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ABSTRACT

Drought is a recurring phenomenon, a natural feature of the climate, and one of the major natural hazards to
which Iraq is repeatedly exposed, causing significant damage to environmental, social, and economic systems,
especially agricultural areas. This study is an estimate of drought intensity and frequency in terms of annual
precipitation. This study aims to assess hydrological drought (SPI 12) events within Sulaimanya province, Iraq,
using the standardized precipitation index (SPI) to analyze annual precipitation data from 15 weather stations
covering the period from 2003 to 2022. Determine the duration of the hydrological drought. The results showed
that 53% of the studied years were classified as wet, while 47% were classified as dry based on the standard value
of the rainfall index at 12 months. Stations Sulaimanya, Chamchamal, Halabja, Kalar, and Khanagin exhibit the
most significant rainfall deficits, exceeding 25%, indicating severe drought. Conversely, stations in Darbandikhan,
Dukan, Saidsadq, Qaradakh, Qaladza, Mawat, and Kfry display moderate rainfall deficits ranging from 20% to
25%. Less than a 20% rainfall deficit is seen in sites Penjwen, Chwarta, and Rania, indicating a negligible departure
from the long-term average rainfall. The southern part of the study area, known as Garmian, receives less annual
rainfall. Compared to the northern part, the effect of drought is more pronounced in the southern part of the study
area when the annual rainfall decreases. The annual rainfall deficit was assessed relative to the 20-year average
rainfall for each station. The study observed changes in rainfall patterns across meteorological stations in the study
area.
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INTRODUCTION

Drought is a significant environmental issue affecting agriculture, water resources, ecosystems, and human
communities. Identifying drought-related research gaps is crucial to advancing our understanding and developing
effective mitigation and adaptation strategies. The importance of drought has increased, especially in recent years, due
to the changing climate patterns on Earth. Forecasts suggest that, with the shift in the hydrological cycle and increasing
global temperatures, droughts are expected to become more frequent and severe [1]. One of the biggest threats to
agricultural production is the reduced productivity of rain-fed crops. The issue of water scarcity in drought-stricken
nations is worsened by the increased dependence on irrigation [1]. Predicting the start, length, strength, and reach of a
drought is a challenging task due to its complex nature as a natural disaster [2]. Forecasting and successfully handling
drought pose an equal level of difficulty. Examples of broad impacts include negative effects on the social,
environmental, and economic conditions of the affected regions. Rainfall is the main source of life in arid and semi-
arid areas. Low precipitation, however, results in a decline in agricultural production [3]. Droughts are defined as
extended decreases in precipitation over extended periods of time. They pose significant issues because they result in
water shortages, which are necessary to support the needs of the environment, agriculture, and the human population.
Water resources that are necessary for several businesses, including agriculture, irrigation, and basic sustenance, have
been impacted by the recent droughts in Iraq [1]. The effects of drought can occasionally pollute water supplies [4].
The need for agricultural goods has surged due to the growing population's rising demand for food. The continued
impact of reduced rainfall and the harmful consequences of drought are still presenting challenges [5]. The SPI is
frequently used as a statistic to assess dry conditions in various climate regions. The adaptable SPI calculation method
and simple approach allow for the evaluation of rainfall deficits over different periods, providing a detailed description
of drought occurrences. Research conducted in the Al-Jafara Plain in Libya found that there was a higher occurrence
of mild drought and moderate humidity compared to severe drought. Ahmed Ibrahim'’s research further emphasizes the
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seriousness of drought [6]. During the study period (1984-2015), the SPI was utilized to analyze drought periods in
the Zarga River Basin, Jordan, revealing a significant occurrence of 47.7%, where multiple years in a row saw total
lack of rainfall at every station. Surprisingly, only 2011 and 2012 experienced wet weather at all stations. They also
noted that during the research, the number of wet regions decreased by 0.8%, demonstrating the usefulness of the SPI
in identifying long-term dry patterns [7]. One powerful and useful method that greatly aids in determining drought
conditions is remote sensing [8]. Although there has been much research on drought, little attention has been paid to
the impact of reduced rainfall. This study aimed to use the SPI 12 index to monitor drought in Sulaymaniyah
Governorate during 2003-2022.
Materials and Methods
Study area

The study area is situated in the northeastern region of Iraq, positioned between specific longitudes 46°36E to
44°47E and latitudes 34°28N to 36°40N (Figure 1). Sulaimanya Governorate spans an area of 21,243 km?. The climate
of the study area is classified as arid and semi-arid [15]. Table 1 shows all station longitudes and latitudes. Climate
data were collected from 15 climate stations across the region (Table 2 and Table 3) from the period 2003 to 2022.

Table 1: for all locations (longitudes and latitudes)

Station Name Longitude Latitude Station Name  Longitude Latitude
Sulaimanya 45°27 E 35°33N Rania 44°55 E 36°15N
Penjwen 45°56 E 35°37 N SaidSadq 45°52 E 35°21 N
Chamchamal 44°49 E 35°31N Qaradakh 45°23 E 35°18 N
Chwarta 45°33 E 35°43 N Qaladza 45°07 E 36°10 N
Halabja 45°59 E 35°10 N Kfry 44°57 E 34°41 N
Mawat 45°24 E 35°54 N Kalar 45°18 E 34°37 N
Darbandikhan 45°41 E 35°06 N Khanagin 45°23 E 34°21 N
Dukan 44°57 E 35°57 N

. o
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Figure 1: Study Site Area
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Table 2: Annual Precipitation mm year? (2003- 2022)

Years

Sulaimanya Penjwen  Chamchamal Chwarta  Halabja  Mawat  Darbandikhan
2003 810.8 1315.2 4873 813.3 841 940.3  652.3
2004 752.4 1215.5 545.8 864.6 893.6 929.6 708.7
2005 545.1 983.5 504.4 619.6 738.5 672.1 546.4
2006  801.2 1402.8 307 943.7 9425 10727 53038
2007 5905 910.4 3348 565.3 5774 5914  501.8
2008 380.3 535.9 175 449.8 344.4 368 295.7
2009 6135 977.2 336.7 678.5 6725  667.3 5842
2010 543.1 925.2 407.7 665.3 700.8 616.3 605.7
2011 6486 10009 3415 731.1 6542 7209 601
2012 649.3 11615 339 720.3 7344 8683  546.9
2013 5014 11435  gog3 706.2 641.8 7578 6452
2014 6533 929.6 5206 765.3 5204 7277 5338
2015 7223 10422 53156 7435 6533 8135  706.6
2016 6553 11408 5791 776 5113 8579 5824
2017 4848 844.8 3994 619.2 4546 5028 410
2018 12342 17059  go13 12005 8984 12476 880.6
2019 10325 13718 7463 10425 8039 10112 8856
2020 7396 1092 577.9 1141 503.2 796.4  558.4
2021 289.9 592.7 2548 572.5 254 4366 232
2022 5164 8705 357 4 989.5 4105 5916 4122
Mean  658.2 1058.1  464.8 780.4 637.5 7595 5710
Table 3: Annual Precipitation mm year* (2003-2022)
Years  pykan  Rania  Saidsadq  Qaradakh  Qaladza  Kfry Kalar  Khanagin
2003 696.2 903.7 645 773 976.5 230.2 329.6 164.5
2004 863.7 997.7 580.5 792.5 1000.5 335.9 333.7 238.3
2005 645.5 690.3 415.6 695.5 514.5 318.9 378.7 313.7
2006 820.3 1029.2 687.6 972 1003.3 399.8 413.8 354.1
2007 411 562.3 417.7 655 594.5 335.9 352.6 300.5
2008 282.1 365.5 310.7 3015 468.5 207.2 156.0 132.1
2009 495.6 644.2 542.2 512 728.5 288.4 310.9 293.2
2010 348.4 539.5 508.1 653.4 512.5 194.9 223.0 193.4
2011 510.1 701.1 504.8 675.5 714 198.8 2394 318.0
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2012 544.3 729 558.5 861 788 277.1 274.2 201.9

2013 556.6  775.6 580.5 882 8445 3222 3426 180.8
2014  586.2 7313 532 713 7355 2879  316.0 359.1
2015 6483 7559 633.2 1050 801 3675  336.8 3705
2016  683.6 7414 622 1027 852 3205 3637 316.4
2017 359.6 4751 471.9 697.5 4615 1988  207.4 224.1
2018 10314 12899 98738 1622.5 1272 4209 4370 462.2
2019  760.6 12324  800.9 1352.5 10345 3616  405.1 339.0
2020 5102 8723 552.4 1118.3 7095 2468 2595 260.2
2021 325 5105 185.8 4155 5025 1374 1285 160.2
2022 361 6347 370.2 838.7 6025 2713  306.6 202.9
Mean 5720  759.1 545.4 830.4 7558  286.1 3058 269.3

Precipitation Index

The Standardized Precipitation Index (SPI) is a pivotal indicator in drought characterization, initially proposed by
Mckee[9]. It assesses dry and wet periods based on the rainfall deficit [10]. Essentially, the SPI evaluates the impact
of rainfall deficits on various hydrological factors such as soil moisture, river flow, reservoir reserves, and water levels
across different time scales ranging from 1, 3, 6, 9, 12, 24 and 48 months [9]. This indicator enables the estimation of
drought effects and facilitates severity comparisons across different locations worldwide and over varied time spans,
utilizing rainfall data collected over 30 years [11]. Positive SPI values indicate precipitation levels above the median,
whereas negative values signify precipitation deficits. By comparing SPI values with those listed in Table No. 3, the
severity of the drought can be estimated. Dry periods are identified during intervals where the SPI value is negative

Table 4: classification of drought according to SPI values.

Classification SPI Value
Extremely wet >2

Severely Wet 1.5t01.99

Moderately wet 1t01.49

Mild wet 010 0.99

Mild drought -0.99t0 0

Moderately drought -1.49t0 -1

Severely drought -1.99to0 -1.55

Extremely drought -2<

In this study, drought intensity and frequency were assessed across the 15 study stations on a 12-month annual index
(SPI 12) from 2003 to 2022. This equation was used to determine the SPI value
[12].
SP1 12=Xi- Xm/ SD
Xi : rainfall for the year
Xm: 20-year average total rainfall
SD: standard deviation

[T(xi-xm)? [E(Xi—Xm)*

SD = N 1 N a1 n: number of years
Annual rainfall deficit

The annual rainfall deficit refers to the shortfall in precipitation recorded at a specific station over a year compared
to its long-term average. This deficit occurs when the total rainfall for the year is below the average total rainfall
calculated over 20 years. [13].to calculate the annual rainfall deficit, follow these steps:
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Rainfall deficit=X-Y
X: 20-year average total rainfall
Y: Total rainfall for the year
Results and Discussions
Standardized Precipitation Index
Figures 2 to 4 demonstrate the SPI 12 values for each station across all years of the study. These figures depict the
occurrence of both dry and wet periods within the study area throughout the study perio
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Figure 2: Variations of SPI 12 values with drought years during 2003-2022.
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Figure 3: Variations of SPI 12 values with drought years during 2003-2022.
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Figure 4: Variations of SPI 12 values with drought years during 2003-2022.

Figures 2 to 4 show each station in the study area, and the assessment of SPI 12 values as drought indicators is
shown. Drought conditions between 2003 and 2022 were observed in all stations during the study period, which had a
significant impact throughout the study area. In Sulaimanya station, 2005, 2007, 2009, 2010, 2011, 2012, 2013, 2017,
and 2020 are mild drought years, but the 2008 severe drought and the 2021 extreme drought. In Penjwen station, 2004,
2006, 2007, 2009, 2010, 2013, 2017, 2016, and 2021 are mild drought years, but 2008 is extremely drought, and 2020
is severe. In Chamchamal station, 2007, 2009, 2010, 2011, 2012, 2017, and 2021 are mild drought years, but 2008 is
extremely droughty and 2020 is a severe drought. At Chwarta station, 2005, 2009, 2010, 2011, 2012, 2013, 2015, and
2017 experienced mild drought, while 2007 and 2021 saw moderate drought, and 2008 had extreme drought. In Halabja
station, the years 2007, 2014, 2016, 2017, and 2020 experience mild drought, while 2008 has severe drought, 2021 has
extreme drought, and 2022 has moderate drought. At Mawat station, the years 2005, 2007, 2009, 2010, 2011, 2014,
and 2022 experience mild drought, while 2008 is exceptionally dry, 2017 is moderately dry, and 2021 faces severe
drought. 2005, 2006, 2007, 2012, 2014, 2017, and 2022 saw mild drought in Darbandikhan station, while 2008
experienced severe drought and 2021 had an extreme drought. In Dukan station, the years 2007, 2009, 2011, 2012, and
2020 experience mild drought, while 2010, 2017, 2021, and 2022 face moderate drought, with 2008 being a severe
drought. In Rania station, 2005, 2007, 2009, 2010, 2011, 2012, 2014, and 2022 experienced mild drought, with 2008
being significantly severe, while 2017 and 2021 had moderately severe drought. In SaidSadq station, 2005, 2007, 2010,
2011, and 2017 experienced mild drought, while 2008 and 2022 saw moderate drought, and 2021 had severe drought.
During 2003, 2004, 2005, 2007, 2010, 2011, 2014, and 2017, Qaradakh station experienced mild drought, while 2008
and 2021 saw severe drought, and 2009 had moderate drought. At Qaladza station, the years 2007, 2009, 2011, 2020,
and 2022 experience mild drought, while 2005, 2008, 2010, and 2021 face moderate drought, and 2017 endures severe
drought. At Kfry station, there are mild droughts in 2012, 2020, and 2022; moderate droughts in 2008, 2010, 2011,
and 2017; a severe drought in 2006; and an extreme drought in 2021. During the years 2010, 2011, 2012, and 2020,
Kalar station experienced mild drought conditions, while the years 2006 and 2008 were marked by severe drought.
2017 the area faced moderate drought, and 2021 brought extreme drought. In Khanagin station, the years 2004, 2010,
2012, 2017, and 2020 experienced mild drought, while 2008 had an extremely severe drought, and the years 2013 and
2021 had moderate drought.

Most stations experienced a moderate drought. The analysis highlights significant variations in drought intensity
and rainfall patterns across different regions of the study area. In particular, the southern and southwestern regions
experience more severe drought than the northern and northeastern regions, indicating differences in rainfall within
the study area’s high and low temperatures. Understanding this regional climate dynamic is crucial for drought impact
management and adaptation strategies. It emphasizes the importance of accurate risk assessment and the development
of targeted adaptation measures to mitigate the effects of drought in vulnerable areas. By recognizing and addressing
these complexities, policymakers and stakeholders can better prepare for and respond to drought events in a more
informed and strategic manner. These results are in agreement with [13].

Depending on the SPI values, there are dry years and wet years. The SPI values for each station were classified to
distinguish between wet and dry years, as listed in Table 4. This provides an analysis of the frequency of occurrence
for each of the eight identified type

150



Table 5: Classification of SPI 12 values for all stations

Percentage of

5] 3] 3] b P

% _ g o ‘q;i ; é g _ % ; dry years
Station Name :‘% = i % g - ;;f’ é“ % g . 3 -

°2 & 5 & = £c.8¢ 858 353 £o¢

S 5 & 3 = 288 058 253 28
Sulaimanya 20 0 2 0 9 11 5% 1 1 0 7 9 45%
Penjwen 20 0 0 2 7 9 45% 1 1 0 9 11 55%
Chamchamal 20 0 2 1 8 11 55% 1 1 0 7 9 45%
Chwarta 20 0 2 2 5 9 45% 1 0 2 8 11 55%
Halabja 20 0 0 4 8 12 60% 1 1 1 5 8 40%
Mawat 20 0 1 2 7 10 50% 1 1 1 7 10 50%
Darbandikhan 20 0 2 0 9 11 5% 1 1 0 7 9 45%
Dukan 20 1 1 1 7 10 50% O 1 4 5 10 50%
Rania 20 1 1 2 5 9 45% 1 0 2 8 11 55%
SaidSadq 20 1 0 1 10 12 60% 1 0 2 5 8 40%
Qaradakh 20 1 1 0 7 9 4% 1 1 1 8 11 55%
Qaladza 20 1 0 4 10 5% 0 1 4 5 10 50%
Kfry 20 0 1 2 11 5% 1 1 4 3 45%
Kalar 20 0 0 2 10 12 60% 1 2 1 4 8  40%
Khanagin 20 0 1 2 8 11 5% 1 0 2 6 45%

Mean 53% 47%

The analysis of SPI classification in the study area reveals a significant distribution between dry-temperate and
humid-temperate conditions. Dry years comprised 47% of the total period examined, contrasting with wet years (53%).
Notably, stations like Halabja, SaidSadq, and Kalar consistently registered higher percentages of wet years at (60%),
while Penjwen, Chwarta, Rania, and Qaradakh exhibited lower percentages at (45%). Conversely, Penjwen, Chwarta,
Rania, and Qaradakh experienced the highest occurrences of dry years (55%), in contrast to Halabja, SaidSadq, and
Kalar with 40% of dry years. Specific extreme conditions were observed, with very humid years occurring at Dukan,
Rania, SaidSadq, Qaradakh, and Qaladza stations for one year. Conversely, very severe drought conditions were noted
at most stations except Dukan and Qaladza for a single year. Furthermore, stations like Kalar and SaidSadq had the
most moderately humid years with a total of 10, whereas Kfry, Rania, and Chwarta had 5 years. On the other hand,
Penjwen recorded the highest number of moderately dry years at 9, with Kfry having 3 years. The stations of SaidSadq,
Halabja, and Kalar experienced the highest wet years at 12, while Penjwen, Chwarta, Rania, and Qaradakh had 11 dry
years. The discrepancies observed across the years studied contribute to the variability in

Occurrences at different stations, highlighting the intricate dynamics of drought and moisture conditions within the
study area over the specified timeframe. These results are aligned with [14]. During the study period, the most common
classification is within the SPI classification to determine wet and dry years. The variability in the SPI 12 classification
across the study area can be attributed to factors like geographical location, climate systems, local weather patterns,
climate change, natural variability, and land use changes. Understanding these factors is crucial for assessing drought
risk and implementing effective water management strategies
Annual rainfall deficit

After applying the equation, the rain deficit was calculated for each drought year at each station within the study
area, extending from 2003 to 2022. The analysis revealed the presence of a rainfall deficit, as shown in Table 4, which
displays the values of drought, drought sustainability, and drought severity. The percentage of the deficit in annual
rainfall

Table 5: shows the values of rain deficit “M” (mm), drought sustainability “L” (years), drought severity “I”
(mm. year?), and percentages of rainfall deficit “Per.”.

Station Name M L | Per. Station Name M L | Per.
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Sulaimanya 141416 8 17677 2% Dukan 1588.18 11 14438 25%

Penjwen 202587 11 18417  17% Rania 17875 13 1375 18%
Chamchamal 1314 9 146  31% SaidSadq 11948 10 11948 22%
Chwarta 15327 13 1179 15%  Qaradakh 225302 11 20482 24%
Halabja 1524 8 1905 30%  Qaladza 17699 11 1609 2%
Mawat 170203 11 15473  20% Kfry 6399 9 711 2%
Darbandikhan 1147 10 1142 20% Kalar 651 7 93  30%
Khanagin 7399 10 7399  27%

5 provides valuable insights into the severity and variability of drought conditions across the study area, illustrating the
highest, average, and minimum rates of rainfall deficit among stations. Sulaimanya, Chamchamal, Halabja, Kalar, and
Khanagin exhibit the most significant rainfall deficits, exceeding 25%, indicating severe drought events during the study
period. These deficits signify a notable departure from the long-term average rainfall. Conversely, stations, Darbandikhan,
Dukan, Saidsadg, Qaradakh, Qaladza, Mawat, and Kfry display moderate rainfall deficits ranging from 20% to 25%,
representing typical deviations observed in drought years, although not as extreme as the highest deficits. Less than a 20%
rainfall deficit is seen in sites Penjwen, Chwarta, and Rania, indicating a negligible departure from the long-term average
rainfall. Stations with higher average rainfall experience higher annual rainfall deficits due to rainfall variability, drought
sensitivity, hydrologic characteristics, and climate change effects. Recognizing and understanding these dynamics is essential
for effective water resource management, risk mitigation strategies, and adaptation efforts in the face of climate change. These
deficiencies might not immediately suggest a drought concern, but understanding general rainfall patterns and identifying
regions at risk from future droughts depends on them. Understanding the leading causes of inadequate rainfall is essential to
developing strategies for managing and reducing the consequences of drought and determining how well the studied region
can respond to shifting trends in rainfall. These findings support [14].

Conclusions

The data from the Standardized Precipitation Index (SPI) show notable differences in the degrees of moisture and aridity
over the study area, clearly differentiating between times of moderate wetness and times of moderate dryness. Stations with
higher average rainfall experience more noticeable annual rainfall deficits than those with lower average rainfall. Changes in
land use, natural cycles, global warming, and the local climate. Understanding these traits is essential to assessing the effects
of drought risk and developing adaptive strategies. The findings highlight the significance of considering local climate
dynamics in the development of water management.
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