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ABSTRACT

This study investigated the variability and trend of rainfall and extreme temperatures over three
eastern and northeastern regions of Burundi during the period 1980-2015. Data used were
collected from seven stations belonging to the geographical institute of Burundi. Annual and
seasonal variability are assessed using standardized anomaly, coefficient of variance and
precipitation concentration index. In addition, non parametric statistic tests Mann Kendall and
Sen’s slope estimator are used to detect trends in rainfall, maximum and minimum temperatures.
The results reveal a high monthly and inter-annual variability of rainfall whereas the temperature
does not show high fluctuation at monthly scale. The northern region presents the lowest amount
of rainfall for the first rainfall season (October-January) when drought is frequently observed. No
|_significant rainfall trend detected over all regions at seasonal and annual scales whereas
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significant increasing trend was observed for both maximum and minimum temperatures over all
regions. The spatial distribution of rainfall and extreme temperatures displays also a wide variation
across the region depending on topography of the study area.

Keywords: Burundi; variability; trend; rainfall;, extreme temperatures.

1. INTRODUCTION

Climate change is currently a worldwide
challenge which mobilizes many actors including
scientists, government authorities and industrial
leaders. More attention is concentrated on
assessing the impact of climate change and
evaluating the degree of vulnerability of local
population in order to adopt strategies of
adaptation and mitigation of climate disasters’
impacts. Different extreme events, such as sea
level rise, polar ice melting, intense storms,
floods, droughts, heat waves, and others, are
likely to occur as a result of climate change [1].
The average temperature trends on a global
scale showed a warming trend of 0.85°C (from
0.65°C to 1.06°C) over the period 1880 to 2012.
As a result of increasing temperature, the
intensity and frequency of extreme climate
events are likely to increase [2]. The rapid
warming is mainly attributed to increase in
greenhouse gases (GHGs) linked mainly to
anthropogenic activities [3]. The ongoing global
warming is unequivocal; however, its extent
varies from one region to another [2,3].

In Africa, precipitation amounts are likely to
decrease for most parts of Sub-Saharan Africa
(SSA) while rainfall variability is expected to
increase [2]. Due to low adaptive capacity and a
high sensitivity of socioeconomic systems, Africa
is one of the most vulnerable regions highly
affected and to be affected by the impacts of
climate change [2]. A study conducted by
Adeyeri et al. [4] examines and predicts the
susceptibility of the coastal region of Nigeria to
flood hazard in changing climate using geo-
spatial techniques. Results showed that the
areas lying along the banks of Guinea coast are
highly susceptible to flood hazards with the
degree of susceptibility decreasing towards the
north and eastern part of the area. These areas
are classified as swamps (water-log) with low
water retention which gives rise to high
susceptibility of coastal flood hazards.

Many Studies have been conducted on local
scale to highlight the variability and trends of
climate parameters over long periods. In India,
long-term changes and variability of monthly
extreme temperatures are investigated. The
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results showed that the monthly maximum
temperature increased, though unevenly, over
the last century. Minimum temperature changes
were more variable than maximum temperature
changes, both temporally and spatially, with
results of lesser significance [5]. Another study
based on trend in observed and projected
maximum and minimum temperature over N-W
Himalayan basin (India) suggest that cooling
observed in recent past 1970-2010 would be
replaced by warming in the future. Increasing
trends in maximum and minimum temperature
have been detected during near future 2050 and
far future 2080 under A1B and A2 scenarios [6].
Observed changes in climate extremes in Nigeria
have been assessed using Expert Team on
Climate Change Detection Indices (ETCCDI) [7].
Results show a significant increase in the
frequencies of warm spell, warm days and nights
and decreasing cold spell, cold days and nights
over the three climatic zones. A significant
increase in annual total precipitation was found in
some stations across the Guinea coast and
Sahel zones. Changes in consecutive dry days
and consecutive wet days are non-significant in
most stations. In Benin, a study on analysis of
trends in the variability of monthly means
minimum and maximum temperature and relative
humidity in Benin city revealed a positive
increase trend of temperature while humidity
shows a decreasing trend with a negative slope
[8]. Others studies on trends and variability of
rainfall and extreme temperature time series
have been carried out in Botswana [9] and Sri
Lanka [10]. The results revealed a general
decreasing trend in rainfall and warming trends in
both maximum and minimum temperature.

In east Africa, similar studies have been carried
out and presented climate change events and
their impact on socio economic and livelihood of
the population. Trend analysis of rainfall and
temperature variability in arid environment of
Turkana in Kenya has been investigated [11]. A
significant increasing trend in seasonal and
annual maximum and minimum temperature is
detected between 1979 and 2012. On the other
hand, rainfall has noticeably decreased during
long rains season March to May (MAM) and a
slight increase was observed in short rains
season October to December (OND). Ongoma et
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al. [12] conducted a research on variability of
temperature properties over Kenya based on
observed and reanalyzed datasets. They used
Mann-Kendall rank test, linear regression
analysis, and Sen.’s slope estimator to detect
trend of the mean and the extreme temperatures.
The seasons show an overall warming trend
since the early 1970s with abrupt and significant
changes happening around the early 1990s. The
warming is more significant in the highland
regions as compared to their lowland
counterparts. The percentage of warm days and
warm nights is observed to increase, a further
affirmation of warming. Other study has been
conducted in the east African region and
assessing surface temperature variations and
their possible causes [13]. The results indicate
that since 1905, and even recently, the trend of

maximum temperature is not significantly
different from zero. However, minimum
temperature results suggest an accelerating

temperature rise. Because the turbulent state in
the stable boundary layer is highly dependent on
local land use and perhaps locally produced
aerosols, the significant human development of
the surface may be responsible for the rising
minimum temperature while having little impact
on maximum temperature in East Africa.

In Ethiopia, several researchers analyzed
variability and trend detection of climatic
parameters in many regions of country [14-17].
Birara et al. [18] analyzed the trend and
variability of rainfall and temperature in the Tana
basin region, Ethiopia. The results indicated that
the amount of rainfall decreased for the majority
of the stations. The annual rainfall showed
significant decreasing trends. However, a
positive trend of annual rainfall was observed at
Addis Zemen. The minimum, maximum and
mean temperatures have increased significantly
for most of the stations. An increasing trend of
annual maximum temperature was obtained
between 1980 and 2015. A similar study
analyzed the trends of rainfall and its relationship
with SST signals in the lake Tana basin, Ethiopia
[19].

Few studies have been conducted in Burundi on
variability and trend analysis of some climate
factors and evaluated their impacts on energy
resources generation. The findings indicate a
decreasing rainfall trend and increase of
temperature and wind speed [20,21]. These
results revealed that climate change may alter
negatively hydropower potential whereas wind
power potential is projected to increase. A study
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on spatio-temporal analysis of climate change
impact on future wind power potential in Burundi
(East Africa) conducted by Manirakiza et al. [22]
revealed an expected high wind power potential
especially in the western lowlands region coastal
to the lake Tanganyika. Another study on solar
irradiance and temperature variability and
projected trends analysis [23] carried out in
eastern and northeastern regions of Burundi
highlights the significant projected increasing
trend in mean temperature and no significant
trend detected on solar irradiance.

As an east African country, Burundi has the
climate mainly influenced by the north-south
movement of the Intertropical Convergence Zone
(ITCZ), the topography of the country and El-
Nifio Southern Oscillation (ENSO). Burundi has
experienced many extreme climate events which
caused famine and climatic disasters that are still
engraved in the memory of Burundians [24,25].
These include in particular the dryness in the
north-east of the country, the torrential rains and
especially floods in the city of Bujumbura and
Bubanza, the rise by 4 m of the level of the Lake
Tanganyika between 1961 and 1964 which
caused the most important damage.

All these studies did not investigate either the
variability of rainfall or extreme temperatures in
the eastern part of Burundi. Besides, the drought
burst in the northeastern part of Burundi
caused many catastrophic consequences on
smallholders including starvation, refugees,
school dropout. Assessing variability and trend of
climatic parameters is necessary to characterize
features of climate change during recent last
decades and adopt strategies of adaptation of
the extreme climatic events. On the other hand,
climatic parameters are the main factors in
producing renewable energy like solar energy;
hydropower and wind power. Burundi is one of
eastern African country which experiences a
chronic shortage and deficit of electrical energy.
Indeed, energy resources are not enough to deal
with increased demand for energy because these
resources which are mainly of hydroelectric
origins do no longer produce the amount of
energy expected during the installation due to the
significant decrease in the water level in the
reservoir [23]. Furthermore there is no important
plant of energy generation built in eastern region
which can produce sufficient energy regarding
the need of local population. According to these
challenges, others studies for characterization of
the fluctuation and trends of some climate factors
are important and urgent. Our contribution in this



Niyongendako et al.; IJECC, 10(6): 36-51, 2020; Article no.lJECC.56770

study is to analyze spatial and temporal
variability of rainfall and extreme temperatures in
the recent past period. The main objective is
based on characterization of variability and trend
of these variables on annual and seasonal scale
in three regions of eastern and northeastern of
Burundi during the period 1980-2015. Specifically
the study is conducted in eastern lowlands (ELL),
northern lowlands (NLL) and eastern arid
plateaus (EAP) of Burundi.

2. MATERIALS AND METHODS
2.1 Study Area

The area of study is the region covered by the
east and northern east part of Burundi as shown
in Fig. 1. Burundi is a small tropical country
located in East Africa and lies between
longitudes 28.8°-30.9° east and latitudes 2.3°—
4.45° south [26]. Burundi is bounded to the west
by the Democratic Republic of Congo, to the
north by the Republic of Rwanda and to the east
and south by the Republic of Tanzania. The area
of Burundi is 27,834 km? and it belongs to two
major watersheds: The Nile basin with an area of
13,800 km? and Congo River basin with 14,034
km?® of area [27]. The climate in Burundi, as an
east African country, is mainly influenced by the
north-south movement of the Intertropical
Convergence Zone (ITCZ), the topography of the
country and EI-Nifio Southern Oscillation (ENSO)
[20]. Then the annual mean of climate variables
such as precipitation, temperature and wind
speeds, depends mainly to the climate location
zone.

The interested study area covers the east and
northeast of Burundi and is split into three sub-
regions considering their landforms: The eastern
lowlands of Kumoso (ELL), the eastern arid
plateaus (EAP) and the northern lowlands of
Bugesera (NLL). The ELL is a region located to
the extension of the border with Republic of
Tanzania while NLL covers two provinces
(Kirundo, Muyinga) located in northeastern of the
country. The main different between the three
regions is elevation as shown in Fig. 1. This
elevation defines the climate of each region and
then temperature is high in lowlands regions. The
annual mean temperature varies from 19 °C for
EAP to 22°C for ELL and NLL, and their altitudes
also vary from 1,100-1,400 m for ELL and NLL
to 1,400-2,000 m for EAP [27]. The precipitation
in the study area is almost abundant and the
annual mean rainfall varies from 1,000 mm to
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1,200 mm even if there is no existing important
hydropower plant located in this region.

2.2 Data Used

Monthly meteorological data from synoptic
stations of the Geographical Institute of Burundi
(IGEBU) have been used in this study from 1980
to 2015. Fig. 1 shows the spatial distribution of
seven stations selected based on the length of
record periods and the relative completeness of
the data. Long time series of rainfall, maximum
and minimum temperature observed data were
collected at monthly scale.

Based on the World Meteorological Organization,
a minimum of 30 years’ data are required for
searching the evidence of climatic change in time
series. Then, 36 years of past meteorological
data for the selected stations were used, as
shown in Table 1. The missing values in the
monthly station records were handily estimated
by taking the average of same month’s values of
the preceding and succeeding years. But years
with missing data were estimated by interpolating
values from the completed nearby weather
stations when the missing values were less than
5% of the total weather stations’ records for the
whole study period [18].

2.3 Variability Analysis

The coefficient of variation (CoV), which
describes the variation within sample values, was
used for the variability study. A coefficient of
variation (CoV) for each individual month and
annual time series for each region was
determined by:

CoV =100 *% M
where u and o are respectively mean and
standard deviation of each set of data analyzed.
A higher value of CoV is the indicator of larger
variability. Then CoV is used to classify the
degree of variability for rainfall events as less
(CoV< 20), moderate (20 < CoV <30), and high
(CoV >30) [15].

The discrimination of years and months with high
or low values climate parameters (rainfall or
temperature) was done using the normalized or
standardized variable index (l) created by Mckee
[28] and which was used by many authors
[29,30]. The standardized variable index (l) is
performed using the equation 2:

. Pi—Pm
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Fig. 1. Study area location
Table 1. Geographic characteristics of meteorological stations used
Name B.W* Region Latitude South Longitude East Period
KIRUNDO Nile NLL 2.58 30.12 1980-2015
MUYINGA Nile EAP 2.85 30.35 1980-2015
CANKUZO Nile EAP 3.28 30.38 1980-2015
KARUZI Nile EAP 3.10 30.17 1980-2015
MURIZA Nile EAP 3.53 30.08 1980-2010
KINYINYA Congo ELL 3.65 30.33 1980-2010
MUSASA Congo ELL 4.00 30.10 1980-2015

B.W*: Basin watershed

where ¢; , ¢,, and ¢ described respectively the
value for the year or month /, the average and
the standard deviation of the time series. Thus, in
this study, a considered year or month is
considered as normal if its index is between -0.5
and +0.5. It is considered in excess if its index is
greater than +0.5 and in deficit if the value is
below than -0.5. For temperature, the year or
month is considered as hottest or coolest if the
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value is greater than +0.5 or less than -0.5,
respectively. This interval is relatively weak but it
allows to distinguish hottest years/month with
coolest one [20].

In order to study monthly variability of rainfall in
the study area of each region, a modified version
of precipitation concentration index (PCI) [31]
was used. The guidelines for interpretation of
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PCl are presented in Table 2. Magnitude and
variability of annual and monthly precipitation
were investigated as PCI. The analysis was
based on monthly and annual precipitation data
of all regions in the study area. This index is
described as:

132, P}

PClannuar = [—2] * 100

O=RD) )

where P; is the rainfall amount of the i month,

and X is the summation over the 12 months.
2.4 Trends Analysis

A number of tests exist and are available to
estimate trends. Maximum and minimum
temperatures and rainfall data are long-term time
series. The non parametric Mann-Kendall (MK)
test is the most used for testing trends in time
series. Therefore, the long-term trends of the
precipitation and temperature changes were
estimated using a statistical test which is less
sensitive to outliers. The MK test does not
require data to be normally distributed. Indeed
the test is a non-parametric statistic procedure
that has low sensitive to abrupt breaks due to
non-homogeneous time series [32]. The MK test
checks increasing, decreasing or no trends of
monthly or annually mean time series of the
three regions of our study area. If there is a linear
trend in the time series, the true slope has been
estimated using Sen’s slope method [18] which is
a simple non- parametric found in many articles
[33,34]. In this study, the spatial distribution of
annual and seasonal mean rainfall and extreme
temperatures (maximum and minimum) were
performed using the inverse distance weighted
(IDW) interpolation method with the software
QGIS. The basic theory behind IDW is based on
the assumption that the interpolated surface has
the most influence of nearby points and least
influence of distant points [18,14]. The IDW is
flexible, and available within almost any GIS
software and common spatial interpolation
method.

3. RESULTS AND DISCUSSION

Burundi has two distinct seasons: the rainy
season from October to May and dry season
from June to September. The rainy season is so
long and in the middle it appears a very short dry
season (almost two weeks) at the end of January
and the beginning of February. For this reason
we consider two rain seasons in our study: first
rain season from October to January named
seasonal rainfall ONDJ, a second rain season
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from February to May which is named seasonal
rainfall FMAM. The dry season is named dry
season JJAS for the following of our study.
These two rain seasons are also related to
cultural seasons called cultural season A for
season ONDJ and B for season FMAM [27].

3.1 Variability and Trends Analysis of
Rainfall

3.1.1 Monthly and inter-annual variability of
rainfall

Fig. 2 and Fig. 3 display monthly and inter-
annual rainfall pattern and variability at EAP, ELL
and NLL over the period 1980-2015. The
variability of rainfall over three regions studied is
analyzed with standardized anomalies of rainfall,
coefficient of variance and precipitation
concentration index. The analysis of monthly
variability shows that four months are in deficit of
rainfall: June, July, August and September over
all regions. This is normal because this period
corresponds to the dry season in Burundi as
seen in Fig. 2a). The remained months are in
excess of precipitation and the region receives
the highest mean amount of rainfall in April. We
remark also that February and October are
normal. In fact, October is the beginning of rain
season and February presents a small dry
season (almost two weeks) which appears
generally with the ends of January to the
beginning of February. These reasons explain
the low quantities of rainfall recorded in these
months. The analysis of monthly rainfall pattern
indicates that NLL region has small amount of
rainfall during the first rain season ONDJ. This
may explain the drought usually observed in this
region at the starting of rainfall and causes the
delay of cultural season. However NLL receives
highest quantities of precipitation during JJAS
dry season and FMAM rain season especially in
April when the highest amount reaches 188.8
mm.

The analysis of the inter-annual standardized
anomalies of rainfall at EAP, ELL and NLL over
the period 1980-2015 points out a high variation
of rainfall over this period. The features reveal
that eight, twelve and fourteen years are in
excess of rainfall respectively for EAP, ELL and
NLL while ten years are in deficit of rainfall for
EAP and eleven deficit years of rainfall for ELL
and NLL. The regions ELL and NLL present high
variability compared with NLL. Furthermore ELL
points out two sub-periods including the first
period 1980-1999 with more wet years and a
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second period 2000-2015 with dry years in deficit
of rainfall except 2013 and 2015 which show an
excess of precipitation. The findings show also
that the year 2000 presents the lowest
standardized anomaly rainfall in NLL whereas
1997 displays the highest standardized anomaly
rainfall in EAP. The analysis of the features
reveals that the regions EAP and ELL highlight a
downward trend of precipitation while NLL
illustrates no trend except a very high variability
over the period 1980-2015.

As presented in Table 3 the coefficients of
variation and precipitation concentration index
are calculated with annual mean values of rainfall
during 36 vyears. The results show that
coefficients of variation are less than 20 for all
regions except ELL which has a coefficient of
variation of 21.74. According to [15], the degree
of variability of rainfall events is less over EAP
and NLL while it is moderate for ELL region.

Furthermore the annual precipitation
concentration index computed are between 11
and 16 which imply a moderate distribution of
precipitation (moderate concentration). On
another hand Table 3 shows also that seasonal
rainfall (season ONDJ and FMAM) contribute
almost equally to annual amount whereas dry
season‘s contribution is very small. Therefore
rain season ONDJ presents the lowest amount of
rainfall for northern region NLL where drought is

frequently observed as said above. The results
confirm that high variability of rainfall is
experienced in NLL region.

3.1.2 Rainfall trend analysis

The result of the MK test was applied to analyze
the mean annual and seasonal rainfall and
temperature trend for the period of 1980-2015
over all regions in the eastern and northeastern
of Burundi. Similarly, Sen’s slope method was
used to examine the magnitude slope of the
variables. The results of the MK trend and Sen’s
slope method of rainfall are given in Table 4. The
interpretation of Mann-Kendall test reveals that
there is a monotonic trend when p-value is less
than a threshold of 0.05. Mann-Kendall’'s tau
indicates the mean annual and seasonal rainfall
increase (positive trend), decrease (negative
trend), and no trend.

As presented in Table 4, annual rainfall shows no
trend detected for all region because the p-value
is greater than 0=0.05 over the period 1980-
2015. Then EAP reveals no significant decrease
with Sen’s slope of -0.99 whereas NLL illustrates
no significant increasing trend of rainfall with
positive values of Sen’s slope. ELL shows a no
significant downward trend with a p-value equals
to 0.05 and a slope of -8.17. Accordingly, all
seasonal rainfall show no significant trends for all
regions except the season FMAM for EAP and

Table 2. Interpretation of PCI results [18]

PCI value Interpretation
<10 Uniform distribution of precipitation (low concentration)
11-16 Moderate distribution of precipitation (moderate concentration)
16-20 Irregular distribution of precipitation distribution
>20 Strong irregularity of precipitation

a) b)
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Fig. 2. Monthly pattern a) and variability b) of rainfall in EAP, ELL and NLL

42



Niyongendako et al.; IJECC, 10(6): 36-51, 2020; Article no.lJECC.56770

Table 3. Annual and seasonal mean rainfall (mm), coefficient of variation and PCI over the
period 1980-2015

Region Annual mean Season ONDJ Season FMAM Season JJAS CoV PCI
mean mean mean
EAP 1137.4 535.3 527.4 65.4 12.7 11.8
ELL 1110.8 528.5 539.1 44.6 21.7 124
NLL 1072.7 421.2 526.7 127.4 11.3 111
1600 - - EAP
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E1200 + gl
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Fig. 3. Inter-annual pattern and variability of rainfall in EAP, ELL and NLL over the period 1980-
2015

ELL where a significant downward trend is
detected with 0.03 and 0.01 of p-values and -
293 and -6.27 of Sen’s slope Vvalues
respectively. Otherwise no significant increasing
trends are observed for the season FMAM in
NLL and for the season JJAS in EAP and NLL.
No significant decreasing trends are also
presented over all regions for ONDJ and in ELL
for the season JJAS.

3.2 Temperature Variability and Trends
Analysis

3.2.1 Monthly and inter-annual variability of
temperature

Fig. 4 presents the standardized index and
pattern of monthly maximum and minimum
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temperature at EAP, ELL and NLL over the
period 1980-2015. The maximum average
temperature and standard deviation used to
calculate standardized temperature anomalies
are respectively 25.6°C & 0.9 for EAP, 28.7°C &
1.1 for ELL and 27.5°C & 0.8 for NLL.
Furthermore minimum average temperature and
standard deviation 13.6°C & 0.7, 15.5°C & 1.2
and 15.8°C & 0.4 were used respectively for
EAP, ELL and NLL for computing standardized
index of minimum temperature.

The analysis of maximum temperature shows
that three months are hot: August, September
and October over all regions of study and the
hottest month is September. All remaining
months of the year are normal or cool. The
analysis of minimum temperature reveals three
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months with cool night: June, July and August
with July as the coolest month for all regions.
The remained months are normal or in excess of
temperature regarding the minimum mean
temperature over the region. The feature of these
figures does not present high variability and
shows an inverse pattern. The monthly pattern of
maximum temperature shows that ELL region is
the hottest whereas EAP presents low values of
maximum temperature. The highest value of
monthly maximum temperature appears in
September for all regions. For minimum
temperature, the coolest region is EAP with the
minimum monthly value observed in July. ELL
indicates minimum temperature which presents a
significant decrease in dry season.

Fig. 5 shows inter-annual standardized minimum
and maximum temperature at NLL, EAP, and
ELL over the period 1980-2015. The analysis of
these figures points out three sub-periods for all
regions including 1980-1996, 1997-2009 and
2010-2015. The first period characterized by a
downward trend has no excess temperature; the
second period is the mixture of cool, normal and
excess temperature while the last period is
generally characterized by excess temperature.
For maximum temperature, the analysis also
shows 10 years of high temperature at EAP and
12 years of high temperature at ELL and NLL.
The analysis of these features for minimum
temperature reveals 8 years, 11 years and 12
years with high minimum temperature at EAP,
ELL and NLL respectively. On the other hand,
13, 14 and 12 cool years with low maximum
temperature respectively at EAP, ELL and NLL.
The analysis of Fig. 5 shows also that EAP, ELL
and NLL present 13, 14 and 9 years with low
minimum temperature while 11; 13 and 12 years
with high maximum temperature are observed
respectively for EAP, ELL and NLL in twenty last
years of the period of study.

These results revealed a downward trend of
maximum and minimum temperatures for the first
sub-period and an upward trend of extreme
temperatures  for the last  sub-period.
Furthermore, these findings agree with the
results of many studies which show increases in
temperature over the end of the last century, see
reference [15]. More recently, the study [18]
analyzed the trend and variability of rainfall and
temperature in the Tana basin region, Ethiopia,
for the period covers 1980-2015 and found the
significant increases of maximum, minimum and
mean temperature for most of the stations. An
increasing trend of annual maximum temperature
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was obtained between 1980 and 2015; an
increase of 1.08°C was observed.

Table 5 displays the mean, standard deviation
and coefficients of variation calculated with
annual mean values of maximum and minimum
temperature over the period 1980-2015. As
illustrated in Table 5, coefficients of variation
computed are very small over all regions.
According to [15], the degree of variability of
extreme temperatures is less over all regions
studied. These results demonstrate that the
region does not experience very high variation of
extreme temperature.

Indeed, minimum temperature shows higher
values of coefficient of variation than maximum
temperature which means that the variability of
minimum temperature is higher than maximum
temperature over all regions. Furthermore EAP
shows high value of coefficient of variation than
other regions considering minimum temperature.

3.2.2 Temperature trend analysis

Using the same process applied for rainfall,
maximum and minimum temperature trends for
the period of study (1980-2015) were analyzed
over the studied regions. September is the
hottest month with a maximum temperature of
31.1°C for ELL, 28.9°C for NLL and 27.5°C for
EAP. The coolest month is July which presents a
minimum temperature of 12.0°C at EAP, 12.9°C
at ELL and 14.9°C at NLL.

For trend detection in maximum temperature
presented in Table 6 at significance level a=0.05,
the Mann-Kendall's test (MK) reveals upward
trend all over the regions for the period 1980-
2015 with a very small p-value < 0.0001. Indeed,
the Kendall's tau for both periods is likely the
same and positive. In fact, the Kendall's tau
equal to 0.51 for EAP, 0.59 for ELL and it is
equal to 0.48 for NLL. Combined with the Sen’s
slope method, these statistical tests revealed
upward trends of maximum temperature in the
considered periods all over the regions of the
study area.

In the same way, minimum temperature trend
detection has been computed at significance
level a=0.05 as illustrated in Table 6. The Mann-
Kendall's test (MK) revealed upward trend of
annual minimum temperature all over the regions
with a very small p-value < 0.0001 except EAP
which presented no significant increasing trend
with a p-value of 0.9. For annual minimum
temperature, Kendall's tau is 0.015 for EAP
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Table 4. Trend analysis of annual and seasonal rainfall (1980-2015)

Region Annual rainfall Season ONDJ Season FMAM Season JJAS
MK’s tau p-value Sen’sslope MK’s tau p-value Sen’s MK’s p-value Sen’s MK’s p-value Sen’s
slope tau slope tau slope
EAP -0.07 0.56 -0.99 -0.11 0.37 -1.28 -0.26 0.03 -2.93 0.08 0.54 0.39
ELL -0.22 0.05 -8.17 -0.17 0.16 -2.8 -0.30 0.01 -6.27 -0.11 0.37 -0.45
NLL 0.05 0.66 1.14 -0.02 0.93 -0.04 0.06 0.61 0.85 0.11 0.38 0.99

Table 5. Annual mean of maximum and minimum temperature, standard deviation and coefficient of variation over the period 1980-2015

Region Maximum temperature Minimum temperature
Mean o CoV Mean g CoV
EAP 256 0.5 2.02 13.8 0.8 5.6
ELL 28.8 0.6 2.04 15.3 0.5 3.0
NLL 27.5 0.5 1.73 15.8 0.7 44
Table 6. Trend analysis of annual minimum and maximum temperature (1980-2015)

Region Annual maximum temperature Annual minimum temperature

MK’s tau p-value Slope MK’s tau p-value Slope
EAP 0.5143 < 0.0001 0.0314 0.0159 0.9032 0.0048
ELL 0.5905 < 0.0001 0.0425 0.5492 < 0.0001 0.0301
NLL 0.4790 < 0.0001 0.0320 0.5714 < 0.0001 0.0381

45
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Fig. 4. Monthly variability and pattern of maximum and minimum temperature at EAP. ELL
and NLL
T max: maximum temperature, T min: Minimum Temperature

whereas the Kendall's tau for ELL and NLL are
respectively 0.55 and 0.57. Then Mann Kendall
test and Sen’s slope method revealed upward
trend of minimum temperature at ELL and NLL
while no significant trend was observed at EAP
over the period 1980-2015.

3.3 Spatial Distribution of Rainfall and
Temperature

Fig. 6 shows a spatial distribution of annual
mean rainfall, annual mean of maximum and
minimum temperature in the study region
whereas Fig. 7 displays a spatial distribution of
seasonal mean rainfall. The annual mean rainfall
distribution ranges from 1,073 mm observed in
NLL to 1,168 mm occurred in EAP. Extremes
temperatures in the study region highlight that
low land regions are hotter than plateaus
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location. This is observed by low values of
extreme temperatures in EAP (25.5°C and
12.4°C for maximum and minimum temperature
respectively) whereas high values are observed
in ELL and NLL (28.9°C and 15.8°C for
maximum and minimum temperature
respectively).

The results of annual rainfall distribution show a
general increase precipitation from lowlands
(ELL and NLL) to plateaus (EAP). On the other
hand, extreme temperatures display a spatial
variation which depends mainly on topography
and increase from high altitude to lowlands.
These results agree with other studies conducted
in west of Burundi [20] which find that
temperature is very low and rainfall very high in
highland regions while high temperature and low
precipitation are observed in lowland regions.
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Fig. 5. Inter-annual variability of maximum and minimum temperature at EAP, ELL and NLL
TX: maximum temperature, TN: minimum temperature

The seasonal distribution of rainfall presents also
a spatial variation of precipitation. Low amount of
rainfall are observed in north and northeastern
region and there are increasing of rainfall
towards the south region for two rain seasons.
However an inverse pattern of dry season
distribution displays high amount of rainfall in
north region (at NLL) which is decreasing to
south region.

We remark also that the two rain seasons
contribute almost equally to the annual rainfall
but the season FMAM has a higher amount of
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rainfall. The contribution of dry season to annual
rainfall is very small compared with others rain
seasons. This is normal because there is no
rainfall in dry season and the low amount is
observed generally in the second half of
September with the beginning of precipitation.
Indeed the rain season ONDJ shows lowest
amount of rainfall at NLL region which may
explain the drought observed in this region for a
longtime in October and generally caused by the
delay of precipitation. This situation may
imply the starvation which usually hits the
population of the north provinces of Burundi.
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4. CONCLUSION

The study investigated the variability and trend of
rainfall and extreme temperatures over three
eastern and northeastern regions of Burundi
during the period 1980-2015. Seven stations
located in the study area were considered to
collect monthly mean data used in assessing and
representing the fluctuation and trend of those
climatic parameters. Our study area is
threatened and susceptible to climate variability
and climatic disasters, then such studies are very
important to highlight the attitudes adopted facing
climate change.

Annual and seasonal variability of rainfall and
extreme temperatures have been analyzed using
standardized variable anomaly, coefficient of
variation. Particularly, the precipitation
concentration index has been used for rainfall to
study the distribution concentration pattern.
Using non parametric tests Mann-Kendall and
Sen’s slope method, the trend of climate
parameters has been analyzed for the historical
period over the study region. Furthermore a
spatial distribution of annual and seasonal mean
of climate parameters was performed using
inverse weighted distance (IWD) interpolation
method in QGIS software.

The findings of the study indicate that there are
significant monthly and annual rainfall
fluctuations in the long time series with different
rainfall variability. However the analysis does not
demonstrate consistent significant trend of
rainfall in the study area at annual and seasonal
scale. Mann Kendall test results revealed no
trend in annual and seasonal rainfall with a p-
values greater than a significant level a=0.05
except season FMAM. In this season a
significant downward trend is detected with 0.03
and 0.01 of p-values and -2.93 and -6.27 of
Sen’s slope values respectively for EAP and
ELL. The rain season ONDJ presents the lowest
amount of rainfall for northern region NLL where
drought is frequently observed. The results
confirm that high variability of monthly rainfall is
experienced in NLL region. This may explain the
drought usually observed in this region at the
starting of the first rainfall season and causes the
delay of cultural season.

The temperature analysis indicates that the
maximum and minimum temperature trends have
increased in the past 36 years in almost all
regions and the variability does not show strong
fluctuations at monthly or annual scale over the
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period 1980-2015. The Mann Kendall test results
indicate  significant annual maximum and
minimum trends in the long time series over all
regions with a p-value very small, less than
0.0001. The coefficient of variation shows small
values which means that the region does not
experience very high variation of extreme
temperatures.

The spatial distribution of rainfall and extreme
temperatures displays also a wide variation
across the region depending on topography of
the study area. Thereby, the small annual and
seasonal mean values of rainfall were observed
in NLL and ELL with a high variation found in
season ONDJ and there are increasing of rainfall
towards the south region. Conversely the high
values of maximum and minimum temperatures
were found in lowland regions and they decrease
with altitude. EAP presents small values of

annual mean maximum and minimum
temperatures.
ACKNOWLEDGEMENTS

The authors gratefully acknowledge the German
Federal Ministry for Education through the
German Academic Exchange Service (DAAD) for
the financial support to this research work. The
authors also gratefully acknowledge the
Geographical Institute of Burundi for providing
rainfall and temperature data for the selected
stations in the study area.

COMPETING INTERESTS

Authors have declared that

interests exist.

no competing

REFERENCES
1. IPCC, “Climate Change 2013 the Physical
Science  Basis Working Group |
Contribution to the Fifth Assessment
Report of the Intergovernmental Panel on
Climate Change.,” Cambridge University
Press,Cambridge, UK and New York, USA;
2013.

IPPC, “Climate Change 2014: Impacts,
adaptation and vulnerability; Part a: Global
and Sectoral Aspects. Contribution of
Working Group Il to the Fifth Assessment
Report of the Intergovernmental Panel on
Climate Change,” Cambridge University
Press, Cambridge, United Kingdom and
New York, NY, USA; 2014.



10.

11.

12.

13.

14.

Niyongendako et al.; IJECC, 10(6): 36-51, 2020; Article no.lJECC.56770

IPCC, “Climate Change 2007: Impacts,
adaptation and vulnerability contribution of
Working Group Il to the Third Assessment
Report of the Intergovernmental Panel on
Climate Change,” Cambridge University
Press, Cambridge; 2007.

Adeyeri O, Ishola K, Okogbue E. Climate
Change and Coastal Floods: The
Susceptibility of Coastal Areas of Nigeria.
J. Coast. Zo. Manag. 2017;20(2):7.

Pal I, Al-tabbaa A. Long-term changes and
variability of monthly extreme temperatures
in India,” Theor Appl Clim. 2010;45-56.
Singh D, Gupta DR, Kjain S. Trend in
observed and projected maximum and
minimum temperature over N-W
Himalayan Basin. J. Mt. Sci. 2015;12(2):
17.

Gbode IE, Adeyeri OE, Menang KP.
Observed changes in climate extremes in
Nigeria,” Meteorol. Appl. 2019;1-13.
Ogbonmwan SM, Ogbomida ET, Uwadia
NO, Efegoma OR, Umoru GL. Analysis of
trends in the variabilty of monthly
mean minimum and maximum temperature
and Relative Humidity in Benin City,
Umoru Int. J. Renew. Energ Env.
2016;2:150-165.

Byakatonda J, Parida BP, Kenabatho PK,
Moalafhi DB. Analysis of rainfall and
temperature time series to detect long-term
climatic trends and variability over semi-
arid Botswana. J. Earth Syst. Sci. 2018;
127(2):1-20.

Naveendrakumar G, Vithanage M, Kwon
H, Igbal MCM, Pathmarajah S,
Obeysekera J. Five decadal trends in
averages and extremes of rainfall and
temperature in Sri Lanka. Hindawi Adv.
Meeteorology; 2018.

Opiyo F, Nyangito M, Wasonga OV,
Omondi P. Trend analysis of rainfall and
temperature variability in arid environment
of Turkana, Kenya. Environ. Res. J. 2014;8
(2):30-43.

Ongoma V, Haishan C, Chujie G, Phillip
OS. Variability of temperature properties
over Kenya based on observed and
reanalyzed datasets. Theor Appl Clim.
2017;16.

Christy JR, Norris WB, McNider RT.
Surface temperature variations in east
Africa and possible causes. J. Clim. 2009;
22(12):3342-3356.

Ayalew D, Tesfaye K, Mamo G, Yitaferu B,
Bayu W. Region, variability of rainfall and
its current trend in Amhara Ethiopia,

50

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

African J. Agric. Res. 2012;7(10):1475—
1486.

Asfaw A, Simane B, Hassen A, Bantider A.
Variability and time series trend analysis of
rainfall and temperature in northcentral
Ethiopia: A case study in Woleka sub-
basin. Weather Clim. Extrem. 2018;19: 20—
28.

Cheung WH, Senay GB, Singh A. Trends
and spatial distribution of annual and
seasonal rainfall in Ethiopia, Int. J.
Climatol. 2008;28:2011-2029.

Conway D, Schipper ELF. Adaptation to
climate change in Africa: Challenges and
opportunities identified from Ethiopia,”
Glob. Environ. Chang. 2011;21(1):227—-
237.

Birara H, Pandey RP, Mishra SK. Trend
and variability analysis of rainfall and
temperature in the Tana basin region,
Ethiopia. J. Water Clim. Chang. 2018;555—
569.

Weldegerima TM, Zeleke TT, Birhanu BS,
Zaitchik BF, Fetene ZA. Analysis of rainfall
trends and its relationship with SST signals
in the Lake Tana Basin, Ethiopia, Hindawi
Adv. Meeteorology. 2018;10.

Lawin EA, Manirakiza C, Batablinle L.
Trends and changes detection in rainfall,
temperature and wind speed in Burundi,” J.
Water Clim. Chang. 2018;155:1-19.

Lawin AE, Manirakiza C, Lamboni B. Wind
power potential in near future climate
scenarios: The case for Burundi (East
Africa ), Asian J. Environ. Ecol. 2018;8(4):
1-10.

Manirakiza C, Lawin EA, Lamboni B,
Niyongendako M. Spatio-temporal analysis
of climate change impact on future wind
power potential in Burundi (East Africa),”
Am. J. Clim. Chang. 2019;8:237-262.
Lawin AE, Niyongendako M, Manirakiza C.
Solar irradiance and temperature variability
and projected trends analysis in Burundi,”
Climate. 2019;7(6):1-20.

DFID, Economic Impact of Climate
Change, Kenya, Rwanda, Burundi. Climate
report Kenya, ICPAC, Kenya and SEI
Oxford Office, Nairobi, Kenya; 2009.
Ndayiragije A, Mkezabahizi D, Ndimubandi
J, Kabogoye F. A scoping study on
Burundi’ s Agricultural production in a
changing climate and the supporting
Policies, Kenya Kenya Inst. Public Policy
Res. Anal. 2017;66.

Bidou JE, Ndayirukiye JP, Ndayishimiye S,
Sirven, Géographie du Burundi



27.

28.

290.

Niyongendako et al.; IJECC, 10(6): 36-51, 2020; Article no.lJECC.56770

(Geography of Burundi), Hartier. Paris,
France; 1991.

Ministere I'Eau, de I'Environnement, de
'Aménagement du Territoire et de
'Urbanisme  and Programme  des

Nations Unies pour le Développement

(PNUD), “Etudes de Vulnerabilite et
D’adaptation AUX Changements
climatiques,” Bujumbura, Burundi;
2009.

Mckee TB, Doesken NJ, Kleist J. The
relationship of drought frequency and
duration times scales,” in proceedings of
8" Conference on Applied Climatology.
1993;179-184.

Soro GE, Anouman D, Goula Bi TA,
Srohorou B. Characterization of sequences
of meteorological dryness at various time
scales in Sudanese climate: Case of the
extreme northwest of the Ivory Coast,”
Larhyss J. 2018;18.

30.

31.

32.

33.

34.

Lawin AE, Afouda A, Gosset M, Lebel T.
Variabilité comparée du régime
pluviométrique aux échelles régionales et
locales sur la Haute Vallée de 'Ouémeé au
Bénin,” IAHS Publ. 2010;340:61-68.

Oliver JE. Monthly precipitation
distribution: a comparative index, Prof.
Geogr. 1980;32(3):300-309.

Jaagus J. Climatic changes in Estonia
during the second half of the 20th century
in relationship with changes in large-scale
atmospheric circulation.,” Theor. Appl.
Climatol. 2006;83(1):77-88.

Sen Z. An innovative trend analysis
methodology, J. Hydrol. Eng. 2012;17:
1042—-1046.

Tommaso C, Roberto C, Ennio F. Analysis
of monthly rainfall trend in Calabria
(Southern ltaly) through the Application of
Statistical and Graphical Techniques, in
Proceeding. 2018;2:629.

© 2020 Niyongendako et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution
License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any
medium, provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
http://www.sdiarticle4.com/review-history/56770

51



