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AR — oA YR A T Fifersd TG 1 95951 § e TaUH! H Iell 7 AT qrer 85 W q@ F
AFRICHF THTA FT FH A A AGE (AT TFdl §1 3T HETAT FT NATHF 33T TRF (Erinc’s) & Yshal FAHH
($313M$) FT 3TAWT FFH ATIIHT Wid A TAITGIFRT A Taifas Fifors ggfaal w1 qar @omer anl Sas [,
rderifare (1965-2018) a1fier ador 3y wtwer faaamer Teerat #1 sitwa a1 srfreas araame sf@er yid $r g sy
¥ TR I SHHTE S7@eT Y I0TAT Fot F FT TR Y 71| Yedeh T2AA Y SN0 sj@er 1 e rafdrt,
Av-arfaeardy sitv F, T P1 (1965-1981), P2 (1982-1999) 3iIT P3 (2000-2018) # fasnfara fram aram am| argd
FRET FT TaT TIFT SIS @ & §eT &7 I3T; e[erey ST FT FASEOT FHYoT gRT 90 FFam =Ml wedw
U F e et sraftrat & fore Srerarg @9t & Arfa @saor HaTeaar AfeFw (3MegE) F AT F9IAT T4
YeAF STerarg a9t i fier Iraferdt & fore yrfde wemeaar afeer sk Reuw-sravyr wenfaansit & AR afaeis gf-
HIRE THelF GRT 3c9e= T TT| Yo AT FAag 91 F -7 3@ F e gpaefes o Refia o, sk
e Fenfaanat (3d) w1 ahr Fwaver fraiRa fram arm) oot & @ T s gam B S-S woa 3 Te,
TR 3R sF Ferarg Feit i sy HiAT G0 F 3R A T AMAR erelt W1 3ef-eh FTerarg THER F &
T 5F-STAIY THR $T AR 13T A7 T37 @11 37 &7 7 93 Fre’ w1 ARAT7 o &5 F R & ga7 # Fearg
aRade FY A€ U WHT| HTE SToraryg @9t & s1rer 3 @ g1t 1 WaHTaaAT 1 Jrepuee o g9 7 farsand et & fore
aRa R o ZTaToT @ 3T Y 3T Yo A FT RAEAR T FATAT $H TATHAT F Tl F Tt @1 81 Ig Ted1 &
T Y STt B o & & T a9 yater wunsit & 9y §HT-9HT | T 1AE Fifed sSearg aRade reaae
IR fhT s TRl

ABSTRACT. ldentification of spatiotemporal tendencies of climate types may help water managers mitigate the
negative impacts of droughts on water-demanding sectors. The primary objective of this study was to figure out the
spatiotemporal tendencies of climatetypes in Sanliurfa province by using Erinc’s aridity index (EDI). To that end, long-
term (1965-2018) annual precipitation and average annual maximum temperature series of meteorological stations were
obtained and utilized to calculate the EDI series on a yearly basis. The EDI series of each station was divided into three
periods, non-overlapping and successive, i.e., P1 (1965-1981), P2 (1982-1999) and P3 (2000-2018). Outliers were
detected and removed from the EDI series; missing data were completed by regression analysis. The Markov transition
probability matrix of the climate classes for the three periods was estimated for each station. Maps of the initial
probability vectors and steady-state probabilities for the three periods of each climate class were generated by the inverse
distance-weighted technique. Hypsometric curves for each climate class, as well as period, were developed and areal
coverage of occurrence probabilities (OP) was determined. Results indicated that, as time progressed, the areal extent of
severe-arid and arid climatic classes continued consistently to spread from the south to the north. Areas of semi-arid
climate type showed a slight tendency towards the arid-climate type. Construction of large dams in the region could not
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prevent the shifts in the climate in favour of developing arid zones. The humid climate class is likely to vanish away in
the future. Research led us to conclude that the expansion of the aridzone from south to northhas been alarming in terms
of the adequacy of water resources. It is strongly recommended that spatiotemporal climate change studies should be
periodically conducted in tandem with forest management practices for the region.

Key words — Drought, Spatiotemporal variability, Southeastern Anatolia Project (GAP in Turkish), Probabilistic

modeling, Markov chains.

1. Introduction

The weather reflects the day-to-day temperature,
precipitation, humidity, etc., of the atmosphere at any
given time and location. However, the climate is defined
not only by average temperature, precipitation, humidity,
etc., over longer periods of decades to centuries but also
by the type, frequency, duration and intensity of weather
events such as heat waves, cold spells, storms, floods and
droughts (USEPA, 2021). With a long-term increase in
global average temperatures, Earth's climate system -
consisting of the atmosphere, ocean, land surface, ice and
snow surfaces (both land and ocean areas) and the
biosphere- is affected by anthropogenic interventions and
this phenomenon is universally called global warming by
various authors and organizations (Houghton, 2002;
Speight, 2019). In this context, the term “global warming”
is frequently used interchangeably with the term “climate
change”, though global warming refers to both
anthropologically and naturally produced warming
(NASA, 2021a). It has been clear evidence that human
influence has been preponderantly dominant in the
warming of the atmosphere and the ocean, changes in the
global water cycle, reductions in snow-course and ice-
pack and a rise in global mean sea levels. Based on the
scientific findings, IPCC (2013) had concluded that
human influence has been the dominant cause of observed
warming since the mid-20" century. As addressed by
many researchers, anthropogenic activities have been
among the most important factors causing an increase in
the temperature of the Earth in the last 50 years (NASA,
2021b). As a result, the atmosphere and the ocean have
warmed, the amounts of snow- and ice-packs have
remarkably diminished and the sea level has
conspicuously risen lately (IPCC, 2014). In this context,
increases in average global temperatures have been
expected to be within the range of 3°C to 5°C by 2100
(WMO, 2019). Because temperature is an indication of
heat energy and when some energy is added to any
system, the changes are likely to be seen visually in the
system. For example, it has been reported that the
frequency of droughts and floods has revealed remarkable
spatiotemporal changes in different climatic regions over
the world due to global warming. Albeit the causes of
abrupt climate changes have not been established, its
impacts on local marine systems, global hydrological
cycle, soil-water balanceand terrestrial ecosystems across
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continents have shown that climate change-induced events
such as sea level rises, frequency and severity of floods
and droughts, shortage of ground water and surface water
bodies, etc. have been triggered (NRC, 2002; Kumar
et al., 2011) for a few decades. The prevalence and
dominance of droughts as stated by Keskiner et al. (2020)
are relevant to climate change as well as to climate
variability. On the other hand, some regions in the world
are more prone to severe droughts than other regions. In
this context, as clearly addressed by Li et al. (2017), it has
been globally accepted that Mediterranean countries,
including Turkey, have been experiencing more frequent
as well as severe drought events lately. Though Turkey is
located between the mid-Ilatitude temperate climate zone
and subtropical climate zone, it is under the influence of a
Mediterranean-type macro-climate. In turn, seven
different climate regimes are dominant in Turkey.
Nevertheless, it has already been considered among the
risk group countries in terms of the possible effects of
climate change and global warming. lyigun et al. (2013)
and Turan (2018), among others, pointed out that Turkey
would be adversely affected by climate change and global
warming in the future. This situation is a major negative
effect of climate change on water availability for food
security and production, rural developmentand increased
incidence of crop and livestock pests and diseases
(Panwar et al., 2020; UNDP, 2021). Moreover, the
decrease in the amount of precipitation aggravates the
severity of droughts as well as the state of aridity and the
expansion of arid zones in a region. Soon, arid and semi-
arid regions may face great calamities induced by climate
change. For example, according to the findings obtained
from simulations of global climate models,an increase in
both frequency and intensity of the heat waves is to be
expected particularly in the Eastern and Southeastern
Anatolia Regions of Turkey during the 2015-2100
projection period (FFDIA, 2017). Large-scale integrated
regional development projects such as Southeastern
Anatolia Project (GAP in Turkish) in Turkey (Cetin,
2020) may be a remedy both in coping with droughts and
in eliminating the arid-zone encroachment on semiarid
zones.

The GAP is a world-renowned integrated
development project, aiming at the socio-economic
development of the region predominantly through
irrigation and energy investments in the Tigris-Euphrates
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twin river basin located in the Southeastern Anatolia
Region of Turkey (Loucks and van Beek, 2005; Cetin,
2020). Therefore, the GAP, which is one of the largest of
its kind in the world,consists of building 22 dams, 19
hydroelectric power plants and components of irrigation
projects in the Southeastern Anatolia Region (Komuscu
et al., 1998; Cetin, 2020). Since the GAP area, highly
prone to aridity, is located in a semi-arid region in Turkey,
agricultural production is limited by the lack of rainfall
during the growing period of the commonly grown crops.
Thus, irrigation is inevitable in the area to develop a
highly productive agricultural system. Therefore, after the
completion of the GAP, 1.78 Mha area (21% of the
targeted irrigation potential of Turkey) will have been
equipped with irrigation facilities, 1.19 Mha of which is in
the Euphrates sub-basin and 0.59 Mha in the Tigris sub-
basin. Harran Plain (151419 ha irrigable area),
constituting a major irrigation area of the GAP, is
completely located in Sanliurfa province. The semi-arid
climate type (Caglak et al., 2016; Inceyol and Cay, 2017)
is preponderant over the environs of Sanliurfa province.
Hence, the region has experienced severe drought events
of different durations, causing grave irrigation water-
sharing problems in the Harran Plain irrigation scheme,
which is under the influence of arid and severe arid
climate types prevalent in the Syrian territory.

Therefore, monitoring drought propagation and the
spatiotemporal tendencies of climate typesover time isof
great importance in the environs of Sanliurfa. In order to
detect the change and/or spatial extent of drought, it is
essential to use drought indices as well as indicators. In
this context, a myriad of methods or indices has been
developed to characterize the state of drought or climate
class of a region. Although the global climate models and
climate classification methods have undergone continuous
developments, there remains considerable uncertainty
about the local and regional environmental consequences
of the changing climate (Feddema, 2005; Savo et al.,
2016; Habibi et al., 2018; Singh et al., 2018). Koppen
climate classification, Aydeniz method, Erinc’s drought
index, percentage of normal index, standardized
precipitation index, Palmer drought severity index,
Thornthwaite and De Martonnemethods, just to name but
a few, are among the frequently used ones in regional
climate classification studies in Turkey (Keskiner et al.,
2019; TSMS, 2021). Besides, the occurrence probabilities
of droughts, drought periods or each climate class may be
predicted by the Markov chain analysis. Thus, significant
differences between the two climate regions may be
determined by modelling the spatiotemporal tendencies of
climate types (Mieruch et al., 2010; Fidan, 2011; Reis and
Dutal, 2016). To make reasonable inferences about
regional changes in climate classes observed in sequential
timeperiods (e.g., in months, years or decades), itisto
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Fig. 1. Location of the study area in Turkey and spatial distribution of
meteorological stations

determine the spatiotemporal trends of climate classesin
arid and semi-arid regions in particular (Han et al., 2015).

The staple objectives of this study are twofold: (a) to
investigate the spatial extent of climate classes/types by
Erinc’s drought index in sequential periods at an annual
times-scale (Period 1: 1965-1981, Period 2: 1982-1999,
Period 3: 2000-2018) and (b) to figure out the likely
impacts of large-scale water resources development
projects materialized in a semi-arid to a desert-type
environment on developing climate types in three
sequential periods.

2. Materials and methods

2.1. Study area and data

This research was carried out within the borders of
Sanliurfa province (Fig. 1), covering 19 242 km? area
(37°51' 19.3"- 40°13"' 46.6" E longitudes and 36°40' 08.1"-
38°01' 24.8" Nilatitudes), located in the Southeastern
Anatolia Project (GAP in Turkish) area (GDM, 2021), in
southeastern Turkey. The long-term annual total
precipitation and annual maximum temperature
observations of Sanliurfa, Birecik, Akcakale, Ceylanpinari
and Siverek meteorological stations from 1965 to 2018
and of Bozova meteorological station from 2000 to
2018 were utilized to generate Erinc’s drought
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TABLE 1

Erinc’s classification of climate types and coding for Markov chain analysis

Climate Types Index Value ()

Vegetation Cover

Climate Classification Code (Ci)

Severe-arid <8 Desert C1
Arid 8-15 Desertification Cc2
Semi-arid 15-23 Arid C3
Sub-humid 23-40 Forest C4
Humid 40-55 Moist forest @5
Very humid >55 Very moist forest C6

index series. Geographical locations of the meteorological
stations -belonging to the Turkish State Meteorological
Service (Fig. 1) - were related to the World Geodetic
Reference System, i.e., WGS84, by using Universal
Transverse Mercator (UTM) projection to generate
probability maps of climate types by the periods
considered.

Features of continental climate predominate in
Sanliurfa province and its environs. The elevation for
downtown, viz., Sanliurfa, is about 518 m above the mean
sea level (AMSL). Caglak et al. (2016) pointed out that
total annual precipitation in Akcakale and Ceylanpinari
districts, located in the southernmost zone of the study
area, varies between 277 and 310 mm, whereas it reaches
up to 900 mm in the north, i.e., around Siverek district of
high hills and rolling topography. The average annual
temperature varies from 11 °C to 19 °C and temperatures
are high in the south of Sanliurfa province, i.e., along the
Syrian border, due to the lowest elevation in the study area
and topography consisting of flat and slightly sloping.
Consequently, the hot air masses, particularly in the
summer period, that develop under the influence of the
Basra Low-Pressure Center, aggravate the formation of
droughts from south to north in Sanliurfa province and its
environs located in the GAP area.

2.2. Erinc’s Drought/Aridity Index (1)

Erinc’s Aridity Index (I, or EDI) developed by Erinc
in 1965, also known as the precipitation efficiency index,
is a drought indicator to describe the drought problem in
arid/humid areas (Li et al., 2017; Aydin et al., 2019). I, is
calculated as follows:

@)

Where |, is the Erinc’s aridity/drought index; P and
T, are annual total precipitation (mm) and average
maximum temperature (°C) observed in a given year,
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respectively. Mean maximum temperatures less than 0 °C
are not considered in |, calculations.

In this research, Erinc drought index values
computed for each year were used to characterize
spatiotemporal changes in climate types in a semi-arid
region. I, time series of each station was divided into
three non-overlapping and successive parts or periods of
nearly two-decade, i.e., period 1 (P1: 1965-1981), period 2
(P2: 1982-1999), period 3 (P3: 2000-2018). I, time series
data of each station were coded, if any, C1 (severe-arid),
C2 (arid), C3 (semi-arid), C4 (sub-humid), C5 (humid)
and C6 (very-humid) by using I, value category given in
Table 1.

2.3. Detection of outliers

The extreme values that show statistically significant
differences from other values in the data set are called
outliers. Markov-chain models invariably suffer from
challenges arising from the existence of outliers in
datasets. In this study, outliers in the I, series were
determined by the T, statistics given in Grubbs (1969).
Suppose that the observation series consists of n
observations and it is denoted in order of increasing
magnitude by X; <X, <X;<,.., <X, Let X, be the
doubtful value (outlier), i.e., the maximum or the
minimum value in the data series. The test criterion T,
recommended by Grubbs (1969) for a single outlier, is
calculated as follows:

[, -]

T, = 5

()

where X, is the suspected or doubtful observation; x
is the arithmetic mean of all n values and S is the standard
deviation of sample data. If the calculated value of T, is
greater than the tabulated value, X, is the outlier (Grubbs,
1969; Kesici and Kocabas, 1998). In this research, outliers
in the Erinc’s Aridity Index (l,,) series of each station for
the three distinct periods were detected (o = 5%).
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2.4. Regression analysis

After outlier detection in the I, time series data, if
any, they are excluded from the series and this value was
considered as missing data.To complete the missing data
in I, series, firstly, correlations between the station with
missing data and nearby ones with the highest Pearson
correlation coefficient (r) have been calculated and
evaluated. In selecting the best regression model, the
determination coefficients (R?), standard errors and
ANOVA results of the models were considered by
following the method specified in Landau and Everitt
(2004) and Ryan et al. (2012). Missing Indata were
estimated by using the linear, quadratic and cubic
polynomial regression models given in Equation 3. After
the reconstruction of outliers in I, data usingregression
models, Climate Classification Codes given in Table 1
were assigned to the completed I, time series data
andMarkov chain analysis was done to establish the
transition probability matrix of climate typesfor the three
periods of each station.

P=Dby+b X +e

P=hy+b X +b, X% +e
P=hy+b, X +b, X2 +by X3

®)

where P is the dependent variable; X is the
independent variable; b; are the regression coefficients; e
is the error term.

2.5. Markov chains modeling

The literature review has revealed that Markov
models have been extensively used in climatology and
hydrology (Shevnina and Silaev, 2019). A Markov chain
is specified as follows: Let S={S;,S,,Ss,...,5.} be a set of
states. The Markov process starts in a particular state and
moves successively from one state to another(Grinstead
and Snell, 2012). The movement of the system from one
state (S;) to another (S;) is called a step and the changes in
the state of the system, i.e., i—y, are called transitions. The
probability distribution of state transitions is most
conveniently represented in a square array that is called
transition probabilities (P;) or transition probability matrix
which is independent of the time (t) (Karamouz et al.,
2003; Taha, 2007); Let X(t) denote the state of the system
at time t. Then, the transition probabilities P; might be
defined as follows:

P; =P{X(t+1) =S |X(t) =S} (4)

Transition probabilities are commonly illustrated in a
transition probability matrix P of SxS dimension as:
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Let P be the transition matrix of a Markov chain and
let u be the initial probability vectorof the system. Then
the probability that the chain is in state Siafter n-step is the
i" entry in the vector:

Py =1foralli,jeS.

u=uP", n=123,.. )

In this research, Coded Climate Classification (CC)
data series, consisted of C1 (severe-arid), C2 (arid), C3
(semi-arid), C4 (sub-humid), C5 (humid) and C6 (very-
humid) coders, of each station for the periods considered
was used in order to establish transition probability matrix
P of SxS dimension; then, long-term probability vector of
the system, i.e., steady-state probability vector, was
obtained for the climate types in the third period. To that
end, the marginal (fixed) probability vector-calculated
from the transition frequency matrix- was used as the
initial probability vector (u) in Equation 5.

2.6. Inverse Distance
(IDWI) technique

Weighted Interpolation

The Inverse Distance Weighted Interpolation (IDWI)
technique is one of the most commonly usedspatial
estimation methods that render estimations of cell values
by averaging the values of sample data points in the
neighbourhood of each processing cell. By assigning more
weights to the observed data close to the point to be
estimated, the effect of the nearby observations/stations on
the prediction is increased (Cetin and Diker, 2003; ESRI,
2021). In order to generate probability maps for the
climate types, i.e., climate-class, the IDWI technique was
employed in estimating occurrence probabilities of each
climate-class at the grid points (Equation 6). To this end, a
grid system having acellsize of 100 m by 100 m was
established over the study area and then, the initial
probability vectors of P1Ci, P2Ci, P3Ci and the stationary
occurrence probabilities of S_P3Ci maps (Pi, Ci and S
stand for the period, climate-class and steady-state
probability, i.e., u™ in Equation 5, respectively) for
eachclimate type based on Erinc’s Aridity Index (1) were
generated for the three successive periods in Geographical
Information Systems (GIS).
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TABLE 2

Descriptive statistics of datasets for the complete observation period of 1965-2018

Statistics Mean Median Stdev. Skewness Kurtosis Minimum Maximum N

P 563.9 5430 1467 0.47 -0.35 304.0 893.0 54

Siverek  Tmax  22.2 22.2 0.9 -0.20 0.12 19.9 24.4 54

Im 256 243 7.1 0.61 0.11 13.4 43.8 54

P 3624 3470 1036 0.53 -0.28 187.0 614.0 54

Birecik  Tmax  25.5 25.6 1.1 -2.23 9.32 20.2 27.1 54

Im 14.3 138 43 0.53 -0.20 7.0 25.2 54

P 3919 3429 1067 0.71 -0.51 251.1 621.8 19

Bozova Tmax  23.9 24.0 0.7 -0.71 0.75 22.2 25.2 19

Im 16.5 14.8 46 0.62 -0.70 10.4 25.2 19

P 4489 4415 1466 0.86 0.61 196.0 855.0 54

Sanliurffa  Tmax  24.4 24.6 0.9 -0.22 -0.09 22.0 26.3 54

Im 185 18.2 6.4 0.91 0.76 75 35.8 54

P 2841 2660 1022 1.24 2.26 117.0 633.0 54

Akcakale Tmax  25.6 25.7 0.8 -0.51 0.32 23.5 27.4 54

Im 11.2 10.6 4.2 1.21 2.02 4.4 24.8 54

P 2983 2845 1047 0.52 -0.13 109.0 546.0 54

Ceylanpinari Tmax  26.3 26.3 0.9 -0.13 -0.04 24.1 27.9 54

Im 11.4 1.1 42 0.56 -0.07 41 215 54
d =\/(x —x<)2+(y T curves for the Io_ng-term occurrence probabilities of
i0 (U 07 Vi climate types or climate-classes were developed for each
diyP (6) of the predefined successive periods in order to figure out

W =

n A n
P o Zizl W =19 ZZizl Wigi
i

d

20

where n is the total number of data points used in
estimation(1<n <6); dj, is the Euclidean distance (in
meters, m) between the observed and the estimated point;
(X0, Yo) is the coordinate for the centroid of the grid (UTM,
m); (x;, Vi) is the coordinate of the meteorological
observation station, i.e., data point, (UTM, m); w; are the
weightsto be assigned for observed points; p is a positive
real number, called the power parameter (p = 2) of IDWI;
g is the estimated value at the unknown point or in a grid-
cell; g; show the observed values.

2.7. Developing hypsometric curves Areal
percentage vs. occurrence probabilities of
climate types

In catchment hydrology, a hypsometric curve is
essentially a graph that shows the proportion of area that
exists at various elevations by plotting relative area
against relative height. One approach to analyzing
hypsometry is to produce a histogram of the frequency of
different elevation bins (Vivoni et al., 2008; Ajaykumar
and Gopinath, 2018). In this research, the hypsometric
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the spatiotemporal behaviour of climate types. This curve
might be a good indicator to define the areal extent of
probability of a given climate-class, for example, arid or
severe-arid climate-class, by the periods considered.

3.  Results and discussion

3.1. Exploratory data analysis results and runs of I,
by years

Descriptive statistics of the data sets consisting of the
long-term (1965-2018) annual total precipitation, annual
average maximum temperature and I, series were given in
Table 2. Spatial variability of average precipitation and
maximum temperature reveals that precipitation has a
remarkable decreasing tendency from north to south,
while the maximum temperatures increase. Spatial
variability behaviour in precipitation and temperature
implies that the southern part of the studyarea is prone to
severe drought episodes as addressed by Li et al. (2017)
and Keskiner et al. (2019). In this context, it is noted that
the highest average precipitation (563.9 mm) is observed
in Siverek of the highest altitude and latitude, located in
the utmost north of the study area. However, the average
precipitation is the lowest in Akcakale (284.1 mm) located
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TABLE3

Descriptive statistics of EDI series in the three successive periods

Statistics Mean  Median  Stdev. Skewness Kurtosis Minimum Maximum N
Period 1: 1965-1981
Siverek 26.1 24.2 8.7 0.83 0.32 134 43.8 17
Birecik 16.0 16.4 4.4 0.41 -0.44 9.4 25.2 17
Sanliurfa 20.5 19.5 75 0.57 -0.05 9.0 35.8 17
Akcakale 12.8 12.2 4.8 0.64 131 45 24.8 17
Ceylanpiari 13.8 12.4 4.6 0.02 -0.19 4.6 21.6 17
Period 2: 1982-1999
Siverek 26.2 25.2 71 0.27 -0.50 15.10 39.40 18
Birecik 13.7 131 3.9 1.38 2.14 8.90 23.90 18
Sanliurfa 18.7 18.2 6.4 1.18 1.79 10.70 35.20 18
Akcakale 10.7 10.2 33 1.06 0.56 6.70 18.60 18
Ceylanpimari 115 10.5 3.9 0.77 -0.15 6.40 19.40 18
Period 3: 2000-2018
Siverek 245 231 5.7 0.12 -1.35 15.2 32.9 19
Birecik 134 13.8 43 0.09 -1.14 7.0 21.2 19
Bozova 16.5 14.8 4.6 0.62 -0.70 104 25.2 19
Sanliurfa 16.5 15.5 5.0 0.59 0.36 7.5 28.1 19
Akcakale 10.1 9.8 4.1 2.04 6.23 4.4 23.7 19
Ceylanpmari 9.3 8.8 3.0 0.03 -0.55 4.1 14.9 19

at the utmost south of the study area where arid and severe
arid climatic zone characteristics are more dominant
compared to the other stations. On the other hand,
descriptive statistics indicate clearly that neither series are
symmetrical. This distributional behaviour indicates that
mean values are not representative statistics but median
values. Therefore, according to Towler et al. (2010),
skewness and kurtosis coefficients in Table 2 are
compatible with the other descriptive statistics.

Long-term (1965-2018) annual total precipitation
and mean annual maximum temperature series were
divided into three non-overlapping but consecutive
periods and Erinc’s Drought Index (l,) on a yearly basis
was computed for these periods. Descriptive statistics of
the 1, series for the three successive periods were
presented in Table 3. It is obvious from Table 3 that,
irrespective of periods, the I, series is characterized bya
right-skewed distribution.  Thereby, the practical
implications ofusing the mean of I, series for the periods
will be misleading (Stedinger, 2017). The use of median
values are of great importance in such cases. Surprisingly,
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medians and means of I, series of stations, apart from
Siverek station, tend to decrease from period 1 (P1) to
period 3 (P3), indicating that the dominant climate type
has been shifting from semi-arid to arid in the majority of
the study area by decades. The spread of variability, i.e.,
standard deviation, generally tends to decrease from the
first period to the third period showing a sign of
stabilization in climate types. This stabilization slants in
favor of arid-type climate in the region where semi-arid
climate type used to be dominant (Keskiner et al., 2019)
in the past.

I, values of Akcakale, Sanliurfa and Siverek
provinces were plotted (Fig. 2) to depict visually the runs
of Erinc’s Drought Index (l,,) by years consisting of three
consecutive periods. As seen from Fig. 1, Siverek station
is far from the Syrian border (>120 km) and it is under the
influence of Atatirk Dam. Unexpectedly, the dominant
sub-humid climate type in P1 and P2, on average, shifted
tosemi-arid climate type in P3. Furthermore, the linear
decreasing trend of I, values in Siverek station is an
indication of encroachment of the semi-arid zone towards
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g.

Temporal trends in Im of stations located in the utmost south (Akcakale and Ceylanpinari), in

central part (Sanliurfa, Birecik and Bozova) and in the utmost north (Siverek) of the study area.
P1, P2 and P3 stand for the three periods considered, solid lines are linear trend lines for each

station

the north in the study area. It is understood that the
climate classes represented by the stations in three
different periods tend to be arid and this behavior
continues from north to south. It is important to re-
emphasize that several large dams were constructed in the
study area between 1981 and 1999, i.e., in P2. Tonkaz and
Cetin (2007) and Tonkaz et al. (2007) pointed out that
large dams constructed in the GAP area have affected the
climate of the region by increasing water vapor pressure
and relative humidity, among others, over the area. As
seen from Fig. 2, the decreasing trend in I, series was
curbed, to some degree, in P2; then, the inhibitor impact
of water resources development projects on the dominant
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climate type, i.e., mostly semi-arid and rarely sub-humid,
ended during P3. As a natural consequence of this, the
arid climate type in Birecik, Sanliurfa and Bozova stations
and severe-arid climate type in Akcakale and Ceylanpinari
stations have appeared more frequently lately over the
study area, indicating more severe climatic conditions in
favor of severe aridity. It may be concluded from
exploratory data analysis results that 1, series in the study
area has been subject to spatiotemporal variability and
characterized by a skewed distribution indicating that
mean values are not representative statistics and there
exists a gradual shift in climate types from semi-arid to
arid and severe-arid climate types.
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TABLE 4

Defined outliers in the dataset (X, stands for the outliers in the series)

Stations Years and the corresponding period Year n X S Suspected value (X;) Th Tho.05)
Akcakale 1965-1981 (P1) 1967 17 12.8 4.8 24.8 2.49 247
Sanliurfa 1982-1999 (P2) 1996 18 18.7 6.4 35.2 2.57 2.50
Birecik 1982-1999 (P2) 1996 18 13.7 3.9 239 2.61 2.50
Akcakale 2000-2018 (P3) 2018 19 10.1 41 23.7 3.30 2.53
TABLE 5
Reconstruction of Im using linear regression models
Stations Akcakale Sanliurfa Birecik Akcakale
Observed outliers as a Altitude (m) 360 550 347 360
dependent variable Latitude (m) 4064656 4112732 4096909 4064656
Period 1 2 2 &
Year 1967 1996 1996 2018
Actual Im 24.8 35.2 23.9 23.7
Actual CC C4 C4 C4 C4
Stations Ceylanpinart Akcakale Sanliurfa Ceylanpinart
Stations used as the Altitude (m) 360 360 550 360
independent variable Latitude (m) 4077686 4064656 4112732 4077686
Correlated stations r (%) 81 86 85 81
Statistics for R? (%) 66 74 72 66
regressions S 1.9 28 21 1.9
Results Estimated Im 16.1 29.7 21.3 11.8
Assigned CC C3 C4 C3 c2

3.2. Outlier detection results

A likely outlier in a data set may distort Markov
chain analysis and stability of the transition probability
matrix (Grinstead and Snell, 2012). In this context, the
most extreme values in I, series were checked for the
periods. The outliers, i.e., suspicious data in Erinc’s
aridity/drought index (l,,) series were detected and given
in Table 4. As seen from Table 4, the highest I, values of
Akcakale, Sanliurfa and Birecik stations were determined
as outliers. More surprisingly, Akcakale station, which has
been under severe arid conditions, had outliers in P1 and
P3. No conclusion could be reached as to the cause of the
outliers.

3.3. Regression analysis results

After detecting outliers, they have been removed
from the 1, series to ensure data consistency. Then, to fill
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in the gap in the I, series, Pearson’s correlation coefficient
(r) matrix between station pairs was established (Table 5).
Based on Pearson's correlation coefficient matrix, linear,
quadratic and cubic mathematical models (Equation 3)
were utilized to estimate missing data. In this regard, the
highest R? and the smallest standard error of the
estimation were adopted as the model selection criteria.
Although the higher models were tried, it was concluded
that first-order models as shown in Table 5, i.e., linear
ones, were the most suitable ones for completing the
missing |, values at the stations given in Table 4.

The latitudes of Akcakale and Ceylanapinari stations
are very close to each other and these stations are at the
same altitude (360 m). As seen in Table 5, the linear
regression model (R? = 66%) established between these
two stations has the smallest standard error of the
estimation statistics (S = 1.9) compared to the other
stations. Similarly, regression models for other stations
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TABLE6

The marginal (fixed) probability vectors for the periods (P1Ci, P2Ci, P3Ci) and steady-state n-step transitional
probability vector for the period P3 (S_P3Ci)

Periods Climate Classes Siverek Birecik Bozova Sanliurfa Akcakale Ceylanpinari

C1 0.0 0.0 N/A" 0.0 11.8 5.9
P1: C2 11.8 47.1 N/A 235 58.8 58.8
1965-1981 C3 29.4 47.1 N/A 52.9 294 353
C4 47.1 5.9 N/A 235 0.0 0.0
C1l 0.0 0.0 N/A 0.0 111 22.2
p2: C2 0.0 83.3 N/A 22.2 72.2 61.1
1982-1999 C3 27.8 16.7 N/A 66.7 16.7 16.7
C4 72.2 0.0 N/A 111 0.0 0.0
C1 0.0 15.8 0.0 5.3 26.3 26.3
P3: C2 0.0 42.1 52.6 36.8 73.7 73.7
2000-2018 C3 47.4 42.1 31.6 47.4 0.0 0.0
C4 52.6 0.0 15.8 10.5 0.0 0.0
C1 0.0 16.3 0.0 5.3 27.8 235

Steady-state n-
step transitional C2 0.0 40.3 50.0 36.8 122 165
probability c3 462 43.4 30.0 47.4 0.0 0.0

vector for P3

C4 53.8 0.0 20.0 10.5 0.0 0.0

* Marginal probabilities were not calculated due to insufficient data in the period. C1: Severe-arid, C2: Arid, C3: Semi-arid, C4: Sub-humid

were obtained and missing data were completed as seen in
Table 5. It is important to point out that outliers had
significant effects on the assigned climate types/codes,
indicating the necessity of removing outliers from the
data. For example, Akcakale station is located at the
Syrian border and the arid (C2) to severe-arid (C1) climate
types are preponderant thereabouts. However, as seen in
Table 5, if the outlier is neglected, the climate type in the
station is assigned as C4 (sub-humid climate type),
seeming unrealistic. Substitution of the estimated outlier
into the I, series resulted in a C2 (arid) climate type that
makes sense. This kind of interpretation is tolerably
compatible with the visible trend behavior in the Fig. 2.
Consequently, in modelling spatiotemporal tendencies of
climate types through using the first-order Markov chain
approach, outliers in the datasets need to be considered in
order to deal with the uncertainties in the results. In this
regard, results led us to conclude that regression analysis
may be considered a simple but effective remedy for
completing missing data in drought monitoring,
assessment as well as modelling.

3.4. Markov chains analysis results

After having excluded the outliers from the data sets,
then the data estimated by the regression technique were

630

substituted for the missing data for Markov modelling.
Later on, Markov transition probability matrix of the
climate classes for each period was formed by considering
fivestates, i.e., climate classification codes Ci- given in
Table 1. As a reminder, State 1 (S1) was considered as C1,
State 2 as C2, etc. Except for Siverek station, not
surprisingly, humid (C5) climate class/type has not been
observed in the study area since 1965. Put another way,
C5 was observed only two times in Siverek station in P1
(1965-1981) and has not been observed since then,
indicating that climate types have been changing slowly
but surely, in favourof arid ones, over a long period of
time. In turn, only 4 climate-states were considered in the
construction of transition probability matrices. Based on
the Markov chain analysis results, marginal (fixed)
probability vectors for the periods (P1Ci, P2Ci, P3Ci;
1, 2, 3, 4) and steady-staten-step transitional
probability vectors, i.e., stationary transition probabilities,
for the period P3 (S_P3Ci) were given in Table 6.

According to the marginal probability vectors,
severe-arid climate type was not observed in Siverek,
Birecik and Sanliurfa stations in P1 and P2 periods.
However, the occurrence probabilities of severe-arid
climate types at Akcakale and Ceylanpinari stations that
were located by the Syrian border were 11.1% and 22.2%
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in P2, respectively. Furthermore, occurrence probabilities
of severe-arid (climate type in the region have tended to

increase and become rather conspicuous at most of the
stations in P3 (15.8% in Birecik, 5.5% in Sanliurfa, 26.3%
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in Akcakale and Ceylanpinari). While occurrence
probabilities of semi-arid (C3) climate type showed a
decreasing tendency in the study area, arid (C2) climate
class probabilities went up noteworthily (42.1% in
Birecik, 52.6% in Bozova, 36.6% in Sanliurfa, 73.7% in
Akcakale and Ceylanpinari) in P3. Interpretation of
occurrence probabilities for the climate classes or
typesoffered us to conclude that the nearer the stations are
to the Syrian border, the higher the occurrence
probabilities of arid (C2) climate type are over the study
area.

The steady-state transitional probability matrix, viz.,
independent transition probability matrix,is obtained
byraising the matrix to sufficiently high power, i.e., n-
step, (Haan, 2002). In this study, steady-state probabilities
of each station for P3 (2000-2018) was achieved by
practicing thesequential multiplication rule in Haan(2002).
Matrices reached a stable conditionafter one year (i.e.,
one-step) in Sanliurfa, four-year in Birecik and Akcakale,
five-year in Siverek, Bozova and Ceylanpinari stations.
Thus, the distant future for steady-state climatic
conditions is not too far but about five-year over the study
area. It was shown that stationary transition probabilities
are independent of the initial state of the weather system
over the area and removing the outliers from I, series
helped us to render the transition matrix of climate types
to be regular. Steady-state probabilities of the climate
classes were givenin Table 6. According to the steady-
state probabilities of each station for P3 in Table 6,
severe-arid and arid-type climates are unlikely to be
observed around Siverek station. This result may be
attributed to the construction of a large dam, Atatlirk Dam,
by the station. However, over the long run, climate type is
semi-arid 46.2% of the time, sub-humid 53.8% of the time
around Siverek station located at the farthest point from
the Syrian border and under the influence of the Atatirk
Dam. Contrary to Siverek station, the probability of
severe-arid climate type in any year in the distant future is
5.3%, 16.3%, 23.5% and 27.8% in Sanliurfa, Birecik,
Ceylanpinari and Akcakale, respectively. Again, over the
long run, climate type is expected to be arid 37%, 40%,
50%, 72% and 77% of the time in Sanliurfa, Birecik,
Bozova, Akcakale and Ceylanpinari, respectively.
Interpretation of results led us to conclude that the
prevailing semi-arid climate types have been gradually
vanishing in the study area and more severe weather
conditions of severe-arid and arid climate types have been
getting more and more obvious lately. Our research results
support the postulate of IPCC (2014) and WMO (2019)
because the small Im, an indication of arid conditions, is
directly related to an increase in temperature or a
reduction in precipitation as well as humidity in the study
area.
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Figs. 4(a-d).  Probabilistic spatiotemporal tendencies of severe-arid

climate class (C1) for the three successive periods:
P1:1965-1981, P2:1982-1999, P3: 2000-2018

Furthermore, the marginal probability vectors of
stations for three successive periods (P1, P2, P3)and the
steady-state probabilities (S_P3) for the third periodare
shownin Fig. 3. As seen clearly, the occurrence
probabilities of C3 and C4 have tended to decrease by the
periods. Contrarily, the probability of observing arid (C2)
and severe-arid (C1) climate types havebeen liable to
escalate substantially in the stations by decades. As seen
in Fig. 3, steady-state probabilities support the retrograde
climate types in favor of aridification in the study area. In
this regard, it is unlikely that the humid climate class will
be seen in Brecik in the distant future, but semi-arid and
arid climates will act decisively. Nevertheless, Akcakale
and Ceylanpinaristations have been much more prone to
C1 (severe-arid) climate class. Water resources
development projects materialized between 1981 and
2000, including the Atatiirk Dam,have contributed to the
development of a humid climate type at the nearby
stations, i.e., Siverek, for a while. Probability results
indicated clearly that it is unlikely to observe an arid
climate class in Siverek in the distant futuredue to the
effect of large-scale water resources development projects.
Our findings regarding steady-state probabilities for
climate classes are in accord with the results of Tonkaz
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and Cetin (2007) and Tonkaz et al. (2007). In summary,
research  findings suggested that the occurrence
probability of severe-arid (C1) and Arid (C2) climate
types in the region have tended to increase over time and
become rather conspicuous over the study area.
Furthermore, the semi-arid climate type (C3) has shown
more stable behavior in the region.The occurrence
probability of sub-humid climate class (C4) decreases
from the first period to the third period. The study area has
hardly ever experienced humid (C5) and very humid (C6)
climate types and there has been a very slim chance to
occur in the future.

3.5. Probabilistic spatiotemporal tendencies of
climate classes

Spatiotemporal tendencies of severe-arid climate
class (C1) : Maps of probabilities given in Table 6 were
generated with a cell size 100 m by 100 m over the study.
The procedure implemented in C1 map generation was
repeated to map probabilities of C2, C3 and CA4.
Probability maps for severe-arid climate type by period
were given in Fig. 4.

As seen in Figs. 4(a-d), areal coverage of the
probability of occurrence of severe-arid climate class (C1)
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Figs. 6(a-d).  Probabilistic spatiotemporal tendencies of semi-arid

climate class (C3) for the three successive periods

has gradually spread out by the periods. More importantly,
occurrence probabilities are higher in the southern parts of
the study area and its areal expansion shows steadily
continuous increasing behavior from the south to the
north. Although the Atatiirk, Karkamis and Birecik Dams
were gradually operationalized in 1992, 1999 and 2000,
respectively, C1 climate class had inconceivably
continued spreading out from Halfeti, Birecik, Suruc,
Harran, Akcakale, Ceylanpinari and Viransehir corridor to
the Atatlirk Dam (Fig. 4). As seen in Figs. 4 (¢ & d), the
difference between the spatial distribution of marginal
probability values (P3C1) and steady-state transitional
probabilities (S_P3C1) is unlikely differentiable due to the
fact that C1 type climate which is undesirable has become
dominant at most of the stations as period 3 approaches
the end.

Spatiotemporal tendencies of arid climate class(C2) :
Occurrence probabilities (OP) of the C2 climate class
have gradually increased from south to north by periods.
As seen in Figs. 5(a-c), the probability of arid climate type
is comparatively small and the areal extent of probabilities
greater than 60% is limited to P1.

However, in P2, both the magnitude and areal extent
of marginal probabilities haveunusually increased in the
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Probabilistic spatiotemporal tendencies of sub-humid
climate class (C4) for the three successive periods

area. After the construction of the Atatiirk Dam, the
occurrence probability of the C2 climate class varied from
59% to 83% in period 3. In the first period, the occurrence
probability of the C2 climate type varied between 35% to
59% in the region. In the 3" period, the occurrence
probability of the C2 climate class decreased from 75%-
83% to 35%-45% in the environs of Birecik and Halfeti.
This change may be attributed to the construction of
Birecik and Karkamig Dams constructed in the context of
the GAP. Nonetheless, the C2 climate class has continued
spreading out northward as seen in the steady-state
transitional probabilities [S_P3C2 in Fig. 5(d)],
irrespective of large-scale water reservoirs.

Spatiotemporal tendencies of semi-arid climate class
(C3) : As seen in Figs. 6(a&b), the probability of C3
(semi-arid) climate class is more than 40% around
Sanliurfa, Bozova, Suruc, Halfeti and Birecik in the P1.

In due course of time, high occurrence probabilities
of C3 showed a gradual decreasing tendency from Halfeti
and Birecik towards Sanliurfa station in P2. This tendency
might be attributed to the construction of large dams
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around Halfeti and Birecik in P2 because Sanliurfa, which
is under the influence of desert climate caused by air
currents from Syria, is located at the center of the study
area and far from the Euphrates river bed. At the end of
the P2, the construction of the Atatiirk Dam was fully
completed. The occurrence probability of the C3 climate
class in P3 showed a gradual decrease from north to south
and the occurrence probability of the C3 climate type was
less than 16% around Akcakale, Ceylanpinari and
Viransehir, where arid and severe-arid climate types have
already substituted in a gradual way for semi-arid climate
type in P3. Considering all periods and stable (steady-
state) transition probabilities S_P3C3 given in Fig. 6(d), it
may be concluded that the areas of the C3 climate type
have already shifted to either C2 (arid) or C1 (severe-arid)
climate class.

Spatiotemporal tendencies of sub-humid climate
class (C4) : As seen in Fig. 7(a), the probability of
observing C4 around Siverek and Hilvan districts was
between 25% and 47% in P1.

However, after the Atatiirk Dam was constructed, the
probability of C4 varied from 25% to 72% and areal
coverage increased substantially in P2. On the other hand,
during period 3, the influence of large reservoirs on C4
climate type started to vanish and levelled off, indicating
stable conditions as seen in Figs. 7(c&d). It is important to
emphasize that the probability of sub-humid climate type
(C4) in a year in the distant future is less than 15% in 65%
of the study area. Thus, over the long run, as seen in
Fig. 7(d), only 15% of the study area will experience sub-
humid climate type with a probability of 35% to 54%.

In summary, the areal extent of severe-arid (C1) and
arid (C2) climatic classes have consistently continued to
spread from the south to the north. The semi-arid climate
type (C3) has shown more or less stable behavior in the
region and has tended to shifttowards the arid climate type
(C2) in the future. The occurrence probability of sub-
humid climate class (C4) decreases from the first period to
the third period, expanding areally from the south to the
north. Meanwhile, the study area has hardly ever
experienced a humid (C5) climate type and it is unlikely
that a very humid (C6) climate type to occur in the future.

3.6. Practical implications of hypsometric curves
for occurrence probabilities

Climate class maps may be a useful tool to expose
the spatial distribution of occurrence probabilities, i.e.,
marginal or fixed probabilities, of climate types. However,
since any climate type prevails over an area (USEPA,
2021), it is important to designate areal coverage (Speight,
2019) affected by a particular climate type as shown in



KESKINER and CETIN : SANLIURFA PROVINCE IN THE SOUTH-EASTERN PART OF TURKEY

HArea (%)
o w n ¥ 40 %N & M =N W 1
0 o -

Area (%)
L W W ¥ 0 N ®

N W W W

Occurrence Probabilities
5 (%)
Occurrance Probabilitios

-4

HArea (%)
0w W W N W 0 W B W I

Geeurrence Probabilities
Occurrence Probabliities
& (%ly

- =-P203 \ @1 —P1Ca = =P2C4 L]

e P3C

5_P303 e PICA 5_P3C4

Figs. 8(a-d). The areal coverage of occurrence probabilities of

climate classes for the three successive periods

Keskiner et al. (2020). By practicing this approach,
hypsometric curves for the three distinct periods
considered were derived from occurrence probabilities as
seen in the Fig. 8.

Reports by IPCC (2013 and 2014) highlighted that
Mediterranean countries, including Turkey, will be
affected irreversibly by the climate change phenomenon.
The study area is particularly critical for the prevailing
climate types. In this context, the “severe-arid” (C1)
climate class has continued inconceivably to spread. This
increase is evident in the hypsometric curve [Fig. 8(a)].
During periods P1 and P2, the occurrence probability of
Cl was less than 4% in 50% of the study area.
Surprisingly, the occurrence probability of C1 reached
12% in 50% of the area at the end of P3 and under stable
conditions; and occurrence probability varied from 12% to
26% over the remaining half of the area, indicating
severe-arid zone encroachment from south to north.

Hypsometric curvesin Fig. 8(b) show a decreasing
trend in occurrence probabilities of “arid”climate class
(C2) over the area in the first period. However, a myriad
of large dams was put into operation in P2. Therefore, this
practice developed uncertainty in climate types
preponderant over the area and in turn, the C2 climate
class hypsometric curves intersected each other by making
oscillations. It was concluded that these curves show
similar behavior and this climate class is likely to
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represent the south of Sanliurfa province as the dominant
climate class in the future. Finally, the occurrence
probability of arid climate (C2) in P3 as well as under
steady-state conditions ranged between 46% and 77% in
half of the area.

As seen in Fig. 8(c), occurrence probabilities of
semi-aridclimate class (C3) were between 30% and 51%
in P1, showing that the dominant climate type was C3
over the study area in the 1960s and before. While the
occurrence probability of C3 in P1 is higher than in the
other two periods, the occurrence probability of C3 has
decreased remarkably (less than 35% in 75% of the area)
at the end of P2. This is a good indication that the climate
type over the area has already reached stable conditions at
the end of P3. The decrease in occurrence probabilities in
P2 could be attributed to dams constructed in the context
of water resources development projects.

Given the climatic and geographic features of the
study area, a sub-humid climate type (C4) should be
observed in any station, except for Siverek. Fig. 8 justifies
our postulation. The occurrence probability of C4 was less
than 23% in 70% of the areain P1 and P2. Under steady-
state conditions, the probability of being in C4 is
only 20%.

4. Conclusions

Climate types are subject to evolve due to global
warming and inherited uncertainties in climate, leading to
a shift in drought-prone areas in fragile landscapes.
Therefore, by considering time, characterization of the
climate types and determination of spatiotemporal trends
in climate typesare of great importance in large-scale
development project areas like the Southeastern Anatolia
Project (GAP in Turkish) area, including 13 irrigation and
hydropower schemes and the construction of 22 dams and
19 hydroelectric power plants on both the Tigris andthe
Euphrates rivers, in Turkey. This research was conducted
in Sanliurfa province, located in GAP area, with an arid to
semi-arid climate. Erinc’s Drought/Aridity  Index
(ImorEDI) was adopted to quantify climate types for three
consecutive periods. Based on the research results, the
following conclusions could be drawn:

(i) Physical region-wide developments and starting and
finalizing dates of the hydraulic works in river basins
should be considered in drought characterisation studies.
Therefore, dividing the data into periodshelped us derive
more concise and logical conclusions on how the climate
has evolved over time.

(i) The severe-arid (C1) and arid (C2) climate types,
which were not spatially dominant over the study area in
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the 1960s and 1970s, have already started to expand
spatially from south to north and showed spatiotemporal
increasing tendencies in the region.

(iii) The semi-arid climate type (C3) has shown more
stable behavior in the region. But, the semi-arid (C3)
climate type showed a shifting behavior towards the arid
climate type (C2) in the future.

(iv) The sub-humid climate class (C4) decreases from the
first period to the third period, expanding areally from the
south to the north and will be expected to be dominant in a
very small area located in the north of the Atatiirk Dam in
the future.

(v) Construction of large hydraulic structures, i.e.,
reservoirs and opening large areas to irrigation has had
no positive effect on the persistency of the dominant
semi-arid climate regime. The transition from a semi-arid
to an arid regime has progressively continued as time
varies.

(vi) Markov modelling results suggested that the study
area has hardly ever experienced humid (C5) and very
humid (C6) climate types and there has been a very slim
chance to occur in the future. Additionally, it is unlikely
that Atatiirk, Birecik and Karkamis Dams will prevent the
occurrence of spatio-temporal aridity from south to north
in Sanliurfa.

(vii) In order to mitigate the negative effects of climate
change and arid zone encroachment onto irrigation
schemes, we suggested forestation and forest management
practices be planned and implemented urgently in the
environs of Sanliurfa.

(viii) Spatial enumeration of climate types and steady-state
occurrence probabilities by Markov chain modelling
might be a remedy for deriving concrete information on
the fragile environment of large-scale integrated water
resources development project areas like the GAP area in
Turkey. That is why it was strongly recommended that
spatio-temporal climate change studies be periodically
conducted in the whole of the GAP area.

Disclaimer: The contents and views expressed in this
study are the views of the authors and do not necessarily
reflect the views of the organizations they belong to.
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Highlights

Arid areas are prone to expand spatially from the south to the
north in the southeastern Anatolia region (in the GAP area) of
Turkey.

Aridity shows spatio temporal increasing tendencies in the
region.

Dividing Erinc’saridity/drought index series into three periods
(P1, P2 and P3), non-overlapping and successive, helped us to
determine the likely trend in climate types classes.

The development of large-scale water resources projects by
constructing large dams such as the Atatiirk Dam and opening
large areas forirrigation in the GAP region could not prevent
humid climate types from fading away.
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