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ABSTRACT:

Evaluation of drought characteristics in Iraq by analysis annual growing season of Self-Calibrating Palmer Drought Severity Index
(SC-PDSI) for three climatic zones using run theory method. The efficiency of SC-PDSI for drought monitoring was examined
from compared with Rainfall Departure from the mean (RD) for three zones (Arid and Semi-Arid, Steppes and Desert) for the
period 1981-2015, were derived from Climatic Research Unit (CRU). The spatial interpolation techniques in ArcGIS package has
been used, to cover the whole extent of country and extracting the zones. Statistical methods were applied to compute the probability
of drought events at every zone. The results showed the years 1999, 2000, 2008 and 2009 experienced droughts in all zones except
the desert zone where was experienced severe drought in 2012, while the years 1982 and 1988 experienced received precipitation
above-average in all zones. The values of standard deviation of precipitation were compared with precipitation anomalies for each
zone, the drier seasons are (2007-2008) and (1998-1999) in all Zones. The wetter seasons are (1987-1988) in Arid and Semi-Arid
and Steppes zone, (1994-1995) and (1997-1998) are wetter seasons in Desert zone. Using run theory, the steppes zone have
experienced more severe droughts than other zones evaluated in this study and the most susceptible areas to dry spell are steppes
and Arid and Semi-Arid Zones during study period. While the desert zone experienced less droughts.

KEYWORDS: Self-Calibrating Palmer Drought Severity Index, Rainfall Departure from the mean, CRU, ArcGIS, standard

deviation, theory of runs.

1. INTRODUCTION

The World Meteorological Organization (WMO) defined the
drought as ‘continuous deficiency and prolonged in
precipitation” [1]. Anyway, Definitions of Drought vary,
depending on the variable (parameter) used to describe the
drought, can be classified into different categories which
depend on impacts of drought and often grouped as “economic,”
“environmental,” and “social” impacts. All these impacts must
be taken into consideration when planning and responding to
drought conditions. A comprehensive list of drought impacts
associated has been described by [2], and is obtainable on the
NDMC website [3].

Drought indices are classified based on the type of impacts and
can also be based on the parameter (Indicator) they relate to,
usually there are three commonly classifications are:
meteorological, agricultural and hydrological drought indices.
Some drought indices specifically reflect one type of impact,
while other indices can be configured to suit the different
impacts and thus type of drought, for example, SPI, which is a
meteorological drought, can be used for longer time scales to
reflect agricultural and hydrological droughts or impacts [4].
Three classes were added to this list by [5] are: comprehensive
drought indices (Palmer Drought Severity Index (PDSI) an
example of this class), combined drought indices (US Drought
Monitor an example of this class) and remote sensing drought
indices (Normalized Difference Vegetation Index (NDVI) an
example of this class). Drought characteristics can be described
for a drought event using the theory of runs. A drought event is
characterized by severity, duration, and magnitude [6].
Yevjevich in 1967 [7] who is proposed the runs theory and
defined droughts as periods during which the water supply does
not meet the current water demand by determining drought
variables and their drought characteristics. The runs theory has
been applied in several drought models and analyzes, (for

example, [8] and [9], which can be estimated the return periods
of extreme events [10].

This study focuses on three objectives: (i) Evaluation of the
efficiency of Self-Calibrating Palmer Drought Severity Index
(SC-PDSI) for drought monitoring by Compared with Rainfall
Departure from the mean (RD), (ii) Determining drought events
by using SC-PDSI through analysis of annual growing season
SC-PDSI data for the period (1981-2015) over Irag, and (iv)
Evaluation of drought patterns in Iraq and determining the most
Susceptible areas of this phenomenon using the runs theory.

2. MATERIALS AND METHODS
2.1 Study area

Iraq is situated in south-west Asia on the range of semi-tropical
latitude in the Northern Hemisphere between latitudes (29.5°N-
37.5° N) and longitudes (38.45°-48.45° E) [11], lies within a
weather system similar to that of Mediterranean where
precipitation occurs almost in winter, autumn, spring and
disappears in summer. The general distribution of seasonal
precipitation of Iraq in Climate Atlas illustrating, the lower
precipitation in the south and southwest and increase towards to
the north and north-east [12].

2.2 Data and processing

Data acquired mainly from two sources, firstly, global land
datasets from Climatic Research Unit (CRU), and secondary
monthly gridded precipitation datasets from Global
Precipitation Climatology Centre (GPCC) for the time period
1981-2015.
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2.3 Climatic Research Unit (CRU)

The CRU at the University of East Anglia produced time series
(TS) of gridded products are available at 0.5-degree resolution
of monthly climate datasets over the last century for period
(1901-2015), based on an archive of monthly mean
temperatures provided by more than 4000 weather stations
distributed around the world. Available data are: cloud cover,
diurnal temperature range, frost day frequency, precipitation,
daily mean temperature, monthly average daily maximum
temperature, vapor pressure, Potential Evapotranspiration and
wet day frequency [13].

2.4 Global Precipitation Climatology Centre (GPCC)

The GPCC provides unrestricted access to its monthly global
precipitation analyses for climate monitoring purposes and
related research. Gridded products (available at 0.5-degree
resolution) were used in this study are: Full Data Reanalysis
(\V7) for the period 1901 to 2013, and monitoring product (V4)
for the period 2007 to present based on quality-controlled data
from all stations in GPCC's database available [14].
Study area can be split into three climatic zones according to
the precipitation agent in figure (1) [15] and [16]: (i) Arid and
Semi-Arid Zone where annual precipitation above 400 mm,
Steppes Zone where annual precipitation of 200-400 mm, and
Desert Zone where annual precipitation less than 200 mm.
Precipitation data collected from gridded products for each
precipitation season (October, November, December, January,
February, March, April and May), to get total seasonal
precipitation. Then, were aggregated to the Zones (Arid and
Semi-Arid, Steppes, and Desert) to get the average of each
Zone.
39°E 42°E 45°E 48° E

‘ ' : - Arid and Se‘mi-/\rid Zones

8 [ Steppes Zone
e - Desert Zone

30°
s

0 75150 300
- e eessm KM

Figure 1. Climatic Zones

3. METHOD

3.1 Self-Calibrating Palmer Drought Severity Index (SC-
PDSI)

The SC-PDSI as proposed by [17] through calibrates the PDSI
data which are suitable for each location and lead to a drought
index which is comparable between different climatic zones.
The SC-PDSI is a more appropriate form of drought metric for
aggregation of a global dataset than the original PDSI of
Palmer. As with PDSI, SC-PDSI is calculated from the time
series of precipitation and temperature, along with parameters
related to the soil and surface properties of each location based
on the supply-and-demand concept of the Water Balance
Equation eq.1 [18].

P = PET + PR + PRO — PL 1)
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Where P is Precipitation, PET Potential Evapotranspiration, PR
Potential Soil recharge, PRO Potential Runoff, and PL:
Potential Moisture loss from the surface layer. The potential
evapotranspiration is estimated using FAO Penman—Monteith
method [19]. CRU calculated SC-PDSI based on a preliminary
version of the CRU TS3.24 monthly climate dataset. The SC-
PDSI dataset for global land ranging the period from January
1901 to December 2015, and spatial resolution 0.5 degrees [20]
and [21].

The SC-PDSI widely used to monitoring of drought during the
growing season [18] and [22]. Based on Iraq Salinity Project's
report in 2012 [23] and Crop Progress Report from USDA
Foreign Agricultural Service in 2010 [24], the growing season
in lraq year-round Except May and Jun. SC-PDSI was
calculated for the growing season for months (JAN, FEB,
MAR, APR, JUL, AUG, SEP, OCT, NOV and DEC) to
monitor and evaluate drought in Iraq using spatial interpolation
techniques in ArcGIS package.

The Inverse Distance Weighting (IDW) techniques was using
to cover the whole extent of country and extracting the zones
for the growing season SC-PDSI [25]. The calculation of the
SC-PDSI inclose a classification of relative soil moisture
conditions within 11 categories as defined by [18] (Table 1),
which range from —4 (extremely dry) to +4 (extremely wet).

Table 1. Self-Calibrating Palmer Drought Severity Index
(SC-PDsSI) classifications for dry and wet Conditions

Category Description SC-PDSI
W5 Extremely wet 4.00 or greater
W4 Very wet 3.00to 3.99
W3 Moderately wet 2.00t02.99
W2 Slightly wet 1.00to 1.99
wi Incipient Wet spell 0.50t0 0.99
WD Near normal 0.49 t0 -0.49
D1 Incipient drought -0.50 to -0.99
D2 Mild drought -1.00 to -1.99
D3 Moderate drought -2.00 to -2.99
D4 Severe drought -3.00 to -3.99
D5 Extreme drought -4.00 or less

3.2 Rainfall Departure from the mean (RD)

It is a good index to determine dry or wet situations for a given
time over particular areas. Is easy to understand and calculated,
by subtracting average precipitation from monthly
precipitation and dividing the difference by the average
precipitation [25].
RD = ? * 100% ©)

Where P is the monthly precipitation and P is the long-term
average for specific period. The ordinary kriging techniques
was used to estimate values at unknown points of precipitation
by using known measurements and the continues surface data
can be interpolated from the isolated point data such as weather
station [26]. After the extracted average total seasonal
precipitation for each zone used to calculate the RD using
Equation (3). The Positive values represent an excess and
negative values represent deficits in the amount of precipitation
above the average. It is a measure of precipitation deviation
from the average based on the locally weather conditions. In
general, this method is applicable to determine local weather
condition for deficiencies in precipitation for small duration.
Rainfall Departure from the mean was used to comparison and
evaluation with Self-Calibrating Palmer Drought Severity
Index (SC-PDSI).

3.3 Evaluation the growing season SC-PDSI efficiency
The regression models were used between annual growing

season SC-PDSI and RD. Pearson correlation coefficient (R)
was selected as a criterion for evaluating the efficiency of
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drought monitoring between SC-PDSI and RD and
determining the most Susceptible areas (Zones) of this
phenomenon.at study period [27].

4. RESULTS AND DISCUSSION

4.1 Evaluation of growing season SC-PDSI for drought
monitoring

The efficiency of SC-PDSI for drought monitoring was
calculated from Compared with RD, see section (BB). Figures
(2a), (2b) and (2c), and table (I1) shows there are significant
relationships between annual growing season SC-PDSI and
annual precipitation in all Zones.

Table 2. The relationships between growing season SC-PDSI

and RD.
Zones R) P Value Linear equation
Arid and _ .
Semi-Avrid 0.8 <0.001 Y =-1.131 + (0.0457 * X)
Steppes 0.75 <0.001 Y =-1.251 + (0.0344 * X)
Desert 0.6 <0.001 Y =-0.999 +(0.0223 * X)
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Figure 2. The relationships between growing season SC-
PDSI and RD for Irag. (a) Arid and Semi-Arid Zone, (b)
Steppes Zone and (c) Desert Zone.

The correlation coefficient (R) for Arid and Semi-Arid,
Steppes and Desert Zones together, which demonstrating that
the SC-PDSI has strong efficiency for drought monitoring at
the annual level. The results show that the desert zone has a
weaker relationship between SC-PDSI and RD than other
zones, the reason is the Lack of precipitation in this Zone when
compared with other Zones, this is illustrated in Arid and Semi-
Avrid and Steppes Zones.

4.2 Drought events

The Drought events and most Susceptible Zone of drought in
Iraq can be determined from the annual growing season SC-
PDSI time series and from precipitation anomalies, see figure
(3) and table (I11). The annual growing season SC-PDSI and
precipitation anomalies were extracted per Zone for the period
1980-2015. Every drought event is determined by unlimited
negative values, see table (I). Figures (4), shows the annual
growing season SC-PDSI values at Arid and Semi-Arid,
Steppes, and Desert zones of Iraq for years: 1982, 2000, 2009
and 2012. The years 1999, 2000, 2008 and 2009 experienced
droughts in all zones except the desert zone where was
experienced severe drought in 2012, because they had
maximum negative values of SC-PDSI, while the years 1982
and 1988 experienced received precipitation above-average in
all zones, because they had maximum positive values of SC-
PDSI. For example, Steppes, Arid and Semi-Arid and Desert
zones; the maximum negative value of SC-PDSI are -3.89, -
3.73 and -3.34 (Severe drought) in Steppes and Arid and Semi-
Arid zones in 2009 and Desert zone in 2012 respectively, it is
a result of a deficit in amount of precipitation in season (2008-
2009) in Steppes and Arid and Semi-Arid zones and season
2011-2012 in Desert zone Compared with average
precipitation (precipitation anomaly) during the study period.
while the wetter year were 1982, 1988 and 1993 at all zone,
this is clear from the positive values of precipitation anomalies
and annual growing season SC-PDSI in these seasons. It is
clear from the figure (3) that the study area is exposed to severe
and continuous drought spell during the study period from
1995 due to the lack of precipitation except desert zone from
1999, this is clear from the negative regression of SC-PDSI and
fluctuation in negative values.
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Figure 3. Annual mean of growing season SC-PDSI and
precipitation anomalies for Irag: Arid and Semi-Arid Zone,
Steppes Zone and Desert Zone.
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Table 3. Precipitation anomalies and Standard deviation of
precipitation for each Zone during the period (1980-2015).
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Seasons Arid & Semi-Arid Steppes Desert
1980-1981 29.3 47.4 41.6
1981-1982 12.9 55.8 26.5
1982-1983 -32.8 -7.4 22.2
1983-1984 -146.6 -132.7 -55.2
1984-1985 734 96.3 50.3
1985-1986 -34.8 -20.0 24.2
1986-1987 21.0 6.1 6.8
1987-1988 296.1 283.8 75.1
1988-1989 -156.7 -84.3 -18.9
1989-1990 -4.7 -1.7 -22.8
1990-1991 -103.5 -60.3 -17.2
1991-1992 218.5 127.8 15.4
1992-1993 231.0 144.9 65.1
1993-1994 148.2 38.5 -20.2
1994-1995 254.6 213.7 110.2
1995-1996 -43.4 15.9 34.3
1996-1997 -47.7 -45.7 -39.0
1997-1998 105.7 108.5 110.2
1998-1999 -276.6 -184.3 -43.0
1999-2000 -198.3 -161.7 -79.6
2000-2001 -172.0 -39.2 29.9
2001-2002 99.9 334 -8.5
2002-2003 197.2 79.4 -47.3
2003-2004 110.3 48.3 29.9
2004-2005 20.0 37.6 6.7
2005-2006 14.6 23.0 35.5
2006-2007 58.7 1.8 -1.7
2007-2008 -251.3 -211.8 -95.0
2008-2009 -103.1 -129.8 -83.9
2009-2010 0.8 -36.3 -33.7
2010-2011 -7.8 -49.0 -46.2
2011-2012 -116.6 -127.3 -85.5
2012-2013 78.0 46.8 6.1
2013-2014 -145.4 -32.7 67.6
2014-2015 -128.3 -85.5 -52.7

Average 573 338.5 135

STDEV 143 107 53
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Figure 4. Annual SC-PDSI for Iraq in: 1982, 1988, 2000 and
2012.
The Drought events also can be determined from precipitation
anomalies. From table (IlI), it can be seen that there is a
significant fluctuation in precipitation amount when compared
the standard deviation (STDEV) of precipitation values for
each zone with precipitation anomalies during the study period
especially in seasons: (1983-1984), (1987-1988), (1988-1989),
(1991-1992), (1992-1993), (1993-1994), (1994-1995), (1997-
1998), (1998-1999), (1999-2000), (2000-2001), (2002-2003),
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(2007-2008), (2008-2009), (2011-2012) and (2013-2014). The
greater positive anomaly value was 296.1 mm at Arid and
Semi-Arid Zone in (1987-1988), which is greater than the
standard deviation of precipitation at this zone (143mm), So,
this leads to the load the soil with water and increasing the
vegetation cover, this is evident from the value of SC-PDSI in
1988 as a result of increased Potential Evapotranspiration
process (PET). The greater negative anomaly value was -276.6
mm also at Arid and Semi-Arid zone in (1998-1999), which is
greater than the standard deviation of precipitation at this zone.
Also, from table (I11), The greater positive anomaly value at
Steppes zone was in (1987-1988) while at Desert Zone in
(1994-1995) and (1997-1998), and greater negative anomaly
value at Steppes and Desert zones were -211.8 and -95
respectively in (2007-2008), which are greater than the
standard deviation of precipitation at these zones., So, it is clear
that (2007-2008) and (1998-1999) is the drier seasons in all
Zones, (1987-1988) is the wetter seasons in Arid and Semi-
Arid and Steppes zone and (1994-1995) and (1997-1998) are
wetter seasons in Desert zone. Also, it can be seen the Arid and
Semi-Arid zone has greater fluctuation in precipitation amount
from other zones during study period.

4.3 Characteristics of Drought in Iraq

Drought events in Iraq were analysis using run theory. The
results show that the characteristics of drought in Irag can be
determined from the annual growing season SC-PDSI time
series. The drought duration is determined from the number of
SC-PDSI values below the threshold level. Based on the
classification of SC-PDSI in Table (1), the threshold value was
held as -0.49 in this run's analysis, because any value below
that indicates the onset of a drought event. Total accumulative
values below the threshold level for SC-PDSI indicates drought
severity and drought severity divided by the duration it's
Drought intensity which indicates average value of SC-PDSI
below the threshold level. Figure (5) shows the time series of
annual growing season SC-PDSI for period (1981-2015) for
three zones. The highest drought severity of SC-PDSI was -48
in steppes zone during study period with longest drought
duration 25 years below threshold level with highest intensity
-1.92. The lowest drought severity was -42.5 in desert Zone
during study period with shortest drought duration 24 years
below threshold level and lowest intensity -1.77. Also, it can
be seen the Arid and Semi-Arid zone also has 25 years below
threshold level with drought severity -46.3 and intensity -1.85.
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Figure 5. Annual growing season SC-PDSI for Iraq: (a)Arid
and Semi-Arid Zone, (b) Steppes Zone and (c) Desert Zone.

It's clear that Steppes zone have experienced more severe
droughts than other zones evaluated in this study, because it
has highest severity, intensity and longest duration, and the
most susceptible areas to dry spell are steppes and Arid and
Semi-Arid Zones during study period, because it has longest
drought duration. While the desert zone experienced less
droughts.

5. CONCLUSIONS

Depending to the results obtained through this study for the

period from 1980 to 2015, following are the conclusions:

1. The correlation of growing season SC-PDSI and annual
precipitation shows a generally significant relationship at
all Zones, which demonstrating that the SC-PDSI has
strong efficiency for drought monitoring at annual level.

2. The years 1999, 2000, 2008 and 2009 experienced
droughts in all zones except the desert zone where was
experienced severe drought in 2012,

3. The years 1982 and 1988 experienced
precipitation above-average in all zones.

4. The study area is exposed to severe and continuous drought
spell during the study period from 1995 due to the lack of
precipitation except desert zone from 1999.

5. There is a significant fluctuation in precipitation from the
average, in seasons: (1983-1984), (1987-1988), (1988-
1989), (1991-1992), (1992-1993), (1993-1994), (1994-
1995), (1997-1998), (1998-1999), (1999-2000), (2000-
2001), (2002-2003), (2007-2008), (2008-2009), (2011-
2012) and (2013-2014) at all zones, and the greater
fluctuation in Arid and Semi-Arid Zone because it has
greater standard deviation value.

6. The steppes zone have experienced more severe droughts
than other zones evaluated in this study and the most
susceptible areas to dry spell are steppes and Arid and
Semi-Arid Zones during study period. While the desert
zone experienced less droughts.
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