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Abstract: Precipitation over the Upper Blue Nile Basin in
Ethiopia contributes with 85% of the Nile river which provides
93% of Egypt’s conventional water resources. This study aims at
assessing the meteorological drought in different locationsin the
Upper Blue Nile Basin and their relationship with the
hydrological drought of Nile river in Egypt. The metrological
drought was calculated by the Standard Precipitation Index (SPI)
at five stations inside and close to the Upper Blue Nile Basin in
Ethiopia, whereas the hydrological drought was calculated by the
Streamflow Drought Index (SDI) at Dongola station at Nasser
lake entrance. Both indices were calculated using the Drought
Indices Calculator (DrinC) software. The selected study period
was from 1973 to 2017 based on the availability of recorded data
for meteorological stations in Ethiopia, and the streamflow for
Dongola station. The data was categorized for each station by
considering time periods of 1, 3, 6, 9, and 12 months based on
their homogeneity. The correlation between SPI and SDI was
evaluated using the Pearson correlation coefficient. The results
showed a correlation between SPI for the five stations in the
Upper Blue Nile Basin and SDI for Dongola station, where Gore
station represented the highest frequency of significance at
different time scales especially at the 3-months’ scale. The results
confirm the relationship between SPI at Gore Station and SDI at
Dongola Station, which means that the hydrological drought in
Egypt is highly affected by the meteorological drought in the area
surrounding Gore station. The paper recommends improving
techniques for monitoring and overseeing drought hazards and
assessing more meteorological stations to accurately predict
climate change variationsin Upper Blue Nile Basin and its effect
on Egypt’s water resources.
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. INTRODUCTION

Ethiopia has a diverse climate ranging from semi-arid desert
typein thelowlandsto humid and warm typein the southwest.
Precipitation over the Upper Blue Nile Basin in the western
part of Ethiopia contributeswith 85% of the Nile river. Egypt
is as an arid country that depends on the Nile river which
provides 93% of the country’s conventional water resources
(Omar, Moussa, 2016). The precipitation declinein the Upper
Blue Nile Basin causes meteorologica droughts, which
subsequently cause hydrological droughts in the Nile river
(Alrajoulaet al., 2016). Drought indices are the most common
methodsto eval uate the severity of drought. There are several
indices that assess meteorological droughts. In order to
achieve accurate assessment of drought, the proper
meteorological drought index should be selected for each
region. Haied et a., (2017) compared the standardized
precipitation index (SPI) with the Reconnaissance Drought
Index (RDI) in Wadi Djelfa-Hadjia sub-basin, Algeria, and
showed agood correlation at different time scales. Al Timimi,
Osama (2016) compared four meteorological drought indices
including the SPI, RDI, the Precipitation Declines Index
(PDI) and Rainfall Anomaly Index (RAI) in Irag. The study
showed strong positive linear correlations between al
drought indices, however, the strongest correlation was found
between SPI and RDI. Muumbi et al., (2017) used SPI and the
Standardized Precipitation Evapotranspiration Index (SPEI)
to identify meteorological droughts in Upper Kafue River
Basin, Southern Africa, where both showed similar results.
Pathak, Dodamani, (2019) compared the SPI, RDI and SPEI
in the Ghataprabha river basin in India and showed that SPEI
did not harmonize with RDI and SPI indices at any timescale
of the study period. The study aso recommended to consider
SPI in humid regions. Jamshidi et al, (2012) compared RDI
and SPI on 41 synoptic stations placed in different parts of
Iran with more than 30 years of data. The results showed that
both indices behave in the same manner, but RDI isthe proper
drought index for Iran since it is a semi-arid region. From
previous literature, it is clear that the SPI is the most proper
index for assessing the meteorological drought in humid
regions. It aso showed a good correlation with al other
drought indices except for the SPEI. Moreover, the SPI is
distinct among other indicesthat it can determine and monitor
drought at different time scales from 1 to 24 months (Boudad
et a., 2018, Haied et d ., 2017,
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Vicenteet a., 2010). Hence, the current study utilized the SPI
inthe Upper Blue Nile Basinin Ethiopia as a humid region at
different time scales.

As for assessment of hydrological drought, the Streamflow
Drought Index (SDI) and Standardized Runoff Index (SRI)
are the most common indices worldwide.

They showed good correlation based on monthly observed
streamflow volumes at different time scales (Boudad et a.,
2018, Tsakiriset al., 2013, Pathak, Dodamani 2016). M uumbi
et al., 2017 used the SRI toillustrate hydrological droughtsin
Upper Kafue River Basin of Zambia from 1984 to 2013.
Ozcan et al., 2019 used the SDI to determine the highest and
lowest period of hydrological drought of Baykan Station in
the Tigris Basin, Turkey in the period 1955 — 2016 for time
scales of 1, 3, 6 and 12 months. Akbari et a., 2015 assessed
the hydrological drought in Chenar Rahdar river, southern
Iran over the period 1974 - 2013 for time scales of 3, 6, 9, and
12 months. The results confirmed the capability of SDI to
capture the mgjor droughtsin Chenar Rahdar river.

Egypt is unique among nations in terms of its dependence
on one determinant water resource. The water deficit, high
population growth, and uncertainty of climate change impacts
represent the most forbidding obstacles against the
sustainable development. Nevertheless, to the authors’
knowledge, there are no studies focusing on the impacts of
meteorological droughts at different locations in the Upper
Blue Basin on the hydrological droughts of Nile river in
Egypt. Therefore, the current research objectives are: i) to
assess the meteorological drought over the Upper Blue Nile
Basin in Ethiopia using the SPI, ii) to assess the hydrological
drought of the Nileriver at Dongolastation using the SDI, and
iii) to find the correlation between both droughts and
determine the locations that have the most significant effect.

Il. METHODOLOGY

A. Study Area

The study area is in Ethiopia specifically the Upper Blue
Nile Basin. Ethiopiais situated between 3° to 15° N latitude
and 33° to 48° E longitude, with a total area of 1.13 million
km2. The region is characterized by highly irregular
topography in the central and northern highlands, and the
lowland of therift valley plain with elevation that ranges from
-125 m at the Denakil Depression to 4620 m at Ras Dejen.
The temperature varies from north to south and it increases to
the southeast region and decrease to the central part. The
southwest of the country is characterized by the maximum
precipitation, while the southeast has the minimum
precipitation (Dawit, 2010, Romilly and Gebremichadl,
2011). Ethiopia hasthree seasons of rain; Kiremt isfrom June
to September, Bega is from October to January, and Belg is
from February to May. Ethiopia has a diverse climate due to
its equatorial positioning and the climate ranges from a
semi-arid desert in the lowlands to humid and warm in the
southwest. According to data availability, there are only five
meteorological stationsthat that are located inside or close to
the Upper Blue Nile Basin namely: Addis Ababa, Bahar Dar,
Debremarkos, Gondar and Gore stations (Figure 1).
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B. Data Collection

Thedataused in this study included monthly precipitation,
and minimum and maximum temperatures at the five
meteorological stations in Ethiopia, at streamflow data at
Dongola station, since this station is utilized to quantify the
water arriving Nasser lake. These values were used to
calculate the SPI and SDI indices. The period of study was
from 1973 to 2017, which has been chosen depending on the
availability of recorded datafor all stations.
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Fig 1. The Upper Blue Nile Basin in Ethiopia (Jarviset al.
2008), and the selected stations

C. Calculation of SPI and SDI indices

Drought can be measured and analyzed by different
indices. In this study, the SPI and SDI were used. The SPI is
progressively proper for observing drought in East African
sinceit is effectively adjusted to the local climate (Ntale and
Gan, 2003). The SPI can be computed for different time
scalesand isbased on the long-term precipitation record. This
long-term record is fitted to a probability distribution. SPI

was obtained by the following
equation.
hL. = Ry — MR,
LK 5;_- (1)

Ry - high cumulative rainfall for the basis period (k) relating
to (i) hydrological year

MAR; - the mean height of cumulative rainfall

5} - the standard deviation of cumulative rainfall

SDI was aso used to characterize the hydrological drought at
Dongola station, and was obtained by the following equation.
Vi — MV,

5;

K

SDI; =
2
Vi - volume flow for the basis period (k) relating to (i)
hydrological year

MV;, - the mean total volume flow

5} - the standard deviation of cumulative flow volume

In order to facilitate the process, Drought Indices
Calculator (DrinC) software was used in this study (Figure 2).
The software was developed at the National Technical
University of Athens (Tsakiris et
al., 2007).
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After calculating the SPI and SDI values, drought was

assessed and classified as shown in Table .

e DR -

Fig 2: The main interface of DrinC software
Tablel: Classification of drought (Hong et al., 2014)

Index values SPI or SDI Category
2.00 or more Extremely wet
1.50t01.99 Severely wet
1.00to0 1.49 Moderately wet
0t00.99 Normal conditions- wet
0t0-0.99 Normal conditions— dry
-1.00t0-1.49 M oderate Drought
-1.50t0-1.99 Severe Drought
-2 0or less Extreme Drought

D. Correlation between SPI and SDI

The relationship between meteorological drought at
different locations in the Upper Blue Nile Basin and
hydrological drought of Nile river flow at Dongola station,
Pearson correlation coefficient was calculated between SPI
and SDI at different time scales for 1, 3, 6 and 12 months.
Pearson correlation coefficient was used to measure the
degree or strength of relationship. Its values are in the range
from -1 to O to +1. If r is close to O, it means there is no
relationship between variables. A positive correlation
coefficient indicates a direct relationship between the
variables. A negative correlation indicates an inverse
relationship between the two variables.

I11. RESULTSAND DISCUSSION

A. Evaluation of SPI in Ethiopia

The calculation of SPI valuesin this study aimed firstly at
assessing the meteorological drought over the entire country
of Ethiopia. Then, it aimed at finding the correlation between
meteorological drought at different locations in the Upper
Blue Nile Basin in Ethiopia and the hydrologica drought of
Nile river. After calculation of SPI values, Figure (3) shows
the SPI distribution over Ethiopia. It was noticed that Kirmet
is the main rainy season for most of the country, in which
extremely heavy precipitation falls except for the south and
south-eastern parts. Belg isthe main rainy season for the south
and south-eastern. This was in agreement with Dawit, (2010)
and Shang et al., (2011).
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Fig 3: thedistribution of SPI valuesin Ethiopia

B. Correlation between SPI in Ethiopia and SDI in
Egypt

Figure 4 shows the monthly SDI and SPI, and Figure 5
shows the annual SDI and SPI and their trend during the
period from 1973 t0 2017. A number of hydrological droughts
were noticed, where the most extreme drought took place
during the period from 2002-2004. On the other hand, fewer
meteorological droughts were noticed during these periods. It
was also noticed that the values of SPI at Gore station and SDI
at Dongola station indicate droughts in the same periods of
time. Among the five stations, Gore station was the most
correlated station with Dongola station with asquared R value
of 0.491.

Figure 6 shows the percentage of drought occurrences of
monthly SDI for Dongola and monthly SPI for the five
selected stations which is indicative of the correlation
between the meteorological drought in stations of Ethiopia
and the hydrological drought in Egypt. It is obvious that
Addis Ababa, Debremarcos and Gore have the largest
percentage of meteorological drought, and Dongola has
amost the same val ue of the hydrological drought percentage
aswell.
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Fig 4: Monthly SPI for stationsin Upper Blue Nile
Basin and SDI for Dongola
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Fig 6: The drought percentage of SDI at Dongola
station and SPI at the five stations (%)
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The Pearson correlation coefficient between SPI values at

: Gore station and SDI at Dongola station for 1, 3, 6, 9, 12

months are presented in Tables II, IlI, 1V, V and VI. The
frequency of satistical significance corrélation at 0.01 and
0.05 levels is marked with yellow color. It is clear that the
highest significance isfound at the 3-months’ scale, followed
by the 6-months’ scale, the 1-month scale, and |east frequently
at the 9-months’ scale. While, no significance isfound at the
12-months’ scale.

The results confirm the relationship between SPI at Gore
Station and SDI at Dongola Station, which means that the
hydrological drought in Egypt is highly affected by the
meteorological drought in the area surrounding Gore station.

Tablell. The Pearson correlation coefficients correlogram
between SDI at Dongola station and SPI at Gore station at
one-month time scale

5 A RIS IS )
P F P EL TS S PR
Oct | 0.19 |-0.13|-0.14| 0.08 | 0.14 0.07 | 0.32| 0.02 [-0.15|-0.07| 0.07
Nov 0.26 |-0.10| 0.13 | 0.26

031 0.24 | 0.35
Dec| 0.27]025| 0.08| 0.25| 0.27 0.29 | 0.32 | 0.38

Jan | 0.28] 0.26 [ 0.37 | 0.34| 0.24| 0.26 | 0.24 0.37 0.47
Feb | 033 0.17 | 0.22 | 0.27 | 0.05| 0.16 | 0.29 0.23] 0.31 0.22
Mar | 0.30|-0.04]| 0.03| 0.04 |-0.15|-0.17 0.19| 0.30| 0.12]0.02| 0.05|-0.11
Apr | 027]0.03| 005|012 0.06|-0.11| 0.13 0.37] 0.16| 0.21 | 0.35

May|-0.22|-0.18{-0.01|-0.01|-0.17|-0.17| 0.03 | 0.20 | -0.09|-0.15|-0.18|-0.16

Jun [-0.20|-0.28|-0.26|-0.25|-0.22| -0.09| -0.03| -0.11| -0.15|-0.83
Jul [-0.08| 0.12 | 0.08 | 0.07 | 0.00 |-0.13|-0.26|-0.05|-0.20|-0.20|-0.12|-0.24

Aug|-0.06|-0.10|-0.09|-0.07| 0.01 |-0.82 -0.04| 0.12 | -0.08| -0.24|-0.82 -0.07

Sep [-0.02|-0.11|-0.26|-0.01| 0.15 | -0.25|-0.05| 0.13 | -0.23|-0.22|-0.22| -0.04
SPI monthly Gore

Correlation is significant at the 0.01 level

SDI Dongola

Correlation is significant at the 0.05 level

Tablelll. The Pearson correlation coefficients
correlogram between SDI at Dongola station and SPI

at Gore station at three-month time scale

& & & @"’ & N QG S
Oé"0 e@) O&Q 379@ Q@ é VQ‘D v@ s\’«v W v"q Oﬁﬁ
Oct-Dec | 0.27 | 0.01 | 0.06 |-0.01| 0.14 025]007|007 (011|014
Nov-Jan 030|030 025 | 036 038
Dec-Feb 035
Jan-Mar 033] 030 023 | 031 037 | 028
Feb-Apr 019|015 | 005 | 018 036032 022 | 013
Mar-May| 0.14 [-0.03]-0.05]-0.16] 0.00 | 0:34] 031 | 0.20 | 0.06 | 0.01 [-0.05]-0.07
Apr-Jun |-0.201-0.34|-0.34| -0.27|-0.07| 0.12 | 0.05 | -0.13|-0.31 -0.32|-0.27
May-dul | -0.28]-0.25 [-0.31=0:30] -0.25 | -0.13] -0.20 [~0.:36 -0.36]-031
Jun-Aug | 016023 -0.24 ] -0.20] 0.24] -0.09 | -0.12| -0.26 -0.37[-0.30
Jul-Sep |-0.11)-0.18|-0.15|-0.20|-0.18 | -0.04 | -0.09| -0.20|-.334 |-.300 | -0.29 | -0.23
Aug-Oct |-0.04]-0.22]-021|-021]-0.18] 0.02 | -0.02]-0.10|-0.25 | -0.21 | -0.26 | -0.18
Sep-Nov | 0.03 |-0.14]-0.17|-0.12|-0.11]| 0.12 | 0.06 | 0.04 |-0.13|-0.09|-0.10| 0.02

SIP3 Gore

Correlation is significant at the 0.01 level

% Correlation is significant at the 0.05 level

SDI3 Dongola
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TablelV. The Pearson correlation coefficients

correlogram between SDI at Dongola station and SPI at Gore

station at six-month time scale

SR N S N I A A 4
Q

¢ & F F & RN °¢° $
Oct-Mar| 0.29 | 0.21 034 | 031 | 032 | 031 | 022 | 020 | 0.21 | 0.21
Nov-Apr 0.37 0.36
Dec-May| 0.32 | 0.30 031 | 028 | 027 | 0.23

@ Jan-dun| 006 | 0.08 | 081 | 024 | 017 | 042 | 0.09 | 0.07 | -0.01 | -0.06 | 0.07 | -0.08
S Febaul | 013 | 014 | 005 | -003 | 013 | 018 | 022 | -016 | -023 | -0.27 | 026 | -0.25
& Mar-Aug 021 | 024 | -006 | 012 | -022 [ 080 | -0.29 | -080 | 036 - 037 | 031 |
Apr-Sep| -0.20 | -0.22 | 004 | 043 | -0.22 | -0.29 | -0.27 | 028 | 0.34 | -0.35 [ -0.82 | -0.26
© \ay-0c] 015 | 024 | 0.06 | 011 | 018 | 025 | 022 | 026 | 032 | 033 | -081 | -022
83un-Nov 042 | -0.21 | -0.02 | -0.07 | -0.13 | -0.20 | -0.18 | 020 | 0.26 | 027 | -0.25 | -0.16
Ju-Dec| -0.06 | -0.16 | 0.03 | -0.02 | -0.07 | 013 | 010 | -0.12 | -0.18 | -0.18 | -0.17 | -0.08
Aug-dan| -0.03 | 011 | 011 | 0.05 | 001 | -0.07 | -0.03 | 006 | -0.02 | -0.12 | 012 | -0.02
Sep-Feb| 0.07 | 0.00 | 023 | 047 | 0.5 | 0.08 | 041 | 012 | 0.06 | 0.06 | 005 | 0.5
SIP6 Gore

Correlation is significant at the 0.01 level

% Correlation is significant at the 0.05 level

Table V. The Pearson correlation coefficients
correlogram between SDI at Dongola station and SPI at

Gore station at nine-month time scale
I AR A A A SR AR S
& & & ¢ ¢ @ Foy @ g
Oct-Jun| 0.37 | 023 | 019 | 018 | 020 | 0.19 | 021 | 018 | 0.10 | 0.04 | 0.08 | 0.4
Nov-Jul| 032 | 020 | 015 | 012 | 0.18 | 0.18 | 019 | 017 | 0.09 | 0.04 | 0.10 | 0.13
@ Dec-Aug| 0.04 | -0.08 | -0.14 | -0.15 | -0.15 | -0.15 | -0.14 | -0.15 | -0.22 | -0.26 | -0.19 | -0.10
g Jan-Sep| -0.06 | -0.17 | -0.22 | -0.22 | -0.22 | -0.23 | -0.21 | -0.22 | -0.28 | -0.30 | -0.24 | -0.15
S Feb-Oct| -0.05 | -0.15 | -0.22 | -0.20 | -0.23 | -0.23 | -0.22 | -0.23 | -0.29 | -0.31 | -0.26 | -0.13
& Mar-Nov| -0.03 | -0.12 | -0.19 | -0.17 | -0.20 | -0.20 | -0.18 | -0.19 | -0.25 | -0.27 | -0.23 | -0.08
T Apr-Dec| 0.00 | -0.09 | -0.16 | -0.14 | -0.16 | -0.16 | -0.15 | -0.15 | -0.21 | -0.24 | -0.19 | -0.04
9) May-Jan| 0.01 | -0.07 | -0.14 | 012 | -0.14 | -0.14 | 013 | -0.13 | -0.19 | 021 | -0.17 | -0.01
Jun-Feb| 0.04 | -0.04 | -0.11 | -0.09 | -0.11 | -0.11 | -0.10 | -0.10 | -0.15 | -0.17 | -0.14 | 0.02
Jul-Mar| 0.07 | 0.00 | -0.07 | -0.05 | -0.06 | -0.06 | -0.05 | -0.04 | -0.10 | -0.11 | -0.07 | 0.08
Aug-Apr| 0.11 | 0.04 | -0.02 | 0.00 | -0.02 | -0.02 | 0.00 | 0.00 | -0.06 | -0.07 | -0.04 | 0.13
Sep-May| 021 | 015 | 0.09 | 011 | 012 | 012 | 013 | 0.14 | 0.07 | 0.06 | 0.08 | 0.26
SPI9 Gore

: Correlation is significant at the 0.01 level
% Correlation is significant at the 0.05 level

Table VI. The Pearson correlation coefficients
correlogram between SDI at Dongola station and SPI at
Gore station at twelve-month time scale

N A A R R I

. ¢ R IR
&8 F e Sy A

Oct-Sep| -0.08 | -0.11 | -0.10 | -0.10 | -0.10 | -0.11 | -0.10 | -0.09 | -0.13 | -0.15 | -0.15 | -0.13

Nov-Oct| -0.05 | -0.11 | -0.11 | -0.11 | -0.11 | -0.11 | -0.10 | -0.09 | -0.11 | -0.13 | -0.16 | -0.14

Dec-Nov| -0.07 | -0.12 | -0.12 | -0.12 | -0.11 | -0.12 | -0.11 | -0.09 | -0.11 | -0.12 | -0.15 | -0.13

Jan-Dec| -006 | -0.11 | -0.11 | -0.11 | -0.11 | -0.11 | -0.11 | -0.09 | -0.10 | -0.11 | -0.14 | -0.13

Feb-Jan| -0.06 | -0.11 | -0.11 | -0.11 | -0.10 | -0.11 | -0.10 | -0.08 | -0.09 | -0.11 | -0.14 | -0.12

Mar-Feb| -0.05 | -0.10 | -0.10 | -0.10 | -0.10 | -0.10 | -0.09 | -0.07 | -0.08 | -0.10 | -0.13 | -0.11

Apr-Mar| -0.05 | -0.10 | -0.10 | -0.09 | -0.09 | -0.09 | -0.09 | -0.07 | -0.07 | -0.09 | -0.12 | -0.10

May-Apr| -0.06 | -0.10 | 0.09 | -0.09 | -0.09 | -0.09 | -0.09 | -0.07 | -0.07 | -0.08 | -0.11 | -0.10

SDI 12 Dongola

Jun-May| -0.05 | -0.09 | -0.09 | -0.09 | -0.09 | -0.09 | -0.09 | -0.07 | -0.07 | -0.09 | -0.12 | -0.10

Jul-dun| -0.08 | -0.12 | -0.12 | -0.12 | -0.11 | -0.12 | -0.11 | -0.08 | -0.08 | -0.08 | -0.11 | -0.09

Aug-Jul| -0.10 | -0.14 | -0.14 | -013 | 013 | 013 | -0.12 | -0.10 | -0.09 | -0.09 | -0.12 | -0.09

Sep-Aug| -0.13 | -0.14 | -0.14 | -014 | -013 | -0.13 | -0.14 | -0.11 | -0.08 | -0.06 | -0.10 | -0.10

SPI 12 Gore
Correlation is significant at the 0.01 level

% Correlation is significant at the 0.05 level

IV. CONCLUSION

There are three seasons in Ethiopia for precipitation
distributions. Kiremt (JJAS) is the main rainy season from
June to September, Bega (ONDJ) is the dry season from
October to January, and Belg (FMAM) is the small rainy
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season from February to May. After analysis of monthly
values of SPI at five meteorological stations in the Upper
BlueNileBasin, it was noticed that the SDI at Dongolastation
is more affected by the drought at Bahar Dar, Debremarkos
and Gore. The values of SPI at Gore station indicates
droughts in periods that are common with SDI drought at
Dongola station. Pearson correlation coefficients between
each SPI and SDI intervalsin different timerangesfor 1, 3, 6,
9 and 12 months show some significant correlations at 5% and
1% level of significance. The frequency of statistical
significance correlation is moderate at the monthly scale,
where it reachesits maximum at the 3 months’ scale, followed
by the 6 months’ scale, and less frequently at the 9 months’
scale. While, no significance was found at the 12 months’
scale. SPI at Gore station represents the highest frequency of
significance with SDI at Dongola station in different time
scales, confirming the relationship between SPI for Gore
Station and SDI for Dongola station. The rapid population
growth in Africaexpanding the water demand for water adds a
high significance to drought assessment, Hence, it’s necessary
to improve techniques for monitoring drought hazards in
precipitation zones in East Africa and assess more
meteorological stations to accurately predict climate change
variations with alevel of confidence.
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