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Temporal and spatial analysis of meteorological drought
characteristics in the upper Blue Nile river region
Mosaad Khadr

ABSTRACT
Drought is a costly natural hazard affecting socio-economic activity and agricultural livelihoods, as
well as adversely impacting public health and threatening the sustainability of many natural
environments. This study was carried out to characterize the temporal and spatial characteristics of
meteorological drought in the upper Blue Nile basin to provide a framework for sustainable water
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resources management. Analysis of historical droughts was undertaken by converting observed
monthly precipitation records (1960–2008), for 22 meteorological stations, to the standardized
precipitation index (SPI). The SPI was computed at multiple time steps and the Mann–Kendall test
was applied on monthly SPI time series for trend detection, and ﬁnally severity areal extent
frequency (SAF) curves were developed to assess the recurrence pattern of drought severity. Several
drought events were observed during the long rainy season and also the short rainy season, and the
drought extent and inﬂuence were very severe in 1965 and the 1980s. Trend analysis showed
statistically insigniﬁcant trends in SPI time series, and SAF curves indicated that droughts with a
short return period and high degree will cover only small areas of the basin, while only a near-normal
drought with a long return period may spread over the whole region.
Key words
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INTRODUCTION
Drought is one of the most damaging climate-related

(Tiwari et al. ; Wilhite et al. ). Different types of

hazards, and has been a major concern of mankind for cen-

drought are identiﬁed in a practical sense, as drought differs

turies (Sivakumar et al. ; IPCC ). It can affect large

between regions and its impacts vary signiﬁcantly because of

areas and may have serious impacts which depend on the

differences in economic, social, and environmental charac-

severity, duration, and spatial extent of the precipitation def-

teristics (Svoboda ; WMO ). All types of drought

icit (European Commission ). Drought impacts are non-

originate from a deﬁciency of precipitation, although other

structural and spread over a larger geographical area than

factors such as high winds, high temperatures, and low rela-

the damages that result from other natural hazards (Belay-

tive humidity may exacerbate the drought’s severity (Mishra

neh ). Quantifying the impacts and providing disaster

& Singh ). The main purpose of any drought monitoring

relief are far more difﬁcult tasks for drought than for other

system is to identify various drought indices to provide infor-

natural hazards since these impacts can ﬁlter through envir-

mation to resources managers and system operators

onmentally, socially and economically for months, years

(Keyantash & Dracup ; Valipour ). Several drought

and even decades (Wilhite ; Bordi & Sutera ;

indices are used in drought assessment and monitoring

Edossa et al. ). It is difﬁcult to determine the onset

based on rainfall data (NDMC ; Hayes ; Wilhite

and end of drought, therefore scientists and policy makers

et al. ). The most commonly used drought indices as

often disagree on the basis for declaring an end to drought

reported in Wilhite () and Valipour (a, b) are
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the Palmer drought severity index (PDSI) (Palmer ),

Blue Nile river basin (UBNRB). The UBNRB study area is

crop moisture index, standardized precipitation index

located in the western part of Ethiopia, between 7 450 and

(SPI) (McKee et al. ) and surface water supply index

12 450 N and 34 050 and 39 450 E, and comprises 17% of

(Shafer & Dezman ). In this study, drought vulnerability

the area of Ethiopia (176,000 km2 out of 1,100,000 km2).

in the upper Blue Nile river basin was investigated using the

Figure 1 shows that the altitude of the UBNRB ranges from

SPI, a meteorological index developed by McKee et al.

511 to 4,052 m and the Blue Nile and its tributaries have a

(). The advantage of this index is that it identiﬁes emer-

general slope towards the northwest, however the slopes

ging drought months sooner than the PDSI, and can be

are steeper in the east than in the west and northeast areas

computed at various timescales (NDMC ). This study

of the UBNRB. The average annual ﬂow of the Blue Nile at

aimed to address multi-nature aspects of drought with its

the Sudan-Ethiopian border is about 48,660 million m3,

several features; the frequency of drought occurrence and

which represents more than 40% of Ethiopia’s total surface

its spatial distribution to identify drought-prone areas; and

water resources (Conway ). Hence, the UBNRB rep-

drought vulnerability at multiple time steps, such as 3, 6,

resents a substantial water resource for Ethiopia and also

9, 12, and 24 months. The severity and the frequency of

for the downstream countries of Sudan and Egypt.

W

W

W

W

the monthly drought periods were analyzed next and ﬁnally,

Forty-nine years (January 1960–December 2008) of

the areal extent, the cumulative severity and the duration of

daily precipitation data from 22 meteorological stations

common drought periods were examined. To the best of our

in the upper Blue Nile basin were used in this study to

knowledge, the issue of water resources management in the

analyze drought events. The selected stations represent a

context of drought so far has not been addressed in the east-

good spatial coverage across the study region (Figure 1).

ern Nile basin in general as well as in Egypt in particular.

The average precipitation over the Blue Nile is 1,394 mm

Results presented in this paper are part of an ongoing

and is higher than the other sub-basin of the Nile basin

effort to develop a new integrated framework for water
resources management in the context of drought. Our
approach consists of the integration of qualitative modeling
for drought monitoring, drought forecasting (Khadr ), a
drought management plan, and a simulation model for the
operation of the Aswan High dam in Egypt (Khadr &
Schlenkhoff ). It is hoped that the proposed approach
and our ﬁndings obtained in this study are useful for further
research in the area of water resources management.

METHOD AND MATERIALS
Study region and data set
The Ethiopian highlands generate a discharge of 87% of the
total Nile ﬂow at the Aswan High dam in Egypt (Woodward
et al. ; Zaroug et al. ). The Blue Nile originates from
Lake Tana in the Ethiopian Highlands, at elevations of
2,000–3,000 m, and contributes about 60–69% of the main
Nile discharge (Abu-Zeid & Biswas ; Conway ).
The part of the watershed of the Blue Nile river basin
which is under the Ethiopian territory is named the upper
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Digital elevation model (DEM) of the UBNRB with locations of meteorological
stations.
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(Nour-El-Din ). The minimum and maximum values of

corresponding standard deviation, for the Bahir Dar station

the mean annual rainfall over the UBNRB, within the

on the southern shore of Lake Tana. About 80% of the

studied period, are 1,464 and 1,054 with an overall average

annual precipitation is received during the period of June

of 1,260 mm as shown in Figure 2. Locally, the climatic sea-

to September. The standard deviation ranges between 14%

sons are deﬁned as: the dry season (Bega) from October to

of the mean in wet months and 42% of the mean in dry

the end of February; the short rain period (Belg) from

months, which indicates inter-annual variability of the

March to May; and the long rainy period (Kiremt) from

monthly precipitation (Figure 3).

June to September, with the greatest rainfall occurring in
July and August. The rainfall distribution is highly variable
both spatially – decreasing from the southwest to the east
and northeast – and temporally, i.e. over the yearly seasons.
Figure 3 shows the mean monthly precipitation, and the

Methodology
The methodology presented in this paper and applied to
UBNRB consisted of calculation of the SPI values for multiple timescales, analysis of the temporal characteristics,
the spatial interpolation of SPI gauge data, the generation
of gridded SPI data, and trend analysis of SPI time series,
followed by the analysis of spatial characteristics of droughts
in the UBNRB for monthly and mean annual droughts and
multiple timescales.

The SPI
The SPI was chosen for this study because of its simplicity
and being based solely on the accessible precipitation data.
The SPI is based on an equi-probability transformation of
aggregated monthly precipitation into a standard normal
variable (McKee et al. ), and is recommended by the
World Meteorological Organization as a standard to characterize meteorological droughts (Dutra et al. ). McKee
et al. () assumed an aggregated precipitation Gamma
Figure 2

|

Mean annual precipitation (mm) over the upper Blue Nile river (1960–2008).

Figure 3

|

The monthly average precipitation along with the corresponding standard deviation for Bahir-Dar station.
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estimate the parameters of the distribution. In most cases,
the Gamma distribution is the distribution that best


SPI ¼ þ t 

models observed precipitation data. The density probability
function for the Gamma distribution is given by the
expression (Cacciamani et al. ):
g(x) ¼

x
1
xα1 e β , for x > 0
β α Γ(α)

(1)

where α≻0 is a shape parameter, β≻0 is a scale parameter
and x≻0 is the precipitation amount. Γ(α) is the Gamma
function and deﬁned by:
∞
ð

Γ(α) ¼

xα1 ex dx

c0 þ c1 t þ c2 t2
1 þ d1 t þ d2 t2 þ d3 t3
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for 0:5 < H(x) < 1

(6)

where
vﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
#ﬃ
u "
u
1
t ¼ tln
for 0 < H(x) < 0:5
(H(x))2

(7)

vﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
#
u "
u
1
t
t ¼ ln
for 0:5 < H(x) < 1
(1  H(x))2

(8)

(2)
where c0, c1, c2, d1, d2 and d3 are constants with the follow-

0

Computation of the SPI involves the ﬁtting of a Gamma
probability density function to a given frequency distribution
of precipitation totals for a station. The alpha and beta parameters of the Gamma probability density function are

ing values:
c0 ¼ 2:515517 c1 ¼ 0:802853 c2 ¼ 0:010328
d1 ¼ 1:432788 d2 ¼ 0:189269 d3 ¼ 0:001308

estimated for each station, for each timescale of interest
(1, 3, 12, 48 months, etc.) and for each month of the year.

Drought intensity classiﬁcation in various categories

After estimating the alpha and beta coefﬁcients the density

with different values of SPI is given in Table 1. Positive SPI

of probability function g(x) is integrated with respect to x

values indicate greater than median precipitation, and nega-

and we obtain an expression for cumulative probability G

tive values indicate less than median precipitation. In this

(x) that a certain amount of rain has been observed for a

study, the SPI program developed by the author (Khadr

given month and for a speciﬁc timescale:

) is used to compute the time series of drought indices
(SPI) for each station in the basin and for each month of

ðx

ðx
x
1
G(x) ¼ g(x)dx ¼ α
xα1 e β dx
β Γ(α)
0

(3)

the year at different timescales (3, 6, 9, 12 and 24 months).

0

The Gamma function is not deﬁned by x ¼ 0, and since

Mann-Kendall trend test

there may be no precipitation the cumulative probability
The nonparametric Mann–Kendall (MK) test, also known as

becomes:

Kendall’s τ au test or the MK trend test, is widely used to

H(x) ¼ q þ (1  q)G(x)

(4)
Table 1

where q is the probability of no precipitation. The cumulative probability

is then

transformed

into

a normal

standardized distribution with null average and unit variance, from which we obtain the SPI (Khadr et al. ).
The SPI is then deﬁned as:


SPI ¼  t 

c0 þ c1 t þ c2 t2
1 þ d1 t þ d2 t2 þ d3 t3


for 0 < H(x) < 0:5
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Weather classiﬁcation based on the SPI

SPI

Classiﬁcation

>2

Extremely wet

1.5 to 1.99

Very wet

1 to 1.49

Moderately wet

0.99 to –0.99

Near normal

–1 to –1.49

Moderately dry

1.5 to –1.99

Severely dry

–2 and less

Extremely dry
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evaluate trends in hydrological time series (Yue et al. ;

At the 99% signiﬁcance level, the null hypothesis of no

Blain ). The MK test was applied to all SPI time series

trend is rejected if jZMK j > 2:575; at the 95% signiﬁcance

to examine the trends in the SPI data series. The MK test

level, the null hypothesis of no trend is rejected if

is based on the test statistic S deﬁned as follows:

jZMK j > 1:96; and at 90% signiﬁcance level, the null hypothesis of no trend is rejected if jZMK j > 1:645.

n1
X

S¼

n
X

sgn(yi  yj )

(9)

i¼1 j¼iþ1

where yj are the sequential data values, n is the length of the
data set and

Temporal and spatial analysis of drought in UBNRB
The temporal and spatial characteristics of drought in
UBNRB were assessed by analyzing the SPI values. Firstly,
the temporal variation of SPI was assessed based on the

8
< 1
0
sgn(yi  yj ) ¼
:
1

SPI characteristics presented in Table 1, using the calculated

if (yi  yj ) > 0
if (yi  yj ) ¼ 0
if (yi  yj ) < 0

(10)

SPI from the time series of the monthly precipitation. The
magnitude of a considered drought event (DM), which is
the summation of negative SPI values, was also calculated

Mann () and Kendall () documented that when

at all stations. Secondly, the computed SPI values based

n  8, the statistic S is approximately normally distributed

on various timescales within the study period (January

with the mean and the variance as follows:

1960–December 2008) were entered into a geographical
information system (GIS) database. Then, the spatial charac-

E(S) ¼ 0

(11)

teristics of drought during these severe dry periods were
analyzed and visualized within the GIS. The spatial distri-

V(S) ¼

n(n  1)(2n þ 5) 

Pu

p¼1 tp (tp

 1)(2tp þ 5)

18

bution of the SPI was determined through spatial
(12)

interpolation techniques, using the inverse distance weighting (IDW) method to analyze the meteorological drought

where n ¼ number of data, tp ¼ the number of ties for the pth

with due emphasis to ungauged catchments. The IDW,

value (number of data in the pth group), u ¼ the number of

which is a deterministic method for multivariate interp-

tied values (number of groups with equal values/ties).

olation, relies on the theory that the unknown value of a

The standardized MK test statistic ZMK is computed by:

ZMK

8
S1
>
>
pﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ S > 0
>
>
>
< Var(s)
¼
0
S¼0
>
>
Sþ1
>
>
>
: pﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ S < 0
Var(s)

point is more inﬂuenced by closer points than by points
further away (Khadr & Schlenkhoff a). The SPI characteristics presented in Table 1 were used to generate drought
maps for the UBNRB using GIS.

(13)

Drought severity areal extent frequency (SAF) curves
were developed for the UBNRB using the computed gridded
monthly SPI values for various timescales. The probability

The standardized MK statistic Z follows the standard
normal distribution with mean of zero and variance
of one. The hypothesis that there is no trend will be rejected
if:

of annual drought occurrence for each year and in each
grid was estimated by dividing the number of months that
have a negative SPI value for the particular timescale by
12, then the annual weighted cumulative drought severity
in each grid was estimated by multiplying the annual sum

jZMK j > Z1∝=2

(14)

of the negative SPI values for a particular timescale by the
probability of drought occurrence for each year. The map
produced in the GIS was then used to obtain the drought

Z1∝=2 is the value read from a standard normal distri-

severity associated with the areal extent and to perform fre-

bution table, with α being the signiﬁcance level of the test.

quency analysis for each drought areal extent percentage to
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associate the drought severity with return periods, consider-

takes the annual minimum value (13.7%), and it is followed

ing an adequate probability distribution. In the end, the

by July (8.22%). The annual minimum SPI values for the 6-,

families of SAF curves corresponding to different return

9-, 12-, and 24-month time series for the period of analysis

periods were constructed by plotting area (in percent of

were mainly observed in June, May, August and June,

whole region) versus average SPI in each category.

respectively (Table 2).
Three-month SPI time series show extreme droughts in
1961, 1965, 1980, 1982, 1984, 1990, 1996, 1999, and 2002.

RESULTS AND DISCUSSION

The 1982, 1990 and 1999 droughts were very extreme and
had a substantial impact, especially on downstream

Temporal characteristics of the drought in UBNRB

countries (Figure 4(a)). Visual inspection of 6-, 9-, and 12month SPI time series indicated that drought was quite fre-

Daily precipitation records were converted to monthly

quent during the study period. Results show that for Bahir

values after the homogeneity of data was checked using

Dar station, the maximum negative SPI values for 3-, 6-,

the von Neumann ratio, standard normal homogeneity test

9-, 12-, and 24-month timescales were –2.69, –2.71, –2.77,

and the Range test (Peterson et al. ; Karabork et al.

–2.54 and –2.12, and these values were found in the

; Khadr ). The data sets of all the stations considered

years 1990, 1991, 1990, 1983 and 1983, respectively

in this study were found to be homogeneous. On the basis of

(Figure 4(a)–4(e)). Between June 1981 and April 1987,

monthly precipitation of 49 years covering 1960–2008, 22

Bahir Dar station was affected by the longest duration of

series of SPI for the UBNRB were calculated for multiple

drought event, which reached a minimum value of –2.54

timescales, using the monthly precipitation. Analysis of the

in April 1983 according to SPI12 series. Figure 4 also

computed SPI time series revealed the most severe and

shows that the main dry periods are identiﬁed clearly

extreme droughts occurred in the study area. Since it is vir-

using timescales larger than 6 months (9, 12 and 24

tually impossible to illustrate all results for all stations, we

months). As seen in Figure 5, the mean annual drought mag-

therefore primarily use the results from the Bahir Dar

nitude of each year for the study area indicates that several

station, which is situated on the southern shore of Lake

signiﬁcant droughts were identiﬁed within the study period,

Tana (Figure 4). Since the SPI in a 1-month timescale ﬂuctu-

such as the years 1965, 1982, 1983, 1984, 1990 and 1992;

ates rapidly between positive and negative values, detection

however, the longest droughts occurred during the 1980s.

of the start and end of a drought event is unreliable.

Trend analysis was performed using the MK test of the

Therefore, in this paper the SPI with 3-, 6-, 9-, 12-, and 24-

null hypothesis of trend absence in the SPI time series, against

month timescales were used to identify drought events.

the alternative of trend. The result of the test is returned in

Figure 4 describes the changes in drought characteristics

hm ¼ 0, for all SPI series, and indicates a failure to reject the

in frequency (time/month), duration (month) and magni-

null hypothesis at the 90% signiﬁcance level. Moreover,

tude of SPI for Bahir Dar station. Figure 4 represents SPI

Table 3 indicates a failure to reject the null hypothesis at

values for four different timescales, namely 3, 6, 9 and 12

the 90% signiﬁcance level since jZMK j < 1:645 for SPI3,

months.

SPI6, SPI9, SPI12 and SPI24, which means that all investi-

As one can see in Figure 4, a drought’s characteristics

gated trends are statistically insigniﬁcant.

change with time and at longer timescales droughts
become less frequent but their duration increases. The

Spatial characteristics of drought in UBNRB

time series of 3-month SPI (Figure 4(a)) shows that the
station experienced frequent moderate, severe and extreme

The spatial analysis was performed using the gridded SPI

droughts. Analysis of the relative frequency of occurrence

values estimated for various timescales and for each

(Table 2) of the annual minimum monthly SPI, during

month of the year. Based on the SPI characteristics pre-

rainy seasons as mentioned earlier, shows that May is the

sented previously in Table 1, drought maps were generated

month during which the 3-month SPI most frequently

for the UBNRB basin using IDW methodology for
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SPI time series based on the total monthly precipitation at Bahir Dar station (1960–2008). (a) SPI3, (b) SPI6, (c) SPI9, (d) SPI12, (e) SPI124.

interpolation. Two recognizable severe dry periods were

the area in the center of the study area and with a direction

revealed, considering only the annual minimum spatial

north to east and southeast was the area affected most by the

SPI value. The ﬁrst period occurred during the year 1965

drought, which is in accordance with Dorosh & Rashid ;

and is characterized as an extreme drought event. The

Masih et al. ). However, for the year 1984, both SPI3

second period was during the 1980s and reached its maxi-

and SPI6 show that the pattern changed and indicate that

mum value in 1984. The drought period during 1980 is

the most drought affected areas were the eastern, western

characterized as a severe drought for the whole area of

and northern areas of the region. The spatial distribution

UBNRB. Maps which are shown in Figure 6(a)–6(d) show

of a particular annual drought episode was assessed using

several extreme drought events for the months June 1965

the estimated cumulative SPI. Figure 7(a)–7(f) show the

and August 1984, respectively, using different SPI time-

spatial variation of the annual cumulative 3-month SPI

scales. For the year 1965, both SPI3 and SPI6 show that

and the annual 6-month SPI, respectively, for 1965, 1982

Downloaded from https://iwaponline.com/hr/article-pdf/48/1/265/367375/nh0480265.pdf
by guest

272

Table 2

M. Khadr

|

|

Meteorological drought in the upper Blue Nile river region

Hydrology Research

Relative frequency of occurrence (%) of annual minimum monthly SPI for various
timescales using SPI at Bahir Dar station

Month

SPI 3

SPI 6
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of the study area exhibited high negative SPI values compared to other parts. This prolonged drought event during

SPI 9

SPI 12

SPI 24

the 1980s caused exploding water demand and subsequent

January

9.59

7.35

4.84

6.67

7.50

impacts in the region, and the eastern Nile basin in general.

February

0.00

8.82

6.45

5.00

7.50

In the summer of the year 1988, the active storage volume in

10.96

10.29

9.68

3.33

7.50

April

9.59

7.35

6.45

6.67

5.00

132 km3) and the water level in Lake Nasser upstream of

May

13.70

10.29

12.90

8.33

7.50

the Aswan High dam reached a level of 149 m, which was

June

6.85

11.76

9.68

13.33

12.50

only 2 m above the critical level that would cause damage

July

8.22

8.82

9.68

10.00

10.00

August

6.85

10.29

11.29

13.33

10.00

). Figure 8 shows the SAF drought curves that were

September

6.85

5.88

6.45

10.00

10.00

developed for UBNRB. As it is clear, drought with a short

October

6.85

5.88

8.06

6.67

7.50

return period (2, 5, 10 and 20 years) and a high degree

November

6.85

5.88

6.45

8.33

7.50

(SPI  –1.5) cover only small areas of the basin. For

December

13.70

7.35

8.06

8.33

7.50

instance, droughts of 2- and 5-year return periods with an

March

lake Nasser decreased to less than 20 km3 (max. capacity

for the turbines at this time (Afifi ; Abdelsalam et al.

SPI in the range of –1.5 are expected to cover around 5–
20% of the whole region, respectively. This is while droughts
with 20- and 50-year return periods can cover 25% and 50%
of an area in the same SPI range (–1.5), respectively. Thus, it
is clear from Figure 8 that very small parts of the region may
be affected by severe droughts (high return periods and/or
more negative SPI values). Based on the SAF drought
curves shown in Figure 8, if a drought of a 100-year return
period dominates around 90% of the whole basin, it will
be only a near-normal drought of SPI being greater than –
0.6.

|

Figure 5

Mean annual drought magnitude of the negative SPI values for the study area.

CONCLUSION
and 1984, which were the driest years in the investigated
record. As seen, during the year 1965 the annual cumulative

In this study, a framework of methodologies was pre-

drought intensity was larger for the central portion and

sented for the analysis of the temporal and spatial

some western areas of the region, whereas during the year

characteristics of the meteorological drought in the

1982 (Figure 7(c) and 7(d)) the most drought affected

upper Blue Nile basin. The SPI was computed at various

areas lay in the northern and western part of the region.

timescales using spatially distributed precipitation records

Figure 7(e) and 7(f) show that, in general, the western part

from 22 meteorological stations. The temporal and spatial

Table 3

|

Results of MK test (Bahir Dar station 1960–2008)

SPI time series

SPI 3

SPI 6

SPI 9

SPI 12

SPI 24

hm

0

0

0

0

0

P value

0.5954

0.9505

0.7478

0.9246

0.1164

ZMK

0.173

0.402

1.127

0.896

0.249

Type of trend

Insigniﬁcant

Insigniﬁcant

Insigniﬁcant

Insigniﬁcant

Insigniﬁcant
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Spatial extent of some drought events within the study area: (a) SPI3 for June 1965, (b) SPI6 for June 1965, (c) SPI3 for August 1984, (d) SPI6 for August 1984.

drought analyses indicate that the upper Blue Nile Basin

and with a direction of north to east and southeast,

received quite frequent moderate to severe droughts with

whereas the western and northern areas of UBNRB

an insigniﬁcant trend in the presented SPI series. The

were mostly affected by the prolonged drought during

region has experienced prolonged and severe droughts

1984, which was more severe than the 1965 event. The

during the periods of 1961, 1965 and 1980–1987. In par-

constructed SAF curves indicated that drought by short

ticular, the persistent and prolonged droughts of 1965

return period and high degree cover only small areas of

and 1982 seriously affected urban water supply and agri-

the basin, while only a near-normal drought with a long

cultural irrigation. For the 1965 drought, the most

return period may spread over the whole region. It is

affected areas were the area in the center of the UBNRB

hoped that this study will provide useful guidance in
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Figure 7
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Spatial distribution of the cumulative annual drought events within the study area: (a) SPI3 for 1965, (b) SPI6 for 1965, (c) SPI3 for 1982, (d) SPI6 for 1982, (e) SPI3 for 1984, (f) SPI6
for 1984.
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SAF diagram in the UBNRB.

drought mitigation and adaptation planning in the study
area.
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