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Abstract 

Background: Drought is one of the leading destructive natural disasters adversely affecting natural resources and 
livelihoods. Thus, this study evaluated the spatial and temporal meteorological drought characteristics and their driv-
ers in the Omo-Gibe River basin (OGRB) from 1981 to 2017. The drought analysis used the standardized Precipitation 
Index (SPI) and the Standardized Precipitation Evapotranspiration Index (SPEI) with 4- and 12-month timescales. The 
Mann–Kendall (MK), Sen’s slope estimator, and Pettit test were used to evaluate the trend and change points of the 
time series. Pearson correlation was used to examine the teleconnection between large-scale global climate signals 
with the basin’s seasonal and annual drought indices.

Results: Accordingly, extreme and severe drought events were observed in 1988, 2000, and 2009. In the basin, 
prolonged drought events were recorded from 2000 to 2015. The statistically significant (P < 0.05) increasing trend 
of seasonal and annual drought events was observed in all basin parts. However, more drought events distribution 
was exhibited in the south than in the north and central parts. The Sawla station (southern part) showed a higher 
drought frequency, ranging from 18.18 to 20.36%. The maximum intensity and peak drought events were observed in 
this sub-basin, with SPEI reaching − 2.27 and − 4.89, respectively. The global indices NINO3.4, SOI, and DMI are drivers 
for triggering the meteorological droughts in OGRB.

Conclusions: Substantial warming and erratic rainfall have made OGRB vulnerable to drought events. The intensifica-
tion of droughts in the basin has also been recorded in humid parts of the basin which has a significant adverse effect 
on the water availability of down streams. This indicates that the observed drought intensity can increase the water 
deficit and other natural resources degradation. Therefore, this study provides essential information on drought char-
acteristics for decision-makers to plan appropriate strategies for early warning systems to adapt and mitigate drought 
hazards in the basin.
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Introduction
Drought significantly affects water resources, agriculture, 
and socioeconomic sectors (Asong et  al. 2018; Ghosh 
2019; Spinoni et al. 2014; Wang et al. 2014). Unlike other 
natural hazards such as floods, tornadoes, and hurri-
canes, drought develops slowly in its onset and impacts; 
therefore, its effects are felt gradually (Khadr 2016; 
Kundzewicz and DÖLL 2009; Van Loon 2015). Drought 
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has no universal definition but can be grouped into four 
categories such as meteorological, agricultural, hydrolog-
ical, and socioeconomic drought (Van Loon 2015; Shara-
fati et al. 2020). Meteorological drought usually precedes 
agricultural, hydrological, and socioeconomic drought 
events (Andreadis et  al. 2005). The cumulative effect of 
all types of drought undermines remarkably the ecosys-
tem capacity to provide natural services, e.g., water for 
hydroelectric power, agriculture, industries, and domes-
tic purposes. Therefore, properly documented drought 
characteristics are crucial for planning efficient use of 
water resources, food security, agricultural production, 
and hydroelectric power (Fenta et al., 2017).

The recent studies highlighted several drought events 
in Ethiopia from 1980 to 2004 (e.g., Williams et al. 2012; 
Spinoni et  al. 2014; Gebrechorkos et  al. 2019) and are 
expected to continue in the future (Lautze et  al. 2003; 
Gebrehiwot et al. 2011). The famine of 1983–1985 killed 
one million people, and the current multi-year drought 
in Ethiopia also proves to be even more disastrous (Rich-
man et  al. 2016). Mainly, the drought that occurred in 
2002 affected the highest number of people (Viste et al. 
2013). Jury and Funk (2013), Degefu et al. (2017), Zeleke 
et  al. (2017) also attested that since 1997 the frequency 
and severity of drought have increased in southern and 
southwestern Ethiopia. These recurrent droughts in 
Ethiopia have disastrous effects on the country’s differ-
ent socioeconomic systems (Teshome and Zhang 2019). 
Generally, Ethiopia is leveled as the most drought-
affected country in Africa. However, most of the earlier 
studies focused at the country scale. Generalized results 
covering the whole country would be complex because of 
the sharp local differences in microclimates (Changnon 
2000). Therefore, the detailed finer spatial scale drought 
examinations are critical to understanding the drought 
impacts and the regions’ varying vulnerabilities. It is used 
comprehensively to plan and manage drought and associ-
ated risks at the regional scale.

The Omo-Gibe River Basin (OGRB) is the second-
largest basin in Ethiopia and a very significant resource 
within the country. The basin has massive irrigation and 
hydropower dams vulnerable to climate change impacts. 
In addition, drought events that frequently occurred in 
OGRB made substantial losses in life and different pro-
ductive sectors; however, Degefu and Bewket (2015) did 
only a single study in the basin. This aforementioned 
study used a small number of stations to represent the 
entire basin and indices based on precipitation only. 
Notably, it did not include the stations found in the 
humid (central) part of OGRB. Moreover, most of the 
climate-related studies in Ethiopia focused only on the 
northern and central parts of the country. This informa-
tion indicates that no comprehensive study encompassing 

drought characteristics in the basin scale has been done. 
Thus, to fill these gaps, the current study used different 
methods to evaluate drought incidences in OGRB. To 
this end, two metrological drought indices; the Stand-
ard Precipitation Index (SPI) (McKee et al. 1993) and the 
Standardized Precipitation and Evapotranspiration Index 
(SPEI) (Vicente-Serrano et al. 2010), were used.

The climate of Ethiopia is mainly influenced by the sea-
sonal migration of the Inter-Tropical Converging Zone 
(ITCZ), the complex topography, and the teleconnec-
tion of global atmospheric circulation (Endris et al. 2016; 
Workie and Debella 2018). For instance, the El Niño-
southern oscillation (ENSO) was the ultimate cause of 
the most drought years in Ethiopia, particularly in 2015 
(Funk 2012). Although several studies were done on the 
influence of global climate change on Ethiopian frequent 
drought incidences [e.g., Funk 2012; Degefu et  al. 2017; 
Zeleke et al. 2017; Dubache et al. 2019)], however, there is 
still an absence of evidence about the basin. Based on this 
fact, this study examined the link between seasonal and 
annual drought occurrence and selected global climate 
indices.

Hence, the objectives of the current study are to 
(i) evaluate the spatiotemporal variation of drought 
characteristics (frequency, severity, and intensity) in 
OGRB from 1981 to 2017, (ii) the seasonal and annual 
trend of drought occurrence using SPI/SPEI with 04 
and 12-month time scales, and (iii) the teleconnec-
tion between the global driving forces with seasonal 
and annual drought indices. This study is the first of its 
kind for this particular basin to identify drought char-
acteristics using the SPI and the SPEI for 4-months and 
12-months of timescales in the basin. The results would 
be helpful for drought risk management and sustain-
able watershed management and decision-making in the 
basin. Furthermore, the location and biophysical features 
of the basin represent the majority of Ethiopia’s agroecol-
ogy, and hence, the result could be applied to other parts 
of the country.

Methodology
Study area
There are twelve river basins in Ethiopia. Omo-Gibe 
River basin is an essential basin of southwest Ethiopia 
and lies between 4°30′ N to 9°30′ N latitude and 34°44′ E 
to 38° 24′ E longitude. It is the second-largest river basin 
after Abbay in Ethiopia (Fig. 1), having on average 79,000 
 km2 size, 550 km length, and a breadth of 140 km. It has 
an annual discharge of 16.6 BMC (Billion Cubic Meters), 
accounting for 14% of Ethiopia’s annual surface water 
resource. The northern and central half of the basin lies 
at an altitude greater than 1500 m.a.s.l. with a maximum 
elevation of 3360  m.a.s.l. (located between Gilgel-Gibe 
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and Gojeb tributaries).Moreover, the plains of the lower 
basin lie between 200 and 500  m.a.s.l (Shiferaw et  al. 
2018). It runs from the northern highlands through the 
lowlands and into Lake Turkana near the Ethiopian-Ken-
yan border in the south. It is supplied along the way by 
several significant tributaries (Avery 2010). The Ethiopian 
government has been planning massive hydroelectric 
and irrigation projects. In general, five cascaded dams for 
hydroelectric power plants are planned for the basin, with 
a total capacity of 4914 MW. Among these, Gibe I, II, and 
III dams are operational, while Gibe IV and V dams are 
planned for future power generation (EEPC 2010). In the 
OGRB, there are substantial irrigation projects.

Ethiopia has three climatological rainy seasons, namely, 
the Kiremt season (June to September), the Bega sea-
son (October to January), and the Belg season (February 
to May) (Viste et al. 2013; Temam et al. 2019). Except in 
the basin’s southern part, the central and northern parts 
receive a monomodal rainfall pattern. The southern part 
has a bimodal pattern of rainfall, which depends on rain-
fall in the Belg season (February to May) and receives a 
short period of rainfall in the Bega season from October 
to January (Degefu 1987; Gissila et al. 2004). Annual rain-
fall in the basin varies from 400 mm in the extreme south 

low land to more than 2000 mm in the highland area. The 
mean annual temperature in the basin varies from less 
than 17 °C in the West highlands and more than 30 °C in 
the southern lowlands. The basin’s climate is character-
ized by an arid and semiarid climate in the southern part 
and a tropical humid one in the northern and the central 
parts of the basin (Gebre Michael et al., 2005). The mean 
annual rainfall minimum and maximum temperature of 
the basin are shown in Fig. 2.

Data processing and quality control
The most fundamental barrier that hinders regional stud-
ies such as drought monitoring is the long-term record-
ing and quality of climatic data. The high-resolution 
gridded data is critical for a region like Ethiopia, where 
stations are rare and dispersed. Therefore, high resolu-
tion (i.e., 4 × 4 km) combined satellite and station data 
were used to remove missing data and record time dif-
ferences in observed data from stations. This dataset fills 
spatial and temporal gaps in Ethiopia’s national observa-
tions data. It merges quality-controlled station data from 
the national observation network with locally calibrated 
satellite-derived data (Dinku et  al. 2014). The monthly 
rainfall and minimum and maximum temperature data 

Fig. 1 Topographic map and spatial distribution of the meteorological stations in the OGRB
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from 1981 to 2016 were obtained from the Ethiopian 
National Meteorological Agency (NMA) (http:// www. 
ethio met. gov. et/). Before being disseminated, the data 
quality was checked and recognized through a collabo-
ration between Enhancing National Climate Service 
(ENACTS) and NMA (Dinku et  al. 2018). Hence, this 
intensive and free of missing data were used to compute 
drought distribution and characteristics in the basin. The 
rainfall and temperature data were checked for autocor-
relation before a trend test. Finally, thirteen stations were 
selected and grouped into three sub-basins: northern, 
central, and southern parts (Table 1).

The study also applied the leading global climate indi-
ces (Niño3.4, SOI, and DMI) that influence Ethiopia’s 
drought variability and frequency. These global climate 
indices were the SST anomaly index (NINO 3.4), South-
ern Oscillation Index (SOI), which measures the differ-
ence between the Tahiti and Darwin sea level pressure 
anomaly, and the Indian Ocean Dipole indices referred 
to as Dipole mode index (DMI) (Saji et  al. 1999). They 
were obtained from (http:// www. esrl. noaa. gov/ psd/ gcos_ 
wgsp/ Times eries/ Data/ nino34, https:// psl. noaa. gov/ 
gcos_ wgsp/ Times eries/ SOI/, and http:// www. jamst ec. go. 
jp/ frcgc/ resea rch/ d1/ iod/ DATA/ dmi).

Drought indices
Different meteorological indices have been used to ana-
lyze drought characteristics in different areas (Morid et al. 
2006), including the standard precipitation index (SPI) 
(McKee et  al. 1993), the Palmer drought severity index 
(PDSI) (Palmer 1965), and the standardized precipitation 
and evapotranspiration index (SPEI) (Vicente-Serrano et al. 
2010). Like SPI, SPEI is multiscalar, and besides precipita-
tion, it includes temperature data to evaluate the potential 
evapotranspiration (PET) and to calculate climate water 
balance (CWB) (Hänsel et  al. 2019). Moreover, the SPEI 
also combines the sensitivity of PDSI to changes in evap-
oration demand with the simplicity of calculation and the 
multi-temporal nature of the SPI (Vicente-Serrano et  al. 
2010). The SPI and SPEI are useful to assess drought events 
in arid-dominated regions such as East Africa (Ntale and 
Gan 2003). In addition, using different drought indices pro-
vides a complete picture of the spatiotemporal distribution 

Fig. 2 The spatial distribution of the mean a annual rainfall, b annual maximum temperature, and c annual minimum temperature in OGRB from 
1981 to 2017

Table 1 Meteorological stations of OGRB according to the three 
sub-regions

Sub-basin St_Name Latitude (°) Longitude (°) Elevation (m)

Northern Ambo 8.59 37.51 2560

Butajira 8.21 38.22 2210

Gedo 9.05 37.23 2500

Gibe Farm 8.23 37.25 1510

Wolkite 8.27 37.78 1884

Central Bele 7.08 37.58 1240

Bonga 7.19 36.22 1661

Jimma 7.67 36.83 1725

Shebe 7.52 36.52 1655

Yayaotena 7.45 37.53 1537

Southern Jinka 5.56 36.17 1373

Morka 6.23 36.2 1221

Sawula 6.12 36.38 1347

http://www.ethiomet.gov.et/
http://www.ethiomet.gov.et/
http://www.esrl.noaa.gov/psd/gcos_wgsp/Timeseries/Data/nino34
http://www.esrl.noaa.gov/psd/gcos_wgsp/Timeseries/Data/nino34
https://psl.noaa.gov/gcos_wgsp/Timeseries/SOI/
https://psl.noaa.gov/gcos_wgsp/Timeseries/SOI/
http://www.jamstec.go.jp/frcgc/research/d1/iod/DATA/dmi
http://www.jamstec.go.jp/frcgc/research/d1/iod/DATA/dmi
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of the drought in the basin (Temam et  al. 2019; Alsafadi 
et al. 2020).

Standardized precipitation index
The SPI evaluates drought in precipitation deficit impact-
ing groundwater availability, soil moisture streamflow, and 
reservoir storage (WMO 2012).To calculate the SPI, a long-
term precipitation record is needed. First, an appropriate 
probability density distribution is fitted to the frequency 
distribution of cumulated precipitation, and then it has 
been subsequently converted to a standard normal distri-
bution. The gamma distribution (two parametric), which 
generally fits better to precipitation data, is used (Wang 
et al. 2014; Irannezhad et al. 2015). A detailed description 
of the complete computations of the SPI is found in the 
paper of (Zeleke et al. 2017).

Standardized precipitation evapotranspiration index
The SPEI is one of the most widely used drought indices to 
understand meteorological, agricultural, and hydrological 
drought impacts around the globe (Wang et al. 2014; Labu-
dová et al. 2017; Yang et al. 2019). It is selected as a robust 
one for regional drought monitoring and analysis consid-
ering global climate change scenarios because of its ability 
to identify the effects of temperature on drought conditions 
(Liu et  al. 2016). The SPEI is mainly selected to evaluate 
the role of temperature through its influence on poten-
tial evaporation, which relates to global warming and the 
occurrence of drought (Meza 2013; Manatsa et  al. 2017). 
The SPEI is computed using precipitation (P) and PET 
as input variables resulting in the climate water balance 
(P‐PET) outputs (Vicente-Serrano et  al. 2010). Including 
the widely used Penman–Monteith (PM) method, several 
methods have been introduced to calculate (PET) (Allen 
et al. 1998). However, the PM method requires full mete-
orological data, which is challenging to get in many parts of 
the world. Thus, the PET can be estimated using Hargraves 
(Hargreaves and Samani 1985) method, which has a simi-
lar output as PM (Beguería et al. 2014). Hargraves method 
needs only precipitation, minimum, maximum tempera-
ture and is the extraterrestrial radiation (Ra) (Senay et  al. 
2011). Hence, in this study, the Hargraves method was used 
to calculate the PET.

where: PETHG is potential evapotranspiration of Har-
greaves method ( mm/day),Ra is the extraterrestrial radia-
tion (mm/day), calculated theoretically as a function of 
latitude, Tmean is the average temperature (◦C ), Tmax and 
Tmin are the maximum and minimum temperature (◦C ), 
respectively. Once PET was estimated, Di calculated 

(1)
PETHG = 0.0023× (Tmean + 17.8)×

(

√

Tmax − Tmin

)

× Ra

using the difference between precipitation and PET as in 
Eq. (2)

where: Di is climatic water balance (CWB) in a given 
period (mm) , Pi is monthly precipitation in a given period 
(mm) , PETi is the monthly potential evapotranspiration 
(mm) . The accumulated difference between P and PET in 
different time scales can be calculated as

where: k is a different time scale, and n is the number of 
calculations. The function of log-logistic distributions 
gives better results than other distributions for obtain-
ing SPEI series in standardized D with a mean of zero and 
standard deviation of one (Vicente-Serrano et  al. 2010; 
Potop and Možný 2011).

where: α, β, and γ are scale, shape, and location param-
eters, respectively, for D values in the range (γ <D  < ∞). 
Therefore, the probability distribution function can be 
expressed as follows

The SPIE can easily be obtained as the standardized F 
(x) with an approximation of

while for p ≤ 0.5,Wi =
√

−2ln(p) , whereas if p > 0.5,

Wi =
√

−2ln(p) where: p is the probability of exceed-
ing a determined D value, p=1-F (x). If p>0.5, then p 
is replaced by 1-p and the sign of the resultant SPEI is 
reversed (Table 2).

Evaluating drought characteristics
Drought characteristics can be evaluated by the following 
essential features: duration, frequency, intensity, sever-
ity, and spatial and temporal extent (Alamgir et al. 2015; 
Fanta and Disse 2018). In this study, the drought occur-
rence evaluated only months with SPI/SPEI ≤ −1 (mod-
erate, severe, and extremes), because the mild drought 
values slightly vary from the normal one. The duration, 
severity, intensity, and frequency of the drought events 
are calculated based on (Table 2). 

(2)Di = Pi − PETi

(3)Dk
n ==

k−1
∑

i−0

(Pn−i − PETn−i)

(4)f (x) =
β

α

(

x − γ

α

)β−1
[

1+

(

x − γ

α

)β
]−2

(5)F(x) =
β

α

[

1−

(

α

x − γ

)β
]−1

(6)

PEI = Wi −
2.515517+ 0.8022853Wi + 0.010328Wi

2

1− 1.432788Wi + 0.189269Wi
2
+ 0.001308Wi

3



Page 6 of 17Anose et al. Environmental Systems Research      (2022) 11:3

 I. The frequency is the number of months that the 
SPI/SPEI value meets a set value (Table 2) divided 
by the number of months in the entire series 
(Wang et al. 2014).

 where: n is the number of months drought events 
(SPI/SPIE ≤ − 1) that an index value meets a set 
drought criterion divided by the number of months 
in the entire series (N). Drought frequency ( F  ) was 
used to assess the drought prevalence during the 
study period.

 II. Duration is the length of a drought episode. Magni-
tude ( M ) is the cumulative sum of the index value 
based on the duration of drought occurrence

 III. The intensity (I) of a drought event is the magni-
tude divided by the duration. Events that have 
a shorter duration and higher severity will have 
larger intensities.

The 4-months seasonal division is best to represent the 
seasonal precipitation patterns in the area. Hence, in this 
study, the 4-month accumulation of SPI/SPEI is to evalu-
ate the seasonal or which is essential to know agricultural 
drought events, and the 12-months accumulation of SPI/
SPEI is used to assess the annual or which is used fully 
to analyze the hydrological drought events (Giuseppe 
et  al. 2019; Alsafadi et  al. 2020). To compute SPI and 
SPEI indices the SPEI package in R statistical program 
was used. The package was developed by (Beguería et al. 
2010) and is freely available at http:// digit al. csic. es/ han-
dle/ 10261/ 10002. In this website, detailed information 

(7)F =
n

N
× 100

(8)M =

Duration
∑

i=1

Index

(9)I =
Magnitude

Duration

on the computational algorithm is found (Manatsa et al. 
2017). In addition, the inverse distance weighting (IDW) 
method was used to visualize the spatial patterns of the 
drought events in the basin.

Trend analysis of drought
In the current study, the drought trend has been done 
using the non-parametric Mann–Kendall test (MK) 
(Mann 1945; Kendall 1975). The MK test is used to evalu-
ate a statistical significance (increasing and decreasing 
trend) for meteorological variables, the seasonal and 
annual trend of SPI/SPEI–4, and 12-months timescales. 
The MK is a non-parametric statistical method that is 
robust and suitable for detecting trends since it is less 
sensitive to outliers within time series data. The MK sta-
tistic ( S ) is mathematically computed as follows:

where: Zs is the standard test statistics. The statistical 
significance level of the trend variation was evaluated 
using Zs value. A positive value of Zs indicates an upward 
trend, while a negative value of Zs indicates a down-
ward trend. The value |Zs|> 1.96 indicates a significant 
upward/downward trend. The result of the MK test has 
been affected by the autocorrelation of the time series 
(Yue and Wang 2002; Tian and Quiring 2019). Therefore, 
before the MK trend test was applied on the time series, 
the autocorrelation tests had been done to see the natural 
trend in the data (Alexander et al. 2009).

Sen’s slope estimator
Sen’s (1968) slop estimator has been widely used to detect 
the trend direction and determine the magnitude of the 
time-series change. Sen’s slop is the non-parametric 
method to calculate the change per unit time (Pal et  al. 
2017). Moreover, the MK test can be complemented with 
Sen’s slope estimator. The negative slope value indicates 
the increase of drought, whereas the positive slope indi-
cates the increase of wetness.

Tests for change-point detection
The Pettitt test is a non-parametric test that has been 
used in several climate studies to detect abrupt changes 
in the mean distribution of the variable of interest. The 
test statistic Ut,T is assessed for all random variables from 
1 to T; then the most significant change point is selected 

(10)S =

N−1
∑

i=1

N
∑

j=i+1

sgn(xj − xi)

(11)Zs =











S−1
√
Var(S)

, S > 0

0, S = 0
S+1

√
Var(S)

, S < 0

Table 2 Classification of the severity of drought events on the 
calculation of SPI/SPIE (McKee et al. 1993)

Categories SPI/SPIE values

Extremely dry  ≤  − 2.0

Severely dry  − 1. 5 to − 1. 99

Moderately dry  − 1. 0 to − 1. 49

Near normal 0.99 to − 0. 99

Moderately wet 1.0 to 1. 49

Severely wet 1.5 to1.99

Extremely wet  ≥ 2.0

http://digital.csic.es/handle/10261/10002.In
http://digital.csic.es/handle/10261/10002.In
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where the value of 
⌊

Ut,T

⌋

 is the largest (Jaiswal et  al. 
2015). To identify a change point, a statistical index Ut is 
defined as follows:

where similar to the MK test,

The most probable change point is found where its 
value is (The break occurs in year k when). The test sta-
tistic Kn and the associated probability (P) used in the 
test are given as.

and the significance probability associated with value Kt 
is evaluated as

where: t0 is concluded as a significant change point when 
Pt0 ≤ 0.5. The value is then compared with the critical 
value given by (Pettitt 1979). Given a certain significance 
levelα , if p < α , we reject the null hypothesis and con-
clude that xt is a significant change point at level α (Du 
et al. 2013).

(12)Ut,T =

t
∑

i=1

T
∑

j=1

Sgn(xi − xj), 1 ≤ t ≤ T

(13)Sgn(θ) =







+1 θ > 0

0 θ = 0

−1 θ < 0

(14)Kt0 = max
1≤y≤n

∣

∣Ut,T

∣

∣

(15)p(t0) = 2exp

[

−6k2to
T 3 + T 2

]

Teleconnection of global atmospheric circulation 
and drought indices
In this study, Pearson’s correlation coefficient (r) 
was used to examine the link of seasonal and annual 
drought indices (SPI/SPEI) with tropical SSTs anoma-
lies at the 95%confidence level. It measures the linear 
association between two variables xi and yi . The Pear-
son correlation ( r ) is given by

where: n is the number of observations, x, and y the vari-
ables and x and y are their mean, respectively. The rela-
tion coefficient (r) takes values between the + 1 and − 1; 
where: + 1 perfect positive that indicates as the value of 
one variable increase, there is the predictable variable 
increase and 0 is no relationship, as well as − 1, indicates 
that the value of one variable increase the predictable 
variable is decreased.

The current study was conducted following specific 
properly arranged methodologies. Therefore, Fig. 3 con-
cise the framework of the methodology.

Results
Trend and changing point of rainfall and temperature
The mean annual rainfall was 1112.73  mm, ranging 
from 922.82 to 1289.81  mm. The Kiremt (JJAS) season 
is the primary rainy season, contributing 56.66% of the 
total rainfall. The Belg (FMAM) is the second rainy sea-
son, contributing about 29.25% of the annual rainfall. 

(16)r =

∑n
i=1(xi − x)

(

yi − y
)

√

∑n
i=1 (xi − x)2

(

yi − y
)2

Rainfall, Temperature, DEM, and other 

Autocorrelation Test

Meteorological 

Drought 

(SPI/SPEI)

Drought 

Characteristics 

(duration

frequency and 

intensity)

Seasonal 

and 

annual 

drought

Seasonal and 

annual 

rainfall/temperature

Trend testTeleconnection Pettitt test

Fig. 3 Methodological flowchart of the study
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In evaluating trends, mean seasonal and annual rainfall 
decreased in the basin. The Belg season rainfall decreased 
significantly by 2.97 mm/year (Table 3). The Belg rainfall 
illustrated a significant downward at the change point in 
1996. The mean annual temperature was 22.64 ◦C , the 
mean minimum and the maximum temperature were 
13.35 and 31.14 ◦C , respectively. The trend test result 
shows that the mean Belg, Kirmet, Bega season, and 
annual temperature exhibited a significant increase at 
change points in the year 1996, 2000, and 1999 (Table 3). 
The increasing temperature observed in the basin 

significantly impacts soil water demand and enhances the 
raising of evapotranspiration that makes more water loss.

The mean temporal evaluation of drought events
Figure  4 shows the temporal distribution of drought 
occurrence over OGRB. To evaluate the temporal vari-
ation, drought events in the basin which are consecu-
tively less than a threshold value (SPI/SPIE ≤ − 1) and 
have more than 4 months duration, have been selected. 
Hence, in the basin for seasonal drought (SPI-4), mod-
erate, severe, and extreme droughts occurred for 21, 

Fig. 4 Evaluation of the mean SPI/SPEI for 4- and 12-month timescales for moderate, severe, and extreme drought events in OGRB from 1981 to 
2017

Table 3 Mean seasonal and annual rainfall and temperature trend as well as change point, from 1981 to 2017

* Bold values represent statistically significant at P < 0.05, rainfall trend (mm/year), and temperature trend (0C/year)

Variables Seasons Mean value Sens’ slope Changing point

Rainfall (mm) Belg(FMAM) 325.625 − 2.971* 1996*
Kirmet (JJAS) 630.571 − 1.59 1998

Bega (ONDJ) 156.293 − 0.463 1984

Annua 1112.735 − 1.87 1996

Mean temperature
Tmean ( ◦C)

Belg (FMAM) 21.23 0.057* 1996*
Kiremt (JJAS) 20.12 0.042* 1996*
Bega (ONDJ) 23.29 0.045* 2000*
Annual 22.64 0.048* 1999*
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15, and 6  years, respectively, whereas in 1987, 1991, 
1994, 2000, and 2002 extreme droughts occurred. 
For annual drought (SPI-12), moderate, severe, and 
extreme droughts were found for 18, 14 and 3  years, 
respectively whereas in the years 1988, 2002, and 2003 
extreme droughts were observed. For seasonal drought 
(SPEI-4), moderate, severe, and extreme droughts 
occurred for 25, 17 and 3  years, respectively, while 
extreme droughts were exhibited in 1991, 2002, and 
2009. For annual drought events (SPEI-12), moder-
ate, severe, and extreme droughts were detected for 
18, 9, and 1  year, respectively, while in the year 1988, 
extreme drought was observed. 

The number of drought duration months shown in 
12-month timescales was 78 and 88 for SPI-12 and 
SPEI-12, respectively, throughout the study period. In 
the basin, 1988, 1999, 2000, 2002, 2003, 2012, 2015, 
and 2016 were the driest years common in both indi-
ces and in different timescales. During the study 
period, the basin experienced 12.6% to 20.36% moder-
ate and above moderate drought frequencies. In SPI-4 
and SPEI-4, severe drought events were observed in 
the basin on March 2000 and July 2009, with the sever-
ity peak values of − 2.61 and − 2.24, respectively. For 
SPI-12 and SPEI-12, the basin experienced extreme 
drought in May 1988 (in both indices) with a severity 
value of − 3.13 and − 2.10, respectively.

The duration and frequency of drought events distribution
In this study, the duration and frequency of drought 
occurrence from moderate to extreme drought values 
were calculated based on the threshold value (SPI/
SPEI ≤ −1) in the whole study period. The stations 
are grouped into three sub-basins to see the distribu-
tion of drought duration in the basin. The duration of 
moderate drought events ranged from 34 to 62 for SPI/
SPEI-4 and from 29 to 68 for SPI/SPEI-12. The dura-
tion of severe drought events ranged from 12 to 29 for 
SPI/SPEI-4 and 9 to 47 for SPI/SPEI-12. The duration 
of extreme drought events ranged from 2 to 20 for SPI/
SPEI-4 and from 0 to 18 for SPI/SPEI-12 (Table 4).

The highest drought frequency was observed for dif-
ferent timescales in the southern part and decreased 
towards the northern and central parts (Fig.  5). The 
drought frequency was higher for SPEI-4 and SPEI-12 
than SPI in both timescales. The higher frequency of 
drought events was exhibited for SPI-4 and the SPEI-4 
almost in all parts of the southern sub-basin.

The temporal and spatial variation of drought 
characteristics
Tables  5, 6, and 7 show the duration, magnitude, and 
intensity of occurrence of the significant drought events 
(SPI/SPEI ≤ −1) . According to Eqs. 7, 8, and 9, the dura-
tion, magnitude, and intensity of drought events calcu-
lated based on SPI/SPEI were consecutively equal or less 
than the threshold value.

Drought characteristics in the northern part of OGRB
Table  5 shows the drought characteristics observed in 
the northern parts of OGRB. In this sub-basin, the most 
extended continuous duration (13-months) of drought 
event was observed at the Gibe Farm station for SPI-
4, while 59 series months of drought duration were 
observed at the Gedo station SPI-12. Sixteen months of 
continuous drought events were observed at the Gedo 
station for SPEI-4. The most prolonged continuous 
drought duration (69-months) was observed in this sub-
basin at the Wolkite station for SPEI-12. During the last 
15 years, the droughts were longer and more intense than 
in the first 15 years in the study period. In the northern 
part of the basin, the highest magnitude and intensity 
were observed at Gedo and Ambo stations − 84.88 and 
− 1.68, respectively.

Drought characteristics in Central part of OGRB
Table 6 shows the drought characteristics obtained in the 
central part of OGRB, including stations; Bonga, Jimma, 
and Shebe. In this sub-basin, the most prolonged dura-
tion of drought event for SPI-4 was 14 months, which was 
shown at the Bonga station, while for SPI-12, 23-months 
of duration was observed at Yayaotona stations. In the 
central part, the most extended drought events for 
SPEI-4 were 20 months observed at Bele station, whereas 

Table 4 Range of duration (number of months) of moderate, 
severe, and extreme drought events in the sub-basins

Sub-basin Drought 
category

SPI-4 SPEI-4 SPI-12 SPEI-12

Northern Moderate 37–47 43–55 31–45 42–61

Severe 14–29 21–25 9–41 9–32

Extreme 5–15 2–6 6–17 1–9

Central Moderate 33–54 46–55 29–62 35–59

Severe 12–23 17–24 9–21 16–26

Extreme 3–18 2–7 1–16 0–12

Southern Moderate 34–57 47–62 38–48 38–68

Severe 16–29 17–29 8–47 19–22

Extreme 8–20 3–7 5–18 0–14
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for SPEI-12, the most extended continuous drought dura-
tion of 34 months was observed at Bonga station. In this 
sub-sub basin, the highest magnitude and intensity are 
shown at Bonga and Shebe stations of − 44.4 and − 2.24, 
respectively. The magnitude of drought events in the cen-
tral part of the basin was less than in the northern and 
the southern parts of OGRB because the central part is 
a humid region compared to the other parts of the basin.

Drought characteristics in the southern part of OGRB
Table 7 shows the drought characteristics result obtained 
in the southern part of OGRB. In this sub-basin, the 
most extended duration of drought events for SPI-4 was 
11  months, observed at Jinka station, whereas for SPI-
12 months, 53 months drought duration was observed at 
Sawla stations. The most extended duration of drought 
events for SPEI-4 in this sub-basin was 13  months 
observed at Morka station, whereas 72  months drought 
duration was observed at Sawla stations for SPEI-
12 months. The magnitude and intensity were enormous 
in these semiarid and arid parts of the basin. In this sub-
basin, long and intense drought events were observed 
from 1999 to 2015. In the southern part of the basin, the 

highest magnitude and intensity of droughts were shown 
at Sawla and Jinka stations, respectively (Table 7). Moreo-
ver, the highest peak values in this sub-basin ranged from 
− 3.02 to − 4.89 were observed.

Seasonal and annual trend analysis of drought events
Figure 6. illustrates the seasonal trend of drought indices 
in the basin using both Z value and sens slope estimators. 
The negative value of Z represents a drying tendency and 
vice versa. All stations depicted a drying trend in the Belg 
(FMAM) season for SPI-4. Among these stations, Ambo, 
Bele, Bonga, Gedo, Jimma, Sawla, and Wolkite stations 
exhibited a significant drying trend. In the Belg season for 
SPEI-4, all stations showed an increasing drying trend. 
The Belg season for SPEI-4, including Gibe Farm and the 
previous seven stations, depicted a significant increase in 
drought. The slopes of the drying rate at these eight sta-
tions were − 0.045, − 0.42, − 0.05, − 0.03, − 0.05, − 0.04, 
− 0.001 and − 0.05/year, respectively. All stations showed 
a drying trend for SPI/SPEI-4 in the Kiremt (JJAS) season 
except for Gibe Farm and Morka stations. However, these 
two stations showed an insignificant wetting tendency. In 
Cermet (JJAS) season, Ambo, Bonga, and Sawla stations 

Fig. 5 Spatial distribution of drought frequency in different degrees for SPI/SPEI in 04- and 12-time scale in OGRB from 1981 to 2017
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Table 5 The significant drought events (SPI/SPEI ≤ − 1) duration, magnitude, intensity, and peak value in the northern part of OGRB 
from 1981 to 2017

Sub-basin Stations Accumulation 
periods

Duration Magnitude Intensity Peak value

Northern Ambo SPI-4 Apr 1991–Dec 1991 − 10.4 − 1.16 − 2.76

SPI-12 May 2002–Sep 2004 − 30.20 − 1.68 − 2.32

SPEI-4 Apr1990–Dec1991 − 10.18 − 1.3 − 2.37

SPEI-12 Jul 2002–Feb 2005 − 35.92 − 1.12 − 2.61

Butajira SPI-4 July1997–Jun1988 − 17.34 − 1.58 − 3.39

SPI-12 Oct 1990–Jun 1992 − 30.96 − 1.35 − 2.83

SPEI-4 Oct1990–Jan1992 − 20.23 − 1.26 − 2.22

SPEI-12 Oct 2014–Mar 2017 − 21.81 − 1.21 − 2.43

Gedo SPI-4 Nov 2010–Nov 2011 − 21.14 − 1.42 − 2.72

SPI-12 Sep 1995–Jul 2000 − 84.88 − 1.44 − 2.36

SPEI-4 Nov 1998–Dec 1999 − 19.86 − 1.42 − 2.11

SPEI-12 May 2011–Jun 2012 − 22.2 − 1.59 − 1.84

Gibe Farm SPI-4 Dec 1999–Dec 2000 − 17.6 − 1.35 − 2.98

SPI-12 Jul 2002–Feb 2005 − 45.53 − 1.42 − 3.41

SPEI-4 Dec1999–Dec 2000 − 16.05 − 1.23 − 2.17

SPEI-12 Jul 2000–Apr 2005 − 40.31 − 1.19 − 2.23

Wolkite SPI-4 Feb 2000–Nov 2000 − 13.25 − 1.2 − 3.38

SPI-12 Sep 1999–May 2001 − 31.93 − 1.52 − 2.74

SPEI-4 Mar 1999–Dec 2000 − 13.25 − 1.2 − 3.58

SPEI-12 Sep 1999–May 2005 − 76.24 − 1.10 − 1.95

Table 6 The significant drought events (SPI/SPEI ≤ − 1) duration, magnitude, intensity, and peak value at the central part of OGRB 
from 1981 to 2017

Sub-basin Stations Accumulation 
periods

Duration Magnitude Intensity Peak value

Central Bele SPI-4 May 1990–Feb 1991 − 13.35 − 1.34 − 2.39

SPI-12 Jul 2002–Jul 2003 − 23.89 − 1.84 − 2.27

SPEI-4 Jun1990–Jan1992 − 21.39 − 1.1 − 2.16

SPEI-12 Jul 1990–Dec 1991 − 25.81 − 1.36 − 2.32

Bonga SPI-4 Aug 1996–Sep 1997 − 30.99 − 2.20 − 3.61

SPI-12 Oct 1994–Dec 1995 − 20.20 − 1.35 − 3.37

SPEI-4 Aug 1996–Aug 1997 − 21.59 − 1.66 − 2.28

SPEI-12 Dec 2010–Sep 2013 − 44.32 − 1.30 − 2.36

Jimma SPI-4 Aug 2003–Aug 2004 − 14.27 − 1.1 − 3.37

SPI-12 Jun 2011–Apr 2013 − 27.28 − 1.19 − 2.41

SPEI-4 Aug 2003–Sep 2004 − 17.36 − 1.24 − 2.29

SPEI-12 Jun 2011–Dec 2013 − 34.16 − 1.10 − 2.27

Shebe SPI-4 Feb 2002–Dec 2002 − 24.35 − 2.20 − 3.62

SPI-12 Apr1994–Dec 1995 − 29.38 − 1.40 − 3.74

SPEI-4 Oct 1994–Oct 1995 − 20.80 − 1.39 − 2.29

SPEI-12 Jan 1994–Apr 1996 − 45.40 − 2.24 − 2.11

Yayaotona SPI-4 Feb 2000–Sep 2000 − 10.89 − 1.36 − 2.85

SPI-12 Apr 1999–Feb 2001 − 31.75 − 1.38 − 2.19

SPEI-4 Feb 2000–Sep 2000 − 10.69 − 1.33 − 2.23

SPEI-12 Apr 1999–Feb 2001 − 33.64 − 1.46 − 1.97
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Table 7 The significant drought events (SPI/SPEI ≤ − 1) duration, magnitude, intensity, and peak value in the south part of OGRB from 
1981 to 2017

Sub-basin Stations Accumulation 
periods

Duration Magnitude Intensity Peak value

Southern Jinka SPI-4 Nov 1996–Sep 1997 − 24.3 − 2.27 − 4.89

SPI-12 Jun 1999–Sep 2000 − 32.78 − 2.05 − 3.22

SPEI-4 Sep 1993–Apr 1994 − 12.18 − 1.52 − 2.25

SPEI-12 Jun 1999–Dec 2000 − 39.94 − 2.10 − 2.36

Morka SPI-4 Mar 2009–Sep 2009 − 13.37 − 1.91 − 3.02

SPI-12 Aug 2011–Mar 2012 − 25.93 − 2.16 − 2.25

SPEI-4 Apr 1999–Apr 2000 − 17.65 − 1.36 − 2.32

SPEI-12 Mar 1988–Apr 1991 − 59.54 − 1.57 − 2.16

Sawla SPI-4 Oct 2010–Jun 2012 − 29.51 − 1.41 − 3.54

SPI-12 May 2007–Feb 2010 − 80.85 − 1.53 − 2.76

SPEI-4 Oct 2010–Jun 2012 − 31.02 − 1.48 − 2.38

SPEI-12 Apr 2011–Jan 2017 − 86.83 − 1.21 − 1.98

Fig. 6 Spatial patterns of the changing trend of seasonal drought severity based on the SPI-04 and SPEI-04 time-series detected by the Mann–
Kendall test. The solid downward red triangle denotes the increasing trend of dryness((SS) Statistically Significant at the 95% confidence level), 
the red hallow downward triangle denotes ((NS) Not-Significant) increasing trend of dryness, and the green hallow upward triangle denotes ((NS) 
Not-Significant) increasing trend of wetness
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depicted a significant increasing drought trend for SPI-4 
and SPEI-4.

The Bega (ONDJ) is the second rainy season for the 
southern part of OGRB. For SPI-4 of Bega season, Buta-
jira, Jinka, Morka, and Yayaotona stations illustrated 
decreasing drying events. In comparison, the rest of 70% 
of stations in the basin showed a drying tendency. In the 
Bega season (SPEI-4), except Jinka and Sawla station, 84% 
of the stations showed an increasing trend of drought 
events. However, a significant increase in drought was 
observed in Gibe Farm and Sawla station for SPEI-4.

Figure  7 shows the annual drought trend test in the 
basin. Accordingly, in the annual drought trend evalu-
ation for the SPI-12, a significant increasing trend was 
observed at Ambo and Sawla stations. For SPEI-12, a 
significant increase in drought tendency was observed 
in Ambo, Bonga, Jimma, Sawla, and Wolkite stations. 
The result of the trend analysis for SPI/SPEI-12 depicts 

the increase of drought events in the entire basin. This 
annual drought affects almost all the determinants of the 
hydrological cycle in the area.

Teleconnection of drought indices with global climate 
variability
The base of all types of droughts originates from the 
deficiency in precipitation that is derived by global sea 
surface temperature (Ionita et al. 2012). This study inves-
tigated the association of global climate anomalies on 
the frequency of drought events in the basin (Fig. 8). The 
Belg and Kirmet seasonal indices (SPI04/SPEI04) were 
taken to represent the two main rainy seasons in the 
basin. Accordingly, Fig. 8 shows a negative link between 
Nino3.4 and seasonal drought indices. The higher corre-
lations (r = − 0.43 to − 0.51) of NINO3.4 with Belg and 
kirmet season drought incidences were exhibited. The 
result indicates that NINO3.4 intensifies the seasonal 

Fig. 7 Spatial patterns of the changing trend of seasonal drought severity based on the SPI-12 and SPEI-12 time-series detected by the Mann–
Kendall trend test. The solid downward red triangle denotes the increasing dryness trend Statistically Significant (SS) at the 95% confidence level. 
The red hallow downward triangle denotes Not-Significant (NS) increasing dryness

Fig. 8 Teleconnections of seasonal and annual drought indices (SPI/SPE) with global climate indices
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drought in the basin. The NINO3.4 also has a consider-
able negative correlation with annual drought SPEI12. 
The SOI has a pronounced positive/negative correlation 
with seasonal and annual drought indices. Mainly, SOI 
observed a significant negative correlation (r = − 0.44) 
with Belg (SPI04) season drought occurrence in the basin. 
The association between SOI and the Kirmet (SPI04/
SPEI04) was positive, indicating its influence on drought 
reduction in the area. The teleconnection between sea-
sonal and annual drought incidences with DOI was posi-
tive/negative (Fig. 7). The DOI was supplied Belg season 
rainfall and significantly influenced the intensification of 
annual drought (SPEI12). Mainly, the NINO3.4 and SOI 
intensify the Belg season drought occurrence in the area. 
The NINO3.4 and DOI have a significant negative corre-
lation (r = − 0.4 and − 0.53) with annual drought indices 
(SPEI12) that depicted the influence of the two indices on 
the intensification of annual drought occurrence (Fig. 8).

Discussion
In this study, the analysis of meteorological data evalu-
ation depicts the variability of rainfall and temperature 
trend during the study period. The trend test of rainfall 
shows high variability and the insignificant decreas-
ing trend of mean annual and seasonal rainfall except 
for the Belg season in the basin. A significant change 
point of mean Belg rainfall was observed in 1996. On 
the other hand, the mean annual and seasonal tempera-
ture increased significantly in the basin during the study 
period. The significant changing point of mean Belg, 
Kirmet, Bega season, and annual temperature exhibited 
in 1996, 1996, 2000, and 1999, respectively. This find-
ing is in agreement with Funk et  al. (2005), Getachew 
Alem (2018), who reported an increase in tempera-
ture and decreasing rainfall trend in Ethiopia’s southern 
and southwestern regions. In line with these findings, 
Esayas et al. (2018) also reported that the trend of warm 
extremes was increasing in southwestern Ethiopia, which 
implies the significant warming of the area. Thus, these 
meteorological extremes intensify hydrological hazards 
(drought) and cause several destructions in different 
sectors.

According to the studies done by Meza (2013), the SPEI 
is crucial for recognizing the role of temperature or global 
warming on drought conditions better than SPI. There-
fore, in addition to the SPI, the SPEI indices were used 
to analyze the drought characteristics in the basin. The 
temporal and spatial increase of drought was observed 
predominantly from 1999 to 2016. The most prolonged 
duration of drought events is shown in 2000, 2002, and 
2003. For SPEI-12, the most prolonged severe duration of 
drought events was exhibited from 2000 to 2016.

The distribution of drought characteristics found in 
the basin was complex and had noticeable spatial and 
temporal variations. The overall result indicates that the 
prolonged drought duration and severe intensities of 
drought events were recorded in the southern parts and 
decreased towards the northern parts of the basin. How-
ever, a considerable amount of the drought frequency 
and drought magnitude and intensity have been observed 
in the central and northern part of the basin, which 
previously had no record of drought incidences. This 
occurrence of drought incidences in the upper streams 
(northern and central parts) affects the agricultural and 
hydropower production as well as irrigation activities 
done in the downstream or low lands (pastoral area) of 
OGRB (Amsalu and Adem 2009). Notably, this lowland 
part of the basin receives very less annual rainfall. Simi-
larly, FAO (2017) pointed out that the drought of 2011 
and 2016 devastated Ethiopia’s pastoral and agropastoral 
livelihoods.

The seasonal drought trend analysis depicted a signifi-
cant increase in the seasonal drought risk in most basin 
parts, mainly in the Belg (FMAM) season. This result was 
considered problematic because the Belg season  is typi-
cally wet season for the two rainfall regimes. In addition, 
the basin’s southern part relies strongly on the Belg sea-
son rainfall (Viste et  al. 2013). In this season, a signifi-
cant increasing trend of drought frequency was observed 
at more than 53% of stations in the basin. The seasonal 
trend analysis of drought depicts an increasing trend of 
drought events in the Kiremt (JJAS) season almost in all 
stations except at Gibe Farm and Morka stations. During 
the Bega (ONDJ) season, a significant increasing trend of 
drought frequency is observed in the southern sub-basin. 
Even if the Bega season is the driest season for the central 
and northern parts of the basin, the smallest amount of 
rain obtained in the Bega is very important for prepar-
ing farming land with limited soil moisture. Nevertheless, 
the drought occurrence in the Bega season has impacted 
the agricultural and mainly pastoral activities in the low 
land parts of the basin.

These increasing seasonal drought trends in the OGRB 
agreed with the study done by Seleshi and Camberlin 
(2006), who found that the decline of seasonal rainfall 
caused food shortages in the area. However, the results 
of this study contradict the previous study of Degefu and 
Bewket (2014) that reported the reviving of rainfall in the 
basin during the last two decades. The annual drought 
trend test for SPI-12 and SPEI-12 showed the increasing 
trend of drought events in all basin parts. The increasing 
trend of the annual drought was more significant in SPEI 
than SPI. It is also possible in the case of the region’s sig-
nificantly increased temperature and evapotranspiration. 
The increasing drought incidences in several parts of the 
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world are mainly linked to the lack of precipitation, air 
temperature rise, and atmospheric evapotranspiration 
demand (Mohammed et al. 2020). Therefore, this incre-
ment of annual drought incidence causes water stress 
for the basin’s hydropower production and irrigation 
activities.

The teleconnection analysis results depict the seasonal 
and annual drought in the basin driven by global cli-
mate indices. The variability of Belg and Kirmet season 
droughts in the OGRB was highly correlated with global 
climate indices such as NINO3.4 and SOI. Remarkably, 
the seasonal intensification of drought in this study area 
was triggered by the NINO3.4 and SOI. This finding is 
concise with Tesfamariam et  al. (2019), Woldegebrael 
et al. (2020), who reported that the frequent extreme inci-
dence in the spring and summer seasons could be mainly 
linked in Ethiopia Nino3.4 anomalies. Getachew Alem 
(2018) also reported that the recent El Niño-induced 
drought of 2015/2016 has led to severe impact in lowland 
pastoralist areas of the country, including this basin.

The most important finding that the current study 
highlights are the intensification of severe and extreme 
drought events, including the wettest regions found in 
the northern and central parts of OGRB. The study iden-
tified global signals that influenced the drought intensi-
fication in the area. Remarkably, the drought occurrence 
in northern and central parts has a significant adverse 
effect on the water availability downstream, where mas-
sive hydropower and irrigation dams are found. Overall, 
increasing the frequency and intensity of agricultural and 
annual drought events in the entire basin is an alarming 
event to think over. Therefore, this finding may allow for 
better planning of the efficient use of water resources and 
hydropower and agricultural production in the entire 
basin.

Conclusion
This study evaluated the spatiotemporal characteristics 
and trends of drought in OGRB using SPI and SPEI in 
4- and 12-months timescales from 1981 to 2017. It exam-
ined the drought characteristics in this particular basin in 
terms of duration, frequency, intensity, and spatial extent. 
This study applied Ethiopia’s four months seasonal divi-
sion (Belg, Kirmet, and Beg), which depicts the country’s 
regional rainfall patterns. Hence the results would be 
helpful to the local scale applicability of drought indi-
ces. Compared to SPI, SPEI captured a higher number 
of moderate and severe drought events. Erratic rainfall, 
consistent rising temperature, and increasing potential 
evapotranspiration made the basin experience severe 
drought conditions. A statistically significant increase 
in severe and extreme drought events in the basin was 
observed over the last seventeen years (1999–2016). The 

distribution of drought characteristics has high spatial 
and temporal variation. Even the wettest parts of the 
basin (the northern and central parts) also experienced 
severe drought events during the study period. This spa-
tiotemporal characteristic and trend analysis of drought 
provide better insight into the higher frequency, intensity, 
and increasing drought tendency in OGRB. Apart from 
other local factors, the study found that Niño3.4, SOI, 
and DMI have a functional influence on drought occur-
rence in the area. The strongest negative correlations 
were observed between Niño3.4 and seasonal drought 
(Belg and Kirmet) that influenced the intensification of 
drought in the area. Therefore, the result of the study 
provides valuable information on regional drought fre-
quency, severity, intensity, trend, and the global driver’s 
influence on drought occurrence in the OGRB. The study 
plays a significant role in developing drought mitigation 
plans and water resource management systems.

Limitations of the methodology and the need 
for future research
A lack of literature on drought in the area makes com-
parative analysis more challenging. To apply more 
drought indices in the study is difficult because the 
only data obtained from NMA were rainfall and tem-
perature, and it is impossible to get other data such as 
the streamflow and other climate variables. Therefore, 
future drought analysis in the basin must consider 
other indices to elaborate the basin’s drought character-
istics in terms of other hydroclimate variables.
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