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Abstract: 

This study aims to identify the main causes of extreme rainfall events specifically recent ones 
that occurred in Central East Africa, which seriously affected the western part of Burundi 

causing 77 deaths, destruction of infrastructures, loss of properties and hectares of lands in 
February 2014. To understand underlying issues about extreme rainfall occurrence and its 
key drivers, the present study investigated two distinct extreme rainfall events that caused 

massive losses in the western part of Burundi on November 11th, 2009 and February 9th, 2014.  
Different datasets have been used to depict which one captured reliable informat ion of the 

two extreme rainfall events investigated. Analysis of different weather parameters was 
conducted using the European Centre for Medium-Range Weather Forecast (ECMWF) 
datasets. The Weather Research and Forecasting (WRF) Model was also employed to analyze 

different parameters over different periods, thus prior, during, and after the occurrence of an 
extreme rainfall event. It was found that the two distinct rainfall events were induced by the 

combination of local convection enhanced by moist air from the Congo basin and abnormal 
conditions in the mid-upper layer. Instabilities in the lower and mid-upper layers mainly 
emanated from the changes in geopotential height and wind circulation. Local physical 

factors especially the topography and the presence of the Lake Tanganyika localized in the 
Western Rift Valley of Africa enhanced local convection which triggered rapid condensation 

that induced a heavy rainfall over the western part of Burundi. Weather conditions vary 
depending on the time or season of occurrence of the extreme rainfall events. This study will 
propel future studies on historical diagnosis and forecasting of extreme weather events over 

Burundi. It will also guide policy-makers to mitigate negative impacts expected from future 
occurrences of extreme weather events.  

Keywords:  Extreme rainfall; abnormal conditions; winds components; moist air; Burundi 

 

1 Introduction 

Nowadays, extreme weather events such as floods and droughts phenomena are predicted to 

consistently occur across different regions. The occurrence of such events directly or 
indirectly affects several livelihoods in the least developed countries, limiting the goal of 

alleviating poverty and ensuring food security in African ( Indeje and Semazzi, 2000; Otto et 
al., 2015; Gebrechorkos et al., 2018). In East Africa, frequent occurrence of extreme weather 
events, threatens various economies within the sub-region. It is worth noting that the extreme 

event is a weather or climate event that is rare at a particular place (Otto et al., 2015). To 
understand the continuous variations in frequency and intensity of an extreme event over a 

given period, some scholars have suggested an investigation into the causes of individual 
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extreme event instead of analysing facts globally (Stott et al., 2016). Herein, it is suggested 
not to solely analyse major climatic drivers on large scale but also on regional and local 

scales. These have assisted weather forecasters in establishing consistent trends in weather 
prediction, mainly to project the magnitude of climate hazards, implication and losses 

(Farnsworth et al., 2011).  
The Central East African region is characterized by multiple mechanisms. Some of which are 
related to local factors while others are linked to vertical or horizontal phenomena. 

Investigating a number of these mechanisms can explain the origin, frequencies, and intensity 
of these climatic events (Farnsworth et al., 2011; Otto et al., 2015). Yet, the existence of 

several bottlenecks to identify the real causes of extreme rainfall events over Central East 
Africa specifically  Burundi is thought provoking. Nicholson and Grist (2003) asserted the 
vertical transport of energy over this region can be attributed to mesoscale convective 

systems (MCS). However, this assertion is insufficient to substantiate the underlying factors 
that cause extreme weather events in the region.  

 
In recent decades, Burundi and other Central East African countries have experienced rainfall 
events causing severe consequences on climate sensitive sectors. Studies on rainfall 

anomalies in Central  East Africa resulting in extreme events were attributed to different 
climatic drivers such as El Niño South Oscillation (ENSO), Indian Ocean Dipole (IOD), 

Madden Julian Oscillation (MJO), among others (Camberlin and Okoola, 2003; Ogwang et 
al., 2015; Ngarukiyimana et al., 2017; Ayugi et al., 2018; Ummenhofer et al., 2018). The wet 
conditions observed over Burundi originate from the Atlantic Ocean as well as the Indian 

Ocean (Creese et al., 2019). Similarly, studies reveal that changes in the intensity of moist air 
depending on local conditions and the Inter-Tropical Convergence Zone (ITCZ) passage 

(Muhire et al., 2015; Ngarukiyimana et al., 2017; Nkunzimana et al., 2019). 
Frequency and intensity of extreme weather events have taken the attention of many scholars 
(Miglietta and Regano, 2008; Mastrangelo et al., 2011; Vautard et al., 2016; Otto et al., 

2018b). Wu et al. (2016) revealed that climate variability has shifted the intensity and the 
frequency of precipitations leading to the occurrence of more extreme weather events.  Heavy 

precipitations are often accompanied by disastrous flash floods in lowlands zones and mass 
movements in  steep areas. However, the intensity and the associated losses caused vary from 
one region to another and from one climatic zone to another (Onyutha and Willems, 2017).  

 
Burundi is threatened by flash flood events caused by intense heavy rainfall or progressive 

daily intermittent rainfall events (Nkunzimana et al., 2019). The northern and eastern parts of 
Burundi are affected by repetitive drought events while the western part is a ground of floods 
and landslides causing losses in terms of human, economy and social activities  

(MEEATU&MINAGRIE, 2014). The inundations of 2009 destroyed houses, basic 
infrastructures and fields of crops. Other severe floods occurred in 2012, 2014, and in 2018 

both causing death, injuries, homelessness, crop failure, and infrastructure destruction 
( PNUD, 2014; Gouvernement du Burundi, 2015; Burundi, 2018). The latest flood events 
were reported in December 2019 (OCHA,2019). 

 
The assessment of the occurrence of daily or sub-daily scale extreme rainfall events is of high 

concern because they result to flash-floods that potentially or directly affect urban and steep 
areas with high risks accompanied by human lives and economic losses (IPCC, 2007; Westra 
et al., 2014). Different studies have been conducted to analyse and monitor extreme weather 

events. Only a few studies focused on understanding their causes over regional and local 
scales (Gao et al., 2011; Lu et al., 2017). There is a need to conduct a deep diagnosis to 

identify the main causes of extreme weather conditions over Burundi and Central East Africa 
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in general. Many authors have been using statistical methods to analyse and monitor the 
distribution, frequency, and intensity of extreme rainfall over the region as Balagizi et al. 

(2018) and  Mughal et al. (2018). Due to the limitations in observation availability and 
representativeness, several scientists recommend using dynamical models while monitoring 

extreme events(Kumar et al., 2008; Gao et al., 2011). Numerical model is one of the methods 
recently used in monitoring and analyzing atmospheric phenomena, and meteorological 
hazards such as floods, typhoons, tornado, etc. (Wikle, 2009). It is also one of the best models 

used in the prediction of extreme weather events based on its reliability while monitoring or 
forecasting heavy rainfall events (Ahrens and Beck, 2008).  

 
Periodic monitoring and analysis of any extreme weather event require good and accurate 
data over the area prone to climate hazards. Availability and sparseness of rain-gauge data 

over time and space for monitoring extreme rainfall events is still a major challenge for most 
research institutions in Africa (Behrangi et al., 2011; Fujihara et al., 2014; Philippon et al., 

2015; Koutsouris et al.,  2016; Poméon et al., 2017). In order to bridge this gap, many 
researchers prefer to use satellite products or reanalysis data. They deliver reliable 
information on extreme weather and hazardous events, despite the precisional problem that 

may evolve as a result of the complex topography of most areas (Dinku et al., 2007; Ullah et 
al., 2019; Ayugi et al., 2019; Salles et al., 2019; Yuan et al., 2019).  

 
This study attempts to identify and understand the main causes of the recent extreme rainfall 
events that mostly affected the western part of Burundi on February 9th, 2014 and November 

11th, 2009. It analyses different weather parameters using various datasets, to help the 
understanding of weather change conditions that contribute to the occurrence of extremes 

rainfall events. It will also help the policy-makers to undertake different mitigation measures 
to reduce socio-economic losses due to heavy rainfall events. The remaining parts of this 
paper are organized as follows: Section 2 describes the data and methodology used, the 

analysis of the results is presented in section 3, the discussion and conclusion are respectively 
presented in section 4 and 5. 

 
2 Study area, data and methodology 
 

2.1 Study area 

 

Burundi is a landlocked country in Central East Africa (Fig.1b) and located at around 2° 15’- 
4°30 S and 28°58’- 30°53’E (Fig. 1c). It is bordered with Rwanda to the North, Lake 
Tanganyika to the Southwest, Tanzania to the East and the Democratic Republic of Congo 

(DRC) on the West. Located nearby the Equator, the climatology of Burundi varies with its 
topography. In the western part of Burundi lies the lowlands that end into the Imbo plains 

narrowed in the South than the North West which is widely elevated between 774 m to 1000 
m above mean sea level. That zone with precipitation less than 1000 mm per year is known as 
dry area (MINATTE, 2007; Baramburiye, 2013). Escarpments of Mirwa are elevated 

between 1000 m to 2000 m with annual rainfall ranging from 1000 mm to 1400 mm. The 
Congo-Nile Ridge zone receives the precipitation varying between 1400 to 1600 mm. The 

centre of Burundi is dominated by a plateau with an elevation ranging from 1350 m to 2000 
m westward and southward. The annual precipitation varies from 1200 mm to 1400 mm. The 
depression of East covers the valleys between Tanzania and Burundi while the depression of 

North includes the basin of Bugesera with extension to Rwanda and mainly dominated by 
small lakes (Fig. 1c). These depressions are semi-dry areas receiving less than 1000 mm 

average annual rainfall (MINATTE, 2007).  
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Fig. 1. Location of the study area: (a) Africa Continent, (b) the domain of study area 
simulated in Weather Research and Forecast (WRF) Model covering the central and eastern 

parts of Africa and(c) topographical elevation of Burundi in meter above mean sea level 
(a.m.s.l)  

 

2.2 Data and methodology 

 

This study utilized different datasets from various sources. For instance, ground observation 
data is sourced from Burundi Geographical Institute (IGEBU). Reanalysis data (ERA-Interim 
and ERA 5) were collected from the European Centre for Medium-Range Weather 

Forecasting (ECMWF) and used for the analysis of weather conditions. The datasets provide 
hourly estimates parameters of the atmosphere, land, and ocean. The datasets delivered from 

ERA 5 are the result of advanced modeling and data assimilation with a high resolution of 30 
km grid and provides 137 levels from the surface to 80 km height for atmospheric analysis.  
The data is made available at https://cds.climate.copernicus.eu/cdsapp#!/search?type=dataset.  

The National Centres for Environment Prediction NCEP FNL used in the study is delivered 
from the Global Data Forecast System (GFS) and provides reanalysis data at every 6 hours 

with a spatial resolution of 1 degree. The NCEP data are available at 
https://www.esrl.noaa.gov/psd/data/gridded/data.ncep.reanalysis.pressure.html. 
The study also ued Climate Hazards Group Infrared Precipitation with Station observation 

(CHIRPS) produces satellite-based rainfall products with a high spatial resolution of 0.05  
degrees on a daily scale (Funk et al., 2015). The CHIRPS data are accessible at 

http://chg.geog.ucsb.edu/data/chirps/index.html. The Sensed Information using Artificial 
Neural Network-Climate Data Record (PERSIANN-CDR) provides precipitation data at 
spatial resolution of 0.25o on daily, pentad, decadal and monthly scales (Ashouri et al., 2015). 

The PERSIANN-CDR data are available at http://chrsdata.eng.uci.edu/. The Tropical Rainfall 
Measuring Mission (TRMM) is a high-resolution satellite precipitation products developed 

by the National Aeronautics and Space Administration and the Japan Aerospace Exploration 
Agency (Huffman et al., 2007). The TRMM data are accessible on  
https://mirador.gsfc.nasa.gov/. The Tropical Application of Meteorology Using Satellite Data 

and Ground-Based Observations (TAMSAT) has also been used for evaluating some extreme 
weather events. The TAMSAT produces daily rainfall estimates for all of Africa at 4km 

resolution and delivers hourly, daily pentad, decadal and monthly data (Tarnavsky, et al.,  
2014). TAMSAT data are accessible at www.tamsat.org.uk/public_data. 
 

To monitor the two distinct extreme rainfall events, different methods were employed. 
Several weather parameters were analysed prior, during, and after the occurrence of the event.  

Numerical simulations were done using the Weather Research Forecast (WRF) model version 
3.8 to assess and analyse weather patterns, purposely, to identify the main causes of the 
extreme rainfall events of November 11th, 2009 and February 9th, 2014. Three nested domains 

which are threatened by extreme rainfall events centered over Burundi have been configured 
(Fig.1b). Domain 1 is coarse at 100 * 78 grid points in the east-west and north-south 

directions with a horizontal grid spacing of 20.7 km. The Domain 2 is nested with 133 * 103 
grid points at 6.9 km grid spacing. The fine-mesh Domain 3 was configured at 196 * 169 grid 
points with 2.3 km grid spacing. These three domains were specified in consideration of the 

topography and water bodies which play an important role in regional and local convection 
mechanisms. The simulations used meteorological data provided by National Centres for 

Environmental Prediction (NCEP) with 6-hourly FNL of temporal resolution and 1 degree of 
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spatial resolution. Numerical experiments have been conducted to analyse regional and local 
weather conditions as well as the topography, the water bodies and land surface process. The 

simulations are conducted for two days for each of the extreme rainfall events investigated i.e. 
from November 10th 2009 at 00 am to November 12th at 00 am and from February 9th at 00 

am to February 11th at 00 mm UTC. Experimental processes were done with 37 vertical 
levels culminating up to 26 km above mean sea level. 
 

All experiments set were similar for both physics and dynamic options in order to resolve 
mesoscale forcing effects over the study area. The microphysics and cumulus 

parameterizations were chosen based on previous studies. The nested domains were run using 
the microphysics scheme including soil temperature, land use, soil moisture, land surface. 
Different cumulus schemes and physical processes were performed to detect the sensitivity of 

the simulation (Kumar et al., 2008; Pu et al., 2018). 
 

The numerical simulations allow the possibility of analysing individual extreme weather 
events. The motivations for investigating individual extreme events vary depending on the 
purpose of the event’s analysis (Aming et al., 2013; Stott et al., 2016). Otto et al., 2015 

revealed that studying individual extreme event allows understanding the change in time of 
the intensity and the frequency of extreme events. The study analysed two separate events 

starting by the recent one of February 9th, 2014 then November 11th, 2009. The most 
concerned domain is the Western part of Burundi that is more threatened by heavy rainfall  
(Fig. 1c).  

 
 

3 Results analysis 

 
3.1 Characteristics of the two extreme rainfall events 

 

The western part of Burundi including the economic capital, Bujumbura experienced heavy 

rainfall during the night of 9th-10th  February 2014. A drizzle rain started at around 7 pm and 
progressively intensified between 8 pm to 11:30 pm local time. The meteorological station of 
Bujumbura recorded 80 mm, which is 1/10 of the annual rainfall of that location.  The rainfall 

triggered strong runoff on steep slopes which swept out some houses, causing about 70 
deaths and many injuries, leaving 20000 homeless and destroying infrastructures and hectares 

of crops in the northern part of Bujumbura (Albert, 2014). An overflow of water channels 
triggered disastrous floods into Gasenyi stream which further affected the municipalities 
mainly localized in the northern part of Bujumbura including Kinama, Mutimbuzi, Kamenge, 

Buterere, and Ngagara (Fig.2). The water threatened the communication between Bujumbura,  
the countryside and neighbouring countries. The most affected road was the National Road 

No 1 (RN1) where different sections were blocked by landslides and mud-flows. Landslides 
and debris-flow falling from steep slopes surrounding the capital city along Mirwa. 
  

The decade of 2001-2010 has been a historical decade with the highest number of extreme 
rainfall events over Burundi (Nkunzimana et al., 2019). On November 11th, 2009, a heavy 

precipitation of 142 mm hit the western part of Burundi. That rainfall caused many losses, 
especially infrastructures including roads, schools, clinics, markets were seriously affected 
and crops as well as crops more than 1200 houses destroyed, 8000 were left homeless (Relief 

web, 2009). The diurnal rainfall amount reaching 142 mm is ever reached over Burundi 
during the past years. Its negative impacts mainly affected Bujumbura city and its 

surrounding including the eastern part of the International Airport of Bujumbura (Fig.2).   
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Fig.2. Zone damaged by the inundations of February 9th, 2014 (red line) and floods of 
November 11th, 2009 (yellow line). Blue lines represent water streams across Bujumbura city 

and thick black arrows determine roads deserving the city to the countryside and 
neighbouring countries 

 

3.2  Spatial distribution of clouds cover and total precipitation before, during and     

 after the extreme rainfall event 

 

3.2.1. Spatiotemporal distribution of clouds cover and total rainfall on February 9th 

2014 

 
Clouds play a significant role in daily variations and assessment of weather conditions. They 

are known to be one of the major atmospheric factors that modulate the surface incidence and 
significantly contribute to atmospheric albedo. The clouds have the capacity of absorbing 
longwave radiation emitted by the earth's surface and their densities help in predicting how 

much rainfall is a specified zone likely to receive(Silva and de Souza Echer, 2013).  
 

For this purpose, the clouds cover were analysed to check whether heavy precipitation 
resulted from local convection or other factors. The distribution of clouds cover (Fig.3) was 
compared to the distribution of total precipitation that prevailed between 3 pm and 11 pm of 

local time on  February 9th 2014. Both high and low clouds cover were absent over the study 
domain at 3 pm (Fig.3 (a1)). However, by 6 pm, high clouds coverage increased at 80% thus 

about 7 octas and reached the maximum coverage at 9 pm, the time corresponding to the 
occurrence of the event’s pick. It coincides with the information delivered by the 
meteorological station of Bujumbura (Table 1). After 3 pm a deep cloud development was 

progressively formed and intensified by mountains mesoscale phenomenon and fuelled by 
moist low-level convergence which resulted into thunderstorms development in the region 

causing heavy precipitations. The phenomenon started dissipating at 9 pm onward. 
Both station observations, reanalysis data and model output enabled to verify the rainfall 
caption as shown in (Fig.4). Althoughreanalysis captured the phenomenon along with time 

evolution, the amount of precipitation was still underestimated compared to the station record 
(80 mm) in 24 hours.  

The total precipitation analysis during the whole time showed a low rainfall amount. The 
drizzle increase from 6 pm (Fig.3(c2) to midnight (Fig.3 (c4). Considering the spatiotemporal 
distribution of clouds and the total precipitation, it can be seen that there is a correlation 

between the high clouds coverage and the total precipitation recorded on February 9th, 2014.  
 

To deepen the February 9th total precipitation analysis, this study proceeded on the 
comparison of different information provided by different dataset sources. Fig. 4 shows the 
comparison of total rainfall distribution provided by different datasets on February 9th 2014. 

The total amount of rainfall provided by ground observation data recorded from 9 stations 
distributed a Burundi (Fig.4 (a1)) were compared to reanalysis and satellite estimates rainfall 

dataset. The TRMM data (Fig.4 (d)), the TAMST (Fig. 4 (e)) and PERSIANN-CDR (Fig.4 (f)) 
captured the rainfall event. Most of the satellite rainfall estimate products have 
underestimated the rainfall amount.  

Considering all the aforementioned datasets, the spatial distribution of rainfall occurrence on 
February 9th, the TRMM daily (TRMM-3B42.7) is likely to provide a satisfactory 

representation despite the limited rainfall amount recorded per ground-based observation 
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records.  The TAMSAT seems to overestimate the spatial distribution of the daily rainfall as 
exhibited by Fig. 4 (e). The WRF Model simulated well the source of moisture within  24 

hours cumulating the precipitations around Bujumbura including mountains surrounding the 
lift valley.  

 
 

Fig.3. Distribution of high clouds cover (a1-a4), low clouds cover (b1-b4) coverage 

frequency and total precipitation (c1-c4) averaged on February 9th 2014 at 3 pm, 6 pm, 9 pm, 
and on February 10th 00 am respectively according to ERA-Interim data. The red box 

indicates the area of interest. 
 
  

Table 1 Synoptic stations used for spatial distribution interpolation during the two extreme 

events with heir location details and elevation 

 

 
Fig. 4. Comparison of caption ability of the February 9th 2014 extreme rainfall event using 

different datasets (a) ground observed, (b) ERA 5, (c) CHIRPS,(d) TRMM, (e) TAMSAT, (f) 

PERSIANN-CDR and (g) WRF Model simulations averaged over Burundi 
 

3.2.2 Spatiotemporal distribution of clouds cover and total rainfall on November 11 th 

2009 

 

The distribution of clouds covers and total precipitation of November 11th 2009 from 3 am to 
12 pm as illustrated in Fig.5 exhibits the existence of high and low clouds from 3 am in the 

early morning (Fig.5 (a1-b1). It gradually covered the whole region from 6 am up to noon as 
shown in Fig.5 (a2-a4, b2-b4). At midnight, the low clouds, as well as the high clouds, 
covered the Congo Basin eastward (Fig.5). They were extending progressively toward the 

western part of Burundi that became totally covered from 9 am to 12 pm, the time 
corresponding to the rainfall event. Based on the spatial and temporal distribution of the low 

and high clouds, it is seen that the heavy rainfall the result of a very deep cloud intensified by 
the mesoscale convective system developed over the mountains surrounding the lift valley 
where lies the Lake Tanganyika.  

 
The total precipitation distribution as expressed in Fig.5 (c1-c4) started from 6 am and its 

intensity was increasing gradually to reach the maximum around noon (Fig.5 (c4)). The 
maximum rainfall amount depicted by the ground observation at Bujumbura Aeroport was 80 
mm (Table 1). The precipitation caption analysis showed that ERA-Interim provided a 

rainfall amount that agrees with the one delivered by the ground observation record. Both the 
observed and the ERA-Interim data show that the rainfall was extended over the metropolitan 

zone of Bujumbura including the escarpments of Mirwa (steep-slope), the urban area with the 
plain and the northern part of the Lake Tanganyika including the eastern part of Bukavu in 
Democratic Republic of Congo (DRC).  

Fig.6 shows the comparison of total rainfall distribution from different products. The satellite 
estimate rainfall products are compared to the ground observation dataset provided by 

IGEBU. The observed data showed that the extreme rainfall hit the north-western part of 
Burundi (Fig.6a). The total precipitation captured by ECMWF is likely to be the best 
compared to satellite estimates rainfall products, though it seems to overestimate the 

extension to the south.  CHIRPS and TAMSAT products provided reliable information about 
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the spatial extension of the precipitation. However, in the previous February 9th, 2014 event 
analysis, the CHIRPS product showed a very low caption performance. the caption ability of 

satellite estimated rainfall products is varying depending on the caption time, the event 
duration, and its extension. Comparing to the November 11th, 2009 event that occurred during 

daytime from 6 am to 12 pm and the February 9th, 2014 event that occurred during the night 
(from 7 pm to 11 pm) it can be concluded that CHIRPS are likely to deliver a good caption 
during daytime than at night. Further studies somewhat needed to reinforce this consideration. 

Likewise, the TRMM-3B42 daily data poorly captured the extreme event of November 11th 
2009 though it was found to deliver a good caption of February 9th 2014 event.  Based on this 

comparison, the TRMM product is likely to provide a good caption at night. On the other side, 
TAMSAT is likely to overestimate the rainfall extension.  It shows rainfall over most of 
Burundi and its neighboring countries. The truth remains that extreme rainfall was recorded 

in the western part of Burundi with drizzles, intercepted in the eastern part as shown in Fig. 
6(c2-c4). The WRF model simulations carried out with evidence the occurrence of heavy 

rainfall over the western part of Burundi. However, contrary to ECMWF results, the 
numerical simulations locate the heavy rainfall over the high altitude zone. 

 

 
Fig. 5.  Distribution of high clouds cover (a1-a4), low clouds cover (b1-b4) coverage 

frequency and total precipitation (c1-c4)  on 11 November 2009  at 3 am, 6 am, 9 am and 12 
pm respectively averaged over Burundi according to ERA-Interim data. The red box indicates 

the area of interest. 

 
Fig.6. Comparison of caption ability of the November 11th 2009 extreme rainfall event using 

different datasets (a) ground observed, (b) ERA 5, (c) CHIRPS, (d) TRMM, (e) TAMSAT, (f) 
PERSIANN-CDR and WRF Model simulations averaged over Burundi  

 

 
3.3 Winds components and relative humidity analysis 

 

 

3.3.1 Winds and relative humidity features on February 9th 2014 

  
Analysis of cloud cover and total rainfall distribution for the February 9th 2014 period show 

extreme rainfall events over the western part of Burundi. However, although there was a high 
cloud cover evenly distributed over the study domain, the analysis done could not deliver any 
information about the presence of rainfall formation before, during and after the event at a 

lower level. Analysis of other meteorological factors such as wind features and relative 
humidity were analysed to understand the causes of the event. 

 
To deepen analysis, this study utilized numerical simulations based on WRF Model to 
investigate the main causes of the extreme rainfall of February 9th, 2014. Different parameters 

have been analysed such as surface winds, zonal and meridional winds the surface pressure, 
water vapour mixing ratio, clouds water mixing ratio, geopotential height, accumulated total 

precipitation, surface air temperature, upward moisture at the surface, etc. Fig.7 shows the 
simulated surface winds components over the main Domain 1 and the nest domain on 
February 9th 2014 from 12 pm to 9 pm. It can be seen that the Congo basin was dominated by 

low pressure and a very low zonal winds speed from noon (Fig .7(a1)). At the same time, the 
air mass from the Atlantic Ocean dominated in the southern part of Congo basin toward  

Zambia. Meanwhile, Burundi was crossed by air mass from the west toward a depress ion 
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located over Tanzania (Fig.7 (a1&b1). The high altitude is characterised by winds attracted 
by the plateau. Three hours later, the depression initially located at Congo basin gained 

progressively in the western part of Burundi around 3 pm (Fig.7 (a2&b2)). However, the 
existence of the Lake Tanganyika contributes to the local mechanism. This shows that 

abnormal rainfall over Burundi can be associated with the dominant moist air from the Congo 
basin that combined with local conditions which generate abrupt local convection that leads 
to  heavy rainfall for a determined area.  

Moreover, from 6 pm to 9 pm Burundi was dominated by depression, especially in its north-
western part. The simulations ensure the discovery of the origin of convection which is 

observed to hover around the mountainous area from 3 pm. There was convergence over the 
north-western part of Burundi around 6 pm the time corresponding to the total condensation 
over the region. Downpour commenced around 7 pm, the time that exactly corresponds to 

depression hovering over the western part of Burundi. WRF Model effectively tracked the 
components of zonal winds during the occurrence of extreme rainfall events. However, the 

numerical simulation didn’t effectively show the total precipitation of February 9 th 2014.   
 
The simulations of the studied area from November 10th to November 12th 2009 facilitated 

the analysis of the surface wind features on different time scales. The analysis of Domain 1 
shows that there were heavy perturbations in both regional and local circulation in the early 

morning. To determine the origin of heavy rainfall on November 11th morning, we 
investigated the situation of surface winds on November 10th at 3 and 6 pm. Fig.8 (a1&b1) 
shows that the region was dominated by strong winds blowing over Burundi and that created 

two depressions zones in the central plateau for one hand and high pressure over Kigoma in 
Tanzania for the other hand. It’s finally about 9 am (Fig. 8 (a4-b4) that the surface winds 

become very low, thus a depression zone was created over the western part of Burundi. This 
period coincides with the exact time of the occurrence of heavy rainfall.   
 

Fig. 7. U10&V10 winds components analysis based on Weather Research and Forecast 

(WRF) Model simulations. (a1) - (a5) represent the surface winds features on February 9th 

2014 at 12 pm, 3 pm, 6 pm, 9 pm and on 10th 00 am respectively for Domain 1. (b1) - (b4) 

represent the surface winds components for Domain 3 at the respective time. The green lines 

represent country boundaries. 

 
Fig. 8. U10&V10 winds components analysis based on Weather Research and Forecast 

(WRF) Model simulations. (a1) - (a5) represent the surface winds features from November 

10th at 3 pm, 6 pm and on November 11th at 6 am, 9 am and 12 pm for Domain 1. (b1) - (b4) 

represent the surface winds components for Domain 3 at the respective time. The green lines 

represent country boundaries. 

 
 

In the same perspective, the study used WRF Model simulations and  ERA5 data to analyse 
the relationship between wind component and the relative humidity to explain the extreme 
rainfall event. The study considered a large domain covering Central East Africa including 

mountains, valleys and water bodies to reduce mesoscale forcing while analysing weather 
parameters.  The zonal and meridional winds at 850 hPa enabled us to track the components 
of the wind from 12 pm to 9 pm. The numerical simulations carried out from noon in the 

study area was crossed by relatively heavy winds.  Fig.9 (a1) shows a disturbance over the 
southern part of DRC and Burundi where moist air from the Atlantic Ocean was traveling 

towards the Indian Ocean. In similar context, Burundi was also under depression. Two 
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phenomena can be observed. The dominant winds crossing the southern part on one hand and 
local converging winds on the other hand. It can be observed the role of the topography 

manifested by the deviation in that zone. However, due to the influence of moist air from the 
Congo basin and local evapotranspiration, the relative humidity progressively increased with 

time over the western part including  Lake Tanganyika with a convergency southward around 
6 pm (Fig.9).  A late-night, wind situation disrupted in the southern part over the corridor of 
Lake Tanganyika. Hence, the components of the wind from both NCEP FNL and ERA5 both 

captured the February 9th event and are likely to deliver accurate information. In this case, the 
relative humidity and moisture flux are the key points that facilitated the analysis about origin 

and progress of an extreme event. Winds components and relative humidity are not the only 
factors generate weather conditions owing to an extreme event. There exist other driven 
factors interfering in the increase of rainfall amount and intensity.   

 
Fig. 9. U and V winds patterns at 850 hPa and the relative humidity averaged on February 9th, 

2014 at 12 pm, 6 pm, and 9 pm. The left side represents the regional winds components (a1-
a3), the local winds patterns (b2-b3) in middle and relative humidity in percentage (c1-c3) on 

the right side at a respective time. The green lines represent country boundaries. 

 
3.3.2 Winds and relative humidity features on November 11th 2009 

 

The observation of winds patterns and relative humidity enabled us to analyse and identify 
the major cause of extreme rainfall events that occurred on November 11th 2009. This study 

used the WRF Model simulations to analyse u, v wind patterns at 850 hPa and relative 
humidity to investigate the causes of the event.  It was found that Burundi was dominated by 

depression area with a high probability of rainfall from 3 am (Fig. 10(a1). The relative 
humidity was very high, thus more than 80% with a convergence over the northern part of the 
Lake Tanganyika (Fig. 10(c1)) exhibiting the existence of general circulation disturbance 

over the Indian and Atlantic Oceans. Divergence exists over the Atlantic ocean where the air 
mass from the south is deviated by a current of westerly winds creating a depression zone that 

mostly covers central Africa. That situation results from the ITCZ (Fig. 10 (a1)) dominated 
by west winds crossing the geographical equator moving southward. The situation changes 
around 6 am where the air mass from the Atlantic Ocean was attracted by the depression of 

Gulf of Guinea. However, the Congo basin and Burundi remain in the zone of low pressure 
attracting the moist air from the Indian Ocean. The relative humidity highly increased 

reaching 100% over Burundi (Fig.10 (c2)). Around 9 am, central Africa was in the depression 
zone, however, wind circulation anomalies occur with the creation of divergence over the 
Atlantic Ocean. There is local depression that still formed over the western part of Burundi 

creating a probable local convection process. Hence, there is a permanent convergence of 
moist air that confirm the probable existence of rainfall event.  The relative humidity started 

decreasing by 9 am due to atmospheric circulation anomaly over the Atlantic Ocean and 
Indian Ocean (Fig.10 a3)). 
 The event of November 11th, 2009 resulted from local patterns though there is a contribution 

of ICTZ. It has been seen that the western part of Burundi was totally in depression 
benefiting from the local convergence, with external contribution from the Indian Ocean and 

moist air from the Congo Basin.  
 

Fig.10. U and V patterns at 850 hPa and the relative humidity averaged on November  

11th,2009 at 3 am, 6 am and 9 am. The left side represents the regional winds components 
(a1-a3), local winds patterns (b2-b3) in the middle and relative humidity in percentage (c1-c3) 

on the right side at a respective time. The green lines represent country boundaries. 

Jo
ur

na
l P

re
-p

ro
of

Journal Pre-proof



 
 

3.4 Analysis of winds divergence, vorticity and geopotential height to monitor extreme 

events 

 

Wind patterns are vital in the determination of weather conditions. They are among the 
parameters used to study cases of abnormal rainfall occurrence and weather extremes. It is of 

major concern to analyse the wind divergence to depict wind circulation anomaly that persists 
over the Atlantic Ocean. It was to further check whether there was any relation with the 

disturbance leading to the occurrence of the extreme rainfall event of February 9th, 2014 and 
on November 11th, 2009.  
 

The surface winds, zonal and meridional winds are not enough to monitor the occurrence of 
extreme events. Many factors combined lead to the occurrence of an extreme event. For that 

purpose, the divergence and geopotential height have been analysed to depict their influence 
in the occurrence of the extreme rainfall event of February 9th, 2014 and the one of November 
11th, 2009. Geopotential height is very useful while investigating the existence or absence of 

storm through the mid-troposphere levels. It can enable to identify anomalies in pressure 
levels and the divergence of wind patterns over central east Africa. On the other side, the 

vorticity enables to determine the direction of the wind, owing to analyse the winds and 
associated patterns. We distinguish the positive vorticity that indicates the rotation of the 
wind in counterclockwise direction showing the strength of wind flow and the negative 

vorticity that follows the clockwise rotation of the winds and lateral shear of the winds 
characterised by strong wind flow. 

 
3.4.1 Wind divergence, vorticity and geopotential height patterns on February 9th, 2014 

 

This study has investigated the characteristics of winds divergence and the vorticity at 
different pressure levels so to identify at which level the abnormal conditions originated. 

Fig.10 presents the variation of wind divergence at 850 hPa from February 9th 3 pm to 
February 10th midnight. It can be observed that from 3 pm there was a strong divergence over 
the Congo basin northward, the south-east of Burundi including the central-west of Tanzania. 

The divergence in the upper level and condensation expresses the presence of convergence at 
the surface and at a lower level owing to the convection followed by condensation. Likewise, 

the convergence in the upper level offers a divergence at a lower level. There is a wind of 
convergence over the north of the Lake Tanganyika corresponding to the metropolitan zone 
of Bujumbura (Fig.11 (a1)). The convergence over surface- level expressed how Burundi 

received more moist air from the Congo Basin. This situation confirms the results found in 
previous analysis about zonal and meridional winds features over Central East Africa. On 

February 10th midnight (Fig.11 (a4)), the wind exhibits a strong divergence leading to a total 
disturbance at the mid-upper level. Considering the information collected from the local 
community, that time corresponds to the end of the extreme rainfall. However, it must be 

noted that post rains that resulted in floods continued damaging many quarters located in the 
northern part of Bujumbura. 

The vorticity observed at 700 hPa shows that the existence of strong wind at the mid-upper 
level over the western part of Burundi and the eastern part of DRC, mainly over high altitude 
zone. That zone is characterised by positive vorticity that exactly shows the existence of local 

convection. This situation comes to support the previous findings showing the existence of 
local convection from 6 pm, which corresponds to the start of the abnormal condensation and 

rain. Wind flow is light on the surface and strong in the upper- level. Based on this, it can be 
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observed that the depression at the surface level was likely to generate the condensation 
leading to the formation of rainfall. The vorticity analysis carried out that from 6 pm the west 

of Burundi was characterized by a low pressure which could be attributed to the convergence 
area (Fig.11 (b1-b4)). As shown in Fig. 11(b4) light winds were flowing over the central 

plateau of Burundi and the Congo basin eastward especially around 9 am and 12 am (Fig.11 
(b3-b4)). This contributes towards the explanation of weather conditions over the upper level 
which can be associated to the occurrence of rainfall of February 9th 2014 (from 6 pm 

onward). 
Fig.11 (c1) shows that the geopotential height at 700 hPa was very low around 3 pm. There 

was no sign of atmospheric circulation turbulence exhibiting calm weather at the low level 
(Fig.11 (c1)). The geopotential height steadily increases from 6 pm all over the western DRC 
and reaches its maximum around 9 pm corresponding to the event. This shows a disturbing 

situation over the mid-upper level and depression over the surface. This scene steadily 
decreased at mid-night with low-level circulation stabilizing on February 10th around 

midnight. This coincides with the time of the maximum increase in relative humidity in 
central-eastern Africa. It can be seen that the geopotential height can be used to detect 
abnormal weather and contribute to extreme events forecast. 

 
Fig.11. Divergence at 850 hPa (a1-a4), vorticity at 700 hPa (b1-b4) and geopotential height at 

700 hPa in m2s-2 (c1-c4) on February 9th, 2014 at 3 pm, 6 pm, 9 pm and on February 10th at 
midnight averaged over the study area 

 

3.4.2 Winds divergence, vorticity, and geopotential height patterns on November 11th, 

2009 

 

The previous analysis on the role of the winds divergence, geopotential height and vorticity 
on the occurrence of extreme rainfall on February 9th, 2014 have been found to deliver 

information about their state prior, during and after the occurrence of an extreme event.  
However, one event is not enough to confirm the real cause of extreme events over Central 

East Africa, specifically in Burundi. From this perspective, similar weather patterns where 
used to investigate the extreme rainfall occurrence on November 11th, 2009. Deep analysis 
was conducted on the divergence of wind, the geopotential height and vorticity prior, during 

and after the November 11th, 2009 event (Fig.12). 
From early morning around 3 am, there was a very light wind divergence over the western 

part. This means that there reigned a kind of high pressure over the local scale, though 
dominated by moist air from Congo basin.  However, on the other side, there is a significant 
wind divergence over the south-west of Tanganyika and the west of Tanzanian’s plateau in 

the upper level.  Moreover, the plateau of central Burundi was also dominated by the 
convergence in the mid-upper level (Fig.12 (1)). Nevertheless, the wind divergence was 

strengthened over the Lake Tanganyika, Congo basin, over the western part of Burundi and 
the western part of Tanzania (Fig.12. (a2)). This enables us to depict that there was an 
anomaly in the local wind components over the surface that progressively became stable 

around 6 am the time corresponding to the beginning of the event (Fig. 12(a2)). The situation 
came to change around 9 am and definitively around noon the end time of the extreme 

rainfall (Fig. 121(a4)). That period corresponds to the abrupt change of mid-upper level 
winds convergence over the western part of Burundi where the disastrous inundation caused 
more losses.  

Contrary to the extreme event that occurred on February 9th, 2014, diagonal west Burundi and 
west of Lake Tanganyika was characterized by negative vorticity while the Congo basin and 

the plateau were covered by strong winds, thus positive vorticity  (Fig.12 (b1-b4)).  
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The geopotential height over mid-upper level was checked in assessing the weather 
conditions over Central East Africa and particularly over Burundi. The Fig. 12(c1) carries out 

that there was extremely low geopotential height around 3 am that suddenly increased around 
6 am the time that coincides with the beginning of the heavy rainfall over Burundi especially 

over the western part of Burundi and over Congo basin. The geopotential height was located 
over the southwest part of Lake Tanganyika. The mid-upper level potential height around 6 
am was very high (Fig. 12(c2)), thus the lower level was characterised by strong loca l 

convection issued by the interference of Congo basin moist air, the local evapotranspiration 
over the Lake Tanganyika Indian ocean moist air mass.  

 
 
Fig.12. Divergence at 850 hPa (a1-a4), vorticity at 700 hPa (b1-b4) and geopotential height at 

700 hPa in m2s-2 (c1-c4) on November 11th, 2009 at 3 am, 6 am, 9 am and 12 pm respectively 
averaged over the study area 

 

 

3.5 Convective available potential energy (CAPE) and total column cloud liquid water 

features 

 

Abnormal weather is a result of a combination of different meteorological features. The 
convective available potential energy (CAPE) is one of the important parameters inducing 
tremendous weather patterns. Therefore, it can help to investigate the available energy needed 

to generate convection, then the condensation process. It shall be reminded that during a high 
CAPE, a deep moisture air is lifted from the surface and is responsible for abnormal and 

extreme weather in the tropical zone (Ziarani et al., 2019). On the other side, the total column 
cloud liquid enables us to depict the quantity of water vapour that the atmosphere contains 
during general atmospheric circulation and the local convection process. It helps to know the 

probability of rainfall amount that may occur especially in a case of local convection where 
the general atmospheric circulation was underestimated.  In that circumstance, the column 

cloud liquid plays a significant role in determining the weather conditions over the zone of 
depression with a high probability of evapotranspiration and condensation. 
   

3.5.1 The variation of CAPE and total column cloud liquid on February 9th, 2014 

 

Fig. 13 exhibits the spatiotemporal distribution of the Convergence available potential energy 
before, during and after the event of February 9th, 2014. It carries out that CAPE distribution 
was characterized by a relative decrease from 3 pm to 9 pm with a significant decrease on 

February 10th, 2014 over Burundi and the Congo basin (Fig.13 (a1-a4)). From 3 pm, it can be 
seen that there was an instability over the North and Eastern parts of Burundi, the Congo 

basin and a large part of Rwanda and Uganda with dominant high potential energy over the 
central and West of DRC including Gulf of Guinea. The situation can be interpreted within 
two angles. On one hand, the presence of high potential height over The North-western part 

of DRC is induced by the ICTZ as shown by the surface zonal and meridional winds patterns 
throughout the event. On the other hand, the low potential energy expresses the calm weather 

characterized by convective movement resulting in the convergence between moist air from 
the Congo basin and moist air mass from the Indian Ocean combined by local 
evapotranspiration.  

 
To deepen investigation about the origin of the extreme event of 80 mm in a period less than 

6 hours, the Fig.13 (b1-b4) exhibits that total column cloud liquid was varying from 3 pm 
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showing a slight amount of water vapour content in the clouds column. However, the 
situation has changed over the western part around 9 pm the time corresponding to the 

occurrence of the event.  Herein, the total column cloud liquid water content distribution can 
enable to detect or forecast an extreme event as expressed through Fig.13 (b3). However, as 

expressed through Fig. 13(b1-b4), the distribution of the total column liquid water itself can’t 
allow depicting the rainfall amount, though it is in agreement with the existence of the event 
around 9 pm (Fig. 13 (b3)). 

 
 

Fig.13. Convective available potential energy (a1-a4) and total column cloud liquid water 
(b1-b4) patterns averaged on February 9th 2014 at 3 pm, 6 pm, 9 pm and on February 10th at 

midnight over the study domain 

 
3.5.2 The variation of CAPE and total column cloud liquid on November 11th, 2009 

 
Different events may result from different causes with various features. For that purpose, the 
study analysed the convergence available potential energy and the total cloud liquid column 

over Burundi on November 11th, 2009 (Fig. 14). In this case, CAPE before, during and after 
the event was found to be very different from that of February 9th, 2014’s event. Fig. 14 (a1-

a2) shows that the CAPE was too low around 3 am and 6 am. This means there was calm 
weather around that period over central Africa. However, the potential energy slightly 
increased around 9 am and 12 pm, a time coinciding with the occurrence of the rainfall. From 

this observation one may conclude that CAPE was high during the rainfall period, thus, the 
event occurred in turbulence weather, accompanied by extreme rainfall. It must be recalled 

that the rainfall started around 6-7 am and ended at noon.  The presence of high CAPE over 
the Congo basin during the rainfall event over the western part of Burundi explains that the 
local convection was enhanced by moist air from the Congo basin flowing toward Burundi 

alimented by zonal winds. Herein, the orography can be evocated to explain the event, 
because the rain was located to the western side of the Congo-Nile Basin.  

 
Fig.14 (b1-b4) presents the total column cloud liquid distribution was varying from 3 am to 
12 pm. It can be depicted that the highest column cloud liquid was located to the eastern DRC 

near Burundi. The situation explained the kind of current flowing from south to northward 
that enabled the passage of more liquid content over western Burundi and a part of Congo 

basin. The situation came to change around 9 am where it seems there is less water vapour 
quantity over the region under extreme rainfall. This may be explained based on the kind of 
convection that led to the event. As depicted in Fig.4 rainfall occurred over the western part 

of Burundi with an extension over Congo basin including high altitude areas. It was stated 
that in a given period when an air parcel has risen, it became adiabatically cool and its 

saturation in vapour pressure starts decreasing while the relative humidity is increasing. 
When the relative humidity of that air parcel reaches 100%, the condensation reaction begins 
and generates in the rainfall. Therefore, the state of the total column liquid content, the CAPE 

and winds combined can create abnormal weather resulting in the occurrence of  extreme 
rainfall like the case scenario of November 11th 2009. 

 
The total column cloud liquid can also vary depending on the atmospheric state, clouds 
distribution, and relative humidity. The fact that the column cloud liquid is meaningless does 

not express the absence of rainfall. Considering the analysis results in Fig. 14 (b1-b4), we can 
confirm that the extreme rainfall that occurred in November 11th, 2009 as a result of local 

convection enhanced by moist air from the Congo Basin. Here comes the issue of 
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investigating which among the local factors has influenced the occurrence of such extreme 
rainfall during the short rainfall period where heavy rainfall is not expected. Analysis of 

potential evaporation and surface temperature explains that there was a high 
evapotranspiration and temperature variability during preceding days. Although many factors 

interact to create abnormal conditions, the event of November 11 th, 2009 can be mainly 
attributed to local convection strengthen by the moist air from the Congo Basin.  
 

 
Fig.14. Convective available potential energy (a1-a4) and total column cloud liquid water 

(b1-b4) patterns averaged on November 11th, 2009 at 3 am, 6 am, and 9 am and 12 pm over 
the study domain 

 

4. Discussions 

 

After the intensive analysis of the two extreme rainfall events, the results showed that these 
extreme events were not caused by the same meteorological factors. The occurrence of these 
extreme rainfall events was depicted differently. As discussed in the previous section, the 

event of February 9th, 2014 was a result of the combination of local factors enhanced by the 
influence of moist air from the Indian Ocean and the Congo basin. On the other side, the 

extreme rainfall event of November 11th 2009 was caused by the presence of the mesoscale 
convective vortex over Lake Tanganyika enhanced by the topography and moist air from 
Congo basin. . It’s worth to note that February belongs to the short dry season in some parts 

of Burundi including the plains area where the extreme rainfall event occurred. It also makes 
the transition between the short rains (SOND) and the long rains season (MAM). The month 

of November corresponds to the pick of the short wet season (SOND).  
 
During the extreme rainfall event of February, the existence of a depression zone over the 

western part of Burundi created favorable conditions for local convection. However, the 
investigation on one day is not enough to confirm the actual source and causes of the 

unpredicted extreme rainfall event. Due to this scenario, we investigated days before the 
event and we did an overall analysis of the climatology of February for 10 years. The analysis 
concerned the wind components variability, the total precipitation, and the potential 

evaporation. The potential evaporation was analysed to identify its implication in the 
variation of relative humidity and local convection in general. The average of wind 

components of February (Fig.15 (a1)) shows that Burundi and a large part of Congo basin 
align in the depression zone. However, it can be seen that during that period due to the 
southward movement of ITCZ, there was less chance to receive moist air from the Indian 

Ocean. On one hand, the dominant anticyclone that lies over the Arabic Desert generates dry 
and heavy air, on the other hand, the moist air over the Atlantic Ocean is attracted by the 

depression of Gulf of Guinea. Likewise, the Congo basin is likely to benefits moist air from 
the Atlantic Ocean that deviates from the Gulf of Guinea depression attraction.  Analysing 
these conditions, it can be confirmed that the rainfall event that occurs in February in Burundi 

is largely due to local conditions enhanced by the moist air from Congo basin (Nkunzimana 
et al., 2019). The conditions can change depending on some drivers like the Indian Ocean 

Walker circulation and the Indian Ocean Dipole (IOD)(Creese et al., 2019). 
 
For both February and November, the Fig.15 (b1-b2) shows that the mean of potential 

evaporation exhibits the highest value over water bodies (Lake Tanganyika, Lake Kivu, Lake 
Victoria) and the Congo basin forest and Gulf of Guinea. It has also been confirmed in 

previous studies over the Central and East Africa (Balagizi et al., 2018). Apart from the local 
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evaporation Burundi gets more moisture from the West and there is less chance of getting 
moist air from the Indian Ocean in February. The total precipitation average over 10 years 

shows that the western part of Burundi is likely to get more rainfall compared to other 
locations. Overall observation shows that the high altitude zones are likely to receive more 

rainfall compared to the remaining zones (Fig.15 (c1-c2). Based on this we can deduce that 
rainfall occurrence is probable over the western part of Burundi in February as well as in 
November. This results from a combination of diverse factors as stated. 

 
Contrary to February, the month of November has more chance to benefit both moist air from 

the Indian Ocean and the Congo basin (Fig.15 (a2)). In November, the moist air originated 
from the Indian Ocean is attracted by the depression reigning over Burundi. This situation 
can contribute to enhancing local convection of Burundi resulting in heavy rainfall. However, 

despite the probable influence from the Indian Ocean, the extreme rainfall event of November 
11th, 2009 is associated with local the presence of mesoscale convection vortex forced by 

dominant moist air from the Congo Basin.  
The overall analysis shows that the spatial distribution of the potential evaporation and total 
rainfall is the same in February as well as in November, though exists a slight difference in 

precipitation amount.  
 

Fig.15. Average of winds patterns over regional scale for February (a1), potential evaporation 
in meter (a2) and total precipitation in mm (a3) over 10 years (2005-2014) and the average of 
winds patterns for November (b1), potential evaporation(b2) and total precipitation (b3) over 

10 years (2000-2009) 
 

The WRF Model simulations enable to investigate the water vapour and cloud water mixing 
ration for the two studied events. Fig. 16 (a1) shows that from midnight of February 9th 2014 
the western part of Burundi was dominated by relatively high water vapour mixing ratio from 

the surface to the middle level around 400 hPa. The results from Fig.16 (a1) exhibit that the 
clouds with water were located in the middle atmosphere and revealed that the event was a 

result of the combination of the upper level and lower levels interaction, enhanced by the 
moist air from Congo Basin.  It was observed that the lower atmosphere registered much 
water vapour, means that there was a probability of local convection. Likewise, the spatial 

time cross-section (Fig.16 (a2)) shows that the rainfall event occurred between longitude 28 E 
and longitude 29.5 E including the western part of Burundi was affected by the extreme 

rainfall.  
 
For the event of November 11th 2009, the time cross-section expresses the situation of the 

lower, middle and upper atmosphere before, during and after the event. Fig.16(b1) shows that 
water vapour mixing ratio was high from 6 am and 9 am UTC corresponding to 8 and 10 pm 

at a local time. However, the amount of water vapour was decreasing while approaching the 
time of the starting of the extreme rainfall. On the other side, Fig. 16 (b2) depicts that the 
time cross-section showing the evolution of the rainfall from November  10th at noon UTC to 

November 11th 6 pm UTC. Fig.16 (b2) presents with high precision the start and progress of 
the extreme rainfall event. As seen in previous sections, the extreme rainfall event of 

November 11th  has registered high amount of extreme rainfall ever recorded in Burundi. 
WRF Model enabled to track the extreme rainfall perfectly, although the rainfall simulated 
didn’t reach the amount of rainfall in observations. 
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Fig. 16. Time cross-section of water vapour mixing ratio and cloud water mixing ratio  

in g kg-1 on February 9/10th 2014 (a1) and November 10/11th 2009 (b1) on the left side and 

time cross-section of  accumulated total precipitation (mm) over the zonal section on 

February 9/10th 2014 (a2) and November 10/11th  2009 (b2) 

 

5 Conclusion 

 

The extreme rainfall event is one of the most disastrous events disrupting the economy of 
developing countries. In recent decades, the region has experienced an increase in the 
intensity and occurrence of extreme rainfall events. The focus of this study was the 

investigation of the main causes of two recent extreme rainfall events that seriously 
threatened the socio-economic activities of Burundi on February 9th, 2014 and on November 

11th, 2009. 
 
Different meteorological parameters issued from ECMWF have been analysed in 

combination with WRF model output. The total precipitation has been investigated using 
different data from different sources.  The TRMM 3B42 provides a good caption of the 

February 9th, 2014 extreme rainfall event while ERA-Interim delivers satisfactory 
information of the November 11th, 2009 extreme rainfall event. The results carried out that 
the extreme rainfall event of February 9th, 2014 resulted from abnormal conditions reigning at 

low and Mid-upper layers. These abnormal conditions are mainly associated with the increase 
of geopotential height at mid-upper layer, the existence of very low pressure on the surface 

and the change in vorticity at upper-layer.   
 
On the other side, the extreme rainfall event of November 11th, 2009 was found to be mainly 

associated with local convection mechanisms enhanced by the moist air from the Congo 
basin and other local factors such as the topography and water bodies. The overall analysis of 

the precipitation distribution illustrated the existence of localized rainfall over the western 
part of Burundi and the East of the Congo basin. It was found that the mesoscale convection 
phenomena existing over the lift valley intensified the development of deep clouds from 3 am 

up to 6 am. The heavy rainfall occurring over the western part of Burundi results from a 
mesoscale convection vortex over Lake Tanganyika enhanced by the moist air from the 

Congo basin. The results found out that the local circulation combined with local topography 
and air mass from the Congo basin can generate rapid convection resulting in a heavy rainfall 
within few hours. Investigation of winds patterns shows that the local convection results from 

the permanent lake and mountains breezes generating the vortex enhanced by the topography.   
 

 This work will help to understand and identify the main causes of abnormal conditions 
resulting in extreme rainfall events that disrupt the socio-economic activities of Burundi and 
Central East Africa in general. It will contribute to establishing a reliable forecasting system 

of extreme rainfall events and enable policy-makers to undertake mitigation measures in case 
of the future extreme rainfall event. Besides, further research on multiple extreme rainfall 

events is encouraged to understand the whole mechanism responsible for the establishment of 
abnormal weather conditions over Central East Africa. 
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Fig. 1. Location of the study area: (a) Africa Continent, (b) the domain of study area 
simulated in Weather Research and Forecast (WRF) Model covering the central and eastern 

parts of Africa and(c) topographical elevation of Burundi in meter above mean sea level 

(a.m.s.l)  
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Fig.2. Zone damaged by the inundations of February 9th, 2014 (red line) and floods of 
November 11th, 2009 (yellow line). Blue lines represent water streams across Bujumbura city 

and thick black arrows determine roads deserving the city to countryside and neighbouring 
countries 
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Fig.3. Distribution of high clouds cover (a1-a4), low clouds cover (b1-b4) coverage 
frequency and total precipitation (c1-c4) averaged on February 9th 2014 at 3 pm, 6 pm, 9 pm, 

and on February 10th 00 am respectively according to Era-Interim data. The red box indicates 
the area of interest. 
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Fig. 4. Comparison of caption ability of the February 9th 2014 extreme rainfall event using 

different datasets (a) ground observed, (b) ERA 5, (c) CHIRPS,(d) TRMM, (e) TAMSAT, (f) 

PERSIANN-CDR and (g) WRF Model simulations averaged over Burundi 
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Fig. 5.  Distribution of high clouds cover (a1-a4), low clouds cover (b1-b4) coverage 
frequency and total precipitation (c1-c4)  on 11 November 2009  at 3 am, 6 am, 9 am and 12 

pm respectively averaged over Burundi according to Era-Interim data. The red box indicates 
the area of interest. 
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Fig.6. Comparison of caption ability of the November 11th 2009 extreme rainfall event using 

different datasets (a) ground observed, (b) ERA 5, (c) CHIRPS,(d) TRMM, (e) TAMSAT, (f) 

PERSIANN-CDR and (g) WRF Model simulations averaged over Burundi 

 

 

Fig. 7. U10&V10 winds components analysis based on Weather Research and Forecast 

(WRF) Model simulations. (a1) - (a5) represent the surface winds features on February 9th 

2014 at 12 pm, 3 pm, 6 pm, 9 pm and on 10th 00 am respectively for Domain 1. (b1) - (b4) 
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represent the surface winds components for Domain 3 at the respective time. The green lines 

represent country boundaries. 

 

 
 

Fig. 8. U10&V10 winds components analysis based on Weather Research and Forecast 

(WRF) Model simulations. (a1) - (a5) represent the surface winds features from November 

10th at 3 pm, 6 pm and on November 11th at 6 am, 9 am and 12 pm for Domain 1. (b1) - (b4) 

represent the surface winds components for Domain 3 at the respective time. The green lines 

represent country boundaries. 
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Fig. 9. U and V winds patterns at 850 hPa and the relative humidity averaged on February 9th, 

2014 at 12 pm, 6 pm, and 9 pm. The left side represents the regional winds components (a1-
a3), the local winds patterns (b2-b3) in middle and relative humidity in percentage (c1-c3) on 

the right side at a respective time. The green lines represent country boundaries 
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Fig.10. U and V patterns at 850 hPa and the relative humidity averaged on November  
11th,2009 at 3 am, 6 am and 9 am. The left side represents the regional winds components 

(a1-a3), local winds patterns (b2-b3) in the middle and relative humidity in percentage (c1-c3) 
on the right side at a respective time. The green lines represent country boundaries. 
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Fig.11. Divergence at 850 hPa (a1-a4), vorticity at 700 hPa (b1-b4) and geopotential height at 

700 hPa (c1-c4) on February 9th 2014 at 3 pm, 6 pm, 9 pm and on February 10th at midnight 

averaged over the study area 
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Fig.12. Divergence at 850 hPa (a1-a4), vorticity at 700 hPa (b1-b4) and geopotential height at 

700 hPa (c1-c4) on November 11th 2009 at 3 am, 6 am, 9 am and 12 pm respectively 

averaged over the study area 
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Fig.13. Convective available potential energy (a1-a4) and total column cloud liquid water 

(b1-b4) patterns averaged on February 9th 2014 at 3 pm, 6 pm, 9 pm and on February 10th at 

midnight over the study domain 
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Fig.14. Convective available potential energy (a1-a4) and total column cloud liquid water 

(b1-b4) patterns averaged on November 11th 2009 at 3 am, 6 am, and 9 am and 12 pm over 

the study domain 

 
 

Fig.15. Average of winds patterns over regional scale for February (a1), potential evaporation 
in meter (a2) and total precipitation in mm (a3) over 10 years (2005-2014) and the average of 
winds patterns for November (b1), potential evaporation(b2) and total precipitation (b3) over 

10 years (2000-2009) 
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Fig. 16. Time cross-section of water vapour mixing ratio and cloud water mixing ratio  

in g kg-1 on February 9/10th 2014 (a1) and November 10/11th 2009 (b1) on the left side and 

time cross-section of  accumulated total precipitation (mm) over the zonal section on 

February 9/10th 2014 (a2) and November 10/11th  2009 (b2) 
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Table 1 Synoptic stations used for spatial distribution interpolation during the two extreme events with their 

location details and elevation 

Station Longitude Latitude Elevation(m) 9/2/2014 11/11/2009 
Average 
(1980-2015) 

Bujumbura 29.31 -3.31 783 80 142 2.17 

Gitega 29.91 -3.41 1645 38.2 9.8 3.19 

Cankuzo 30.54 -3.21 1652 17 45.6 3.22 

Gisozi 29.68 -3.56 2097 7.8 5.2 4.12 

Muyinga 30.35 -2.85 1756 13 0.1 3.1 

Musasa 30.1 -4 1260 5 60 3.08 

Nyanza-Lac 29.61 -4.31 820 1 5.5 3.26 

Kirundo 30.11 -2.58 1449 16.3 0 2.95 

Makamba  29.81 -4.13 1450 5.7 8 3.24 

Nyamuswaga 30.03 -2.88 170 0.8 0 3.36 

Mparambo 29.03 -2.83 887 21.9 82.5 2.81 
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Highlights 

 

 Extreme rainfall event over the Central East Africa result from abnormal conditions 

 Heavy rainfall results from the local convection and the moist air from Congo basin 

 Local convection is influenced by a rapid installation of abnormal conditions 

 The local topography contributes to the installation of mesoscale convective vortex 

 Weather features differ one to another depending on the time occurrence of the event 
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