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INTRODUCTION

Water is crucial for life and plays an important role in biological, geological and chemical processes. The total
amount of water in the world is about 1.338 billion km® (Dikmenli et al., 2024). Although 97.5% of this amount
is found as salty water in the oceans and seas and the remaining 2.5% as fresh water in solid, liquid and gaseous
form, only 0.4% of the freshwater available as surface water (lakes, rivers and swamps) is usable. Furthermore,
only 0.001% (12.900 km?®) out of 1.338 billion km?® of water on Earth is present as water vapour in the atmosphere
(Gleick, 1996; USGS, 2024; NASA, 2024a). Of the 577000 km? of water in the hydrological cycle, 458000 km?
falls to the ocean and 119000 km? to the land as precipitation. The amounts of evaporation from the ocean surface
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and land are 505000 km?® and 72000 km?, respectively (Shiklomanov, 2009). As it can be understood, the amount
of fresh water available in our world is very limited, and the spatiotemporal distribution of precipitation as well as
freshwater resources is irregular. Just like everywhere else, the distribution of precipitation in Turkiye is
remarkably irregular. Topographical differences and the resulting 7 different climate zones are the main reasons
for this irregularity in precipitation distribution.

Studies carried out in recent years have shown that Turkiye's long-term average annual rainfall has been 574
mm. Although the eastern Black Sea region receives the most precipitation (1200-2500 mm/year), the central
Anatolian region (around Lake Tuz) receives the least (250-300 mm/year) (Cetin, 2020). Total annual rainfall
yields 501 billion cubic meters of water in Turkiye each year. Of this water, 274 billion m? is returned to the
atmosphere by evapotranspiration, 69 billion m? of this water recharges groundwater system, and 158 billion m3
is discharged into the seas and lakes by river or surface runoff (Cicek and Ataol, 2009; Usta, 2016). Turkiye has a
technical and economic water potential of 112 billion m? including 98 billion m® of surface water and 14 billion
m? of groundwater. However, 57 billion m? of the 112 billion m® water potential can be utilised. Of this amount,
44 billion m? is used in irrigation (Cetin, 2020) and 13 billion m? is used for domestic and industrial purposes (DSI,
2024). According to the Falkenmark water stress index, Turkey is among the “water scarce” countries with an
annual water potential of 1000-1500 m%/year per capita (Wolf et al., 2003; Aydin et al., 2017). Recent studies have
shown that 40% of the world's population will be living in regions with severe water shortages by 2035, which
will cause the ecosystems that provide freshwater resources to be increasingly compromised (Guppy et al., 2017).
Under these conditions, considering the undeniable importance of precipitations in water management in Turkey,
determining the distribution of precipitation over time is a much-needed issue. The irregular distribution of
precipitation in time and space in Turkiye, the determination of the temporal distribution of precipitation series,
observed at a meteorological station, using the methodology of the development of "flow duration curves" can
have many practical advantages.

Turkey's location between temperate and subtropical regions, together with the influence of the Mediterranean
macroclimatic zone (Tiirkes, 2021), causes it to be more exposed to extreme weather events in summer and winter
(Y1lmaz et al., 2021). The average temperature in Turkey is expected to increase by 2.65 °C in the next 100 years
due to changes in extreme weather events such as drought and heat waves caused by global warming. Moreover,
spatial and temporal temperature distributions already pose risks (Tonkaz and Cetin 2007; Aksu, 2021; Coskun et
al., 2021; CCP, 2024; Celiktopuz, 2024). Climate change is not only about increasing temperatures and droughts
but also about the spatial and temporal distribution of precipitation across the globe. Especially, causing extreme
precipitation events to occur more frequently in different parts of the world (Nordling et al., 2024; NASA, 2024b).
Similarly, the number of recurring extreme wet and dry events in Turkey is increasing day by day (Silaydin Aydin
and Kahraman, 2022; Keskiner and Simsek, 2024). According to climate projections, precipitation is expected to
decrease in all river basins of Turkey, and the Euphrates-Tigris basin in the Southeastern Anatolia region is among
the basins that will be most affected by climate change. Therefore, Turkey is one of the countries that will suffer
the most from the negative impacts of climate change (MGM, 2014; Demircam et al., 2017) and it would be overly
optimistic to expect that long dry periods will not be experienced in drought-prone regions in the future. Moreover,
the fact that the Southeastern Anatolia Project (GAP), one of Turkey's most important development projects with
an irrigable agricultural area of 1.78 Mha, is located in a semi-arid region makes it inevitable that the agricultural
sector will be negatively affected by drought events (Kiigiikozcii and Avci, 2020; Keskiner and Cetin, 2023a;
Kilingoglu et al., 2021).The gradual impact of drought on many economic sectors and the unpredictability of its
onset and end - the inherent uncertainty of a drought event - have a multiplier effect on drought-related losses.
Many drought indices have been developed to monitor and mitigate the negative effects of drought and the most
important variable used in the calculation of these indices is precipitation (Ering, 1965; Aydeniz, 1985; McKee et
al., 1993). Therefore, determining the spatial and temporal distribution of precipitation is of vital importance for
risk management in agricultural production. In rain-fed areas, such as those around the province of Sanliurfa in
the GAP project area, rainfall is the only form of insurance for agricultural production. In this context, 11% of
Turkiye's economically irrigable area and about 50% of the GAP project irrigation areas are within the borders of
Sanliurfa province (Keskiner and Cetin, 2023b), which is exposed to drought risk.

The main objectives of this study were to: a) develop "precipitation duration curves", i.e., PDCs, of long-term
total precipitation series, b) to investigate likely mathematical models of PDCs of each meteorological station
studied, c) determine spatial and temporal distributions of precipitation that occur equalled or exceeded at 50%
and 80% of the time, d) derive “precipitation hypsometric curves” for the specified time ratios to figure out the
changes in the areal average values of precipitation within the province.

MATERIALS AND METHODS

Description of Study Area and Data Source

This study was conducted in and around Sanlwurfa province, which is located between 37°49' 12"- 40°10' 00"
E longitude and 36°41' 28" - 37°57' 50" N latitude in the Southeastern Anatolia Region of Turkiye. The study area
covers an area of approximately 19 242 km? (HGM, 2022). Topographically, the south of Sanliurfa is a plain. In
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the north, Karacadag Mountain (1957 m), which stretches across Diyarbakir and Sanliurfa provinces, is located in
the Siverek district. Mandal Hill (1895 m) is the highest point in Sanliurfa. Altitude decreases from Siverek towards
the Syrian border, it is about 360 meters around Akcakale and Ceylanpinar. The low elevation along the Syrian
border in Sanliurfa and in the inland areas from the border to the north causes extremely hot air masses originating
from the Basra Low-Pressure Centre to be effective in the region during the summer period. This situation
aggravates the occurrence of droughts that stretch from south to north in Sanliurfa. In the province of Sanliurfa,
which is dominated by a continental climate on a macro scale, the long-term average temperature is around 18.6
OC. The long-term average of the total annual precipitation varies from 558 mm in Siverek, to 448 mm in Sanliurfa,
to 285 mm and 295 mm in the districts of Akcakale and Ceylanpmar, respectively (ircan and Duman, 2021;
Keskiner and Cetin, 2023a). Understandably, annual precipitation amounts decrease significantly from north to
south in the study area. Long-term annual total precipitation series acquired from meteorological stations of Ergani,
Diyarbakir, Adiyaman, Siverek, Bozova, Mardin, Sanliurfa, Gaziantep, Birecik, Ceylanpinar and Akcakale,
located in and around Sanliurfa province (Figure 1) and operated by the General Directorate of Meteorology, were
used in this study. The location of the meteorological observation stations in the projected coordinate system was
calculated in accordance with the D_WGS 1984 UTM_Zone_37N reference surface. In Table 1, the long-term
averages of total annual precipitation values and some attribute information of meteorological observation stations
are given in latitude order.
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Figure 1. Location of the study area in Turkiye and spatial distribution of meteorological observation stations
over the study area

Table 1. Some attributes of the meteorological stations used in the study

Average Annual

. . o . o . . .
Station Name  Latitude (°)  Longitude (°)  Altitude (m) Observation Period Precipitation (mm)

Ergani 38.267 39.766 986 1965-2023 735
Diyarbakir 37.909 40.213 680 1950-2023 494
Adiyaman 37.755 38.277 672 1963-2023 709
Siverek 37.752 39.329 801 1966-2023 558
Bozova 37.365 38.513 622 1982-2023 387
Mardin 37.310 40.728 1040 1955-2023 644
Sanliurfa 37.160 38.786 550 1955-2023 448
Gaziantep 37.058 37.351 854 1959-2023 557
Birecik 37.013 37.971 347 1966-2023 354
Ceylanpinar 36.841 39.933 360 1957-2023 295
Akcakale 36.727 38.947 365 1965-2023 285
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Developing Precipitation Duration Curves

In this study, the method used in obtaining flow duration curves (Besiktas, 2010; Demir and Tona, 2021) was
employed to develop the precipitation duration curves (PDCs). A PDC is a cumulative frequency curve showing
the percentage of time when precipitation is greater than or equal to a certain P; value. In other words, PDC is a
relationship between precipitation value and the exceeded or equalled percentage of the time. By using these
curves, the precipitation exceeding a certain percentage of the time can be determined practically or the percent of
time indicated precipitation was equaled or exceeded may be estimated for hydrological design purposes. To this
end, the precipitation duration curve may be derived by labelling the vertical axis with precipitation values (P)
and the horizontal axis with the percentages of time when the precipitation considered is equal to or greater than a
certain value. The choice of time unit is determined by the purpose for which the curve is to be used (Bayazit,
1999; Karakoyun et al., 2018). In this study, the precipitation duration curve for each meteorological station was
derived by imitating the flow duration curve development procedure, which is widely used in hydrology. In order
to obtain the precipitation duration curve: a) Precipitation time-series of a meteorological station is ordered from
largest to smallest, b) The number of rows (m;) of each P; precipitation is obtained, c) The rank number of
precipitation (m;) is divided by the total number of observations (N) to calculate the exceedance percentage or
exceedance rate (AO;) of the considered precipitation P; (Equation 1), d) The precipitation duration curve of the
meteorological station in question is obtained by plotting the P; values on the vertical axis and the AQ; ratios on
the horizontal axis (Raudkivi, 1979).

AO; = % * 100 (1)

Regression Analysis

Precipitation duration curves (PDCs) can be described in mathematical terms by means of a polynomial. In
this study; the regression model shown in Equation 2 was used for modelling the PDCs. For model selection, the
"CurveExpert" software (Hyams, 2020) was used due to its ease of use. Mathematical forms of PDCs have been
obtained with linear regression models up to the fifth order. The statistical significance of the parameters in
Equation 2 and the model was determined by analysis of variance (Ryan and Cryer, 2005) at a=0.05 level of
significance and the appropriate model was selected based on the highest R and the smallest model standard error
(SE).

P; = by + by AO; + b, AO;* + by AO;® + b, AO* + bs AO;® + ¢; )

Where: P; is the dependent variable (annual total precipitation, mm); AO; is the independent variable (the
percentage of time in the long-term total precipitation series that indicates that the precipitation was equal to or
higher during the observation period); b; are the regression coefficients and e; are the error term.

Development of "'Precipitation Hypsometric Curves"

Hypsometric curves have been widely used to simulate the spatial distribution of regional variables such as
surface runoff (Vivoni et al., 2008), drought indices (Keskiner et al., 2020), salinity (Cetin, 2003), groundwater
(Cetin and Kirda, 2003; Keskiner et al., 2018), etc. In order to develop the precipitation hypsometric curves, first,
the precipitation value P; at the specified time percentage (x%) is estimated by using the mathematical model of
the PDC of each meteorological station. A map is then drawn up using the estimated P; 4o, values as the basis.
Eventually, the precipitation hypsometric curve for P; 4o, is derived by using the value of the precipitation at each
pixel in the map and the areas that are covered by this value. In this study, the precipitation values exceeded 50%
and 80% of the time (P; sq0,: €XCeeded precipitation value of station i at 50% of the time, mm) were estimated by
using the precipitation duration curve model of each station. These estimated precipitations were mapped at 200
m x 200 m resolution by inverse distance weighted interpolation technique (Liu et al., 2021; Keskiner and Cetin,
2023a) in a geographic information systems environment and their areal distributions were obtained. With the help
of these maps, precipitation hypsometric curves were developed for 50% and 80% time ratios by applying the
method (Chow et al., 1988) to obtain the catchment height-area relationship.

RESULTS AND DISCUSSION

Descriptive Statistics of Precipitation Series

Some characteristic values of meteorological observation stations are given in Table 1. Descriptive statistics
of the annual total precipitation series of meteorological stations considered were calculated and presented in Table
2. Given the latitude at which the stations are located, it is noteworthy that the averages (P ) of Ergani-Siverek-
Sanliurfa-Birecik-Ceylanpinar-Akcakale stations decrease with latitude in precipitation values from north to south,
although not with a constant slope due to the effect of factors such as topography, aspect, etc. (Table 2). In other
words, average precipitation observed at the stations tends to decrease from north to south. When P and median
values of the precipitation series were compared, the median values of all stations were found to be smaller than
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the mean, indicating that the precipitation series are characterised by a right-skewed distribution. This conclusion
was confirmed by the values of the coefficient of skewness (Csew). Given the Cgew coefficient, Akcakale station
was found to have the largest skewness coefficient (Csew=1.22). The conclusion was that it would be more accurate
to use the Med value of the data set as a representative value in project design studies (Hayes, 2007) instead of
using P values in Akcakale station. It was found that the magnitude of the Cgew coefficient and the STD value
were not compatible. However, it is clear that the magnitude of the range (R) of the data set directly affects the
STD value. It was determined that the STD value of Ergani station (STD=195.4), which has the largest R-value
(R=1006.1 mm), is represented by the largest value after Mardin station (STD=217.5). When all the stations used
in the study are taken into consideration, it can be said that the similarity of precipitation between the years is low
in Ergani, Mardin and Adiyaman stations since the difference between the average precipitation values and the
observed precipitation values is the largest. When minimum precipitation values (Pmin) are considered;
Ceylanpinari (Pmin)=70.6 mm) and Akcakale stations (Pmin)=108.4 mm) are predicted to be more at risk of drought
than other stations (Keskiner and Cetin, 2023a). Considering the maximum precipitation (Pmax) values of the
stations, it was concluded that extreme precipitation was effective (Kiling et al., 2023) in Ergani (Pnax=1351.9
mm), Mardin (Pna=1193.9 mm) and Adiyaman (Pnax=1152.8 mm) stations. When the coefficient of variation
(CV) is analysed, the variability in precipitation series at all stations was found to be CV>25%. This statistic
provided evidence of significant variability in the temporal distribution of precipitation. When the STD values and
averages of the precipitation series are evaluated jointly, it is understood that the variability varies between 25%-
37%. Therefore, the variability in annual precipitation observed in and around Ceylanpimar and Akcakale stations
is larger compared to other stations. As explained by Nordling et al. (2024), the reason of this situation is because
precipitation diminishes the closer you get towards the Syrian border, the standard deviation values do not decrease
at the same rate and the high variation observed in the precipitation series. Conversely, the high CV at these stations
may reflect the high drought impact. The higher the CV, the greater the dispersion in the precipitation events,
indicating that data points in the precipitation series are more dissimilar and inconsistent, and that extreme values
become more likely.

Table 2. Descriptive statistics of data sets of yearly precipitation totals observed in meteorological stations

. = Med STD Prin Prax R Cv
Station Names P (mm) (mm)  (mm) (mm)  (mm) (mm) Cskew  Crurt (%)
Ergani 7348 7218 1954 3458 13519 1006.1 0.68 0.95 27
Diyarbakir 493.7 476.1 136.0 146.3 854.7 708.4 0.14 0.14 28
Adiyaman 7089 6780 1928 364.8 1152.8 788.0 0.42 -0.59 27
Siverek 557.6 537.3 1555 255.0 893.0 638.0 035 -0.56 28
Bozova 386.5 354.8 1099 177.2 655.9 478.7 0.75 0.18 28
Mardin 644.3 627.8 2175 2476 11939 946.3 052 -0.24 34
Sanliurfa 4480 4253 1470 1605 854.7 694.2 0.80 0.59 33
Gaziantep 557.1 5404 140.7 325.1 994.0 668.9 0.68 0.55 25
Birecik 3542 337.0 1028 1876 614.0 426.4 0.64 -0.02 29
Ceylanpinar 2946 2737 107.9 70.6 546.1 4755 046 -0.31 37
Akcakale 2849 269.9 1058 1084 646.2 537.8 1.22 2.11 37

Modelling of Precipitation Distribution Over Time

The first step in developing precipitation duration curves (PDC) for each station used in the study was to plot
the annual precipitation value of a station versus the exceeded or equaled percentage of time over a given period.
A 5th-order polynomial (Equation 2) represents the mathematical forms of the resulting PDC distributions.
Figure 2 shows the 5th-order regression models for the precipitation duration curves and the scatterplot fits of the
Pi-AQi values. Table 3 shows the model coefficients, correlation coefficients (r), coefficients of determination (R2)
and standard errors (SE) of the regression models fitted to the PDCs. One of the most remarkable characteristics
of the models is that the model SE values of Mardin (Pmax=1193.9 mm), Ergani (Pmax=1351.9 mm), Gaziantep
(Pmax=994.0 mm) and Adiyaman (Pmax=1152.8 mm) stations increase in parallel with the size of maximum
precipitation observations in the time series. In other words, the larger the maximum precipitation in te series, the
larger the SE value of the PDC model. In turn, the SE values of these stations are 19.72 mm, 19.362 mm, 16.132
mm and 13.27 mm, which are larger than the model standard error of the other stations, respectively. This may be
due to the fact that the maximum precipitation data in the precipitation series may be an outlier. However, it can
be said that the maximum precipitation is effective in increasing the error of the regression model. Therefore, our
recommendation is that before analyses are performed, outliers must be removed from the data. It was found that
the precipitation series of Bozova, Birecik, Ceylanpinar and Akcakale stations, where the SE values of the PDC
regression models of the stations are less than 10 mm, have the smallest STD values. The SE values of the PDC
regression models of the precipitation series of these stations are 9.91 mm, 6.04 mm, 9.00 mm and 9.34 mm,
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respectively. The Siverek station, which is located in a topography with a high difference in altitude compared to
the other stations, does not show any similarity to this structure with a value of STD=155.5 mm, although SE is
8.36 mm. However, as pointed out by Carter (2013), the small standard deviation (STD) values of the precipitation
series are an indicator of low variability in the data, which can be said to contribute to reducing the model error.
In other words, the variability of the data (STD and CV) affects the prediction error (SE) of the models.

Table 3. Regression model coefficients and model goodness-of-fit statistics representing the precipitation
duration curves of the observation stations

Istasyonlar bo b1 b2 bs
Ergani 1381.725562756870 -57.1761359002948 2.36553998142426  -0.0486887247871676
Diyarbakir 852.631827388411 -25.1970616562749 1.01487445375872  -0.0231161714340396
Adiyaman 1172.872452246460 -20.8384015641572 0.47465384293105 -0.0080878250930805
Siverek 919.250273509813 -14.6518299919079 0.29673242451598  -0.0056301326359867
Bozova 706.451732731845 -18.7093008025387 0.54448144215318 -0.0102563571054207
Mardin 1238.566182448110 -39.1954490683444 1.46302277930733  -0.0317335856990392
Sanliurfa 920.549972447308 -35.6600798800292 1.25726081486108 -0.0240060035833074
Gaziantep 979.758067858816 -31.7162156414739 1.19366620090969  -0.0239670327815119
Birecik 639.605983402985 -15.4835267305092 0.35034635537457  -0.0042324696024038
Ceylanpinar 570.724095653920 -14.5408265637939 0.42707168364310 -0.0089058185584778
Akcakale 681.932075897924 -36.5291137524379 1.50150095617332  -0.0311388803925949
Istasyonlar bs bs r R? SE (mm)
Ergani 0.000465714672729440  -0.0000016840716109069100 0.995 0.991 19.36
Diyarbakir 0.000250145231017204  -0.0000010207656320505700 0.997 0.994 10.49
Adiyaman 0.000075366969471655  -0.0000002899280462248350 0.997 0.995 13.27
Siverek 0.000064712760415137  -0.0000002995734002435610 0.998 0.997 8.36
Bozova 0.000102334755298633  -0.0000004056523498547760 0.996 0.992 9.91
Mardin 0.000327241949987971  -0.0000012692887558356100 0.996 0.992 19.72
Sanliurfa 0.000225087858060502  -0.0000008252088936940450 0.997 0.993 12.49
Gaziantep 0.000227858174113607  -0.0000008256104963221600 0.993 0.987 16.13
Birecik 0.000023528243097752  -0.0000000525958714241227 0.998 0.996 6.04
Ceylanpmar  0.000096877886073248  -0.0000004081119182073870 0.996 0.993 9.00
Akcakale 0.000304646044900108 -0.0000011273305059528100 0.996 0.992 9.34
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Spatial Distribution of Precipitation Duration Curves

Evaporation, which is very effective in the cause of drought, is highly dependent on temperature. However,
drought indices such as standardized precipitation index (SPI), percent of normal index (PNI) etc. define drought
severity by using only precipitation values. In the definition of climate, aridity also plays an important role in
agricultural water management as well as rainfed farming. Therefore, there are studies by IPCC (2007), Huang et
al. (2016) and Thomas (2011) in which aridity is grouped based on mean annual precipitation. For example,
Holzapfel (2008), referring to areas with high evaporation during the growing season, classified drought into 4
groups based on total annual mean precipitation (Table 4). Indeed, Sanliurfa is one of the provinces with low
relative humidity, high average temperature and high evaporation demand during the growing season (Elgali, 2020;
Urtin et al., 2023). In this context, the values of precipitation expected to be exceeded or equalled 50% and 80%
of the time were calculated for Sanliurfa using the PDC models. Table 4 has been taken into account in the
interpretation of the spatial and temporal distribution of these calculated precipitations. Figure 3 shows the
precipitation that was exceeded (present) in 50% of the cases, depending on the observation period of the stations.
Those curves given in Figure 3 may be used to estimate the percent of time that a specified precipitation will be
equalled or exceeded in the future or to estimate discharge for a given percent of duration. Such estimates are
required for drought mitigation studies.

Table 4. Grouping drought/climate categories in areas with high evaporation during the plant-growing season
(Holzapfel, 2008)

Type of Aridity Amount of mean annual precipitation (mm)
Extreme Arid less than 60-100 mm

Arid from 60-100 to 150-250 mm

Semiarid from 150-250 to 250-500 mm

Nonarid (Mesic) above 500 mm

200

250

300

500

550

600 .
Figure 3. a) Spatial distribution of precipitation values exceeded 50% of the time (Psq,) and b) Precipitation
hypsometric curve for Pgo,
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As can be seen in Figure 3, the precipitation values that occur 50% of the time in Sanliurfa can be considered as
the boundary line (500 mm precipitation contour) dividing the north and south of Hilvan into two distinct climate
types of "Humid" and "Semiarid", respectively. From the south of Hilvan to the Syrian border, the "Semiarid"
climate character is dominant, while the amount of precipitation decreases from north to south. This remarkable
decrease in precipitation can be attributed to the high level of aridity prevailing in Syria. Taking into account the
criteria given by Santos et al. (2022), which are based on precipitation that falls 50% of the time, it can be
concluded that the expected yield of agricultural production cannot be achieved without irrigation in the south of
Hilvan. On the other hand, given the remaing 50% of the time, the north of Hilvan, Siverek and its surroundings
are under the influence of the humid climate. From the analysis of the hypsometric curves of precipitation, it can
be concluded that the average areal precipitation in the province of Sanliurfa is 390 mm 50% of the time and that
it is under the influence of a "Semiarid" climate regime (Keskiner and Cetin, 2023b).

Likewise, the spatial and temporal distribution of precipitation over 80% of the time is determined using the
PDC models, as shown in Figure 4. Significant differences were found in the spatial distribution of the precipitation
amounts that occurred 80% of the time compared to precipitation amounts that occurred 50% of the time. It was
found that the amount of precipitation falling 80% of the time decreased and the severity of drought in the study
area increased. Especially around the settlements of Harran, Akcakale and Ceylanpinar, exceeded precipitation of
250 mm or more in 80% of the time means that the precipitation falling on the site in the remaining 20% of the
time will be less than 250 mm, indicating that the region can expect severe rainfall deficiencies once in five years
(frcan and Duman, 2021). This constitutes evidence that Arid climate characteristics prevail in the region 20% of
the time. It was found that the Harran meteorological station and its surroundings constitute a border between
"Semiarid" and "Arid" climate characteristics. In turn, findings are a precursor of the “Arid” climate type in the
southern parts of the study area in the future. On the other hand, in the north of Harran district, it was determined
that the humidity continued to increase towards Siverek and the “Semiarid” climate characteristics were effective
in the north of Harran. However, considering the amount of precipitation exceeded 80% of the time, it is an
undeniable fact that the expected yields cannot be obtained without irrigating agricultural crops. This means that
dry farming will be even more at risk in the future. The average value of precipitation exceeded 80% of the time
is 320 mm. For this reason, Sanliurfa and its surroundings have a "Semiarid" (Keskiner and Cetin, 2023a) climate
regime 80% of the time, and an "Arid" climate type is preponderant for the remaining 20% of the time.

0 10 20 30 40 50 60 70 80 90 100
200 :
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Figure 4. Spatial distribution of precipitation values exceeded 80% of the time (Pggo,) and b) Precipitation
hypsometric curve for Pgo,
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CONCLUSIONS AND RECOMMENDATIONS

The South East Anatolia Project (GAP) aims to irrigate an area of 1.78 million hectares. Approximately
940 000 ha of this irrigable area is within the borders of Sanliurfa province. Therefore, it is important to know the
distribution of precipitation that is exceeded in a certain percentage of time in and around Sanliurfa province in
terms of irrigation water management. Sanliurfa province is expected to be more affected by a potential drought
than other provinces located in the GAP area due to its large irrigated areas. Within the framework of this study,
the precipitation duration curves of the long-term total annual precipitation series of each meteorological
observation station located in the GAP area have been developed and these curves have been mathematically
modelled. Spatial and temporal distributions of the precipitation amounts exceeded 50% and 80% of the time were
determined using the model equations obtained for each station. Precipitation hypsometric curves were derived
from the maps drawn for the specified time ratios, i.e., the exceeded or equalled percentage of time. With the help
of precipitation hypsometric curves, the spatial variation of areal means of total annual precipitation exceeded 50%
and 80% of the time in the study area was revealed by generating precipitation maps. Conclusions that were drawn
in light of the results of this study are listed below:

VIt was observed that as the STD values in the annual precipitation series increased, the SE values of the
precipitation duration curve models also increased. The SE values of the models were directly proportional to the
increase in maximum precipitation.

VIt is recommended that the outliers are analysed prior to performing the PDC analysis and that the outliers are
removed from the data if sufficient evidence can be found.

v"Model equations for precipitation duration curves can be used to instantly calculate or estimate precipitation
amounts that exceed a certain percentage of the time. In this context, it was determined that rainfall exceeding
50% of the time had a drought-reducing effect. On this time scale, the province of Sanliurfa is characterised by
"Semi-arid" and "Humid" climate types which are harbingers of ongoing drought events.

v'A reduction in the amount of precipitation that occurs 80% of the time, increased the severity of drought in the
study area. It was found that "Arid" climate characteristics were dominant in and around the Harran, Akcakale and
Ceylanpiar meteorological stations due to the impacts of severe arid conditions in Syria's territory. Considering
the precipitation in this time scale, "Semiarid" and "Arid" climate characteristics prevailed in the province and
"Humid" climate characteristics were not observed.

v'Considering the areally averaged precipitation occurring in these two time scales; it is concluded that the
"Semiarid" climate characteristic is dominant for Sanliurfa province.

¥'Precipitation duration curves and precipitation hypsometric curves can be used operationally in and around the
study area by practitioners in water resource planning, irrigation management and drought monitoring studies, etc.
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