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Drought is one of the most significant natural disasters in Iraq. It has a
strong impact on the water resources in Iraq. Consequently, it causes
massive environmental damage, economic deficiency, and social problems
to the country. Therefore, more considerations towards the study and
management of drought has become of vital importance in recent decades.
In this paper, three drought indices (DIs) were computed for evaluation of
the spatiotemporal of drought within Derbendikhan Dam Watershed
(DDW) in the Diyala River Basin, Iraq. Based on the monthly weather data
for the period (1984 – 2013) downloaded from the Climate Forecast System
Reanalysis (CFSR) for eight stations located within DDW. The
Reconnaissance Drought Index (RDI), standardized precipitation index
(SPI) and Streamflow Drought Index (SDI) at 12-month time scale were
computed to assess droughts in the DDW. For each index, the temporal
variations of the drought severity and Drought Frequency Patterns (DFPs)
for the period (1984 – 2013) were computed and analyzed. In addition,
spatial distributions of the drought severity for each index were mapped
and investigated. Accordingly, the DFPs were compared to specify the
dominant and/or more frequent DFPs. The results show that the
performances of different DIs are strongly correlated with the dominant
factors of droughts and drought duration. Also, the SPI and SDI are less
accurate than the RDI when both precipitation and evaporation are the
main factors controlling the drought events. However, the SPI and SDI
indices are identical in the same proportions of the dry years which are less
than the ratio of dry years to an RDI, but the severity of the drought from
the SDI results is higher than the severity of the drought relative to the SPI
and RDI. The three indices indicate that the Eastern region is drier than the
Western region, which is somewhat wet.
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1. INTRODUCTION
Worldwide drought is one of the more critical natural disasters. It has serious effects on the
environment, agriculture, economy as well as all human activities. Despite the fact that most natural
disasters are either of short period of time or small spatial extent events, a drought, however, is a
cumulative over a long period of time and extends over a large spatial extent. Therefore, analysis and
assessment of drought magnitude and severity is of vital important for sustainable management of
Earth’s environment and resources as well as all human activities.
Droughts have caused a prevalent environmental and societal effects and multiple droughts may
exacerbate the desertification and land degradation, as it happened after the destructive droughts of
the Sahel from the period of (1960-1970) [1]. In general [2], defined the drought as a moisture
deficiency. Unlike other natural disasters, such as earthquakes, volcanic eruptions, tropical tornadoes,
and floods growing, drought is a quietly increasing catastrophe, as it evolves, during the hydrological
cycle and its ongoing consequences often appear after its ends. [3]. Generally, drought can be
classified into four types: meteorological drought, agricultural drought, hydrological drought [4, 5],
and groundwater drought. Deficiency in the average precipitation during a specific period within a
specific region causes the meteorological drought. Whereas, a lack of providing the crops water
demands due to the deficiency in soil moisture causes agricultural drought. In addition, decreasing of
water levels in lakes, reservoirs and rivers due to the deficiency of streamflow is referred to as
hydrological drought. However, the practical consequences of these four types of drought on some
economic and human activity as well as on the quality of human life is linked to the socio-economic
drought. Recently, a groundwater drought is suggested to relate the effects and consequences of
ground water deficiency [6].
Drought may result in long-term environmental, economic and social impacts, which affects great
populations and areas. Approximately half of the Earth’s land area is sensitive to a drought [7]. The
International Disaster Database (EM-DAT, 2013) [8], reported that more than 11 million people are
killed and more than 2 billion people are affected due to drought calamity from 1900 to 2011. As
climate change, increasing the temperature and aggravate dry conditions, Dai et al. 2004 [9] proved
the increasing number of drought events.
Understanding of the spatiotemporal growth of drought events is important for planning drought,
decreasing its impact and response. The severity, duration, frequency and spatial extents of drought
are the vital characteristics for understanding and assessment of droughts. Intensity of the
meteorological drought is usually assessed by the negative deviations of precipitation from its normal
rates [10]. Over the years, many droughts indices (DIs) were developed and utilized by the
climatologists and meteorologists. Those ranged from a simple indices such as percentage of normal
precipitations and precipitations percentiles to the more complicated indices, such as the Palmer
Drought Severity Index (WMO, 2012).
There are many studies that have been presented for the assessment of drought in Iraq. Most of
these studies adopted the meteorological parameters as the main assessment variables, such as
Hameed, et al 2018; Awchi and Jasim, 2017; AL-Timimi 2012and Rasheed 2010 [11-14]. In
addition, there are a few studies that considered the agricultural and hydrological droughts such as
AL-Timimi 2012 and Al-Mohseen 2010, [13, 15]. In this paper, the temporal and spatial distribution
of three DIs, namely SPI, RDI and SDI in the Derbendikhan Dam Watershed (DDW) within the
Diyala River Basin area in Iraq were computed by using the DrinC software based on monthly
precipitation, air temperatures supplied by Climate Forecast System Reanalysis (CFSR) for eight
stations and streamflow from one station to assess and evaluate the meteorological and hydrological
drought in DDW.
The Standardized Precipitation Index (SPI) which developed by the American scientists, McKee,
Doesken and Kleist in 1993. The SPI is a powerful and flexible index that is simple to calculate. In
fact, precipitation is the only required input parameter. In additions, it is just as effective in
analyzing wet period/cycle, as it is in analyzing dry period/cycle. Recently, a modern index termed
Reconnaissance Drought Index (RDI) has been presented for droughts monitoring and assessment. Its
computation depends on the precipitation and potential evapotranspiration. Furthermore, Streamflow
Drought Index SDI, is successfully and commonly applied method in the analysis and assessment of
the hydrological drought in many studies, (such as Ozkaya and Zerberg 2013; Soumyashri and Patil,
2016; Nalbantis, 2008) [16-18]. This index is depending only on the streamflow.
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2. METHODS AND MATERIALS
I. Methods
The methodology of this paper began with computation of the average monthly SPI, RDI and
SDI indices by using the DrinC software. These indices were computed for the period 1984-2013
based on the CFSR weather data. Only this period is available in CFSR, where there is only one
station in the region, which is Khanakheen Gauge Station, and it has very little data for a few years.
Therefore, the CFSR data was used to compute the SPI and RDI, and the streamflow data was used to
compute for the SDI. Then, Drought Frequency Patterns (DFPs) were computed for each index to
determine droughts recurrence intervals and the exceedance probability and/or return periods of
specific duration and/or severity. Moreover, the spatial distribution for drought in DDW was mapped
utilizing the Surfer13 software for both SPI and RDI only. However, the streamflow was only
available for one station. Therefore, the spatial distribution of SDI was not mapped and only
temporal distribution was computed.
Meteorological Drought Indices
Drought indices are a quantitative description for the droughts severity through representation of
the values of the effective variables, such as precipitations and evapotranspiration, by one value
ranging between 0 to 100 percent. Such an index is more easily useable than raw data values of one
or more variables with different impact levels on the drought. The natures of DIs reflect different
conditions and events; these indices can reflect the climate dryness anomalies (based on
precipitations) or coincide with a delayed hydrological and agricultural effects, such as loss of soil
moistures or decrease of reservoir levels. Furthermore, the classification of DIs can also be based on
the adopted metrological data and the applied approach and method. In this paper, three DIs were
considered and the theoretical background of these indices is discussed below.
Standardized Precipitation Index (SPI)
McKee et al. in 1993 presented SPI for monitoring droughts. The fitting of gamma distributions
was used to obtain stations frequency distributions of total rain. According to McKee et al (1993)
[19] this index was determined based on different time periods such as quarter year, half year, one
year, two years, three years, and four years. These periods reflects the effects of dryness and wetness
on the available quantity of water resources. Short periods of precipitation deviation impacts soil
wetness and long period’s precipitation aberrations reflects impact on the available water [20]. For
this index, the negative value indicates less than average precipitations whereas the positive indicates
is more than average [21]. The period of recorded data must be more than 30 years, because this
index is fitted to this period as well and it must be comparable with other regions of different climate
conditions [22]. Classification of metrological droughts based on the SPI values is shown in Table I
[23]. Calculations of this index include fitting a gamma probability functions to give precipitation
time series. This functions is determined according to the following equations [24]:
If 𝑓𝑜𝑟 𝑥, 𝛽 > 𝑧𝑒𝑟𝑜 then

𝑥=

𝑥

𝑒

(1)

Where: x is the precipitation depth in mm, α and β are the shape parameters and Γ (α) is the
Gamma function of α.
𝛼=∫

𝑒

𝑑

(2)

𝛼 and β parameters are computed as follow:
𝛼=

√

)

(3)

𝛽=

(4)

𝐴 = (𝑥 −

(5)
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Where, 𝑥 is average precipitation depth in mm, n is number of precipitation data.
The cumulative probability of the measured precipitation for a given time period can be
calculated as follow [23, 24]:

∫ 𝑥

𝑒

(6)

−

(7)
for 0 < H(x) <=0.5

When

(9)

√
−

When

(8)

for 0.5 < H(x) <=1

(10)

(11)

√
=

(12)

At the arithmetic level, sometimes it can be more functional to standardize the precipitation data
straight from a fitted normal distribution where possible. Accordingly, the SPI can be computed
using equation (13):
(13)
Where: x, μ and σ are the precipitation, average and standard deviation of precipitation,
respectively.
TABLE I: Classification of metrological droughts based on the SPI values [23].
SPI Values

Classification

2.0 or more

Extremely wet

1.5 to1.99

Very wet

1.0 to 1.49

Moderately wet

0.99 to 0

Mild wet

0 to -0.99

Mild drought

-1.0 to -1.49

Moderately dry

-1.5 to -1.99

Severely dry

-2 or less

Extremely dry

The SPI is a flexible index that can be calculated for several timescales. SPI indices with a
shorter date ranges, such as 1, 2 or 3 months SPIs, can also provide early warnings of droughts and
helps evaluation of the severity of the droughts. Also spatially consistent, it allows users to make
comparisons between different sites at different locations, collect climates. Its probabilistic nature
gives it the historical context, and it is well suited for decision-making.
The weakness of this index, however, is based only on the precipitation. Also, no soil waterbalance components, thus no ratios of evapotranspiration/potential evapotranspiration, (ET/PET) that
can be calculated.
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Reconnaissance Drought Index (RDI)
After a methodical investigation of the various indices utilized to identify and evaluate the
severity of meteorological drought, it was found that in spite of the all these indices were useful,
none of them seem to be interesting for worldwide application. However, the SPI has become very
common due to its less data requirements. A new exploration drought identification and assessment
index was first presented in the coordinating meeting of MEDROPLAN [25], while, a more
comprehensive description was presented in other publications [26, 27]. This index is referred to as
the Reconnaissance Drought Index (RDI). It depends on the ratio of accumulated amounts of
precipitation and potential evapotranspiration (PET). Classification of the metrological drought based
on the RDI values is shown in Table II [28]. This index is compute based on equations (14) to (17):
(14)
Where: Rij and PETij are precipitation and potential evapotranspiration of the j th month of the ith
year.
(15)
Where: yki ln (αo ), (yᴷ) and σyᴷ are the average and standardized deviation, respectively.
Based on the RDI index, the metrological drought is classified as listed in Table III (Shah et al,
2013). In this paper, the PET was computed by using the Thornthwait Method, equations (16) and
(17), [39]:
PET =16(

(10 tn/J) mm/month

(16)

J=∫

(17)

i=
k = (675 × 0.000000001) J³ - (771×0.0000001) J² + (179×0.0001) J + 0.492
Where:
PET = Potential evapotranspiration for each month (mm / month), t = Mean monthly temperature
(C°), n = Number of monthly measurements, J = Annual heat index (C°), i = monthly temperature
parameter (C°), D: Number of the days a month. T: Average number of sunshine hours.
TABLE II: Classification of the metrological drought based on the RDI values [28]
RDI Values

Classification

2.0 or more

Extremely wet

1.5 to1.99

Very wet

1.0 to 1.49

Moderately wet

0.99 to 0

Near normal

0 to -0.99

Mild drought

-1.0 to -1.49

Moderately dry

-1.5 to -1.99

Severely dry

-2 or less

Extremely dry

RDI is physically sound, since it calculates the aggregated deficits between the precipitation and
the evaporative demands of the atmosphere. It can be calculated for any periods of time (e.g., 1
month, 2 months etc.). The calculation always leads to a meaningful figure. Also, it can be
effectively associated with the agricultural droughts. Furthermore, it’s directly linked to the climatic
condition of the region since for the yearly values, it can be compared with FAO Aridity Index.
Moreover, the RDI can be used under “climate instability” condition for examining the significance
of various changes of climatic factor related to water scarcity.
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From the above advantages, it can be concluded that RDI is an ideal index for the reconnaissance
assessment of droughts severity for general uses giving comparable results within large geographical
area, such as, the Mediterranean [30].
Hydrological Drought Index
Streamflow Drought Index (SDI)
Recently, Nalbantis and Tsakiris 2009 [31] developed SDI to characterize the hydrological
drought based on the same calculation methodology of the SPI. The time series of observed monthly
streamflow volumes (Qi, j) can be used to compute the cumulative streamflow volume (Vi, k) as
follows [32]:

(18)
(19)
(20)
i 1, 2, 3, ..…….,
j 1, 2, …………..12
These computations was performed by suing reference periods of 3months for equation 18, 6
months for equation 19 and 12-months for equation 20. Where i, j and k are the hydrological year,
months of this year and reference period respectively. For each k of the i th hydrological year, the SDI
is computed based on the Vi, k, by using Equation (21):

(21)
Where Vk and Sk are the mean and standard deviation of the cumulative streamflow volumes of
the reference period k.
Based on the computed value of SDI, Hydrological drought can be classified in to eight classes as
shown in Table III [31]. Hydrological drought is indicated when the SDI value is below zero and the
drought severity increases with the decrease of the SDI value below Zero. However, positive SDI
values indicate no drought (wet conditions).

TABLE III:

Classification of hydrological drought based on the SDI values [31]
SDI Values

Classification

2.0 or more

Extremely wet

1.5 to1.99

Very wet

1.0 to 1.49

Moderately wet

0.99 to 0

Mild wet

0 to -0.99

Mild drought

-1.0 to -1.49

Moderately dry

-1.5 to -1.99

Severely dry

-2 or less

Extremely dry

Return Period and Exceedance Probability
Yevjevich, 1967 [33] presented the theoretical concepts of runs method to compute the return
periods. Also, many studies followed this concepts to derive the probability distributions and
moments of run length, and the first and second moment of run sums for the precipitations series and
annual streamflow assuming independents and Markov-dependent series, (e.g., Downer et al. 1967;
Llamas and Siddiqui 1969;, 1980; Dracup et al. 1980; Sen 1976; Frick et al. 1990; Fernandez and
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Salas 1999; Loaiciga and Leipnik 1996;) [34-40]. In addition, Lloyd 1970, Loaiciga and Mariño 1991
and Fernandez and Salas 1999 [41, 42, 39] defined the return periods as the average elapsed time
between the occurrences of the specified events, i.e., floods exceeding the given design floods. Vogel
1987; Fernandez and Salas 1999 [43, 39] defined the return periods as the average time e.g., in years
to the first occurrences of a specified events. Douglas et al. 2002 [44] provided the concepts of
calculating the return periods of droughts events with durations greater than or equal to a critical
values. This was based on assuming that a stationary two-state Markov chain can models the
sequence of wets and dry years. Then, Chung and Salas, 2000 [45] developed these formulations,
assuming low-order discrete autoregressive moving average models.
In this paper, the average elapsed time, or mean interval time, between two drought events with a
fixed severity or greater was adopted to compute the return period of the drought. However, the
exceedance probability computed from the law (1/return period).
II. Materials
Study Area
The Diyala River Basin is a one of the main tributaries of a Tigris River. The river’s watershed
covers about 32600 km², located between the latitudes 33.216° N and 35.833° N and the longitudes
44.500° E and 46.833° E, [46]. The river originate from Zagros Mountains near the Hammadan City
then reached the Tigris River South of Baghdad City with a total lengths of about 445 km.
Construction of Darbandkhan and Hemrin Dams divides the watershed into three part: the upper part
is the Darbandekhan Dam Watershed (DDW), the middle part is the Hemrin Watershed, and the last
part, is located between Hemrin Dam and the outfall of the Diyala River in Tigris River [47].
Derbendekhan Dam: is an Earth Dam, constructed in the upper part of Diyala River in the year 1961,
approximately about 230 km Northeast of Baghdad, for multiple purposes such as a protecting
Baguba and Baghdad from the floods, irrigation, and the hydropower generation. DDW is the largest
water supplier of the Diyala River located between latitudes 35.818° N and 34.223° N and longitudes
45.28° E and 47.96° E. It is covers 16750 km² , 18.4 % inside Iraq, and the remainder in Iran, with
the mean daily average flow to Darbandekhan Reservoir of 170 m³/sec (Ministry of Water Resources
(MoWR) Iraq, 2018, unpublished the data). This watershed is located in a semi-aired region of the
Middle East, with an average yearly precipitations of about 420 mm and an average temperatures of
36 °C [49].

Figure 1: Map of the Diyala River Basin [49].

Data Collection
In this paper, two types of meteorological data were used to compute the RDI index and SPI
index. These data were monthly average precipitation and average temperatures were collected from
CFSR. The CFSR contains global weather data produced by the National Weather Service (NWS)
and the National Centers for Environmental Prediction NCEP of the Global Forecast System for 30
years from 1984 to 2013 (only these periods were available in the CFSR), and one type of
Hydrological data used to compute SDI index was streamflow of Derbendikhan Dam for the period
from 1984 to 2013 supplied by the Iraqi National Center for Water Resources. Figure 2 illustrate the
input data that used to compute the RDI index and SPI index (Precipitation and potential
evapotranspiration).
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Figure 2: Precipitation for periods from 1984 to 2013 used to compute SPI and RDI, and PET to
compute RDI.

3. RESULT AND DISCUSSION
I. Computation of Temporal Distribution of Drought indices
A. Computation of SPI
To study the succession of droughts and wets, SPI values were adopted for 12 months, as they
covered the annual precipitations of the stations during a year. Figure 3 shows the SPI values for the
period 1984 - 2013. The SPI classification for the study area ranges from mild wet to mild drought. It
is also noted that the number of dry years is less than the wet years, where the percentage of dry
years is 46% and the percentage of wet years is 53%. The period 1984 -1998 was mild wet, except
for the years 1989, 1993 and 1996 which recorded a mild drought while the period 1999-2013
witnessed records of mild drought, except for the years 2002, 2004, 2006 and 2009 where their
records were mild wet.
Figure 4, illustrates the number of repetitions of consecutive dry years and exceedance
probability, as is evident, the maximum dry period is four consecutive years, and it occurs with a
return period of 26 years with a 4% probability. This figure also shows the relationship between
droughts periods and frequency as well as droughts periods and exceedance probability. Hence, it
becomes clear that when drought period increase, the frequency and the probability decrease. In this
period, the most common event is a one year drought, it occurred every four years, followed by two
consecutive drought years.
It is clear from these results that the period 1984 - 2013 is almost a wet period that does not suffer
from drought, because the ratio of dry years is less than the wet years. It is not possible to say that
these results are 100% reliable, as this index depends on one factor, which is the precipitation.
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Figure 3: SPI for the period from 1984-2013.

4

Figure 4: Drought (Mild to extreme drought) successive reoccurrence interval and exceedance
probability versus frequency, for the period 1984-2013.

B. Computation of RDI
Results of this index (also depending on12-month RDI) indicate that the region suffered from
long periods of droughts, in contrast to the SPI results. The dry year’s ratio was about 66%, while the
wet years amounted to 34%. The RDI values ranged from near normal to mild drought according to
the index classifications, see Table I.
The study period is divided into two parts. The first part is the period 1984- 1995 and it is
considered a wet period, because it has eight wet years and dry years reached three years. While the
second part of the period extending from 1995 to 2010 is a dry period, where all the years were mild
drought. Figures 2 demonstrated that the precipitation decreased during this period and is
accompanied by an increase in potential evapotranspiration, which caused this drought periods.
Figure 5 illustrates the RDI during the period 1984- 2013.
Figure 6 shows the repetition of the consecutive dry years and their repetition, as well as the
exceedance probability. It is clear from this figure that the recurrence of the two consecutive dry
years occurred sixteen times and is concentrated in the period 1995-2010. Also, they occurred in the
eighties period followed by repetition from three consecutive years to sixteen years and these
occurred only in the period 1995- 2010, which is the drier period. Furthermore, this figure shows that
the most frequent recurrence is the repetition of two consecutive dry years, as it occurs about every
four years with probability of 25%, compared to the rest of the repetitions of three to sixteen
repetitions that occur with lower proportions and double return periods more than twice for the
period of two consecutive years.
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Figure 5: RDI for period 1984- 2013.
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Figure 6: Drought (Mild to extreme drought) successive reoccurrence interval and exceedance
probability versus frequency, for the base period 1984- 2013.

C. Computation of SDI
Based on available data of monthly streamflow for one gauging station, the SDI values were
computed to assess the severity of the hydrological drought. The calculated SDI (12-SDI) values
were classified based on Table III. The results shown in Figure 7 represent the values of annual SDI.
For this station, the most moderate drought occurred during 2000, 2001, 2008, 2011, 2012 and 2013.
While the mild drought occurred during 1997, 1999, 2002, 2004, 2006, 2007, 2009 and 2010. The
most wet periods was recorded during 1984 - 1996 and 1998, 2003 and 2005. These wet periods
ranged between moderate wet to mild wet. The results of this index are similar to the results of the
SPI in that the ratio of dry years is less than wet years. It reaches 46% and 53% for dry and wet year
respectively, but they differ in their intensity. For wet years, their intensity ranges from moderate wet
to mild wet. While dry years have a severity ranging from moderate drought to mild drought.
Figure 8 shows that the moderate drought was repeated for consecutive years more than mild
drought. As it is repeated for two and three consecutive years, it occurs every thirteen and fifteen
years, respectively. While mild drought repeats for two years in a row and did not repeat for more
than this, while it occurs every nine years.
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Figure 7: SDI for Period from 1984 to 2013.
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Figure 8: Drought (Mild to extreme drought)successive reoccurrence interval and exceedance
Probability versus frequency, for the period 1984-2013.

II. Spatial Distribution of Drought Indices
The daily data was downloaded from CFSR for precipitations and temperatures from eight
stations located within Derbendkhan Watershed. This data was converted to monthly data to utilize in
the DrinC software and then to compute SPI and RDI indices for each station. Then, the spatial
distributions of the indices were mapped utilizing the Surfer13 software.. While the SDI monthly
data that was used in the DrinC program is from one station only. So, a temporal analysis was done
of the results of the index only and did not work for it maps of spatial distribution. For this, results
below are for the two indices SPI and RDI.
A. Spatial Distribution of SPI
Figure 9 illustrates the spatial distribution of drought according to the SPI results computed
from the DrinC software and mapping every two years by the Surfer13 program for eight stations
within the watershed. The values of SPI for the years 1984, 1985 and 1986 ranged from 0.1 to 0.65
which is mild wet. Its intensity is distributed in the Western, Northwest and Southwestern parts.
While decreased gradually towards the East, North and Southeast. As for the year 1990, the values of
the index ranged from -0.05 to 0.08. The drought covers about 28% of the watershed area distributed
over the eastern and northeastern and southeastern parts with an area of 4714 km². The SPI intensity
decreases towards the center until the wet area begins and increases towards the west. The wet area
covering 72% from the area of the region. The wet area remains spread over the whole region,
especially in the western regions, with a higher intensity than the eastern region for the years 1992,
1994, 1996 and 1998, and the SPI ranges from 0.07 to 0.52.
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The years 2000, 2008, 2011 and 2012 have droughts spreading over the whole are, and as
mentioned previously the eastern regions are drier compared to the rest of the other regions. While it
spreads by 60% of the area and on all parts except the watershed center and towards the north in the
year 2006 and the area covered is 10200 km².
As for the years 2002 and 2010 the droughts are spread over the eastern part and the western part
respectively by 22% and 24%. While the rest of the areas are wet, with areas of 13000 km² and
12,758 km², respectively.
It is clear from the above that the distribution of droughts is often in the eastern regions of the
watershed. While the western parts are more wet compared to those parts.
Figure 10 shows the dry areas during the period 1984- 2013. As it is clear that the period of the
1980s and 1990s, the wet areas are the dominant. While they begin to decline with the beginning of
the 2000s. So, the dry areas increase in them at the expense of the wet areas.
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Figure 9: Spatial distribution maps of drought according to SPI for the period from 1984 to 2013.
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Figure 10: Drought area for the period 1984- 2013 according to results SPI.

B. Spatial Distribution of RDI
The spatial distribution of drought according to RDI had the largest share in the spreading over
the watershed area in contrast to the SPI. The SPI indicated that wet areas are dominant, but these
two indices agreed that the eastern part is more dry compared to the western part which is more wet.
Also, the periods 2000 -2010 is the driest period compared to the eighties.
Droughts were distributed in the eastern, southern and northern parts, with 55% and 60 of the
watershed area for the years 1984 and 1986. While the remaining wet area was 7570 km² and 6780
km² respectively. Which it is in the eastern part. While in 1988, all watershed is covered by 100%
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wet area, but it is gradually decreasing from the center to the east, and the value of the RDI ranges
from 0.08 to 0.5. For the year 1990 it is completely dry and then the years that follow it are wet, and
the drought constitutes a very small percentage which is 22% and 2% for the years 1992 and 1994,
respectively. Also these areas are in the eastern watershed. The period from 1996 to 2010 is
completely dry. As it spreads over the entire area by 100% and the value of the RDI ranges from 0.05 to -0.58. It is sometimes spread in the eastern parts and sometimes in the western parts of the
Watershed. Whereas the year 2013 is more than 99% wet and the index value ranges from -0.05 to
0.75. Figure 11 shows maps showing the spatial distribution of drought for the period 1984- 2013,
followed by Figure 12, which shows dry areas during this period.
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Figure 11: Spatial distribution maps of drought according to RDI for the period from 1984 to 2013.
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Figure 12: Drought area for the period 1984- 2013 according to results RDI.

From the analysis, the recently proposed RDI has many advantages and more reliable over the
widely used indices for assessing meteorological droughts. The RDI is expected to be a more
sensitive index than those related only to precipitation.This matches the researchers' studies (Tsakiris
et al, 200; Alwan et al, 2018; Zarch et al, 2011).

4. CONCLUSIONS
This paper presents a simple and a complete picture of the occurrences and characteristics of
meteorological droughts. It is based on two indices namely: SPI and RDI. Depending on monthly
precipitations and air temperatures downloaded from CFSR of eight station located within the region,
as well as hydrological drought index SDI with monthly streamflow data from one station. The DFPs
computed for each index to determine droughts recurrence intervals and the exceedance probability.
The results of these three indices are consistent in the fact that the period of the 1980s to the mid1990s is a wet period. Then the dry period begins from the mid-1990s to 2013.
RDI and SPI results for drought were not exceeding mild drought, unlike SDI which was more
severe. The SDI shows many years of severe drought with moderate drought which was repeated for
three consecutive years. In addition, the SPI and the SDI recorded the same percentage of dry years,
which was less than the wet years. However, the RDI recorded percentage of dry years more than
that of wet years. This indicates long periods of drought that are 20% higher than the other two
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indices. The spatial distribution of SPI and RDI indices shows that the western part is less dry while
the eastern part is the most severe in drought. The RDI is more accurate than the other indices. It
depends on two factors; namely precipitation and potential evapotranspiration. It is computed by
temperatures, unlike other indices that depend on one factor.
In this paper, a frequency analysis was applied to drought durations to obtain droughts frequency.
Subsequently, return periods of historical drought events shows that the region has suffered from
more meteorological droughts than the hydrological drought. Nevertheless, the hydrological drought
was more severe than meteorological drought. These three different drought indices provide different
references for building drought early warning and mitigation systems in the basin.
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