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Abstract  

This study assessed the drought events across Burundi for 37 years ranging from 1981 to 

2017. The drought assessment was conducted using the Standardized Precipitation Index (SPI) 

at 1, 3, 6 and 12-month time scales.  The Mann Kendall and Modified Mann Kendall trend 

tests and Sen’s slope statistic tests were used to analyse the spatiotemporal drought trend. The 

overall analysis of SPI-3, SPI-6 and SPI-12 outputs revealed that the Northern part of 

Burundi was the most threatened by dry events, and more than 80% of the extremely and 

severely dry events occurred within the period 1993-2000. The drought magnitude varied 

highly in the short rains season (SOND) than during the long rains season (MAM) 

specifically during the 1990s decade. The cumulative frequency of extremely dry events was 

very high in the North with 5.2%, 6.1% and 7.4 % at 3, 6 and 12-month time scales 

respectively. Likewise, the northern part experienced both short, medium and long dry 

periods, thus 88 consecutive dry months within only 8 years. The North and East regions 

exhibited a positive increasing trend over annual and seasonal time scales at both 3, 6, and 12 

months of SPI analysis while the mountainous region and the South experienced a significant 

decreasing trend. The first abrupt point issued by forward and backward sequential statistics 

occurred in 1990, the year corresponding to the beginning of the driest period.  Dry years are 

associated with circulation anomalies over the Indian Ocean and La Nina events.  

 

Keywords: SPI index, drought severity, drought intensity, abrupt point, atmospheric factors 

 

 

 

 

 

 

 

 

 

 

 



2 

 

1 Introduction 

The drought is among the most common climate extreme events affecting several regions of 

the world, especially in the African continent. It is known to be the most destructive disaster 

that affects directly or indirectly the ecosystems and socioeconomic activities (Ionita et al. 

2016). The drought leads to land degradation and desertification causing crop failure, food 

shortages, famine, malnutrition, deaths and mass migration (Winkler et al. 2017). It is among 

the factors that increase the rate of hunger and poverty over different regions specifically in 

Africa ( Otto et al. 2015; Gebrechorkos et al. 2018). Various factors are attributed to the 

occurrence and intensity of drought events. Recent studies showed that recurrent drought 

events result from climate variability resulting in the shift of intensity and the frequency of 

the precipitation at regional and local scales (Wu et al. 2016). Therefore, drought frequency, 

duration and intensity are varying from one region to another and induced losses differ 

depending on the drought duration and intensity (Onyutha and Willems 2017a).  

Africa has been threatened by drought hazards for so long (Mwangi et al. 2014; Gebremeskel 

et al. 2019). It shall be recalled that more than 85% of the African population relies on rain-

fed agriculture. However, the recurrent drought hazards cause crop failure that leads to food 

shortages and humanitarian crises in general (Ou and Hao 2018). The Greater Horn of Africa 

(GHA) is among the most threatened by drought events(Lyon 2014; Nicholson, 2014; 

Mpelasoka et al. 2018; Gebremeskel Haile et al. 2020). According to the World Health 

Organization, the Greater Horn of Africa region registers many deaths due to drought hazards, 

and the most affected countries are Somalia, Ethiopia and Kenya (Bayissa et al. 2017; Zeleke 

et al. 2017; Abro et al. 2019; Gebremeskel et al. 2019; Nguvava et al. 2019; Polong et al. 

2019; Ayugi et al. 2020). Gebremeskel et al. (2019) established that apart from the great horn 

of Africa, the drought is extending toward other countries of the East and Central East Africa. 

However, there is a lack of drought studies over most of the countries of Central East Africa. 

Therefore, it is important to investigate drought events over a national scale for agriculture 

and economic sustainability.   

Like most countries of Central East Africa, Burundi is facing recurrent drought events 

resulting in human and socio-economic activities losses. The North and East parts of Burundi 

have been affected by recurrent drought events for decades. The recent severe droughts 

started in 1993 and became recurrent in 2000, 2003, 2005, 2007 and 2010. More than 100000 

people are victim of drought hazards every year in Burundi (FSNWG, 2010). In 2010, about 

178550 people needed humanitarian emergency assistance in the northern part of Burundi. 

Apart from the two regions, the hydric deficit affects the socio-economic activity of the 

whole country. Most of the hydropower centers went off due to the lack of water into the 

dams during the past drought occurrence. The typical example is the 2007 drought event that 

seriously affected the hydropower station of Rwegura leading to severe economic decline 

especially in the capital city of Bujumbura and most of the centers alimented by that 

hydropower station.  The same situation was reported at the hydropower stations of Kavuruga 

in Muyinga and Nyemanga in East of Burundi.  

From 2010, Burundi tried to establish a number of methods to mitigate drought and flood 

hazards. However, it is not easy to assess drought events and its impact on economy that 

mainly relies on rain-fed agriculture. The report on validation of the disaster risk reduction 

strategy over Burundi carried out that more than 90% of Burundian live on agriculture with a 

contribution of more than 44% of the Gross Domestic Product (GDP) providing 95% of 

exportation income (MEEATU&MINAGRIE 2014).  
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Therefore, any drought event directly affects not only the local population but also the whole 

economy of Burundi. In 2015, more than 42000 persons were estimated as victim of extreme 

weather events in Burundi. About 1 million of Burundian people were under famine risk 

which is attributed to the direct impact of drought events. 

Many factors combine to explain the causes of droughts. It is necessary to understand the 

rainfall mechanism in order to assess the drought events over a given region. Ngarukiyimana 

et al. (2017a) found out that the dry and wet conditions observed over Central East Africa 

especially over Rwanda and Burundi have originated from the Atlantic Ocean on one hand 

and from the Indian Ocean on the other hand. The same conclusion was found by several 

authors who studied climate variability over East Africa (Hastenrath, 2007; Ogwang et al. 

2015; Philippon et al. 2015; Ongoma et al. 2015; Ayugi et al. 2018; Cattani et al. 2018). 

Some scientists have investigated the relationship between atmospheric drivers such as El 

Nino Southern Oscillation (ENSO), Indian Ocean Dipole (IOD), subtropical high, etc. 

(Shanko and Camberlin 1998; Nicholson 2015; Ogwang et al. 2015a; Shan et al. 2018; 

Forootan et al. 2019). Black (2005) found that the wet conditions are associated with 

warming in the Pacific and West of Indian Oceans while dry events are mostly linked to 

cooling in the Eastern Indian Ocean. Nicholson and Kim (1997);(Camberlin et al. 2001); 

(Mutai and Ward 2000) discovered a close correlation between SST anomalies caused by 

ENSO in the Indian Ocean and interannual rainfall fluctuations across East Africa. They 

indicated that ENSO is extensively associated with climate patterns in the Indian Ocean,  

monsoon seasons, and circulation Eastern-Western over Equator circulation. 

 

The drought events assessment has become a preoccupation of both the Scholars and 

policymakers. Several studies on drought monitoring, evaluation and trend analysis have 

been conducted worldwide to establish a forecasting system to overcome or reduce losses in 

case of occurrence. Therefore, different methods are used to assess and analyse the drought 

frequency, severity and intensity. Some of the commonly used techniques are the  

Standardized Precipitation Index (SPI), Standardized Precipitation Evaporation Index (SPEI), 

percentile precipitation, among others.  These methods have been widely employed in 

drought events assessment. For instance, Pramudya et al. 2019 used the SPI method to 

evaluate the drought conditions over Australia to identify the most threatened zones lying 

under severe drought and areas of high susceptibility across the country. The SPI has been the 

choice of more scholars in monitoring and analysing drought disasters over different regions 

in China (Ali et al. 2020; Ayuso et al. 2015; He et al. 2015; Li et al. 2013; Liu et al. 2009; 

Musonda et al. 2020 ; Mohammed et al. 2020; Hesam et al 2021). Due to the complexity of 

the drought disaster, some scientists prefer to use the SPEI that combines both precipitation 

and evapotranspiration to monitor and evaluate the drought hazard over spatial and temporal 

scales (Haile et al. 2020; wang et al. 2020; Qaiser et al. 2021). For instance, Shi et al. (2017) 

utilised SPEI to study the drought over Henan province for 53 years ranging from 1961 to 

2013. They succeeded to evaluate the drought intensity over decadal, seasonal, annual and 

long-term scales over different regions using SPEI. It was found to deliver a consistent result 

for both temporal and spatial scales. Likewise, several studies have used SPEI to assess 

drought events in different regions (Benlin et al. 2017; Ahmed et al. 2018; Polong et al. 2019; 

Uddin et al. 2020; Zhai et al. 2020) 

Although SPI is among methods recommended by the World Meteorological Organization to 

monitor drought events (Svoboda and Fuchs 2017a), only a few studies were conducted over 

Africa, specifically over the Central East Africa region. Most of the studies conducted over 

Africa revealed that the SPI method can provide consistent results. e.g.  
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Elkollaly et al (2018) used SPI to assess drought events over the East of the Nile river basin 

and revealed that many drought events occurred during both the long rains and the short rains 

seasons. Okpara et al. (2017) also tested the applicability of SPI by analysing the drought 

features for an early warning system over West Africa. Similar work was conducted over the 

North of Africa in Morocco and Tunisia (Jemai et al. 2018; Zhim et al. 2019). Gebremeskel et 

al. (2020) analysed the long-term drought  variability over the Greater Horn of Africa using 

SPEI and revealed that Somalia, Ethiopia and Kenya experienced more severe drought. In the 

southwest part of Africa,  Byakatonda et al. (2018) used SPI and SPEI methods to study the 

semi-arid drought severity over Botswana and found that drought areas with 96% of 

confidence at 12 monthly timescales. The Mann-Kendall Z-statistic and Sen’s slope estimator 
were employed to analyze the monotonic changes of the drought (Byakatonda et al. 2018). 

 

Though the SPI method allows the assessment and analysis of the drought events, it is 

important to analyse the drought trend over time. For that purpose, several researchers used  

Sen’s slope estimator and Mann–Kendall’s trend to determine the magnitude and statistical 

significance of the rainfall( Mahajan and Dodamani 2015; Lopes et al. 2016; Tosunoglu and 

Kisi 2017; Guo et al. 2018). In order to avoid the risk of accepting false significance induced 

by the existence of positive or negative autocorrelation, some scholars prefer to use the 

Modified Mann Kendall method(Nashwan et al. 2019; Sa’adi et al. 2019). 

 

This study aimed at investigating the drought occurrence, its frequency, intensity, and 

duration over Burundi for a period of 37 years ranging from 1981 to 2017 using the 

standardized precipitation index (SPI) method. It allowed identifying the areas that 

experienced more dry events or less dry events. Regions of positive or negative trends were 

depicted allowing to determine regions under drought risk. This will help policymakers to 

implement new policies about drought early warning and crop growing season regulation.  

The remaining sections are structured as follows: the Section 2 concerns the study area and 

datasets, Section 3 introduces the methodology, Section 4 presents the results and discussions 

and finally comes the conclusion in Section 5.   

 

2 Study area and datasets 
 

2.1 Study area 

 

Burundi is a landlocked country located at the southernmost part of the Nile River basin, 

straddled East and central Africa, bordering Rwanda to the North, Tanzania to the East and 

the Democratic Republic of Congo (DRC) to the West. It is bounded within latitude 2° 15’- 
4°30 S and longitude 28°58’- 30°53’E (Fig. 1). It is situated in the Great Lakes region of 

Africa with Lake Tanganyika to the western part that lies in the western Rift Valley of Africa. 

It is characterised by five different topographical unities representing five micro-climate 

zones. From West to East, the study domain is dominated by plains, Escarpments of Mirwa, 

Congo-Nile ridge, plateau and depressions.  

 

The location in the equatorial band enables the study domain to benefit a tropical climate.  It 

is characterised by a bimodal rainfall regime corresponding to the movement of the 

Intertropical Convergence Zone (ITCZ). Like most of the Central East Africa，Burundi 

generally experiencies two wet seasons namely MAM (March-April-May) known as long 

rains season and SOND (September-October-November-December) usually regarded as short 
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rains seasons ( Philippon et al. 2015; Ongoma et al. 2016a; Ayugi et al. 2018; Nkunzimana et 

al. 2020a). The long rains season normally follows the ITCZ migration towards the northern 

hemisphere while the short rains season results from the backward movement of the ITCZ  

from Nord southward (Mutai et al. 1998；Ang’u et al. 2016). 

 

The climate varies according to the topography. Thus, the western part is known as a semi-

dry region with an annual rainfall of less than 1000 mm (Baramburiye et al. 2013; 

Nkunzimana et al. 2019b). The Escarpments of Mirwa benefits annual precipitation ranging 

between 1000 mm and 1400 mm.  The Congo-Nile Ridge zone experiences precipitation that 

vary from 1400 to 1600 mm. This region can easily register more than 1600 mm of annual 

precipitation during wet years (Table 1). The central part of Burundi is mainly dominated by 

a plateau that registers annual precipitation varying between 1200 mm and 1400 mm. The 

depression of North and East are characterized as semi-dry areas and record annual rainfall of 

less than 1000 mm (MINATTE 2007).  

 

 

Fig. 1. Map of Africa with CEA in the red box (left), the topographical elevation of Burundi 

with meteorological stations and delimitation of different microclimate zones (right) 

 

Table 1 Synoptic stations used in the study with geographical and climatological details  

Station 

Lon Lat 
Altitud

e (m) 

Annual Mean 

(mm) 

Monthly 

_Mean 

(mm) 

Std  
Cv 

(%) 

MAM 

(mm) 

SOND 

(mm) 

Bujumbura 29.31 -3.31 783 773.7 64.37 54.63 84.87 257.5 300.5 

Gitega 29.91 -3.41 1645 1162.9 95.94 79.23 82.58 378.9 449.2 

Cankuzo 30.54 -3.21 1652 1184.8 98.02 80.23 81.86 385.3 482.8 

Gisozi 29.68 -3.56 2097 1514.8 125.5 95.05 75.73 506 592 

Muyinga 30.35 -2.85 1756 1103.2 91.31 73.23 80.2 406 435.7 

Musasa 30.1 -4 1260 1129.5 93.71 79.69 85.04 401.4 409 

Nyanza-lac 29.61 -4.31 820 1189.6 98.81 84.77 85.79 426.2 467.3 

Kirundo 30.11 -2.58 1449 1078.4 89.24 66.22 74.2 396.2 402.2 

Kinyinya 30.33 -3.65 1308 1134.5 94.14 86.76 92.17 424.5 415 

Tora 29.53 -3.73   1528.3 127 93.46 73.6 524.6 588.3 

Rwegura 29.51 -2.91 2302 1642.1 135.8 94.62 69.65 561.5 661.2 

Bugarama 29.55 -3.3 2240 1570.3 130.1 95.95 73.73 542.4 620.8 

Makamba 29.81 -4.13 1450 1234.5 102.4 85.01 82.98 440.5 487.6 

Nyamuswaga 30.03 -2.88 1720 1251 103.7 83.7 80.7 453.6 503.1 

Mparambo 29.08 -2.83 887 959.5 79.53 55.03 69.19 352.6 346 

  

2.2. Datasets  

This study utilised ground observation data sourced from Burundi Geographical Institute 

(IGEBU). Fifteen stations distributed across Burundi were collected to assess the drought 

intensity, frequency and duration. Selected stations have recorded data ranging from 1981 to 

2017. The dataset was first of all checked and controlled before use.  
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Missing data were filled using linear mean and cross mean interpolation.  It is worth 

mentioning that the stations with historical data of 37 years were not well disturbed across the 

study domain. To overcome the problem of stations’ scarcity, the study used a satellite-based 

rainfall estimate from Climate Hazards Group Infrared Precipitation with Station observation 

(CHIRPS version 2.0). In the previous study, CHIRPS was compared to other satellite rainfall 

estimates and reanalysis datasets, and the results revealed that it delivers a good performance 

compared to other datasets (Nkunzimana et al. 2020).  Different studies have evaluated the 

performance of different datasets across Africa and East Africa in particular and carried out 

that CHIRPS is likely to deliver reliable and accurate rainfall information than other gridded 

data (Ayehu et al. 2018; Dinku et al. 2018; Ayugi et al. 2019 ).  It delivers rainfall data with a 

spatial resolution of 0.05 degrees on a daily scale (Funk et al., 2015).  

 

With the perspective of conducting in-depth drought analysis, several methods were utilized. 

The methods used allowed us to identify all drought years and drought periods and analyse 

the drought trends across the study area during the period of study. 

 

3 Methodology 
 

3.1 Standardized Precipitation Index (SPI) 

The standardized precipitation index (SPI)  is known as one of the tools developed with the 

core objective of quantifying drought. It enables the monitoring of the drought intensity, 

frequency, and duration over time in a specific region. It is also used to analyze the periods 

characterised by abnormal events and allows to identify wet and dry years within historical 

data. The SPI serves to monitor the drought events by different time scales such as one 

month, 3 months, 6 months, 12 months, 24 months, etc. The calculation is done by taking the 

difference of the precipitation from a mean for each particular time scale which is then 

divided by the standard deviation. This tool was developed by Mc Kree et al. (1993). 

According to previous studies, the SPI-3  is normally used to assess agricultural droughts, 

SPI-6 is important in studying hydrological droughts while the SPI-12 and SPI-24 are used in 

detecting groundwater droughts (Elkollaly et al. 2018).  This method is recommended by the 

World Meteorological Organization (Lü et al. 2017)(Svoboda and Fuchs 2017b) and is 

widely used for drought analysis. Detailed information about the method is much explained 

in previous studies (Ayuso et al. 2015; Du et al. 2013; Elkollaly et al. 2018; Zhim et al. 

2019). 

 

The classification of wet and dry conditions was calculated based on the SPI values shown in 

the table 2: 

 

Table 2: Categories of dry and wet conditions based on SPI values 

 

SPI values Categories 

2.00 Extremely wet  

1.50-1.99 Severely wet 

1.00-1.49 Moderately wet 

-0.99 to 0.99 Near normal 

-1.49 to -1.00 Moderately dry 

-1.99 to -1.50 Severely dry 

 -2.00 Extremely dry 
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3.2 Mann-Kendall and modified Mann Kendall trends test 

The non-parametric Mann-Kendall (MK) statistic test is one of the commonly used tools to 

detect trends in time series.  The Mann Kendall statistical test was employed to analyse the 

significance of the trend in SPI time series for a period ranging from 1981 to 2017. It served 

to show the statistical significance with upward and downward trends and its strength 

depending on the magnitude, the size and the variation of the analysed data (Bevan and 

Kendall 1971). This method is recommended by the World Meteorological Organisation to 

check any trend within a given time series. This method has been employed by several 

researchers to assess rainfall variability and drought monitoring over Africa (Ongoma et al. 

2016b; Onyutha et al. 2016; Onyutha and Willems 2017b; Ayugi and Tan 2019; Gebremeskel 

et al. 2020). A significant level of 5% was considered and two hypotheses were used to detect 

the trend. Herein, Ho expresses the absence of the trend and Ha evoques the existence of a 

trend in the data series. Relevant information about this method is detailed in several previous 

studies ( Ongoma and Chen 2017; Akinsanola et al. 2017; Asfaw et al. 2018; Ayugi and Tan 

2018; Byakatonda  et al. 2018; Kabanda 2018; Mumo et al. 2019).  

On the other side, the Modified Mann Kendall trend test was employed in detecting the trend 

significance within SPI values. This method is one of the tools that help to reduce the risk of 

false increasing or decreasing trend induced by the existence of positive or negative 

autocorrelation in the data (Hamed et al. 1998). It also helps to discriminate multi-scale 

variability of the unidirectional trends in time series (Sa’adi et al. 2019). Previous studies 

revealed that the existence of autocorrelation in data can lead to a misinterpretation of the 

trend significance in time series (Khan et al. 2019; Nashwan et al. 2019). Herein, Modified 

Mann Kendall helped to detect the significance of the trend in annual and seasonal averaged 

SPI values generated with 3,6 and 12-months time scales.  Relevant details about the 

Modified Mann Kendall are developed in previous studies (Hamed et al. 1998; Shahid et al. 

2014; Khan et al. 2019; Nashwan et al. 2019, Sa’adi et al. 2019).  

  

3.3 Sen’s slope estimator test 

 

The Sen’s slope estimator (Sen, 1968) is used to calculate the magnitude of trends within SPI 

values. For instance, if a linear trend is present in a time series, then the true slope of the 

trend is estimated using a Sen-Theil trend line (Sen 1968; Theil 1950), which is an alternative 

to linear regression and is used in conjunction with the MK test. The slope Ti of all data 

pairs is computed as given in Equation (1). 

j k

i

X X
T

j k





                                                                              (1) 

for 1,2,3,....i N  

Where 
j

x  and kx  are considered as data values at time j  and k , ( )j k correspondingly. 

The median of these N values of iT  is represented as Sen’s estimator of the slope, which is 

given by the equation (2):  
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                                                         (2)        

 

Sen’s estimator is computed as 
( 1)/2med N

Q T   if N appears odd, and it is considered as 

2

2 2

med N NQ T T    if N  appears even. Finally, medQ  is calculated by a two-sided test at 

100(1 )%  confident interval, which in turn helps to get the true slope through the non-

parametric test. A positive value of iQ  indicates an increasing trend and a negative value of 

iQ  gives a decreasing trend in time series ( Shang and Yan 2010; Bari et al. 2016 Sharma et 

al. 2016). 

  

3.4 Sequential Mann Kendall test (SQMK) 

The SQMK method is used to depict the abrupt change in trend or approximative year of the 

beginning of the significant trend within the period of study (Bari et al. 2016). In this study, it 

was used to investigate the trend in the SPI time series and consisted of showing the 

progressive function u(t) and the backward function u’(t) throughout the study. U(t) 

represents a standardized variable with zero mean. If the progressive and the backward 

functions cross one another or diverge beyond a given threshold value, the upper confidence 

limit corresponds to +1.96 while the lower limit corresponds to -1.96 for a 95% confidential 

degree.  This method was widely applied by different scholars ( Ongoma and Chen 2017; 

Ayugi et al. 2018). 

 

4 Results and discussions  

4.1 Interannual and seasonal variability  

To understand the occurrence of a drought event over Burundi, it is crucial to analyze 

interannual and seasonal rainfall variability. Fig. 2 (a) exhibits the annual cycle averaged over 

37 years ranging from 1981 to 2017. Two main wet seasons (SOND &MAM) characterise 

the climatology of Burundi and are regulated by the ITCZ movement (Mutai and Ward, 

2000). These two seasons represent more than 70 % of annual rainfall (Table 1). More 

rainfall is recorded during the MAM season with a peak in April and declining by the end of 

May. The two wet seasons are separated by a transitional period January-February locally 

known as the short dry season. During recent decades, this transitional period consistently 

varies and registers substantial rainfall in some years (MINATTE, 2007).  During the short 

rains season, the rainfall relatively increases from mid-September to reach a peak in 

November (Fig.2 (a)). This period registres a lot of fluctuations, especially during recent 

decades. More cases of drought events are registered during the SOND season than the 

previous season. The northern and eastern parts of Burundi prone to meteorological drought, 

causing crop failure that directly affects the socio-economic activities and income in the 

country.   

From 1981 the interannual rainfall variability exhibits a consistent decrease specifically from 

the 1990 decade (Fig.2(b)).  
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According to standardized anomaly analysis, the period 1990-2007 registered less rainfall 

except the year 1997 that registered more rainfall linked to the El-Nino Southern Oscillation 

event (Ngarukiyimana et al. 2017; Limbu and Guirong) and the year 2006 linked to the 

positive Indian Ocean Dipole (King'uza and Limbu 2019). The year 1993 was the driest year 

during the studied period. It was followed by crop failure and famine in many areas over 

Burundi affecting the livelihood of the population. The period 2000-2007 was characteriSed 

by agricultural drought especially in the Northern part and eastern part of 

Burundi(Sabushimike, 2009). The rainfall relatively increases from 2008, however it varies 

from one season to another as shown in Fig.2(c&d).  

In order to investigate rainfall fluctuations over the seasonal scale, the standardized anomaly 

of MAM and SOND was analysed. Fig. 2(c) shows the rainfall variability during long rains 

(MAM) based on standardized anomaly analysis. It can be seen that MAM registered a 

significant decrease from 1990. From that period it was observed more fluctuations. The 

driest MAM season was observed during the years 1984, 2000, 2007, 2008 and 2014. The 

2000s’ decade exhibits a significant decrease, with an exception of the year 2006 

corresponding to positive Indian Ocean Dipole (IOD). On the other hand, it is also seen that 

the short rains period registered significant rainfall decrease from 1990 (Fig. 2 (d)). The driest 

SOND were recorded in the years 1993, 1996, 1998, 2003 and 2005. These fluctuations are 

linked to the abnormal atmospheric events associated with rainfall onset (King’uza and 
Tilwebwa 2019; Limbu and Guirong 2019). The overall analysis of the annual mean and 

seasonal rainfall exhibited that more rainfall fluctuations started from the 1990s’ decade 

especially in the year 1993. It can be seen more variabilities are observed not only during the 

short rains but also during the long rains.  

The Variability of MAM rainfall is associated not only to ITCZ but also to different drivers 

such as El Nino Southern Oscillation, Indian Ocean Dipole,  Congo basin, and subtropical 

anticyclone (Mascarene High and Saint Helena (Camberlin and Okoola 2003; King’uza and 
Tilwebwa 2019). 

 

Fig. 2 The annual cycle of rainfall (mm) and rainfall variability over Burundi during 37 years 

ranging from 1981 to 2017. (a) represents the climatology (mm), (b) shows annual 

standardized anomaly (c) represents long rains standardized anomaly and (d) represents the 

short rains standardized anomaly 

 

4.2 Evaluation of drought patterns on annual and seasonal scales with SPI time series 

The annual analysis of the SPI index issued from 15 stations exhibited the existence of 

drought events throughout the study period. Fig.3 (a) shows dry and wet months as generated 

by SPI-1 averaged over stations. The analysis of generated SPI-1 values showed that among 

the 28 wet events recorded, 43% occurred during the 1980s’ decade, the 1990 and 2000 

decades recorded less wet months, at 21% and 20% respectively. The 1990 and 2000 decades 

experienced more dry months than the previous decades. For 14 dry months generated by 

SPI-1, 8 events are registered within the period 1990-2000. These two decades are known to 

be the driest decades over the study domain. Dry conditions were also recorded in 

neighboring countries specifically Rwanda and Tanzania (Ngarukiyimana et al. 2017b; 

Chang’a et al. 2017; Idrissa F. Nkurunziza et al. 2019). As shown in the figure, the 

fluctuations over a 1-month time scale between wet and dry conditions are difficult to depict. 
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For that purpose, most of the further analysis was conducted over 3, 6 and 12-month time 

scale. 

Analysis of SPI-3 result averaged over Burundi showed that dry conditions started from the 

1990s’ decade (Fig.3 (b)). Extreme dry years are 1993, 2000, 2003, and 2005 and correspond 

to previous findings (MINATTE, 2007; Athanase Nkunzimana et al. 2019).   With SPI-3 

results it can be sees that the rainfall significantly decreased from the 1990s’ decade. This 

helps to identify agricultural drought that caused the yield failure and the decrease of 

livestock especially in the northern part of Burundi resulting in more cases of families 

suffering from hunger.  

With SPI_6 and SPI-12 (Fig.3 c&d)  , it can be seen that wet conditions occurred during the 

years 1985, 1986, 1987, 1988, 1989,1998, 2007, 2009, 2011, 2014, and 2015 while dry 

periods were recorded during 1983, 1993, 1995, 1996, 1998, 2000, 2002, 2003, 2004, 2005, 

2006, 2015 and 2016.  

The analysis of SPI time series results averaged over the study domain may hide some 

information about the dry and wet events. For a better understanding of the drought events 

over Burundi, it is important to analyse the wet and dry conditions over different regions with 

different topographical unities. Analysis of SPI-6  generated over different regions exhibited 

that the northern, eastern,  and western parts of  Burundi experienced more dry periods than 

other regions. The northern part of Burundi is the most threatened by recurrent drought 

events and the dry events started from the 1990s’ decade.  More than 82 dry months were 

recorded and 86.5 % of these occurred during the period 1990-2000. Among these recorded 

dry events, 23 were extremely dry and 25 severely dry events, contributing 28% and 30.4% 

of the total records respectively. This area registered 48 moderate wet events where 81.25% 

occurred within the 1980s’ decade. However, there was no extreme wet event recorded 

throughout that period.  Likewise, the eastern part of Burundi registered 68 dry events, with 6 

extremely dry and 18 severely dry events. It is worth noting that the North region used to be 

the most productive in terms of beans and sorghum production.  The occurrence of 

agricultural drought events has affected livestock production in Burundi and the GDP in 

general (SABUSHIMIKE 2009). Apart from the two regions that experienced more dry 

events, the rainfall decreased significantly in the western part of Burundi, especially from the 

1990s’ decade as well as in the North. About 62 dry events were recorded among them, 9 

extreme dry events, and 17 severely dry events where 69.3% occurred during the 1990 and 

2000s’ decades. The common characteristic of the three regions is the continuous rainfall 

decrease from the 1990s. All these regions registered a significant rainfall decrease with an 

annual mean of less than 1000 mm (MINATTE 2007).  

Contrary to the northern, eastern, and western parts of the study domain; the mountainous 

part of Burundi recorded more dry events during the 2000s’ decade. Among 66 dry events 

recorded, 46.9% occurred within the period 2000-2010. From the 12 extreme events, 10 of 

them occurred during the 2000s’ decade. This coincided with the hydrological deficit that 

affected the socio-economic activities of Burundi ( MINATTE 2007; SABUSHIMIKE 2009). 

The drought that occurred during the period 2000-2007 caused an alarming decrease in the 

hydropower at the Rwegura station that provides electricity for over  30% of Burundi. The 

mountainous part includes the wettest region, however, during the study period, only 8 

extreme wet events were registered. The region recorded more dry events as well as wet 

events. 

The central and the southern parts of Burundi experienced less dry events compared to 

previous regions.  
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Dry and wet events were normally distributed, thus less consecutive dry months leading to 

drought periods as observed in the North.  The central part of Burundi mainly characterized 

by plateau is known to be one of the regions with less rainfall variability. The rainfall over 

this region relatively decreases compared to other regions (Nkunzimana et al. 2019b). 

Although SPI didn’t show a specific drought period, the region registered 56 dry events 

where 26.7% were extreme dry events. It was characterized by more wet events (71) among 

which extreme wet months represent 10%.  

The southern part of Burundi also experienced low rainfall variability. Previous studies 

revealed that this region benefits from regular rainfall during SOND as well as during MAM 

season (Nkunzimana et al. 2020a). SPI-6 exhibits the existence of drought and wet events 

during the study period, 64 and 66 dry and wet events were recorded respectively. It can be 

seen that this region registered a very short dry period compared to the northern and eastern 

regions.  

 

Fig. 3 SPI values showing short term and medium term drought during the period 1981-2017. 

(a) shows dry and wet periods at one month scale (SPI-1), (b) presents short dry periods at 

three months scale (SPI-3), (c) shows wet and dry periods at 6 months scale (SPI-6) and (d) 

represents a medium-dry period at one year scale (SPI-12). 

 

For a better understanding of wet and dry conditions over Burundi, this study analysed the 

SPI index not only over an annual scale but also over a seasonal scale. The annual and 

seasonal SPI index of the region that experienced more dry events was investigated. The 

seasonal analysis enables to uncover information hidden by SPI results averaged on annual 

scale. The analysis of SPI-3 values at an annual scale over the study domain doesn’t clearly 
show the existence of severe dry or extreme dry events (Fig.4 (a)). However, the seasonal 

analysis clearly shows that the study domain experienced moderate wet events during MAM 

(Fig.4 (b)) and extreme dry events during SOND (Fig.4 (c)). SPI-3 results exhibited the 

existence of rainfall variability with a general decreasing trend starting from the 1990s’ 
decade at both annual and seasonal scales. 

The comparison of SPI-3 results at annual mean and seasonal scale in the North showed that 

extreme drought periods started from the year 1993 up to 2002. This period was followed by 

a decrease of rainfall in MAM and very low rainfall during SOND (Fig.5 (d,e&f)). The 

existence of dry events and persisting decrease of rainfall during SOND directly affected the 

socio-economic activities of the region and the National economy in general (News 2005). 

Due to the agricultural drought that leads to extensive famine, the population of the northern 

province of Burundi was assisted with foodstuffs during 2005, 2006 and 2007 consecutive 

years. The population also got assistance in 2010 and 2015, when crop production seriously 

decreased due to dry events (Burundi  2006).  

Seasonal analysis over the eastern part of Burundi exhibited the existence of more dry events 

during both MAM and SOND seasons.  The annual SPI-3 results exhibit a general dry period 

from 2000 to 2010 (Fig.5 (g)). The long rains period experienced wet and dry events. Fig.5 (h) 

shows variability between wet and dry events. However, the SOND season showed persistent 

dry events especially over the period 1997 to 2012.  During this period, the country 

experienced high yield failure that affected the livelihood and welfare of the local population 

(Burundi  2006). 
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As stated above, the mountainous region is one of the regions that experienced high rainfall 

variability in the period 1981-2017 including dry and wet periods. MAM season recorded 

both extreme wet extreme dry events. The wet events are recorded in 1989 and 1998 while 

severe dry events occurred from the year 2000. This period was characterised by a persistent 

rainfall decline from the year 2000 up to 2012. On the other hand, the SOND season 

experienced more severe dry events alternating with wet events (Fig.4 (i)). More dry events 

occurred from 2002 to 2012. This resulted in hydrologic deficit leading to water shortage in 

the Rwegura hydropower reservoir leading a serious electricity shortage in most cities served 

by the hydropower station ( MINATTE  2007; SABUSHIMIKE  2009).  

 

Fig.4 Comparison between  annual and seasonal SPI-3 time series over the North, East and 

mountainous regions 

 

4.3 Drought severity and drought intensity patterns 

The SPI indices were used to calculate the drought severity and intensity averaged over 37 

years. Fig.5 presents the spatial extension of drought severity and intensity based on 3,6 and 

12-month time scales.  

The SPI-3 series allowed to locate the regions that experienced more severe dry events. The 

overall analysis showed that the drought event were extended across the whole study domain. 

The 3 months SPI values shows that high severe drought events are identified in most of the 

regions except the south-east region (Fig.5 (a1)). On the other hand, the northern region 

experienced the highest frequency of severe dry events compared to other regions. The 

highest severely dry value was -42 elongated with high intensity of -1.68. Apart from the 

North, other high severe dry events were identified in the East and the mountainous zone with 

-38 and -42 respectively (Fig. 5(a1)). The results help to highlight and delineate the regions 

affected by dry events.  Identification of recurrent severe drought events and their respective 

time is important to monitor the drought intensity and mitigating the losses during the 

drought periods. Previous experiences showed that the North was prone to recurrent drought 

events compared to the remaining part of the study domain.  

The drought intensity was very high in the plain and surrounding area extending eastward.  

Considering the spatial drought severity, three main regions experienced severe dry events 

during the study period compared to other regions. However, the western part recorded the 

highest drought intensity (-1.7) and low annual total rainfall, the region registered less severe 

dry events. Most of the severe drought events were identified in the northern and eastern parts 

of Burundi.   

The drought severity extension at a 6-months scale is reduced and the prone area was the 

North and East parts. A large part of the central plateau, the mountainous region, and the west 

parts experienced relatively low severe dry events. Herein, the dry events decreased in 

severity and intensity over the central and the southeast parts of Burundi. This denotes that 

the only regions under risk of a 6-month drought are the North and East regions (Fig.5 

(a2&b2)). 

 The spatial analysis of severe dry events at a 12-month time scale shows a significant 

decrease in terms of the frequency of the severity across the country. High severe dry value is 

recorded in the North and slightly in the west and southwest plains (Fig.5 (a3)).  The drought 
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intensity significantly decreased in the east and southeast parts. However, the North and the 

west still experienced moderately high drought intensity as shown in Fig.5 (c3).  

The spatial analysis of the cumulative frequency of drought events helped to depict areas that 

recorded more drought events during the short, medium and long term. The spatial 

distribution of cumulative frequencies (%) in terms of extremely, severely and moderately 

dry events at 3, 6 and 12-month time scales.  This study found that more severe dry events 

occurred in the northern part. The three indices, the SPI-3, SPI-6 and SPI-12 results exhibited 

the existence of a high frequency of extremely dry events in the North part. They registered 

5.2%, 6.1% and 7.4 % at 3, 6 and 12 respective month' time scales. Other regions recorded 

less than 3.5 % of extremely dry events reported. The southern part registered the lowest 

extremely dry frequency, at 1.1 %. The northern part which is located in the depression 

experienced the highest frequency of extremely dry events compared to other topographies. 

The eastern part registered low extremely dry frequencies. However, it experienced the 

highest severely dry frequency as well as the North at both 3 and 6 months time scale of SPI 

analysis. The North registered 5.4% and 5.2% while the East recorded 5.2 % and 5.2%  at 3 

and 6-month time scale (Table 3). Most of the study domain experienced a high frequency of 

moderately dry events. Still, the northeastern part recorded the highest cumulative frequency 

with 7.9 %  at both 3 and 6-month time scales in the North; and 8.8 % and 10.1% in the East 

at 3 and 6-month time scale respectively. The central and the western parts recorded the 

highest frequencies of moderately dry events over SPI_12 with 10.1 % and 8.8% respectively.  

 

Fig. 5 Spatial patterns of drought severity and intensity over 1981-2017 period using SPI-3, 

SPI-6 and SPI-12 values 

 

 

 

 

 

 

 

 

 

Table 3  Comparison of cumulative frequencies of drought event over different topographical 

unities based on SPI-3, SPI-6 and SPI-12 

 

  Region Extremely dry (%) severely dry(%) moderately dry(%) 

SPI-3 

North 5.2 5.4 7.9 

East 1.4 5.2 8.8 

Mount.  2.7 4.7 7.2 

Center 2.7 4.3 7.4 

West 2.0 4.1 7.7 
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South 1.1 4.3 7.4 

SPI-6 

North 6.1 5.2 7.9 

East 0.7 5.2 10.1 

Mount.  2.3 3.2 7.9 

Center 3.4 2.0 7.7 

West 1.8 2.5 8.1 

South 0.5 5.0 8.3 

SPI-12 

North 7.4 5.0 6.1 

East 0.0 0.9 7.2 

Mount.  2.9 2.5 7.2 

Center 1.6 3.4 10.1 

West 0.0 4.7 8.8 

South 0.0 4.7 7.4 

 

 

4.4. Spatial analysis of drought duration 

The duration of dry events is very important in determining the severity of the drought over a 

given region.  Fig. 6 presents the spatial distribution of extreme, severe and moderate dry 

events.  From SPI-3 results, it can be seen that the northern part registered more extreme 

events. For instance, 27 extreme dry events occurred within 6 years (1992-1998). With 6-

months SPI and 12-month time scales, the driest period started from 1994 up to 1996, and 

1994 to February 1997 with 27 and  33 extremely dry events respectively. Thereafter, 1993-

1996 was identified to be the driest period over the time of the study. The drought event 

seriously affected the local community especially the population of Kirundo and a part of 

Muyinga provinces. The famine also resulted in more internal migrations.  The government 

launched national solidarity to come in aid of the population that suffered from famine in 

Kirundo and Muyinga provinces. More foodstuffs were collected across the country 

supported by international aid and delivered by the World Food Programme (UN Office for 

the Coordination of Humanitarian Affairs, 2005; MINATTE 2007). 

In the North region, more than 24 extreme dry months were recorded within a period of 6 

years ranging from the year 1993 to 1999. During this period, apart from the yield failure, the 

drought events seriously impacted lakes’ ecosystem causing the hydrologic deficit of most 

lakes located in the region. Lakes Gacamirindi and Kanzigiri both located in the depression 

of the North later dried up and causing more losses in terms of lake ecosystems  

(NTAKIMAZI  2006).   

The intensification in frequencies of recurrent extreme and severe dry events in the 

mountainous regions caused a deficit in groundwater leading to the decrease of water level in 

the hydropower reservoir of Rwegura (SABUSHIMIKE 2009).   

From the findings presented in Fig.6 (d), more than 70 % of the study domain experienced 

severe dry events. The highest duration in terms of severe dry events is registered in the 

North and the mountainous regions. Most of the plateau region experienced relatively high 

frequency. The lowest severe dry duration is found in the southeastern part (Fig.6 (d)).  This 

expresses that most of the study domain experienced dry events though the frequency and 

intensity were different.  
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The drought duration significantly decreased at 6 months and 12 months time scales. At a 6-

month time scale, the highest frequency was recorded in the North and eastern parts where 23 

and 21 severe dry months were registered respectively. The southwest part also presented 

relatively long severe dry events.  From SPI-3, SPI-6, and SPI-12,  it can be seen that the 

west-south region experienced less dry events compared to the northeastern part.  

The analysis of the number of months that registered moderate dry events presented that most 

of the study domain experienced more moderate dry events. The longest duration of moderate 

dry events was registered in the North and East parts with 69 and 66 moderately dry months 

respectively.  

Overall analysis showed that the North region experienced a long drought period. The SPI-3 

results showed that the region recorded 89 dry months from September 1992 to February 

2000 with density average of -1.57. Within the same period, the SPI-6 and SPI-12 established 

that the region recorded 88 and 89 dry months with a drought intensity average of -1.69 and -

1.68 respectively (Table 4). 

Contrary to the North region, based on the 3-months SPI, the East region recorded 80 dry 

months within the period 2003-2010, where 29 consecutive dry months occurred during the 

years 2004-2006 and 20 consecutive months in 2007-2009. These two periods were 

characterised by crop failure accompanied by foodstuff decrease and migration of several 

people to Tanzania. 

Based on 3-months, 6 months and 12 months SPI results, the western part of Burundi 

recorded a few dry months although is it known as a dry region (MINATTE 2007). The 

drought period was relatively short with very low intensity. The longest dry period was the 

year 1993 where all the 12 months were identified as dry months. The period 2005-2007 and 

2016-2017 recorded 5 and 9 dry months respectively.  

The mountainous region normally considered as the wettest region recorded 64 dry months 

where more than 85% occurred during the years 2000-2007. According to the 3-months SPI, 

the region experienced short consecutive dry periods. 7 consecutive dry months were 

recorded from September 1993 to April 1994, 9 months from September 2002 to  July 2003, 

8 dry months from August 2003 to April 2004, 9 months from  October 2005 to July 2006 

and 8 months for the year 2006-2007.  However, both 3-months, 6-months and 12-month 

time scales showed a very low intensity compared to the remaining regions (Table 4). The 

central and southern parts of  Burundi registered a relatively short drought compared to the 

remaining regions. The central region recorded 59 dry months while the south recorded  56 

dry months.   

The center experienced dry periods during the year 1993 with 7 consecutive dry months, the 

year 2000 with 7 consecutive dry months and the period 2005-2006 with 11 dry months. On 

the other hand, the southern region recorded 6 months from October 1993 to April 1994. The 

longest dry year was the year 2000 where 11 months were identified dry. Contrary to the 

remaining regions, although the central and southern part registered dry periods with a 

relatively high drought intensity, the impact on agriculture was relatively low. However, it 

would be noted that the last decade registered more fluctuation leading to rainfall decline as 

seen in Fig.2(b).  
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Fig. 6 Spatial patterns of drought duration by the number of months based on 3,6 and 12-

month time scales for extremely dry, severely dry and moderately dry  for the period 1981-

2017 averaged over Burundi  

 

Table 4  Comparison of drought duration, severity, intensity of occurrence and peak values 

for different regions 

SPI-3 

Region  North East West Center 

Mount. 

Region South 

Duration 89 85 69 59 64 56 

Severity -140.75 -34.33 -98.75 -85.38 -58.36 -68.94 

Intensity  -1.58 -0.4 -1.6 -1.4 -0.9 -1.2 

Peak -2.8 -3.23 -3.67 -3.8 -3.47 -2.81 

SPI-6 

Region  North East West Center 

Mount. 

Region South 

Duration 88 90 71 38 47 52 

Severity -148.96 -82.21 -61.36 -65.16 -36.25 -60.67 

Intensity  -1.69 -0.9 -0.8 -1.7 -0.7 -1.16 

Peak -2.95 -2.88 -3.42 -3.88 -2.5 -2.14 

SPI-12 

Region  North East West Center 

Mount. 

Region South 

Duration 89 77 36 36 63 45 

Severity -149.27 -80.07 0 0 -30.65 -39.37 

Intensity  -1.68 -1.03 0 0 -0.48 -0.86 

Peak -2.81 -2.51 -1.91 -1.9 -1.78 -1.86 

 

4.5 Spatial trend analyses of annual and seasonal drought with SPI time series 

 

The Mann Kendall test and Sen’s slope statistical test were employed to detect 

spatiotemporal trends across the study domain based on 3,6 and 12 months SPI. The spatial 

trend analysis helped to identify the regions with increasing or decreasing trends over annual 

and seasonal time scales. Regions with a significant increasing trend correspond to the part 

threatened by recurrent drought events (Fig. 7 (a1,b2&c3)).  The trend features helped in the 

identification of regions prone to dry or wet events. Previous studies on annual rainfall 

variability showed a decreasing trend in the northeastern and western part of the study 

domain (Nkunzimana et al. 2019).  

The analysis of the SPI-3 series at annual scale showed a significant increasing trend in the 

northern and eastern parts of Burundi and a decreasing trend in the plateau and the 

southeastern region (Fig.7 (a1) & Table 5)).  During the long rains season, the north and east 

parts experienced a positive increasing trend and most of the study domain had a positive 

trend. Contrary to the long rains season, the southern and northeastern parts of Burundi 

experienced a negative trend during the short rains season with a positive increasing trend in 

the North and over the mountainous region (Fig.7 (b1&c1)).  Likewise, the SPI-6 and SPI-12 

annual time scale exhibited an increasing trend over the northeastern and western parts of the 

study domain. It was found that both SPI-6 and SPI-12  series exhibited a decreasing trend in 

the central region. However, the SPI-12 result showed a significant decreasing trend in the 

south (Fig.7 (a3)). From this, it can be deduced that the central and southern parts are 
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unlikely to experience a long period of drought compared to other regions.  According to SPI-

6 and SPI-12 output, during the long rains season, the positive trend was recorded in the 

North and East with a relatively positive increase across the plateau and a negative trend in 

the South.  On the contrary, during the short rains season, there was a significant increasing 

trend over most of the study domain except over the central part of the mountainous 

zone(Fig.7 (c3)).  

Overall analysis exhibits a positive trend in the northeastern parts mostly corresponding to 

the regions that experienced more drought events during the 1990 and 2000 decades 

(SABUSHIMIKE 2009). The most disastrous dry period occurred within the period 1993-

1996 and 200-2006, periods characterised by high rainfall decline as found shown with the 

standardized anomaly. The dry period had a serious negative impact on crop production and 

the economy of the country in general. As stated, the population of Burundi relies on rain-fed 

agriculture which contributes 39.6 % of the national GDP and provides more than 95% of 

food supply (Burundi 2018). The northern part of Burundi commonly known as “Bugesera” 
that extends to Rwanda experienced a decreasing trend in both annual and seasonal scales 

during the recent decades (Ngarukiyimana et al. 2016; Nkunzimana et al. 2019). Thereafter, 

the occurrence of one to three dry months during the crop growing season would 

automatically cause yield failure leading to a decrease in foodstuff production.  

The Mann Kendall results enabled the detection of the significance of the drought trend based 

on SPI analyses where the Z-score exceeding the magnitude of critical value at 5% of the 

significance level denoted a positive or negative trend. The spatial analysis of SPI values 

helped to depict the changes in trend across the study domain over the period 1981-2017.  

The Sen’s slope statistics test results exhibited a negative slope in the stations located over 

the northern and eastern parts. A negative slope was also registered over the south part of the 

study domain (Table 5). However, the western part presented a positive slope during annual 

and seasonal scales (SOND).  During the long and short rains, more than 60 % of the territory 

showed a negative slope. Moreover, the regions that registered a negative slope are those 

which experienced more dry events over the studied period. The southern and southwest 

regions experienced a relatively decreasing trend. The region experienced less dry events, 

although they were likely to record medium duration drought.  

In the perspective of deepening drought trend analysis to reduce any misinterpretations of the 

drought trend significance, the study compared the Mann Kendall and modified Mann 

Kendall trend tests. It is worth to recall that the Modified Mann Kendall allows to reduce the 

short and long term autocorrelation in the data (Nashwan et al. 2019, Khan et al. 2019). The 

Fig.8 shows the comparison between annual and seasonal Mann Kendall and Modified Mann 

Kendall trend results of SPI values generated with 3,6 and 12-month time scales. The analysis 

of the annual trend showed that the Modified Mann Kendall exhibited a very significant 

decreasing trend over the eastern and southeast parts of the study domain; however, the Mann 

Kendall did not depict the negative significant trend in the southeast part at 3 months scale 

(Fig. 8(a1&l1) &table 5)). Besides, the north and south parts presented a significant 

decreasing trend according to the Modified Mann Kendall while the simple Mann Kendall 

depicted a relative increasing trend at 6 months scale (Fig.8 (a2&l2)) and, likewise the 

modified Mann Kendall allowed to depict a significant decreasing trend over the North and 

East part (Fig.8&l3). The assessment of drought trend at annual scale with Mann Kendall 

exhibited a significant trend in most of the region except in the South at 3 and 6-months 

scales. However, the Modified Mann Kendall exhibited a significant trend in the East, and a 

part of North and the north-west regions at  3 months scale. At 6 and 12  months scales a 

significant trend is recorded in the North, the East and the mountainous region. Modified 
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Mann Kendal didn’t depict any significant trend over the West region at both annual and 

seasonal observations. However, both Mann Kendall and Modified Mann Kendall showed a 

positive trend in that region. 

Contrary to the observed significant trend of annual drought, the observation of the MAM 

season with Mann Kendall trend results revealed that only the North and the East regions 

registered a significant increasing trend at both 3,6 and 12-month time scales. The 

mountainous regions presented a significant increasing trend during the short rains season. 

 On the other hand, the Modified Mann Kendall exhibited a significant decreasing trend in the 

North, the East, the southern regions. The mountainous region showed a very significant 

decreasing trend during the long rain season at both 3,6 and 12-month time scale  and a very 

significant decreasing trend during short rains season at 12-month scale  

From Table 5, it can be seen that during the SOND season, the Mann Kendall trend test 

showed a very significant increasing trend in the North at both time scales, a very significant 

increasing trend in the East at 12-month time scale as well as the mountainous region. 

However, the Modified Mann Kendal presented a very significant decreasing trend observed 

over the North at both time scales,  while the East, the mountainous region and the south 

parts showed a very significant decreasing trend at 12-month time scale. 

From the observations, it is found that the regions that presented a very significant increasing 

trend with the Mann Kendall and a very significant decreasing trend with Modified Mann 

Kendall are regions that recorded more dry periods.   

 

Fig. 7 Comparison of spatial distribution of Mann Kendall and modified Mann Kendall trends 

in annual and seasonal SPI values generated with 3, 6 and 12-month timescales averaged on 

the period 1981-2017 over Burundi 

 

Table 5. Annual and seasonal positive significant trend observed with Mann Kendall and 

annual and seasonal negative significant trend with Modified Mann Kendall at 3, 6 and 12- 

months scales (**denote very significant and * denotes significant at confidence level 

0.5 %)  

 
Mann Kendall trend test 

 
Station 

Annul  MAM SOND 

    

 
SPI-3 SPI-6 SPI-12 SPI-3 SPI-6 SPI-12 SPI-3 SPI-6 SPI-12 

North 

Kirundo 0.88** 0.88** 0.89** 0.78** 0.8** 0.85** 0.81** 0.84** 0.88** 

Muyinga 0.2 0.25 0.18 0.03 -0.13 -0.05 -0.02 0.07 0.24 

Nyamuswaga 0.72** 0.66** 0.52** 0.22 0.14 0.23 0.27 0.34* 0.64** 

East 

Musasa 0.04 0.06 0.04 -0.03 -0.1 -0.09 -0.3 -0.35 0 

Kinyinya 0.68** 0.71** 0.65** 0.65** 0.63** 0.46* 0.45* 0.21 0.63** 

cankuzo 0.27 0.34 0.18 0.11 -0.05 -0.07 -0.13 -0.03 0.27 

Center Gitega 0.08 0.17 0.2 -0.04 0.09 0.06 0.05 0.01 0.13 

Mount. 

Region 

Gisozi 0.48* 0.38* 0.38* 0.14 0.19 0.11 0.44* 0.34* 0.5** 

Rwegura 0.27 0.3 0.19 0.19 -0.06 0.02 0.06 0.08 0.24 

Bugarama -0.2 -0.2 -0.19 0.01 -0.18 -0.28 -0.05 -0.12 -0.18 

Tora 0.34* 0.34* 0.3 0.06 0.08 0.15 0.11 0.15 0.34* 

West Bujumbura 0.35* 0.49* 0.44* -0.06 0.19 0.44* 0.1 0.23 0.5 
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Mparambo 0.27 0.19 0.2 -0.1 -0.06 0.08 0.28 0.23 0.22 

South 
Nyanzalac -0.02 -0.01 -0.3 -0.11 -0.23 0.1 0.11 0.03 0.05 

Makamba 0.03 0.15 0.17 0.11 0.13 0.08 -0.31 -0.2 0.17 

 
Modified Mann Kendall trend test 

 Station 
Annual  MAM SOND 

 SPI-3 SPI-6 SPI-12 SPI-3 SPI-6 SPI-12 SPI-3 SPI-6 SPI-12 

North 

Kirundo -0.97 -1.03 -0.7 1.77 0.74 -0.82 -0.96 -1.47 -0.65 

Muyinga -0.95 -1.03 -0.6 -0.58 -0.51 -1.32 -1.05 -1.79* -0.73 

Nyamuswaga 
0 -3.28** 

-

2.89** -2.1** 0 -2.2** 

-

2.22** 

-

2.76** 

-

2.94** 

East 

Musasa -3.19** -1.34 -1.11 -1.66* -1.16 -1.09 -0.79 -1.007 -0.87 

Kinyinya -0.83 -1.4 -1.26 -1.29 -1.45 -1.38 -0.84 -1.56* -1.39 

cankuzo 
-1.89* -2.39** -2.3** 

-

5.21** -1.9 -9.02** 0.27 -0.85 

-

3.36** 

Center Gitega -1.32 -0.95 -0.87 -0.69 -0.09 -1.25 -1.2 -1.71* -0.61 

Mount. 

Region 

Gisozi 1.34 1.05 1.19 -1.09 0.5 0.27 2.47 1.13 1.5 

Rwegura -0.22 -0.22 -0.42 -1.03 -0.7 -1.01 0.17 0.001 0 

Bugarama 
-0.73 -0.77 -0.87 

-

2.03** -1.17 -0.94 0.039 -0.66 -0.66 

Tora 
-2.07** -2.7** 

-

2.13** 

-

3.29** 

-

3.58** -2.13** -0.02 -1.18 

-

3.16** 

West 
Bujumbura 0.19 -0.06 0.53 -0.71 0.27 -0.15 0.74 0.17 0.32 

Mparambo 1.34 0.95 1.63 0.44 1.65 1.11 0.4 0.28 1.25 

South 
Nyanzalac 

-1.6* -1.55* 

-

2.05** 0.14 -0.77 -2.62** -1.87* -2.9** -2** 

Makamba 0.96 0.9 1.131 0.58 1.103 0.83 1.36 0 1.05 

 

For Mann Kendall trend test: Trend>=0.5 = very significant 

                                                Trend >=0.3<0.5 = significant 

For Modified Mann Kendall trend test: z<=-2 = very significant 

                                                               z<=-1.5>-2 = significant  

 

The Sequential Mann Kendall (SQMK) of annual SPI-3  was also employed to depict the 

abrupt point of the trend throughout the SPI time series. The SPI-3 series was chosen in other 

to monitor the years that registered more dry events impacting the growing season, which is 

normally of 3 months period for each. The  SQMK analysis over the annual time scale 

exhibited a positive increasing trend reaching the first abrupt point in 1990. This year 

coincided with the beginning of occurrent dry events. The trend relatively increased up to the 

year 2000 and slightly decreased until the year 2012. During the decreasing phase, the 

forward and backward sequential abrupt points occurred during 2004, 2005, 2006, 2007, 

2008, 2011 and 2012.  

The period 1993-2005 was characterised by an increasing trend and corresponded to the 

driest period specifically in the northern part of the studied area as shown in time series and 

spatial figures (Fig. 5). 
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 Likewise, the SQMK test of SPI-3 applied to the long rains season showed a positive and 

increasing trend from 1986 up to 1997 from where the trend slightly decreases. The forward 

and backward abrupt points were recorded in 1988, 1989,1991, 1993, 2000, 2001, 2007, 2008, 

2009, 2010, 2012, and finally in 2016. These successive abrupt points denoted the existence 

of variability in rainfall where dry and wet events occur alternatively. During the short rains 

season, the increasing trend started from 1989 to 2001. The intersection of forward and 

backward sequences occurred in 1993, 1994, 2001, 2002, 2005, 2007, 2008, 2009, and 2010. 

Thereafter, the SQMK results showed that more rainfall fluctuations started from the 1990s 

decade, a period coinciding with the first abrupt point of forward and backward sequential 

statistic. The 1990s decade was also identified to be the starting period of an increasing in 

rainfall variability resulting in more extremes weather events across East Africa (Ogwang et 

al. 2015; Ngarukiyimana et al. 2017c; Chang’a et al. 2017; Ongoma et al. 2018) 

It was found that more abrupt points occurred after the year 2005. However, according to 

previous  SPI time series analyses, it was found that more dry events occurred within the 

period 1993-2005. Thus, the presence of more abrupt points after 2005 denoted a high rainfall 

variability owing to the occurrence of the short dry and short wet events. The variability is 

experienced at both annual and seasonal time scales specifically during the short rains season.  

The overall analysis of drought events at annual and seasonal scales converged on the 

existence of recurrent dry periods specifically over the North and East regions. However, the 

evaluation of drought intensity and frequency showed that the western and southern parts are 

likely to dry events althought they presented less dry months compared to the remaining 

regions. In addition, the western and southern parts exhibited a positive slope while the North 

and the East regions presented a negative slope and positive trend.  

 

4.6 Atmospheric factors associated with the drought frequency over the study domain 

 

Understanding the causes behind the occurrence of drought events requires a deepen analysis 

of the linkage existing between dry years and atmospheric circulation anomalies within the 

study period. For that purpose, the study used the composite analysis method to investigate 

the significance of the anomalies. 

The composite analysis is one of the methods used by several scholars in analysing the 

circulation anomalies over different regions including East Africa (Ayugi et al. 2018; Limbu 

and Guirong 2019; Kantamla B. Mafuru and Guirong 2020). For that purpose, this study 

investigated the circulation anomalies during dry years. Fig. 8 shows the composite of zonal 

and meridional winds anomalies during the wet and dry years within 37 years. The 

comparison between composite zonal and meridional wind anomalies in wet years and dry 

years allowed depicting the anomalies behind the occurrence of recurrent drought events. 

During the long rain season, the study domain was dominated by southeasterly moist winds at 

the lower lever (F8. (a)) while the upper level is dominated by westerly winds (Fig8.(c)).  The 

winds at lower atmosphere flow from the West of the Indian Ocean westwards and the 

moisture embedded over the ocean contributes to convection that takes place over Central 

East Africa. The convection is the result of the convergence between the moist air generated 

by southeasterly winds and the moist air from Congo.   

 

On the other hand, during dry years, moist air mass from the Indian ocean is simulated by 

Indian monsoon, while a limited dry air mass across Central East Africa with less chance of 

advection and ascending motion at the lower level(Fig.8(b)). This situation is linked to the 
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negative phase of IOD characterized by descending motion as found by previous studies 

(Ayugi et al. 2018; King’uza and Tilwebwa 2019; Kantamla and Guirong 2020). At the 

upper-pressure level, Central east Africa is dominated by trade winds resulting from the 

walker circulation cell over the Indian Ocean as shown by the figure (Limbu and Guirong 

2019). The zonal and meridional wind patterns over Central East Africa is linked to ITCZ 

movement as well as the fluctuations in surface temperatures of the Indian Ocean that varies 

the winds patterns and SST varies from year to year. 

 

During the short rains season, Central East Africa experiences the passage of ITCZ and is 

swept by Northeasterly winds. It is worth recalling that Northerly winds are cold and dry with 

a low capacity of providing rainfall. Therefore, the rainfall result from different factors 

mainly existing water bodies, the topography especially the moist air mass from the Congo 

basin (Fig.8(e)). However, the upper atmosphere is dominated by southeast winds exhibit the 

absence or weak southeasterly winds, thus absence or less rainfall over the study 

domain(Fig.8(g)). This phenomenon is linked to ENSO and IOD which are strongly 

connected to SST anomalies in the Indian Ocean and affect inter-annual variability of rainfall 

over East Africa(Mutai and Ward, 2000; Ogwang et al.2015; Ngarukiyimana et al. 2018). 

 

During the dry season, Central East Africa is dominated by weak southeasterly winds from 

the Indian Ocean and air mass from the Congo basin. However, there is a low chance of 

convective pr advective rain because the walker circulation cell over Indian Ocen was 

weakened by the ENSO phenomenon(Limbu and Guirong 2019). 

 

Fig. 8 Composites of zonal and meridional winds anomalies (vector in ms-1) during wet and 

dry years overaged over long rains and short rains season. The blue box shows the study 

domain. 

 

The analysis of composite velocity potential and divergence anomalies was conducted to 

investigate whether there exist any relationships between wind convergence/divergence 

patterns at lower and upper pressure levels. This allowed depicting areas with horizontal wind 

convergence or divergence during dry years. Fig.9 represents the composite velocity potential 

and divergent winds anomalies during short rains and long rains season in dry years at 850 

hPa and 200 hPa. During the long rains season, most of Central East Africa including 

Burundi was characterised by divergent winds at both lower-pressure and upper-pressure 

levels whereas the winds convergence was located over the western Indian Ocean. Therefore, 

this situation corresponds to the absence of convection/advection of moist air that may 

generate wet conditions over the study domain. Likewise, the eastern part of the Indian Ocean 

was also characterised by divergent winds and reveals the weakness of the Walker circulation 

cell due to ENSO(Fig.9(a&b)). This coincides with the findings of scholars who studied the 

circulation anomaly over Tanzania located in the East of Burundi (Limbu and Guirong 2019; 

Kantamla Biseke Mafuru and Guirong 2020).  
 

At the upper level, the situation reversed over the eastern Indian Ocean towards Indonesian 

Archipelago. This situation coincides with the positive phase of the Indian Ocean Dipole 

(IOD) characterised by raising warm sea surface water in the west Indian Ocean and cold 

water in the South-East Indian Ocean. The divergence in the upper level implies the existence 

of convergent winds at the lower level (Ayugi et al. 2018).  However, the center of 

convergent winds was located over the Western part of the Indian Ocean southward. The 
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ascending limb of the local Indian Ocean Walker circulation generated rainfall conditions 

over the Indian ocean and specifically the south part of Africa.  

During the short rains season, the center of convergence is located over the western Indian 

Ocean covering southern African countries including the southern part of Tanzania, Zambia, 

Mozambique, Malawi (Fig. 10 (c)) while most of Central East Africa is dominated by 

divergent winds with significant decrease centered over Burundi. The ascending air parcels 

over the western Indian Ocean are deflected to the southern part of Africa.  It can be seen that 

the flow converges at lower levels southward owing to ascending limbs over the southern part 

of Africa. Centers of low negative velocity potential correspond to divergent outflow.  

Contrary to the situation observed during long rains, the northern Indian Ocean was also 

covered by diverging wind corresponding to the weakening of the Indian monsoon. This 

means that the local Walker circulation cell became strong over the northern Indian Ocean 

while the west south Indian experience ascending limb, with possibilities of generating rains. 

However, the part including Burundi doesn’t benefit from rain conditions due to descending 

limb northward(Fig.9(c)).   

At the upper level, the situation reversed, the Northern part of Africa and India were 

dominated by strong converging winds where the significant velocity potential appeared in 

the Arabian sea. The southern part experienced descending limbs proving the existence of 

convergence over the lower level. The influence of positive IOD reflected the ascending limb 

of the local walker circulation cell over the Eastern Indian Ocean.  However, Central east 

Africa still experiencing descending limbs. The amplitude of the velocity potential became 

stronger over the area of strong convergence both at a lower level and upper level. 

 

Fig. 9 Composite of velocity potential (colored with contours) and divergence winds (vectors 

in ms-1) anomalies during dry years at 850 and 200 hPa. The green box shows the study 

domain. 

 

Analysis of the correlation between rainfall and ENSO during long rains season allowed to 

depict whether there is a relationship between the occurrence of dry years and ENSO. 

Fig.10(a) shows that there exists a positive correlation between the Nino index and rainfall 

during the MAM season (R= 0.41). It There exists a significant correlation between rainfall 

and the Nino index within the period 1993 to 2005 corresponding to the driest period over 

Burundi. There is an explicit correlation between rainfall and positive ENSO year (1997) and 

La Nina years (2000, 2004). Likewise, the correlation between SOND season rainfall and the 

Nino index was also positive with R =0.39(Fig. 10 (b)). Contrary to what is observed during 

the MAM season, although the rainfall and Nino index correlates, there is a high fluctuation 

during the SOND season. The net correlation between rainfall and Nino event is identified 

during the years (1997, 2015) and the correlation during La Nina years occurred in 1998.  

The correlation between MAM rainfall events and dipole mode index (DMI) exhibited that 

there is a negative correlation with R= -0.05 (Fig. 10(c)). However, the years 1990-1992 

show a net correlation, while most of the remaining years don’t show a significant correlation. 

Fig. 10(d) shows a positive correlation between SOND rainfall and dipole mode index with a 

correlation coefficient R=0.66. The correlation is significant from 1992 to 1998, from 2003 to 

2010, and from 2015 to 2017. The correlation shows that the positive phase of the Indian 

Ocean Dipole (IOD) contributes to increased convection over the western part of the Indian 
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Ocean that affects Central East Africa rainfall. However, the correlation between rainfall and 

the negative phase of IOD is linked to the absence of rainfall over the study domain. This 

situation is also linked to anomalous pressure gradient with eastern zonal wind anomalies and 

SST over the Indian Ocean as revealed by previous studies( Ogwang et al. 2015b; Limbu and 

Guirong 2019). 

 

Fig.10  Correlation between MAM rainfall and Nino Index (a), SOND rainfall and Nino 

Index (b), MAM rainfall and DMI Index (c), SOND rainfall and DMI Index (d) 

 

5. Conclusions  

Drought as one of climate extreme events is among the most dangerous natural hazards 

considering the losses it induces across many regions of the globe.  Burundi is facing 

recurrent drought events, especially during the last three decades. To assess the drought 

frequency intensity and duration, the study used the Standardized Precipitation Index (SPI) at 

3, 6 and 12-month time scales over 37 years ranging from 1981 to 2017.  

The SPI time series analysis helped to determine dry events over the study period. It was 

found that the driest period started within the 1990s decade. The drought events were 

unevenly distributed over the study domain. The northern part experienced the longest dry 

period between 1992 to 2000. That period was accompanied by high losses in terms of human 

and socio-economic activities.  The eastern part also recorded more dry events especially 

during the period 2000-2010. Apart from the two regions, the rainfall decline was also 

observed in the mountainous region resulting in more dry months accompanied by hydrologic 

and food shortage.   

The comparison of drought frequencies on annual and seasonal scales across different regions 

of Burundi revealed that more extremely and severely dry events occurred during the short 

rain season (SOND) and the frequency intensity changed with the topography.  

 

The overall analysis of drought duration showed that the north region registered more dry 

events compared to other regions. On one hand, the North region experience more extreme 

and severely dry events at both 3, 6 and 12-month time scales. In that region, almost 100% of 

extremely and severely dry events occurred within 8 years (1993-2000). On the other hand, 

the East region and the plateau registered more moderately dry events at 6 and 12-month time 

scales. 

The central and west regions experienced less severe dry events with a short duration, albeit 

with high frequency, though the drought intensity was very high. These two regions 

experienced less severe and moderate dry events.  

The analysis of drought trend with Mann Kendall statistics showed that the North and East 

parts experienced a very significant increasing trend at both 3,6 and 12- month time scales 

spatial drought trends at both annual and seasonal scales. However, Sen’s slope showed that 
the two regions had a negative slope while the western and southern parts presented a 

positive trend. Likewise, the Modified Mann Kendall showed that the northern and eastern 

parts had a very significant decreasing trend. The mountainous region is also experienced a 

significantly decreasing trend at both 3,6 and 12-month time scales. 

The sequential Mann Kendall results enabled to observe the rainfall variability and the first 

abrupt point occurred in 1990 a year that coincided with the beginning of recurrent dry period 



24 

 

events. More abrupt points were observed within a short period, thus  7 abrupt points were 

identified between 2003 and 2013. 

The dry years are associated with the weakening of the Walker circulation cell that is related 

to the rise of sea surface temperature over the eastern Pacific ocean. The fluctuations over the 

Pacific ocean directly affect wind circulation over the Indian Ocean. Central East Africa 

normally experiences dry conditions during the negative phase of the Indian Ocean Dipole. 

This work is the first comprehensive study on drought assessment and trend analysis over 

Burundi. It will serve as a reference in future studies on drought patterns in terms of 

frequencies, intensity and duration. It will help policymakers in setting up early warning 

drought system and mitigation measures of the drought impacts on the population and socio-

economy activities in general. The factors associated with the occurrence of drought events 

over Burundi will be assessed in the next work. 
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Figures

Figure 1

Map of Africa with CEA in the red box (left), the topographical elevation of Burundi with meteorological
stations and delimitation of different microclimate zones (right)



Figure 2

The annual cycle of rainfall (mm) and rainfall variability over Burundi during 37 years ranging from 1981
to 2017. (a) represents the climatology (mm), (b) shows annual standardized anomaly (c) represents long
rains standardized anomaly and (d) represents the short rains standardized anomaly



Figure 3

SPI values showing short term and medium term drought during the period 1981-2017. (a) shows dry and
wet periods at one month scale (SPI-1), (b) presents short dry periods at three months scale (SPI-3), (c)
shows wet and dry periods at 6 months scale (SPI-6) and (d) represents a medium-dry period at one year
scale (SPI-12).



Figure 4

Comparison between annual and seasonal SPI-3 time series over the North, East and mountainous
regions



Figure 5

Spatial patterns of drought severity and intensity over 1981-2017 period using SPI-3, SPI-6 and SPI-12
values



Figure 6

Spatial patterns of drought duration by the number of months based on 3,6 and 12-month time scales for
extremely dry, severely dry and moderately dry for the period 1981-2017 averaged over Burundi



Figure 7

Comparison of spatial distribution of Mann Kendall and modi�ed Mann Kendall trends in annual and
seasonal SPI values generated with 3, 6 and 12-month timescales averaged on the period 1981-2017 over
Burundi



Figure 8

Composites of zonal and meridional winds anomalies (vector in ms-1) during wet and dry years overaged
over long rains and short rains season. The blue box shows the study domain.



Figure 9

Composite of velocity potential (colored with contours) and divergence winds (vectors in ms-1)
anomalies during dry years at 850 and 200 hPa. The green box shows the study domain.

Figure 10



Correlation between MAM rainfall and Nino Index (a), SOND rainfall and Nino Index (b), MAM rainfall and
DMI Index (c), SOND rainfall and DMI Index (d)


