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Different sets of dry spell length such as complete series, monthly 
maximum, seasonal maximum, and annual maximum are applied and 
modeled with different probability distribution functions (such as Gumbel 
Max, generalized extreme value, Log-Logistic, generalized logistic, inverse 
Gaussian, Log-Pearson 3, generalized Pareto) to recognize in which 
duration, dry spells cause drought. The drought situation and temporal 
analysis in the North of Iraq region were done using the SPI index and 
by software of DrinC at a time scale of 3.6 and 12 months. Because of 
applicability, availability of data and the aim of the study, SPI is selected 
to analyze the dry spells in this study. Based on the maximum length of 
the available statistical period, the statistics for the years 1980 to 2019 
were used from nine meteorological stations for analysis. The results of the 
study showed the severity of drought during the study period which related 
to dry spells. The results of this research confirm the variation of drought 
occurrence with varying degrees in different time and different dry spells 
condition in Iraq. 
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1. Introduction

Drought is one of the most disastrous natural disasters 
and it is known as continuous and abnormal shortage of 
precipitation and humidity which have a gradual effect 
and occurs over a long period of time [1], [2], [3], [4]. There-
fore, prediction and readiness to manage it, to some ex-
tent, reduce the problems caused by this phenomenon [5], 

[6], [7], [8] ,[9] ,[10]. Currently, drought management in many arid 
and semi-arid regions is based on crisis management, and 
because planning has not been finalized, decisions and 
operational actions are late, and decisions are lacking in 

efficiency [11], [12], [13], [14]. However, in managing drought 
crisis, emphasis on planning and preparation and reduc-
tion of drought crisis, and with the application of this kind 
of management at the time of drought and drought pre-
paredness can be done to counteract the drought [15], [16], [17]. 
This phenomenon can occur in each region with varying 
intensity and continuity, and can affect the human and the 
environment [18], [19]. Therefore, droughts in recent years in 
most dry and semi-arid countries have led to a sharp drop 
in groundwater aquifers and a decrease in surface water 
resources, and eventually a large population of the country 
faces a depression crisis [20] ,[21]. Droughts are mainly due 
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to precipitation, but the occurrence of successive droughts 
due to serious changes in dry spells, intensity, period 
and spatial-temporal distribution of the precipitation [22]. 
Creating such changes will result in meteorological, agri-
cultural, hydrological and socioeconomic droughts. Since 
the definition, detection, and measurement of complex 
droughts are complex, researchers have sought to elabo-
rate indicators to determine these [23]. The purpose of the 
preparation and application of any drought index is to 
determine the characteristics of dry spells, intensity, con-
tinuity and spatial extent. In order to monitor the drought 
situation, several indicators are presented in different 
countries based on drought definitions and computational 
method, one of the indicators used in this research is the 
standardized rainfall index (SPI). The aim of this study is 
to analyze characteristics of dry spells by using SPI in the 
north of Iraq. So far there are many indicators for drought 
monitoring, but some of them are more usable due to their 
ease of use and applicability. For example, the Standard-
ized Precipitation Index (SPI) for monitoring meteorolog-
ical droughts has been calculated for different dry spells 
and is important for initial alert detection and evaluation 
of drought severity [24]. Here in below, the most common 
methods are explained, however considering the objective 
of this research and availability of data, the SPI method 
finally is selected for analyzing the dry spells.

2. Comparison Different Methods

The sequencing of dry and wet spells is of great impor-
tance in water resource management studies, especially in 
arid and semi -arid regions. Due to the complexity of hy-
dro-climatic phenomena, it is more difficult to understand 
the phenomena compare to other natural habitats, and 
more information is needed to manage the problems and 
problems of water resources due to the occurrence of dry 
spells in a region. One of the applications for determining 
wet and dry spells is water production and cultivar plan-
ning, a brief description of drought, flood formation, and 
forecasting and assessing the occurrence of floods. Also, 
the possibility of accurately calculating the evaporation 
rate, determining the relationship between rainfall and 
rainfall, controlling surface currents, surface water and 
underground water management studies are among the is-
sues that emphasize the importance of wet and dry spells. 
Therefore, the determination of degree, intensity, time of 
occurrence and termination of dry spells is very difficult 
and requires tools for monitoring and evaluation. In this 
regard, the use of indicators is due to their ease of use, 
including methods for determining dry and wet spells. It 
is also possible to provide meteorological, hydrological 
and agricultural purposes for calculating indices at differ-

ent time scales. However, in the analysis of dry and wet 
spells, factors such as rainfall, temperature, runoff, soil 
moisture, evapotranspiration and wind should be consid-
ered, but in the meantime, the rainfall factor due to direct 
and indirect effects on other parameters, is more import-
ant. Precipitation is the most important factor in determin-
ing the beginning, severity and termination of dry and wet 
periods [25] .

The definition of dry spells based on the length of 
days without precipitation has been widely used in many 
climatological studies. The advantage of using these defi-
nitions and similar definitions is one in determining the 
thresholds and the other in facilitating the use of specific 
statistical analyzes for studying dry spells with different 
continuations [26], [27], [28], [29]. Several methods have been 
used to study the behavior of wet and dry spells. Here in 
below, different methods are explained:

2.1 Standardized Rainfall Index

The basis of the standard rainfall index is based on the 
calculation of precipitation probabilities for each time 
scale. After extraction of rainfall data on a monthly scale 
during a statistical period, it is necessary to create a total 
time series of rainfall on an arbitrary scale. This profile is 
based on rainfall data, and its variability makes it possible 
to use a short-term scale for agricultural purposes and in 
long-term qualifications for aquatic objectives such as 
groundwater resources, river flows, lakes and surface re-
sources. In this study, in order to calculate the drought by 
the standardized precipitation index, monthly rainfall data 
of 9 barometric stations were used and made by DrinC 
software. This software is designed to determine drought 
indices and it is possible to use the annual, monthly, sea-
sonal, moving and daily data series. In this study, after 
gathering the precipitation data of the stations in the area 
and removing the stations with incomplete statistics, 
during the common statistical period of 1980 to 2019, 
rainfall data was arranged monthly and using the DrinC 
software, the SPI time series were scaled for 3, 6 and 12 
months, and the values were calculated. Based on Table 
S1 (Different drought and drought classes in this index), 
using the values obtained from SPI between 2 and +2, -2 
or less, 2+ or more, periods of drought and the severity of 
drought was obtained in the classes of normal, mild, mod-
erate, severe and very severe.

In this method, the drought period begins when the 
SPI is continuously negative to reach 1 or less, and ends 
when the SPI is positive. In addition, the cumulative 
amounts of SPI also show the magnitude and severity of 
the drought period. The positive SPI value represents the 
precipitation over the average rainfall and the negative 
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value is the opposite. Therefore, the standard SPI index 
is suitable for dry and humid climates, and it is possible 
to compare results in different time periods and locations. 
In the following, maximum and minimum maximum and 
minimum values of SPI in the 3, 6, and 12-month scales 
in the statistical period of the study are presented in Ta-
ble 3 and 4, respectively. Finally, the results have been 
discussed. Also, spatial distribution of drought condition 
based on 12-month SPI in a number of study years is pro-
vided alternately in Table 2. At this stage, after calculating 
the values of the SPI index, the most important features of 
dry and wet periods, including the total number of dry and 
wet months, in different classes of drought indicate that 
the results are presented in Table 3 to 5.

2.2 Markov Chain

Markov’s method uses only the two-part values of the 
existence or absence of daily rainfall, not their quantita-
tive values, with the thresholds set. After collecting data 
and setting up a database, determining the thresholds for 
determining the rainy days from the non-operational days 
was the first phase of the work. There is a great deal of 
disagreement about the threshold between water and me-
teorologists, so that they have proposed different criteria 
for this purpose (various criteria such as 0.1, 0.15, 0.2, 
0.25, and 0.3). The World Meteorological Organization 
also defined rainy days with at least 1 mm of precipitation 
in 24 hours. However, the use of 10-millimeter reefs has 
the advantage of removing excess weight, which some 
very prevalent days end up with a very low frequency at 
the end of a long dry season, without actually ending the 
drought. Based on the thresholds, the following indicators 
for all stations should be extracted.

1. Percentage of dry days during the year with three 
thresholds of 0.1, 1, 10 mm for each station separately;

2. The length of dry periods with three thresholds of 0.1, 
1, 10 mm for each station separately;

3. Maximum duration of dry periods with three thresh-
olds of 0.1, 1, 10 mm for each station separately;

4. Extraction of the longest dry period during each 
study period for each station separately;

5. Extracting the number of dry periods with a duration 
of 7 days and more, 15 days and more, 30 days and more, 
60 days and more, 90 days and more, 120 days and more 
for each station separately. In order to model the length 
of dry periods, different order Markov chains, up to the 
tenth, can use to determine the duration of dry periods, 
taking into account the threshold (for example, 0.1 ≥) for 
the definition of precipitation days. Also, the compatibility 
of each of the different order of the Markov chain on the 
length of dry periods of stations can be investigated by (χ 

2) test.

2.3 Dry Days Since Last Rain

The main parameters that should be considered in this 
method are listed below;

History of precipitation analysis: This date is defined 
as the basis for the beginning of a new rainfall season, 
and all rainfall parameters are calculated as DDSLR in-
dex relative to this date. Daily Precipitation Limits: The 
choice of daily precipitation threshold varies according to 
the purposes and methods used. The common threshold 
is usually 0.1 mm, which is the minimum accuracy of 
the rain gauge, which is not desirable for index analysis 
because of the apparent discrepancy between stations. 
Therefore, the threshold of daily precipitation is as fol-
lows in Equation (1): in this method, first, the ratio of the 
average total precipitation between the two thresholds of 1 
and 0.1 mm is calculated for the stations, and then, based 
on the highest percentage obtained, between the stations, 
the desired threshold determined.

Ratio=                   Equation (1)

Indicator calculation: Indicator is defined by the num-
ber of days without precipitation or by precipitation less 
than a certain threshold from the last rainy day and calcu-
lated as follows.

a)Determine zero (0) value: For all berths equal to or 
greater than the desired threshold;

b)Determine the value of two or three (1,2,3, …): For 
all days without precipitation or less than the desired 
threshold, respectively, from the last rainy day, respec-
tively;

c)This way all years of a statistical period are valued. 
The first day and every year, if it is rainy, is zero and if it 
is dry, the continuation of the value of the last day of the 
previous year is for that purpose.

d)Descending rank: The values obtained for the 
DDSLR index for each day of the year during the course 
and calculating its probability are obtained from the fol-
lowing relation.

P=m/n+1
Where p is probability and m is mean of DDSLR index 

for each day of the year and n is the number of the years.

2.4 ZSI Index

The following equation can be used to compute the ZSI 
index:

Z=xi-xˉ/s                                                          Equation (2)

In the equation, Z is Standard precipitation score and xi 
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is the average monthly precipitation and x is the average 
precipitation for the whole period. Also s is standard de-
viation from rainfall is at any time scale. In the Table S2, 
the severity of the degree of drought is shown based on 
ZSI values.

2.5 Nitzche

Nietzsche by using the annual rainfall data, described 
the following equation for the study of dry, wet and nor-
mal years.

    Equation (3)

The first equation can use to estimate wet years and 
the second one can use to estimate normal years and the 
last one can apply to estimate dry years. Also, Pi showed 
the precipitation in a given year and P is the average of 
precipitation for periods of years and SD is the standard 
deviation. 

The computation of SPI requires that fit is the most ap-
propriate probabilistic distribution function, usually fitted 
with gamma distributions. Then the cumulative distribu-
tion function of the calculated distribution is converted 
to normal distribution. Among the signs of drought, a 
significant decrease in rainfall, soil moisture, plant growth 
and growth can be noted. The onset of drought is usually 
associated with a decrease in rainfall and increase in dry 
spells which is known as the meteorological drought. 
However, over the past century, the world’s population 
has tripled, but water use has increased six-fold. Several 
studies have been carried out in the world and examples 
of which are presented here. [30] examined the spatial dis-
tribution and severity of drought in South Africa using 
the SPI index with dry spells in 3, 6 and 12 months. Their 
results showed that this index is an appropriate tool for 
monitoring the spatial extension and severity of drought 
in South Africa. [31] in their study, investigated the effects 
of climate change on the severity of drought in the great 
region of Greece, and used data from 50 meteorological 
stations during the statistical period of 30 years (1960-
1960) and found that in all parts of the area there is also a 
climatic difference. In different periods of time (according 
to the SPI index), the increase in drought severity has oc-
curred. [32] did a research on the severity, continuity and 
frequency of climate droughts in six basins in the west 
and northwest of the country using time series of stan-
dardized precipitation index (SPI). For all stations, the 
severity of drought in each basin was extracted and con-
cluded that the occurrence of drought with dry spells of 1 
to 3 month survival, even in stations located in semi-hu-

mid areas, is a common and probable phenomenon. [33]

studied the drought related to Azarbaijan watershed with 
the help of standardized rainfall index. They used several 
stations with a common length of 28 years (1999 - 1972) 
to monitor droughts in three, six, and 12-month periods, 
and mapped the extent of the occurrence of droughts. In 
their findings, the researchers found that there were severe 
and severe droughts during the statistical period in the 
region. The lowest SPI observed in the area related to one 
station on a scale12-month-old with a value of -4.2 and 
therefore the region was introduced as one of the regions 
with potential for drought susceptibility in the region. [34], 
by studying the drought trend in Sistan plain, showed that 
from 1980 to 2013 the frequency of dry spells and drought 
occurrence at the Zabol representative station was higher 
than the 2000-1990 decade, and this station during recent 
years have been more normal or wet. [35] using standard-
ized precipitation index and Kriging method to investigate 
drought conditions in the Middle East. This study showed 
that 8 years of medium to weak drought occurred in the 
study area and in 2013 the most widespread drought 
occurred. [36]in his research on the status of drought in 
Morocco using the standard rainfall index (SPI) as the 
selected index for monitoring of droughts in stations with-
in the province with a combined statistical period of 25 
years (1975-2011) and with considered dry spells for 6, 9, 
12 and 24 months were used. The highest dry spells and 
drought severity was observed in the 6-month period of a 
station and at 9, 12, and 24 months are related to another 
Station. SPI values were categorized in the years of severe 
drought in time scales using geo-statistical techniques on 
the area of the province. Investigating the maps showed 
that the extent of drought decreases with increasing time 
scale and the situation of droughts decreases in the area 
from west to east. [37] studied the drought monitoring in 
China using the SPI standard rainfall index in recent years. 
Then, the standard rainfall index was calculated for the 
selected stations, and the mapping was done by the IDW 
method for the area and investigating dry spells for 3, 6, 
9, 12, 24 and 84 months. The results showed that drought 
maps with time series, moderate and severe droughts, 
have been continuously and successively implemented in 
recent years in the area, which is the end of the drought 
period and, more importantly, the consequences of it, up 
to years after the occurrence of drought, the region will 
be clear. Therefore, risk management and a serious crisis 
in relation to this phenomenon are necessary in terms of 
regional planning and prioritization for specific plans of 
each region. Also, other studies such as [38], [39] have done 
drought analysis and evaluation have been conducted 
based on the SPI index. The prerequisite for the planning 
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and management of water resources is the assessment of 
wet and dry spells that require understanding and studying 
the occurrence of droughts. The shortage of drinking wa-
ter due to the degradation of groundwater quality and the 
reduction of aquifers also lead to widespread immigration. 
All these make the drought more prudent and more man-
ageable. The dry spells and drought threatens agricultural 
activities. In addition, performance and product quality 
are also affected. Due to the damage caused by the dry 
spells, drought occurrence and considering the studies 
done in this field, more studies on drought are still needed 
in different parts of the country. Extreme rainfall is not 
always the cause of the wet spells. Other factors such as 
average temperature and relative humidity also affect dry 
spells and drought aggravated or moderated, and given the 
fact that the scope of climate research, such as the produc-
tion of climate maps, can be large, moderate, Small and 
local, which is very limited in some arid and semi-arid 
regions. As a result, the SPI index has the most important 
advantage in terms of drought calculation in different dry 
spells in terms of severity in arid and semi-arid regions. 
Drought with other meteorological phenomena varies 
from meteorological point of view. Often the beginning 
and end of the drought are important, and its continuity 
can be relatively long that depends on dry spells. The fre-
quency of dry spells varies in different regions, which is 
characterized by a large variety of climates. The SPI indi-
cator, as one of the meteorological drought indicators, is 
able to estimates drought with considering dry spells and 
it can use for analysis of past droughts and the study of 
the return periods of droughts to predict the future in each 
region. SPI index due to its simplicity, and without dimen-
sion and it’s able to calculate the severity and duration of 
drought and stress, for the study of droughts and spatial 
problems in this case study was selected. The purpose of 
this study was to analyze the temporal of drought severity 
and duration in Iraq and to use DrinC software capabilities 
in estimating the standardized rainfall index.

3. Study Area

Iraq has a hot, dry climate and known by long, hot, 
dry summers and short, cool winters. The climate is influ-
enced by Iraq’s location between the subtropical aridity of 
the Arabian desert regions and the subtropical humidity of 
the Gulf. The coldest month, with temperatures from 5°C 
to 10°C is January, and August is the hottest month with 
temperatures increasing up to 30°C and more.

In most of the areas, summers are very hot with the 
highest sunshine, but there is high humidity on the south-
ern coastal areas of the Gulf. Daily temperatures can reach 
easily 45°C or more during summer, especially in the Iraqi 

desert areas which causes a danger of heat exhaustion. 
Inside the hot, dry desert, the winds can be very strong 
sometimes, and can cause violent sandstorms. About 70 
percent of the average rainfall in the country falls between 
November and March, but from June to August are often 
rainless. Rainfall changes from season to season and from 
year to year. The locations of the synoptic stations are 
shown in the Figure 1 and the data that used for this re-
search are from the year of 1980 to 2019.

Figure 1. The location of study area and meteorological 
stations (synoptic stations).

4. Material and Methods

4.1 Standardized Rainfall Index

The basis of the standard rainfall index is based on the 
calculation of precipitation probabilities for each time 
scale. After extraction of rainfall data on a monthly scale 
during a statistical period, it is necessary to create a total 
time series of rainfall on an arbitrary scale. This profile is 
based on rainfall data, and its variability makes it possible 
to use a short-term scale for agricultural purposes and in 
long-term qualifications for aquatic objectives such as 
groundwater resources, river flows, lakes and surface re-
sources. In this study, in order to calculate the drought by 
the standardized precipitation index, monthly rainfall data 
of 9 barometric stations (Dohuk, Sinjar, Tel affar, Mosul, 
Arbil, Kirkuk, Suleimaniyah, Derbandghan, Dokan) were 
used from the year of 1980 to 2019 (Agha et al. 2017) and 
made by DrinC software. This software is designed to de-
termine drought indices and it is possible to use the annu-
al, monthly, seasonal, moving and daily data series. In this 
study, after gathering the precipitation data of the stations 
in the area and removing the stations with incomplete 
statistics, during the common statistical period of 2000 to 
2014, rainfall data was arranged monthly and using the 
DrinC software, the SPI time series were scaled for 3, 6 
and 12 months, and the values were calculated. Based on 
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Table S3 (Different drought and drought classes in this 
index), using the values obtained from SPI between 2 
and +2, -2 or less, 2+ or more, periods of drought and the 
severity of drought was obtained in the classes of normal, 
mild, moderate, severe and very severe.

In this method, the drought period begins when the 
SPI is continuously negative to reach 1 or less, and ends 
when the SPI is positive. In addition, the cumulative 
amounts of SPI also show the magnitude and severity of 
the drought period. The positive SPI value represents the 
precipitation over the average rainfall and the negative 
value is the opposite. Therefore, the standard SPI index 
is suitable for dry and humid climates, and it is possible 
to compare results in different time periods and locations. 
In the following, maximum and minimum maximum and 
minimum values of SPI in the 3, 6, and 12-month scales 
in the statistical period of the study are presented in Ta-

ble 3 and 4, respectively. Finally, the results have been 
discussed. Also, spatial distribution of drought condition 
based on 12-month SPI in a number of study years is pro-
vided alternately in Table 2. At this stage, after calculating 
the values of the SPI index, the most important features of 
dry and wet periods, including the total number of dry and 
wet months, in different classes of drought indicate that 
the results are presented in Table 3 to 5.

5. Results

In this study, in order to analyze the effect of dry spells 
on drought, the SPI method is used. Because this is the 
common and the best method that can show the effect.

At this stage, for the drought assessment, the SPI index 
is created for the 39 years (1980-2019) and precipitation 
from 9 rain-gauge stations were calculated for DrinC soft-
ware, and the values are shown in Table 3. The SPI index 

Table 1. The characteristics of wet and dry condition in dry spells at 3 months

SPI with 
3 months 
dry spells

condition Station 
1(Dohuk)

Station 
2(Arbil)

Station 
3(Sinjar)

Station 
4(Tel affar)

Station 
5(Dokan)

Station 
6(Derbandghan)

Station 
7(Suleimaniyah)

Station 
8(Mosul)

Station 9 
(Kirkuk)

Max 1.6 2.2 1.9 1.6 2.1 1.9 2.3 1.6 2

Min -2.1 -2 -1.5 -2.4 -1.7 -2.1 -2.4 -2.1 -3.04

Moderate 0 0 0 0 0 0 0 0 0

The number of months 
with dry condition 16 28 15 29 12 16 28 16 24

The number of months 
with wet condition 16 28 17 23 20 16 28 16 24

The number of months 
with very severe wet 

condition 
0 1 0 0 1 0 1 0 1

The number of months 
with severe wet 

condition
4 4 4 1 1 2 3 2 2

The number of months 
with moderate wet 

condition
5 4 2 9 5 3 5 3 5

The number of months 
with normal condition 39 38 21 32 21 22 37 23 36

The number of months 
with very severe dry 

condition 
6 6 3 7 1 1 6 1 2

The number of severe 
dry condition 0 3 2 1 3 3 3 2 0

The number of months 
with moderate dry 

condition
2 0 0 2 0 17 1 1 2
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values were then input into DrinC software for each sta-
tion at three, three, six, and 12-month time scales so that 
their spatial analysis could be provided. The results of the 
stations obtained are as shown in Table 1 to 3. From the 
years studied, the results of calculations based on Table 
3 to 5 show that at a 3-month time scale, a very severe 
drought with a minimum of -3.04 corresponds to the sta-
tion 9 (Kirkuk).

Also at a 3-month time scale, extreme wet period (with 
the highest value of 2.28) is related to station 7(Sulei-
maniyah).

At 6 months time scale, the lowest value (-3.02) is re-
lated to station 8 (Mosul) and the highest value is related 
to station2 (Arbil), while at a time scale of 12 Month, the 
lowest value (-2.9) is related to the station 3 (Tel Affar) 
and the highest value (2.3) is related to station 2 (Arbil).

The average value for each of the three time scales is 
-0.04.

As a result of SPI’s ability, the most frequent 17-month 
high drought was due to the station 6 (Derbandghan) and 
the longest extremely severe wet period was 1 year. In 

this study, the SPI index has been used as one of the most 
suitable indicators in the analysis of past dry spells and 
wet spells. Since the study area is sufficiently extensive, 
monthly information is used in comparison with the annu-
al data due to the improvement of drought management, 
as well as the choice of the method based on the same 
time space.

Figure 2. Max SPI with dry spells for 3 months .

Table 2. The characteristics of wet and dry condition in dry spells at 6 months

SPI with 
6 months 
dry spells

condition Station 
1(Dohuk)

Station 
2(Arbil)

Station 
3(Sinjar)

Station 
4(Tel affar)

Station 
5(Dokan)

Station 
6(Derbandghan)

Station 
7(Suleimaniyah)

Station 
8(Mosul)

Station 9 
(Kirkuk)

Max 1.3 2 2.2 1.8 1.5 1.6 1.7 2 1.3

Min -2.2 -2.6 -1.7 -2.3 -2 -1.7 -2.2 -3 -2.2

Moderate 0 0 0 0 0 0 0 0 0

The number of months 
with dry condition 10 17 7 15 9 9 14 13 10

The number of months 
with wet condition 6 11 9 11 7 7 14 11 6

The number of months 
with very severe wet 

condition 
0 0 1 0 0 0 0 0 0

The number of months 
with severe wet 

condition
1 1 1 2 1 2 1 1 0

The number of months 
with moderate wet 

condition
4 3 0 2 3 0 5 2 2

The number of months 
with normal condition 20 20 12 17 10 10 17 19 11

The number of months 
with very severe dry 

condition 
2 1 1 2 1 3 1 0 1

The number of severe 
dry condition 0 2 1 2 1 1 3 1 1

The number of months 
with moderate dry 

condition
2 1 0 1 0 0 1 1 1
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Figure 3. Max SPI with dry spells for 6 months. Figure 4. Max SPI with dry spells for 12 months.

Table 3. The characteristics of wet and dry condition in dry spells at 12 months

SPI with 
12 months 
dry spells

condition
Station 

1(Dohuk)
Station 
2(Arbil)

Station 
3(Sinjar)

Station 
4(Tel affar)

Station 
5(Dokan)

Station 
6(Derbandghan)

Station 
7(Suleimaniyah)

Station 
8(Mosul)

Station 9 
(Kirkuk)

Max 1.5 1.3 2.3 1.5 1.8 1.9 1.5 1.5 1.5

Min -2.2 -2.6 -1.2 -1.7 -1.3 -1.3 -2.4 -1.2 -2.9

Moderate 0 0 0 0 0 0 0 0 0

The number of months 
with dry condition

4 8 4 8 4 3 7 4 7

The number of months 
with wet condition

4 6 4 5 4 5 7 4 5

The number of months 
with very severe wet 

condition 
0 0 1 0 0 0 0 0 0

The number of months 
with severe wet 

condition
0 0 0 1 1 1 1 1 0

The number of months 
with moderate wet 

condition
2 2 0 1 1 0 1 1 19

The number of months 
with normal condition

12 10 5 8 4 5 11 4 0

The number of months 
with very severe dry 

condition 
1 1 2 1 0 2 1 2 1

The number of severe 
dry condition

0 0 0 2 0 0 0 0 1

The number of months 
with moderate dry 

condition
1 1 2 0 0 0 1 0 0
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6. Discussion

From the review and analysis of the results of the re-
search, the following general conclusions were drawn. 
Unlike previous studies (such as [40] [41]) which only used 
a short period for analyzing dry spells, this study used a 
long period and all characteristics of dry spells (include 
intensity, duration) are analyzed in this study. In all 9 sta-
tions of the region, during the 39-year statistical period, 
wet and dry periods are observed and may be 2 or 3 con-
secutive wet seasons, followed by two or three successive 
droughts seasons or vice versa. In any of the nine stations 
surveyed, there was not just one precipitation situation in 
the past year. In other words, each year there should be 
expected different rainfall situations in different regions of 
the area. Based on the results, the standard rainfall indexes 
for each station in the area were classified into two periods 
of drought and wet, among which these values, the highest 
drought related to the station 9 and the smallest is related 
to station 2 and 3 due to its higher elevation from the sea 
surface and the snow in winter is higher, so moisture is 
higher than other parts of the area. The target index is the 
ability to monitor the occurrence, dry spells, and severity 
of each drought in different time periods. Also, with the 
normalization and standardization of the SPI index, it is 
possible to compare and categorize the severity of drought 
in a different time period, which is consistent with the 
results of [42], [43], which used the benefits of the SPI index 
are in line with the drought classification and comparison. 
The use of this indicator to examine the trend of drought 
changes in the region showed that the trend of this phe-
nomenon changes in different months of the year, not only 
at different points but also at different time scales, even 
for a specific station. Accordingly, station 9 has the first 
priority in terms of the severity of drought between the 
stations and station 2 has the last priority in terms of the 
severity of drought between the stations. Using indicators 
and recognizing the drought period by SPI method, is use-
ful for providing proper environmental management plans 
and better management of dry courses, crisis management, 
risk management, agricultural insurance, and so on.

7. Conclusions

In order to analyze the conditions of the dry spells with 
using SPI method, the data from 9 meteorological stations 
for the year of 1980 to 2019 were used. The characteris-
tics of dry spells and dry periods have been investigated. 
The characteristics of dry spells have been obtained by 3 
classifications (drought conditions, mild conditions and 
normal conditions). The short-term and long term of dry-
spells have been discovered. The results showed that the 

highest consecutive of dry days and the maximum length 
of dry spells belongs to Derbandghan station. However, 
the lowest consecutive of dry days and the minimum 
length of dry spells belongs to Suleimaniyah station. The 
limitation of this study was data availability. So, for the 
future research based on the data availability other meth-
ods like SPEI and Markov chain can use for analyzing dry 
spells.
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