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Abstract

Climate change plays a crucial role in the frequency of extreme climate events, which greatly impacts
the status of land cover (LC). In this paper, the compliance of LC to the drought frequency patterns (DFPs)
was assessed for the present and future conditions in Hemrin Watershed, Irag. The Climate Forecast System
Reanalysis (CFSR) data were used in the analysis of monthly weather data and the Reconnaissance Drought
Index (RDI) of Hemrin Watershed for the period 1984-2013. In addition, a satellite-based analysis of the
vegetation cover (VC) was conducted. Consequently, the satellite-based VC and DFPs were compared to
investigate the effect of DFPs on VVC and the trend of VVC. The results indicated that drought was dominant
in the last decades with two or three dry years followed by one wet year. Furthermore, the VC decreased by
0.5% and 4.5% during the dry and wet seasons respectively. The VC can be recovered when consecutive
dry years are followed by two or more consecutive wet years and the drought frequency is reduced by 23%
and 28% during dry and wet seasons respectively. However, when the wet years are dominant and
successive, VC increases by 1% and 37% during dry and wet seasons respectively. The watershed is
sensitive to climate change and the VVC is highly related to the drought frequency. The dry area is expected
to increase to cover most of the watershed by 2049 due to climate change consequents. The seasonal drought

needs more investigation in future studies.
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1. Introduction

During the last decades, rapid climate change was occurred due to global warming. This change
is essentially caused by anthropic and natural actions. Climate change has a significant impact on
the alteration of hydrological events, such as the streamflow and sediment yield, and can appear
as a long-term drought followed by severe floods (Owor , et.al.,2009). Moreover, the frequency
and severity of drought, were changed due to climate changes, and more extensive changes are
expected to occur in the future, (Dai, 2012; McCarthy , et.al.,2001; Huete , et.al.,1999). In the
upper part of the Tigris River’s watershed in Turkey, precipitations decrease under the impact of
climate change to 12.5% by 2021 and 26% by 2030 (Sen, 2018). In addition, the runoff will
decrease to 30% after 2040. As Iraq is located in a semi-arid region. Therefore, the water resources
of the Tigris River have been subjected to drought and pollution (Al-Ansari, 2016). For example,
in southern parts of Iraq, severe droughts occurred from 2007 to 2009 followed by extreme short-
term rainfall storms during a few months, with around two times the records (UN-ESCWA, 2020).
The economic importance of vegetation cover (VC) is conducted to positive environmental role
represented in protecting the soil from erosion, maintaining the moisture of the topsoil and
encroachment of sand as well as supporting od food security, and standard of living (Marticorena
, et.al.,1997). Monitoring of VC environments and potential temporal change in land cover (LC)
is one of the main tools for assessing climate change and its environmental impacts, it is used to
evaluate climate change and its impact on the VC environment time sequence of climatic elements
and VC areas to analyse the vegetation pattern during a specific period (Al-Aroud , et.al.,2018).
Droughts are classified into four categories: meteorological, agricultural, hydrological, and
socioeconomic droughts (Zargar , et.al.,2011). For the spatiotemporal monitoring, and evaluation
of these droughts over 150 indices, were developed and widely applied to assess the severity and
extent of these droughts (Quiring, 2008). There are three methods usually used for monitoring and
assessing the drought. These methods are a single index, multiple indices, and hybrid or composite
indices (WMO and GWP, 2016). The Reconnaissance Drought Index (RDI) and Standardized
Precipitation Index (SPI), are the commonly used simple drought indices when there is not
sufficient soil moisture data (Wang , et.al.,2015). Often, drought frequency analysis is used to
determine the exceedance probability, or return period of a drought of specific duration and/or

severity (She , et.al.,2016). On another side, remote sensing techniques provide comprehensive
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spatially, timely, and cost-effective information about LC. Several satellite-based vegetation
indices are used to monitor and assess the quantity and quality of VC. The most efficient and
commonly used satellite-based vegetation index is the Normalized Difference Vegetation Index
(NDVI). This index is computed based on high spatial and temporal resolution digital images data,
provided by several satellite sensors such as Landsat and Moderate Resolution Imaging
Spectroradiometer (MODIS) (Storms and Hargrove, 2000; Peters , et.al.,2002; Ecic and Daniels,
1997; Morawitz , et.al.,2006; Lunetta , et.al.,2006). The advent of image processing techniques
and geographic information systems (GIS) has increased the display, computing, maps overlaying,
image stacking, and image classification as well as mapping and comparing various feature classes
(WMO & GWP, 2016).

Diyala River is one of the five tributaries of the Tigris River. However, the streamflow suffered
from a significant decrease and the sediment rates increased. In this river basin as well as in Tigris
River Basin, a clear decrease in water resources was indicated. In the near future, additional
deterioration and severe shortages in all water resources are expected (Al-Khafaji & Al-Chalabi,
2019; Adamo , et.al., 2018; Abbas , et.al.,2016). Hemrin Dam is one of the main hydraulic
structures, in addition to Derbendikhan Dam, controlling the Diyala River Basin. It is located 120
km northeast of Baghdad. Hemrin Dam was constructed to control floods in the Diyala River and
provide irrigation water for the Diyala Basin, which covers 300000 hectares of agricultural lands,
as well as for electricity generation and developing fish wealth.

The main aim of this paper is to assess the meteorological drought and analysis of the drought
frequency patterns (DFPs) and their effect on LC under climate change conditions in the Hemrin
watershed. The novel method takes into consideration the statistical and satellite-based analysis of

the interaction of land cover and drought.
2. Materials and Methods

2.1 Study Area

The Diyala River Basin is located in a semiarid region, of the Middle East between the latitudes
44.500° E and 46.833° E and the longitudes 33.216° N and 35.833° N. The watershed is divided
between Irag and Iran and has a total area of 32,600 km?, ~41% of which is in Irag and the

remaining part in Iran. Three dams have been built within the Iraqi part (Derbendikhan Dam,
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Hemrin Dam, Diyala Weir) for multi-uses (Abbas , et.al., 2016). Hemrin Dam is an earth dam,
constructed in the middle part of the Diyala River in 1981, about 120 km east of Baghdad for
hydropower generation and irrigation, as part of the Khalus Irrigation Project. The total area of the
Hemrin Dam Watershed is 12,822 km?, while 68% of its inside Irag, and the remainder is in Iran.
The total capacity of the Hemrin Reservoir is 2.4 BCM (Khassaf , et.al.,2009). The climate in the
Hemrin watershed effect by the air from the Mediterranean Sea for periods from October to March
which consider the rainy season, while from April to September the percentage of precipitation is
25-30% of the total annual precipitation (Al-Ansari, 1987).
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Figure (1) : Map of the Diyala River Basin (Al-Khafaji and Al-Chalabi, 2019).

Table (1) : Topographic characteristics of the Hemrin Watershed.

Topographic Character

Value

Total area (km?)

Extremely wet

Percentage of Iraqi Part (%)

Severely wet

Percentage of Iranian Part (%)

Moderately wet

Minimum ground elevation (m.a.s.l) Near Normal
Maximum ground elevation (m.a.s.l) Mild drought
Mean ground elevation (m.a.s.l) Moderately drought

Minimum slope

Severe drought

Maximum slope

Extreme drought

2.2 Data Collection

In this paper, two types of weather data were used to calculate the RDI index. These data were

monthly average temperatures and rainfall. These data were collected from CFSR. The CFSR

72



=l

Journal of Water Resources and Geosciences ITWRS
Journal of W
Vol. 2, No. 11,2023 Resnmn';jersn:ns Ge;::rieunes

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.

For the computation of NDVI, a group of Landsat 7 and 8 images for the years 1989, 2000, 2011,
and 2019 was used for both dry and wet seasons (downloaded from the USGS website
(http://earthexplorer.usgs.gov/). Figure (2) shows the input data of precipitation and potential
evapotranspiration used to calculate the RDI index.
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Figure (2) : Time series of precipitation and potential evapotranspiration with years for the
period 1984-2013.

2.3 Methodology

The change in precipitation and surface air temperature were investigated for the period 1984-
2013. Within this context, the meteorological drought of the study area was evaluated by
calculating the Reconnaissance Drought Index (RDI). The cornerstone of this methodology was
computing the average monthly RDI by using the DrinC software. This index was computed for
the period 1984-2013 based on the Climate Forecast System Reanalysis (CFSR) weather data. In
addition, the past climate precipitations and surface air temperatures were projected into future
climate until 2050, based on scenario A2 using the climate model (gfdl_cm2.1). This predicted
weather data was used to compute the potential RDI of the study area. The computed RDI for the
period 1984-2013 was used to perform a frequency analysis to determine droughts recurrence
intervals and the exceedance probability and/or return periods of specific duration and/or severity.

Moreover, remote sensing and geographic Information System (GIS) techniques were used to
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determine the spatial and temporal change of LC within the study area for the considered period.
Based on RDI, the meteorological drought was evaluated by determining the number of dry years
(by taking the annual rate of RDI) as well as their frequency for two consecutive years and more,
computing the return period for each occurrence and its exceedance probability and then assessing
its effect on agricultural drought through the computation of VC based on evaluating the NDVI by
using a group of four satellite images from the Landsat 7 and 8 sensors for the years 1989, 2000
and 2011. The image of 2019 was used to assess the accuracy of the dry areas computed from the
CFSR data starting from the year 2014 using the climate model to assess the validity and reliability
of climate model results.

The prediction of meteorological drought and VVC for the future were obtained from the climate
model (gfdl_cm2_1.1) for the period 2014 to 2050 to compute the spatial distribution of the RDI
and DFPs. However, the potential VVC areas for the years 2029, 2039, and 2049 were estimated
by comparing the RDI values and drought frequency of the base period (1984-2013) with these of
the period 2019-2050. The same percentages of increase and decrease in the VVC for the base period
were applied in 2019-2050.

2.4 Reconnaissance Drought Index (RDI)

Drought indices are indicators utilized to evaluate droughts and then its impacts. Traditionally
these indices were applied to assess the drought severity. In the last four decades, many indices
have been used. Recently, another index is presented for drought monitoring and assessment. This
index is called Reconnaissance Drought Index (RDI) see Table 1, (Shah , et.al., 2013). The
computation depends on precipitations and potential evapotranspiration. Precipitation alone cannot
illustrate the effects of droughts on vegetation and agricultural production. Applying both
precipitations and evapotranspiration in drought severity calculation and monitoring can increase
the validity of the results (Galya , et.al.,2017; Tran , et.al.,2017).

Based on the DrinC program, the value of the RDI drought index can be computed. DrinC
provides a module for the computation of potential evapotranspiration (PET) with temperature-
based methods: such as Hargreaves (Tmin, Tmax) (Hargreaves and Samani, 1981), Thornthwaite
(Tmean) (Thornthwaite, 1948) and, Blaney — Criddle (Tmean) (Blaney and Criddle, 1950).
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Hargreaves method (Eq.(1)) is used in this paper (because the available data was the maximum
and minimum temperatures). The RDI is considered as to a more reliable index to assess drought

in changing climatic environments (Tsakiris , et.al., 2007).
ET, = 0.0023 (Tpax — Tmin)*> (T + 17.8)R, 1)

where, Tm, Tmax, and Tmin refer to: mean, maximum and minimum temperatures (°C); and Ra
is the extraterrestrial radiation of the crop surface (MJm-2day-1).

Based on the available monthly weather data, the annual average values of the RDI were
determined. The positive values of this index refer to wet periods and negative values refer to
drought periods, compared with the records. For the computation of the RDI on an annual basis,
data may be either annual or monthly, while for computations on a seasonal basis (3 months, 6

months), monthly data is required.

Table (2) : Classification of RDI index (Shah et al., 2013).

RDI Values Classification
2.0 or more Extremely wet
1.5101.99 Severely wet
1.0t01.49 Moderately wet
01t00.99 Near Normal
0to-0.99 Mild drought
-1.0t0-1.49 Moderately drought
-1.5t0-1.99 Severe drought
-2 or less Extreme drought

2.5 Return Period and Exceedance Probability

Many definitions were presented for specifying the return periods for different applications.
Lloyd ,1970 , Loaiciga and Marifio (1991), and Shiau and Shen (2001) defined the return period
as the average elapsed time between occurrences of critical events (i.e., floods or drought events).
Some other authors, such as VVogel ,1987 , Bras ,1990, and Douglas , et.al., 2002, defined the return
periods as the average number of trials required for the first occurrence of a critical event. In
addition, Fernandez ,1999 introduced an analytical approach for calculating the return period of
drought events with a duration equal to or greater than a critical value for both Markov time-

dependent and independent series based on a recursive algorithm proposed by Schwager (1983).
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In this paper, the mean interval time, or average elapsed time, between two droughts events with
a fixed severity or greater is adopted for computing the return period. The interval time (L) is the
period from the beginning of the drought to the beginning of the next one, that is the sum of drought
duration (Ld) and non-drought duration (Ln), illustrated in Figure (3) . However, the exceedance
probability is computed from the law (1/return period).
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Figure (3): Interval (TDc) between droughts with severity dc (represented by hatched area)
(Bonaccorsoet al., 2003).

2.6 Normalized Difference Vegetation Index (NDVI)

The NDVI is an index defined and developed by scientists at NASA’s Goddard Space Flight
Center during the 1980s for monitoring the status of vegetation health, based on the difference
between reflectance and absorption of green leaves in the near-infrared and red spectral bands

(Tucker, 1979). The index value of each pixel was calculated by using;

NIR—-LR
NIR+LR (2)

NIR ranges from (0.7 to 1.1) um, while Red ranges from (0.58 to 0.68) um. Normally, values of

NDVI =

NDVI range from (-1 to +1) with +1 indicating healthy vegetation cover, and lower values
representing stressed vegetation cover, and negative values representing open water, or high
moisture content, respectively. The higher NDVI values are the healthier vegetation. The range

value of NDVI in the wet seasons is much wider than in the dry seasons (Tran , et.al.,2017).
3. Results and Discussion

3.1 Computation of RDI and Drought Frequency Analysis

Figure (4) shows that the study area had undergone several drought intervals during the period

from 1984 to 2013. During these intervals, the drought ranged between mild drought and near
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normal. In the period 1984- 2000, ten mild droughts were computed with six times the frequency
of two successive years. Whereas during the period 2000-2013 nine mild droughts were indicated
with seven times the frequency of two successive years. However, two wet years were indicated
in 2010 and 2012. Figure (5) shows the relationship between the drought (mild to extreme drought)
successive reoccurrence interval and frequency as well as exceedance probability. The relationship
of the recurrence of drought decreases with the increase in the period of drought. The recurrence
of ten years happened once, and there is no recurrence of drought greater than it, unlike the two-
year recurrence that is common to occur during this period.

The frequency of drought recurrence with two successive years of mild drought is the most
occurring and common in the base period followed by three successive years, and then a large
value of droughts periods (from four to ten successive mild droughts) occurred less. This
recurrence of drought is due to the strong fluctuation of precipitation, see Figure (3) , it decreased
for several years and then increased. Thus, this decrease is accompanied by an increase in the
values of potential evapotranspiration.

Maps shown in Figure 6 represent spatial distributions of RDI for the years 1989, 2000, and
2011 for both dry and wet seasons (the reason for choosing these years, in line with the satellite
imagery taken for these years, is to compare the drought areas with the VC areas. Its values range
from -0.99 to 1.06 (mild drought to moderate wet). Droughts were identified in the region for 6
months (for wet and dry seasons), and types of drought were categorized based on index

classifications see Table (2).
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Figure (4): RDI for the base period 1984-2013.
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Figure (5): Drought (Mild to extreme drought) successive reoccurrence interval versus frequency

and exceedance probability, for the base period 1984 to 2013.
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Figure (6): Distribution of drought for periods 1984, 2000, and 2011 (a, b, ¢, d, e, and f
respectively) for both seasons wet and dry, (a) 1989 wet season, (b) 1989 dry season, (c) 2000
wet season, (d) 2000 dry season, (e) 2011 wet season and (f) 2011 dry season.

In the wet season of the year 1989, the value of the RDI ranged between near normal and
moderate wet. In this season, the wetness increases towards the west of the region. However, in

the dry season, the drought was near normal with an RDI value range between 0 and 0.1 on the
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southeastern side whereas a mild drought spread within more than two-thirds of the watershed area
(covered 10563 km2 from the watershed area) and its intensity increases especially toward the
western and northern sides. For the years 2000 and 2011, the whole area of the watershed was
covered by drought for both dry and wet seasons. The drought intensity increases towards the

north, northeast, and east.

3.2 Computation of NDVI

Figure (7) shows the distribution of NDVI for the wet and dry seasons of these years, (the
green color on the map in Figure 7 indicates VC). The areas of VC in the dry and wet seasons
during the considered years are listed in Table 4. The VVC area in the wet season for the years 2000
and 2011 is less than that of the dry season. The reason for this is that the precipitations were
reduced for the fourth, fifth, and sixth months. In addition, the potential evapotranspiration in these
months was not very high. The period extending from 1989 to 2000 was dry. It affected the type
of VC and changed it to be summer plants, this case remained until 2011. The same type of plants
continued as the period is also dry. It is worth to noticed that the RDI is a climate index that refers
to dry areas but these dry areas don't need to be free of VC. However, there may be dry areas but
they contain VC since the RDI does not mean that these areas are absolutely arid. It also refers to
wet areas, but wet areas don't need to contain a VC, sometimes there are plants, and sometimes
not.

The VC in the period1989-2000 decreased from 0.76% to 0.27% (64.30% of the initial VC) of
the total area of the watershed in the dry season and from 4.85% to 0.08% (98.30% of the initial
VC) in the wet season. The reason for this decrease is the effect of eight dry years with only three
wet years. The arrangement of these years every two or three dry years is followed by a wet year.
As for the period 2000-2011, the VC decreased from 0.27% to 0.16% (41.12% of the initial VC)
of the total area of the watershed, and from 0.08% to 0.02% (70.90% of the initial VC) in the dry
and wet seasons respectively. Unlike the previous period, the wet years were between the dry years
and this is why it decreased by 23% in the dry and 28% in the wet season. This is consistent with

the results of the computed RDI during these periods. Where the result of RDI indicates a long
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period of dry compared to a short period of wet, the result of NDVI indicates a decrease in the area

of VC during this period as shown in Table (3).
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Table (3) : VC areas of the years 1989, 2000, and 2011 for both dry and wet seasons.

Years Area (km?)

Dry season Wet season
1989 97.45 621.48
2000 34.79 10.58
2011 20.46 3.08

Figures (8 and 9) show the areas of VC compared to the areas of drought covering the watershed

in the dry and wet seasons, it can be noticed that with the increase of drought areas the percentage

of VC areas decreases and vice versa. In the dry season of the year 1989, the dry area covers 82%

of the watershed while it decreases to 26% in the wet season. The VC was 0.8% and 5% from the

area of a watershed for the dry and wet seasons respectively, while the years 2000 and 2011 are
covered by 100% drought and VC was 0.3% and 0.2% for the dry season and 0.08% and 0.02%

from the watershed area for the wet season respectively.

100000 Drought area (Dry season) VC (Dry season)
Drought area (Wet season) mVC (Wet season)
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Figure (8): Drought and VVC areas in the dry and wet seasons.
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Figure (9): Expected precipitation and potential evapotranspiration for the period 2015-2050.
3.3 Effect of Climate Change on Drought Frequency

The monthly weather data (surface air temperatures and precipitation), for the period 2014 to
2050 was projected using the climate model (gfdl_cm2_1.1) based on the monthly average CFSR
weather data, for the entire base period (1984-2013) as shown in Figure 9. The figure indicates the
expected decrease in the amount of precipitation during the period (2014-2050). This in turn
increases drought and reduces the VVC for the future.

Based on the obtained future climate data, the RDI for the period 2014-2050 was computed by
the DrinC program, see Figure 10. The RDI analysis showed that the period 2014- 2019 is a little
dry and most years are near historical records. Recurrence is recorded twice in two successive
years 2017, 2018, and 2019. However, in the period 2020-2030, the least dry period occurs. These
years witnessed near-normal drought for the years 2022, 2024, and 2026, as well as in the year
2023 it was extremely wet and moderately wet for the year 2029. The period 2030-2050 tends to
be drier, while, in 2037 and 2039 near normal and all remaining years are mild droughts. The
reason for this drought is the severe decrease in amounts of precipitation and increase in potential

evapotranspiration.
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Figure (11), illustrates an inverse relationship between drought frequency and drought period,
which is similar to the relationship in the base period. Whereas, the difference between the base
and future periods is that the number of occurrences of droughts for successive years is slightly
greater, especially for the period 2030-2050. However, the recurrence of drought every two years
is more frequent and more common which can be observed every four years occurrence with a
probability of 25%, but the base period occurs approximately every two years. From Figure (10) ,
the potential RDI distribution indicated that the values of RDI ranged between 1.06 to -1.5
(moderate wet to moderate drought). For the year 2019, moderate wet was distributed in one-third
of the watershed area and intensity increased towards the west, while the near normal spread over
the remaining part, for the dry season more than 90% of the area was covered by mild drought, the
wet areas turned dry during this season. In the year 2029 of the wet season, the RDI values ranged
between near normal and moderate wet, while in the dry season, it was about 99% of the area of
the mild drought and 10% was near normal. For the year 2039, the wet season, the value of the
index ranged between -0.25 to 0.99. However, the area near normal covered more than two-thirds
of the area of the region and increased towards the northwest and southeast, while in the dry season,
the entire area was covered by mild drought and increased towards the south. In the year 2049, its
wet season is covered by mild drought, more than 97%, the rest is near normal, and in the dry
season, RDI ranged between the moderate drought that increases from the center towards the north,
east and south of the region, and the mild drought, it starts from the middle to the west. The

expected drought areas are listed in Table (5) .
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Figure (11): Expected Drought (Mild to extreme drought) successive reoccurrence interval

versus frequency and exceedance probability, for the period 2014-2050.
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Figure (12) : Distribution of drought wet and dry. (a) 2019 wet season, (b) 2019 dry season, (c)
2029 for the wet season, (d) 2029 for the dry season, (e) 2039 for the wet season, (f) 2039 for the
dry season, (g) 2049 for the wet season and (h) 2049 for the dry season.
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Table (5): Potential drought areas for the years 2019, 2029, 2039, and 2049.

Area (km?)
Dry season Wet season
2019 11958 0
2029 12822 0
2039 12822 3000
2049 12822 12156

3.4 Effect of Climate Change on Vegetation Cover

The VC for the period 1989-2011 was tracked through the NDVI index that was derived from
the Landsat satellite images, Figure (13), showing the distribution of LC for the year 2019 for dry
and wet seasons), as well as climate changes were evaluated during this period and the region was
shown to be very sensitive to climate changes. When the RDI recorded more dry periods than wet
periods and a high frequency of drought, the results of NDVI indicate a high decrease in the area
of VC, as for the period 1998-2000 (which is 98.30% of the initial VC in the wet season and
64.30% of the initial VC in the dry season).

For the future, the impact of climate change on the LC was predicted based on the estimated
RDI values utilizing the gfdl-cm2-1.1climate model data, which started in 2014. The computed
RDI values for the base period (1984-2013), which were based on the CFSR data, and the predicted
RDI values for the future (2014-2050), which were based on the gfdl-cm2-1.1climate model data,
show that the period 2011-2019 was a very wet period, with seven wet years and only two dry
years. Computed NDVI of the year 2019 shows that the VC increased from 0.16% to 1.00% (611%
of the initial VC of the total area of the watershed) and from 0.02 % to 38.00 % (155857% of the
initial VC) in the dry and wet seasons respectively. This proves that this period was really wet.
This agrees with the results of the predicted RDI distribution for the future which is highly similar
to that of the base period. This supports the certainty of using the gfdlcm2-1.1climate model data.
The values of VC for the years 2029, 2039, and 2049 were predicted by comparing these years
with the base period in terms of RDI values and results of DFPs in these periods.

The period 2019-2029 is very similar to the period 2011-2019, where 2023 is extremely wet,
2029 is moderately wet and RDI values of other years are very close. Therefore, the VC of 2029
was increased with the same VC increase percent of the period 2011-2019 for both wet and dry

seasons, as listed in Table (6). Also, the RDI values and dry years number and frequency of the
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period 2029-2039 are somewhat similar to that of the period 1989-2000. Therefore, the VC area
decreased by a percentage of 65 % and 98 % for the dry and wet seasons, respectively, of the year
2039. However, the period 2039-2049 is successive dry years. Consequently, the VC area of the
dry season decreases with a percentage of 87 %. This percent is calculated by adding the decreased
percent of VVC for the case of seven successive dry years followed by three wet years (65%) to the
effect of three wet years (23 %). Whereas, the VC of the wet season decreased with a percent of
126 %, which is the result of adding the decreased percent of VVC for the case of seven successive
dry years followed by three wet years (89%) to the effect of three wet years (28 %).

Figure (14) illustrates the predicted dry and VVC areas covering the watershed. It is expected
that the areas of drought increase and VVC decreases to be covered all the watershed areas in 2049.
In 2019, the estimated drought (VC) percentage is approximately 93% (1%) and 0% (38%) for
both dry and wet seasons respectively. While the year 2029 is covered by drought for the dry
seasons by 100% and decreased to 0% in the wet season, these percentages correspond to areas of
VC of 8% and more than 99% respectively, from the area of the region. While the VC is reduced
to 2% and 3% against 100% dry areas and 23% for the dry season and the wet season for the year
2039 and the VC continues to decrease until it reaches 0% in the year 2049 in the wet season, a

dry area covering 95% of the area of the watershed.
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Figure (13): Distribution of LC for the year 2019 for the dry and wet seasons.
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Table (6): VC areas for the years 2019, 2029, 2039, and 2049.

vears Area (km?)

Dry season Wet season
2019 146 4806
2029 1035 12822
2039 362 256
2049 47 0

SWRG
Journal of Water
Resources and Geosciences

Figure (14): Predicted drought and VVC areas of dry and wet seasons for the years 2019-2050.
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4. Conclusion

The effect of climate change on the spatiotemporal patterns of drought frequency and the
response of land cover (LC) to this change in Hemrin Watershed, Irag was investigated. The RDI
was computed utilizing the DrinC software based on data downloaded from CFSR weather data.
In addition, the NDVI was derived from four satellite images of Landsat 7 and 8 for the years
1989, 2000, 2011, and 2019. Results of RDI and NDVI for the period 1984-2013 showed that the
arrangement of dry and wet years greatly affects the VC. Consecutive dry years followed by
successive wet years reduce the effect of drought on the VC area by 23% in the dry season and by
28% in the wet season. A comparison of NDVI-based VC and the computed RDI based on the
climate model data (gfdl-cm2-1.1model) for the year 2019 showed that the climate model gave
good and reliable results. For the future period (2014-2050), matching the predicted drought spatial
distributions with that of the base period showed that most of the watershed regions would not

remain dry or wet constantly, but they change throughout the seasons of the years according to the
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climatic conditions. Satellite-based investigation of VC for the year 2019 indicated that VC
increased from 0.16 % to 1.00 % (611% of the initial VC) of the total area of the watershed) and
from 0.02% to 38.00% (155857% of the initial VVC) in the dry and wet seasons respectively. This
indicates that the period 2011-2019 was wet and agreed with the CFSR data of the period 2011-
2013. Predicted VVC of the period 2014-2050 showed that climate change causes a severe increase
in the interval and frequency of the successive dry years. Consequently, in the study area, the VC

is vulnerable and significantly decreases to the increase in the drought periods and frequency.
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