (mean, median). The gap between the minimum and the 
maximum is very important (Table 3).  

The annual and seasonal variation coefficient for average temperature series is cha-
racterized by a low fluctuation of approximately 4.86%, 13.20% and 5.64% respectively 
for the annual, season 1 and season 2; which allows assessing the degree of variability 
and the dispersion of the values relative to the average. 

4. Conclusions 

Several drought indexes to characterize meteorological drought in the savannah South- 
western DR Congo are proposed in this poster. Based on the analyzes and results pre-
sented, based on data from the Mvuazi station, we can remember that the South-western 
DR Congo is likely to drought to wet dominant trend. Dry years consist of two or three 
consecutive dry years. Drought can occur throughout the year as it can last two or more 
consecutive years. 

The index standardized precipitation shows that the frequency of occurrence of dry 
successive years is relatively low: over the last 50 years, 25 have experienced droughts. 
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The trend line confirms the general downward trend in the number of rainy days. 
The trend line average annual temperature confirms a general upward trend, and 
therefore a significant warming. Shortening periods of rain combined with high inten-
sity rainfall often causes the snap rains causing droughts early end to the season. 
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