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Abstract

Drought progresses more slowly than other natural disasters and is noticed late. It starts with
decreasing precipitation and affects all human activities. Considering the effects of increasing
climate change and past droughts, it is certain that drought will be inevitable in the future. Until
now, many countries have experienced drought, including Turkey. Several publications have
appeared in recent years documenting drought in different regions and basins in our country;
however, there is no study presenting drought analysis and subsequent strategies in Lake
Van Basin, which has large agricultural areas. The aim of this study is to reveal the
meteorological droughts experienced in the past years in Lake Van Basin and to determine
the resilience strategies for these droughts, considering the characteristics of the basin. To
that end, Standardized Precipitation Index (SPI) was employed in this study to detect past
meteorological droughts and calculate drought values. Spatial analyses were mapped using
ArcGIS software with Inverse Distance Weighted (IDW) interpolation method. Then, the maps
were evaluated for each year between 2010 and 2019.

Online interview is used with relevant expert who worked as project expert in the Lake Van
Basin Drought Management Plan. In this interview, the current situation and potentials of the
basin were discussed. After the analyses and literature study, expert opinion was used to
determine the most appropriate strategies for the basin. Results indicated that the suitability
of the strategies for the basin and ecosystem was taken into consideration. The basin
experienced severe dry level drought in 2012, 2013, 2016, and 2019. It was determined that
droughts in the basin was not only because of climate change, but also because of improper
irrigation techniques, lack of technological systems and public awareness in the basin. In order
to reduce the effects of these causes on the drought, practicable resilience strategies have
been determined. Strategies determined after the method applied in the selected area in this
study are believed make important contributions to the development of the framework of
studies in the field of drought. For this reason, the results of the study have the potential to
contribute theoretically in terms of drought analysis and practically in terms of the applicability
of resilience strategies. If strategies are implemented in accordance with these contributions,
it is expected that Lake Van Basin will be less vulnerable to drought risks and more resilient
to drought.
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Kuraklik Analizi ve Direnglilik Stratejileri:
Van Golii Havzasi Ornegi

Oz

Kuraklik, her zaman diger dogal afetlerden daha yavas ilerleyen ve ge¢ farkedilen bir dogal
afet olmustur. Yagislarin azalmasiyla baslamis ve tim insan faaliyetlerini etkilemistir. Artan
iklim degisikliginin etkileri ve gecmis kurakliklara bakilarak gelecekte kuraklik yagsanmasinin
kacinilmaz oldugu kesinlesmistir. Ginimuze kadar Turkiye de dahil olmak tzere pek ¢ok Ulke
kurakligi deneyimlemistir. Ulkemizde son yillarda farkli bélge ve havzalarda kurakligi
belgeleyen cesitli yayinlar ortaya ¢cikmistir; ancak genig tarim alanlarina sahip olan Van Golu
Havzasi'nda kuraklik analizi ve devamindaki stratejileri sunan bir ¢calisma bulunmamaktadir.
Bu calismanin amaci, Van Go6li Havzasrnda gecmis yillarda yasanan meteorolojik
kurakliklarinin ortaya cikarilmasi ve bu kurakliklara havzanin &zelliklerine bakilarak uygun
direngilik stratejilerinin belirlenmesidir. Bu amacla, gegmis meteorolojik kurakliklari tespit
etmek ve kuraklik degerlerini hesaplamak igin bu calismada Standardize Yagis indeksi (SPI)
kullaniimistir. Mekansal analizler, ArcGIS yazihmi kullanilarak Ters Mesafe Agirlikli (IDW)
enterpolasyon ydntemiyle hazirlanarak, 2010-2019 yillari arasindaki her yil igin olusturulan
analziler degerlendirilmigtir.

Van Golu Havzasi Kuraklik Yénetim Plani’nda proje uzmani olarak gérev yapmis ilgili uzman
ile online roportaj yapilmistir. Bu réportajda havzanin mevcut durumu ve potansiyelleri
tartisiimistir. Analizler ve literatir calismasi sonrasinda havzaya en uygun stratejilerin
belilenmesi i¢cin uzman gorusunden yararlanilmigtir. Stratejiler belirlenirken havza ve
ekosisteme uygunlugu dikkate alinmistir. Havzada 2012, 2013, 2016 ve 2019 yillarinda
siddetli kuraklik seviyesinde kuraklik oldugu belirlenmistir. Havzada yasanan kurakliklarin
sebebinin sadece iklim degisikligi degil tarimda kullanilan suyun, yanlis sulama tekniklerinin,
teknolojik sistemlerin havzada eksikliginin ve halk bilincinin de etkili oldugu tespit edilmistir.
Bu sebeplerin kuraklik Uzerindeki etkilerinin azaltilmasi i¢in havzaya uygulanabilir direnglilik
stratejileri belirlenmigtir. Calismanin gergeklestirildigi Van Goli Havzasi’'nda uygulanan
yontem ve gelistirilen stratejilerle birlikte, kuraklikla ilgil yapilan ¢alismalarin ¢ergevesinin
geligtiriimesine Onemli katkilar saglayacagi dusunulmektedir. Bu nedenle bu calismanin
sonuglari, kuraklik analizi bakimindan teoride, stratejilerin uygulanmasi bakimindan ise
pratige katki saglama potansiyeline sahiptir. Bu katkilarla uyumlu stratejiler uygulanirsa, Van
Golu Havzasrnin kurakliga karsi daha direngli ve kuraklikhk risklerine karsi daha az
etkilenebilir olacag! beklenmektedir.

Anahtar Kelimeler : Kuraklik, Van Goélii Havzasi, Standartlastirimis Yagis indeksi (SPI),
Cografi Bilgi Sistemleri (CBS), Direnglilik Stratejileri.

1. Introduction

The increase in the world population day by day, the development of all sectors, the
continuous increase in the water need affect the whole ecosystem and augments the demand
for already scarce water resources. For this reason, the probability of cities and even countries
to encounter drought that advances slowly and differently from other natural disasters
increases. Wilhite (2000) explains the difference of drought from other natural disasters in
several ways.

The first is that drought is a cumulative natural disaster, its beginning and end are difficult to
predict. The second is that although drought has many different definitions, there is no
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universal definition. However, at this point, we can talk about the general definition of drought
made by The World Meteorological Organization (WMO, 1986): "drought means a sustained,
extended deficiency in precipitation." However, only the decline in precipitation is not effective
in the formation of drought. Other reasons for drought occurrence are precipitation (amount,
regime, time distribution and intensity), evapotranspiration defined by the solar radiation, air
temperature, water vapor pressure and wind velocity, soil and vegetation cover characteristics
(e.g. water retention capacity, infiltrability of the soil) (Tsakiris And Vangelis, 2004). It was
defined and calculated differently in different disciplines due to the use of different reasons for
the occurrence of drought. The third is that drought affects geographical areas, not structures.
The consequences of these geographical effects are enormous. It starts with the decrease in
precipitation and continues as chain effects.

Meteorological drought starts with the lack of precipitation and causes agricultural drought
(Wilhite, 2000). Crop loss occurs as a result of the inability to meet the water needs of the
plant due to meteorological conditions (Wilhite and Glantz, 1987). Hydrological droughts are
associated with recognizing the lack of precipitation on water surfaces. The depletion of
surface and groundwater reserves and the lower than normal flow define hydrological drought
(Turkes, 2017). Recharging water resources can take months or even years, which affects
many sectors including public water supplies, hydroelectric power production, recreation,
transportation, and agriculture (Wilhite, 2000). The last stage is the stage in which drought
amplifies its effects and economic, social and environmental consequences occur.
Considering that the supply of many economic products such as water, food and hydroelectric
power plants depends on weather conditions, it affects the production and consumption
activities of the society. When there is a socioeconomic drought, production cannot meet the
demand (Kadioglu, 2008). Turkes (2012) does not use agricultural and hydrological
distinctions and defines drought as "a water deficit that occurs as a result of the existence of
natural water used by various systems on Earth, occurring over a certain period and on a
regional scale below the long-term average or normal." According to him, drought is
characterized by the components of severity, duration, and spread (Turkes, 2017).

Due to increasing water need and decreasing water resources, most continents have
experienced frequent droughts in the last three decades (Mishra and Singh, 2010). Turkey is
one of the countries experiencing drought. The severest droughts in large areas of Turkey
occured in the periods of 1971-1974, 1983-1984, 1989-1990, 1996-2001, and 2007-2008. The
consequences of the drought during these periods affected irrigation, drinking water,
hydrological systems and activities. During the 2007-2008 drought period, underground and
surface water resources weakened, causing long-term water cuts in metropolitan such as
Ankara and Istanbul (Turkes, 2012). These effects were highly effective and noticeable due
to the vulnerability of the cities.

The effects of drought continue to increase unless resilience is built in societies with the
reduction of water resources. According to Walker et al.(2004) resilience is "the capacity of a
system to absorb disturbance and reorganize while undergoing change to still retain
essentially the same function, structure, identity, and feedback—in other words, stay in the
same basin of attraction." A resilient society can absorb disturbances and adapt quickly to
changes, but in a vulnerable system, even small changes may be devastating (Folke et al.
2002). It is necessary to be prepared for future risks, both known and unknown. If not, the
drought manifests itself as a socioeconomic drought on the last level and disrupts the daily
operation. If the durability is increased, the needs will continue to be met. In order to do this,
there is a need for the determination and implementation of resilience strategies and an
effective drought management. Jha et al. (2013) stated that resilience should first be provided
in four areas: infrastructural, institutional, economic, social. For them, the resilience of the
infrastructure means the responsiveness and recovery capacity of a community. Institutional
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resilience is important for management both before and after drought occurs. Economic
resilience is affected very quickly after a drought occurs, it is significant in terms of savings
before the disaster and the ability to operate after a disaster. In all natural disasters,
disadvantaged groups are affected first, and they suffer the most. Social resilience should be
provided both in this respect and in order to ensure citizenship and unity awareness.

Resilience against drought should be built in the Lake Van Basin. In the first phase of this
study, past droughts were analyzed to create a resilient basin and to mitigate the effects of
drought. The drought strategies obtained by the literature review were discussed with an
expert and the most appropriate strategies and solutions were developed for the Van Lake
Basin. It was believed that these strategies were suitable and applicable to the basin and will
create a resilience network in the basin.

The difference of this study from other drought studies was the determination of strategies
based on the drought level of the study area in the past years. In addition, an in-depth interview
was conducted with the relevant expert for the compatibility of these strategies. The most
appropriate strategies were determined for the Van Lake Basin, which contains Turkey's
largest lake and is a closed basin. Since both the study analysis and the strategies are based
on the literature and expert opinion, it is expected that these features, which are combined
specifically for the basin, will contribute to the literature.

2. Study Area And Research Methodology

2.1. Study Area

Study area is Lake Van Basin, which is one of Turkey's 26 hydrological basins. Lake Van
Basin is located between 37° 55 '- 39° 24' north latitude and 42° 05 - 44° 22 'east longitude.
Lake Van is the largest lake in Turkey in terms of area. The rivers of the Lake Van Basin flow
into Lake Van, not into the sea, and so it is called the closed basin. The rivers located in the
south of Van province reach the Persian Gulf and the rivers in the east reach Iran. The location
of the Lake Van Basin among other basins is given in Figure 1. There are many lakes and
rivers within this area, including Lake Van, Lake Ergek, Nemrut Crater Lake, Turna Lake, Akgol
and Aygir Lake.

Figure 1: Location of the Lake Van Basin
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Lake Van Basin consists of Muradiye, Ercis, Caldiran, Ozalp, Gurpinar, Edremit, Tusba,
Ipekyolu and Gevas sub province of Van and Tatvan, Ahlat, and Adilcevaz subprovince of
Bitlis. Sub province boundaries in the basin are shown in Figure 2, Tusba and Ipekyolu district
are shown as Merkes sub province. The populations of the sub provinces and their rates in
the basin are shown in Table 1. Accordingly, as seen in Figure 2, Van forms the largest area
in the basin. The total population within the basin is 1,217,013. Van constitutes 86.49% of the
basin’s population and Bitlis constitutes 13.51% (Table 1).
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Figure 2: Subprovinces in Lake Van Basin
(Lake Van Drought Management Plan, 2018)

Table 1: Populations of The Districts and Their Ratio Within the Basin (TUIK, 2020, Address Based
Population Registration System)

Ratio of Population of Province in The

Province Subprovince Population Basin to Population of The Basin

Ipekyolu 326,007
Tusba 162,848
Caldiran 62,530
Edremit 127,505
Ercis 175,108
Van 86.49%
Gevas 28,235
Gurpinar 34,393
Muradiye 50,206
Ozalp 65,296
Saray 20,498
Adilcevaz 30,499
Bitlis Ahlat 40,699 13.51%
Tatvan 93,189
Lake Van Basin 1,217,013 100%

According to Lake Van Basin Drought Management Plan (2018), economy of Van province is
based on agriculture and trade. Livestock is important in agricultural activities. The second-
ranked trade sector includes the trade of agricultural and animal products, industrial products,
and construction materials. The economy of Bitlis province depends on agriculture and
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livestock, and the industrial sector has not developed. It is clear that the agriculture and
livestock sector has developed in both provinces in the basin; therefore, when drought occurs,
the first sector affected will be agriculture and then livestock.

According to the Lake Van Basin Drought Management Plan, water needs will arise in villages
in the southeast of the basin at the earliest in 2025, and spatial and quantitative water
demandwill increase in the following years. Approximately 62.3% of the basin population
(according to the 2025 population projection) will need drinking water in the years starting from
2025. In 2030, 309 million m 3/year of water will be needed for the irrigation of approximately
3708 hectares of agriculture. These needs are important and vital for the basin that is
dependent on a single sector. For this reason, with water levels falling rapidly in an extreme
drought, the effects of drought in the basin may be more severe than expected. Lake Van
Basin was chosen as the study area because it is based on the agriculture sector, which is
the sector that is affected most rapidly by drought, and water needs will begin to emerge in
2025, which is a very soon.

2.2. Research Methodology

In this study, two different methods were employed. Standardized Precipitation Index (SPI)
values were calculated using precipitation data as the first method. As a result of these values,
the drought levels of the region were determined and then the determined values were
mapped with Arcgis software. Another method was an interview with an expert (personal
communication, December 12, 2020), who served as a project expert during the process of
the Lake Van Basin Drought Management Plan. The aim of this in- depth interview was to
learn about drought and its effects, planning and resilience strategies in the basin.

As a result of the interview, detailed information, planning process, effects of drought and the
main causes of drought was acquired about the basin. The strategies and practices were
discussed that should be implemented in order to prevent the effects of drought in the basin
for the future. To sum, insight on the issue was obtained with these two methods used.With
the drought analysis, the past and future of the drought in Van Lake Basin were determined.
With the interview, the drought situation in the basin was discussed. Strategies implemented
in basins or cities in other countries and also those that are suitable for the Lake Van Basin
were determined in the literature review.

The first method used in the study was drought calculation and mapping. The monthly average
precipitation and temperature data of Lake Van Basin were obtained from the General
Directorate of Meteorology. In this study, precipitation data of meteorological stations in the
study area between 2010 and 2019 were used to determine the drought in Lake Van Basin.
Temperature values between 1990 and 2019 were also used to recognize the basin. Years of
complete meteorological measurements were included in the analysis. Data of a total of 7
meteorological observation stations, six stations from Van province and one station from Bitlis
province, were used and station locations are given in Figure 3.
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Figure 3: Locations of Meteorological Observation Stations Used in Analysis

Among many different methods for drought analysis, Standardized Precipitation Index (SPI)
method was selected and past droughts was determined using the data of seven
meteorological observation station. The reason this index was selected is because the
calculation process is faster with less data than other indexes. SPI is a drought analysis
method based on precipitation values developed by McKee et al. (1993). The Standard
Precipitation Index (SPI) is mainly obtained by dividing the difference of precipitation from the
average over the specified time period by the standard deviation. It can be calculated for
different time periods such as 3, 6, 9, 12, 24 months (McKee et al. 1993). The formula used
by the Meteorological Service (Drought and Classification, 2020) is as follows:

SPI =(Xi-Xi)/o) 1)

The explanation of this formula is as follows; SPI: Standardized Precipitation Index, Xi: actual
precipitation amount (mm), Xi: average precipitation (mm) for the selected time interval for
each station and o : refers to the standard deviation of values for each station within the time
interval. In this study, drought categories in Table 2 were used. The periods in which the SPI
value falls below zero are considered as dry periods, and values above 0 are considered
normal and wet periods.

Table 2: SPI Values and Drought Categories (McKee et al., 1993; Giddins et al., 2005)

SPI Values Drought Categories
2.00 and above Extreme wet

1.99 to 1.50 Severe wet

1.49t0 1.00 Moderate wet
0.99to 0 Normal

-0.99to 0 Mild drought

-1.00to -1.49 Moderate drought
-1.50 to -1.99 Severe drought
-2.00 and less Extreme drought
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Another reason why SPI analysis was chosen is that it is easy to implement. The SPI method
has been widely used in meteorological drought analyses in Turkey. These analyses differed
from each other in scale. It is possible to classify the meteorological drought analyses made
with the SPI method as cities, basins, and regions.

It has been seen in the literature that SPI analysis is mostly used to detect droughts of cities.
Antalya, Bursa, Gaziantep, Isparta, Sanlurfa, Karaman, Kirikkale, Konya, Mugla, Samsun,
and Sanliurfa meteorological drought analyses were performed in different time periods using
meteorological station data. (Ding et al., 2016, Bacanli and Kargi, 2019, Taylan and Bahsi,
2021, Keskin et al., 2007, Ucar et al., 2019, ircan and Duman, 2021, Karaman Yrekli and
Anli, 2008, Oguztirk and Yildiz, 2014, Atmaca, 2011, Oguz et al., 2021, Beden et al., 2014,
GUmus et al., 2016)

Since Lake Van Basin was chosen as the study area, drought studies that employed the SPI
method in other basins were reviewed in the literature. Hinis (2008) made short-term and long-
term drought determinations by using meteorology stations in Konya Closed Basin. Saris and
Gedik (2021) also conducted a drought analysis with the SPI method between 1930 and 2019
in Konya Closed Basin and mapped it with the Kriging method. The study offered measures
that can be taken to prevent drought.

Oguztirk (2010) analyzed the drought between 1950-2007 in Kizilirmak Basin and found that
the drought has increased in recent years. It was emphasized that there are many important
agricultural areas in Kiziirmak Basin and there are more than 10 important dams. For this
reason, drought determination and resource planning for the basin play an important role.
Arslan et al. (2016) also analyzed the drought that occurred in Kizilirmak between 1973 and
2013 with the SPI method. Unlike Oguztirk (2010), they determined the drought in 60-month
periods. Yetmen (2015) made a drought assessment for Lake Basin in 1975-2008. In this
study, in addition to the SPI analysis, the relationship of the dry periods in Lake Van Basin
with the North Atlantic Oscillation (NOS) indices was measured. As a result of the analysis,
the longest and driest period at Tatvan station was between 1996-2002 and it was found to
be between 1998-2002 at Van station.

In addition, the North Atlantic Oscillation was found to have an effect on drought trends. Sener
and Sener (2021) conducted a drought analysis for Burdur Lake Basin using the SPI and CZI
index. After the analysis, it was mapped with the IDW interpolation method using point data.
It has been concluded that the amount of precipitation falling on the Burdur Lake Basin has
decreased significantly, especially in recent years. In the Seyhan Basin, Keskiner et al. (2016)
performed a drought analysis using the SPI method with the monthly and annual total
precipitation series of 1950-2006. In the research, the Digital Elevation Model (DEM) map of
the Seyhan Basin with a resolution of 100x100 meters was used. A drought analysis covering
the years 1970-2016 in Corak Lake Basin was carried out by Sener and Sener (2019) using
SPI and Geographic Information Systems. It was concluded in the study that 6 years were
severely dry. It was mapped using the IDW interpolation method in ArcGIS software. Drought
analysis with SPI in Asi Basin (Dikici, 2019), Kumdere Basin (Bakanogullari, 2020), Yukari
Gediz Basin (Kumanlioglu and Fistikoglu, 2019), Susurluk Biylk Akarsu Basin (YUceerim et
al., 2019), was done between long-term years.

It is seen that the studies carried out on a regional scale are carried out for almost every
region. Caldag et al. (2004) analyzed the Thrace region with the SPI method and concluded
that there was severe drought in the entire region except for Istanbul in 2000 and 2001. Sirdas
and Sen (2003) made a drought analysis for Istanbul, Edirne, Tekirdag, and Kirklareli regions
and mapped them with the Kriging method. Yegnidemir (2005) reached the drought
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characteristics of 28 meteorological stations in the Central Anatolia region using the data
between 1953 and 2003. In the continuation of the study, drought maps were created with the
Kriging method. Topguoglu et al. (2008), conducted a short and long-term drought analysis in
the Aegean Region and concluded that there was a drought throughout the region in different
years and it was more severe in the coastal regions. In the same region, Pamuk et al. (2004)
also conducted a drought analysis using the data of selected meteorological stations with long-
term precipitation measurements. Fidan (2011) conducted a drought analysis with the SPI
method using the data of meteorological stations in the Eastern Mediterranean Region and
then made a drought modeling. Celik et al. (2018) made a drought analysis of the Eastern
Anatolia Region using the data between 1967-2017. They found that there were serious
seasonal drought trends in Malatya, Elazig, Tunceli, Van and Kars. On the other hand, in the
study by Ozfidaner et al. (2020), 40 years of precipitation data obtained from stations in the
Southeastern Anatolia Region were analyzed with SPI and determined the drought degrees.

In this study, station-based SPI values were calculated from the precipitation data of
meteorology stations in Lake Van basin, similar to the studies in the literature. Then, these
values were analyzed with ArcGIS software by Inverse Distance Weighted (IDW) interpolation
method and analyses were made for each year separately with this method.It was used
because it is a suitable method for classifying drought categories and spatial analysis.

According to Aydin and Cigek (2013) "In the IDW method, it is assumed that the connection
and similarity between two points are proportional to the distance between them. It is a
frequently used method in spatial precipitation interpolation." The values of the unknown point
are estimated mathematically through the known point values. In this estimation, in the
prediction of the unknown point, the distant points have less affect on the value than the close
points (Franke ve Nielson, 1980). Agnew and Palutikov (2000), Portalés et al. (2010), and
Dogru et al. (2011) emphasized that more accurate results would be obtained when
geographic information (eg, longitude and latitude) was included in interpolation methods. In
this study, while applying the IDW method to meteorological stations, care was taken to ensure
that the stations were in the correct positions with latitude and longitude information. For this
reason, it was thought that more accurate results would be obtained from the analysis and it
would affect the appropriate strategies.

Borges et al. (2016) compared spatial interpolation methods such as IDW, spline, OK, CoOK
and DUK after visual analysis of the spatial distribution of precipitation. In this comparison,
they also took into account geographical factors and concluded that topography is especially
effective in the distribution of precipitation. Goovaerts (2000) and Haberlandt (2007) likewise
emphasized the importance of topography in these analyses. The importance of topography
was ignored in the IDW method used in this study. Topography affected the amount of
precipitation and indirectly affected the analysis as it was calculated based on the amount of
precipitation falling when performing the drought analysis. This is the most important missing
of the IDW analysis in the drought analysis.

In the analysis, the effect of drought severity in relation to the distance between stations was
assessed. Calculation of SPI values and creation of maps with IDW interpolation method were
carried out in order to determine the past droughts experienced in the basin and the drought
situation was evaluated considering the characteristics of the basin. It was important to
understand the severity and spatial effect of the drought.

3. Analysis Findings and Discussion

In this study, the data of seven meteorological observation stations in the basin were
examined. The average precipitation of each meteorological observation station is shown in
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Figure 4 according to precipitation data for the 2010-2019 time period as the many years of
below average precipitation indicated the beginning of drought. Accordingly, it was determined
that the highest average precipitation was in Tatvan station and the lowest in Ozalp station
besides it was observed that precipitation at all stations was below the average precipitation
at least 3 years.
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Figure 4: Annual Total Precipitation of Meteorological Stations
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The precipitation distribution of the basin was prepared by using IDW interpolation method in
ArcGIS software using the average annual total precipitation values in Figure 5. Average
precipitation throughout the basin is 430.5 mm. The region with Tatvan meteorological station
received precipitation in the range of 656-700 mm, while the region with Ozalp and Ercis
stations received precipitation in the range of 300-355 (mm). Accordingly, the east and north
of the basin receive relatively less precipitation, while the west of the basin receives more
precipitation than the average of the basin.
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Figure 5: Average Annual Precipitation (mm)

The temperature distribution of the basin was analyzed with the average annual temperature
values measured at meteorology observation stations. The temperature of Lake Van Basin is
shown in Figure 6 according to the average between 1990-2019. When Figure 6 was
examined, it was seen that the temperature differences was insignificant in the basin but the
temperature in the east of the basin was lower than the entire basin. When Figure 5 and Figure
6 are examined, the following situation draws attention: Ozalp station received less
precipitation than other stations as seen in Figure 5 and had a lower temperature than others
as seen in Figure 6.

The lowest annual average temperature of the basin was 6.3 °C at Ozalp station, and the

highest temperature was measured at 9.87 °C at Van Bolge station. The reason for the highest
average temperature in Van Region station was that the station is in the Van city settlement.
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Figure 6: Average Annual Temperature (°C)

The drought values of Van Region, Tatvan, Ercis, Muradiye, Ahlat, Ozalp, Gevas stations were
found using meteorological station data, and SPI index and it was then mapped for each year
by IDW interpolation analysis. In the drought maps in Figure 7, the basin was determined to
be dry at the level of severe dry in 2012, 2013 and 2016, and wet at the level of severe wet in
2011. Unlike other years, 2019 included both dry and wet levels. It was observed that the
southeast of the basin was dry at the severe drought level, and the north of the basin was wet
at the severe wet level. Areas that experienced extreme drought and extreme wet level was
not seen between the years studied.

In 2010, the first year of the analysis, it is possible to say that the basin was mostly at normal
levels. In 2010, the first year of the analysis, it was at the moderate dry level only at Tatvan
station, but it is possible to say that the basin is mostly at the normal level. Among all the years
analyzed, 2011 was the wettest year. The western and southwestern areas of the basin
received precipitation at the level of severe wet, and it was rainy at normal levels for more
than half of the basin. It was observed that drought was experienced in 2012 and 2013,
consecutively. The driest year was 2012 and in this year, wider areas of the basin were at the
moderate drought and severe drought levels rather than the other years. In 2013, there was
drought in the Ahlat station at the moderate dry and severe dry level, and for more than half
of the basin, it continued at a normal level. It was seen that 2014 was at normal and mild
drought levels for the whole basin. This year it rained at levels that cannot be called a drought.
It was observed that 2015 was wetter than 2014 and the drought level was lower. In 2016,
severe drought level was observed in the north of the basin, while it was normal and wet for
the rest of the basin. For more than half of the basin, 2017 was at the mild drought level and
normal level. The year 2018, unlike other years, never experienced the level of mild drought
and more than half of the basin was wet at hormal level and moderate wet level for the rest of
the basin. This year is the only year in the basin without a lack of precipitation in all years. In
contrast to other years, both severe drought and severe wet levels were seen in 2019.
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Figure 9: Drought Analysis (2018-2019)

In summary, according to Figure 7, the basin did not struggle with high severity drought in
2014, 2015 and 2018. In 2010, there was a moderate dry level in the west of the basin, while
more than half of the basin was normal and mild drought. The basin received abundant
precipitation in 2018. Severe dry drought was observed, which was the highest level for the
basin in 2012, 2013, 2016, and 2019. Lake Van Basin did not experience extreme dry level
droughts between 2010 and 2019.

The considerable level of drought was severe dry level experienced in Lake Van Basin. In light
of these analyses, it is possible to say that drought may be experienced in the following years.
The effects of the drought that may be experienced are not limited to the area where it occurs,
so its effects should be reduced. For this, past drought analysis should be considered and
monitored constantly. Using these analyses, resilience strategies should be determined and
implemented to reduce the drought and its effects in the coming years and to make the basin
more resilient.

4. Results and Discussion

An online interview was made with a relevant expert (personal communication, on December
12, 2020), who worked as a project expert in the process of Lake Van Basin Drought
Management Plan. In this interview, the planning process, drought effects, causes and
feasible resilience strategies for the basin were discussed. The most important output of the
meeting was the determination of resilient strategies for the basin.

Lake Van Basin Drought Management Plan identified strategies that were critical for the future

of the basin and the cities in the basin. Drought analysis, water potential, hydrological models
and future forecasts and change of water potential were made in plan. In addition to these,
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climate projections, drought risk, severity maps and possible results were presented. It was
calculated how much water the agriculture, industry, drinking water, ecosystem and tourism
sectors used and how much water they would use with projections made for the future. The
future water amounts and needs were compared, and finally, precautions and strategies
against drought were developed. Making predictions ensure that the basin is resilient to
drought and the steps to be taken in this direction are efficient and the effects of drought will
decrease in the coming years. The strong effects that the plan provides to the basin are
awareness of society, knowledge of water needs and future water needs, making
measurements that have not been made before, and starting to implement the necessary
strategies to reduce the effects of drought.

One of the main causes of drought in the basin in the coming years is the effects of increasing
climate change. When the Lake Van Basin Drought Management Plan RCP4.5 scenario was
evaluated for all model results, it was revealed that temperatures would increase by
approximately 3°C especially after 2060 and these increases would be more in the southern
parts of the basin. According to the RCP8.5 scenario, it was determined that the temperature
increases would reach 5°C at the end of the century.

While the effects of increasing climate change induce the drought, there are also different
reasons for drought peculiar to the region. The first of these is the misuse of water. Especially
the use of drinking water in the agricultural sector and the irrigation of agricultural lands with
improper techniques increases water use. According to the studies in the Drought
Management Plan, open irrigation technique was used throughout the basin except for Ahlat
and Ovakisla, furthermore, the amount of water used was unknown. Since the underground
and spring waters were not measured, the amount of water used and the change of water
level over the years was unknown. However, it is possible to say that water decreases as a
result of misuse techniques and improper water usage. As is the case with the misuse of water
in agriculture, it is necessary to enhance public awareness in all sectors and in terms of
drinking water and to change water usage habits because coping with the drought is both an
individual and a collective process.

Another reason for excessive water use for Lake Van Basin is that water use is not constantly
monitored. According to the interview and plan, the rate of leakage in the basin was 70% in
2018, in addition, there was no observation and measurement continuity of groundwater. This
situation led to the fact that it was not known how much water was actually used in the basin
and how many water resources remained. Unknown uses cause drought with excessive use
of water, and also prevents taking the right decisions and precautions against drought for
stakeholders.

The basin experienced drought before, and according to the plan, water demand will occur in
the southeast of the basin in 2025 at the earliest. Namely, it is certain that the basin will
experience drought again in the following years; thus, effective basin management should be
provided together with strategies to reduce drought and its effects. For this reason, the main
problem of the basin is that the measures are not carried out as soon as possible despite the
drought. At the same time, the solutions determined should be specific to the basin. Otherwise,
the strategies and measures taken will not help reduce the drought. For this reason, attention
was paid to ensure that the strategies determined in this study were appropriate and applicable
to the basin. In the strategies determined, not only Lake Van Basin, but also the ecosystem
was considered as a whole because while the rivers of the basin generally flow into Lake Van,
some of them reach the Persian Gulf and Iran. For example, strategies such as water
transportation between basins that are both costly and harmful to the ecosystems of other
basins were avoided and the decision was made with global thinking.
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Lake Van Basin is a region where leakage water rates are high hence, leakages and
unregistered subscribers should be prevented. The entire infrastructure system should be
followed by GIS-based software. In addition to this system, water levels and quality should
also be kept under control; meteorological, hydrological data and flow measurement network
should be strengthened, and continuity of observations should be ensured. In addition to
monitoring and control systems, drought monitoring and early warning systems should also
be established. With the Supervisory Control and Data Acquisition system (SCADA), water
level, pressure, speed, critical points, leakage, and the water distribution system should be
checked and monitored. With this system, leakages are controlled with an effective pressure
management, and the water is distributed to the user in a controlled manner (Thornton ve
Lambert, 2006). In addition, considering that water distribution consumes energy, it
contributes to being resilient by providing energy savings with controlled distributions.

One of the most important issues in the strategies was agriculture, which is the most important
sector of the basin and the sector where the most economic production is made. To
understand the importance of this basin's drought strategy, one must ask the question, “Is
there a product that Turkey depends on the Lake Van Basin?” In order to find an answer to
this question, agricultural products grown in the basin and having a large proportion in Turkey
were listed. Table 3 shows that the most produced agricultural products in 2019 were clover
(local name korunga), dried bean, clover (local hame yonca), potato (except yam), green bean,
tomato, apricot (local name zerdali) and walnut. 17.94% of clover (local name korunga), and
5.19% of clover (local name yonca) produced in Turkey were graown in Lake Van Basin. Also,
these products are used in livestock. That is to say in case of extreme or severe drought, the
livestock sector will also be affected immediately after the agricultural sector will be affected.
The pattern of products grown in the basin may change with the increasing temperature and
water use over the years, so strategies to protect these products in the basin should be
determined. Growing crops that can grow in the basin with less water needs should be
encouraged. These conservation strategies will also affect the livestock sector and the basin
economy.

One of the exemplary countries in the strategies that can be taken against drought in
agriculture is Israel. The country, where drinking water was used in agriculture in the 1960s
and endeavour with chronic water scarcity, later made changes in this situation. Two strategies
have been effective in agriculture with the use of waste water in agriculture and the application
of subsurface drip irrigation without exception. Open irrigation reached 40% efficiency, while
subsurface drip irrigation reached a 70% to 80% with less evaporation (Megersa and Abdulahi,
2015). Using wastewater in agriculture is a common method. Wastewater is purified and used
in agriculture. This method provides economic benefit and water savings with both waste water
disposal. On the other hand, less water is used with high efficiency and the risk of flood is
reduced. Improper irrigation methods and drinking water use in agriculture should be
prevented. It is necessary to use pressurized and drip irrigation technique by preventing
flooding in the basin and wastewater treatment systems should be developed.
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Table 3. The Most Produced Agricultural Products in The Basin in 2019 (TUIK, 2020, Crop Production

Statistics)
odslenn - HES poren
Clover (Korunga) 1,781,789 319,742 17.94
Dried Bean 225,000 23,773 10.57
Clover (Yonca) 17,949,264 931,350 5.19
Potato (Except yam) 4,979,824 192,560 3.87
Green Bean 596,074 6,505 1.09
Tomato 8,836,055 166,767 1.89
Apricot (Zerdali) 17,250 299 1.73
Walnut 225,000 3,655 1.62

Wastewater treatment systems should also be used in the industrial sector. According to the
Drought Management Plan, it was predicted that 30% (0.74 hm3 / year) savings could be
achieved from the water consumption of 2.47 hm3/year for 2018, which is consumed by the
industrial facilities in the basin, with water treatment techniques. In this way, a remarkable
amount of water is reused and savings are achieved in the basin.

In addition to the given strategies, rainwater harvesting was considered the most suitable
solution. Rainwater harvesting is a method that has been used for more than 4000 years, that
rainwater is collected and reused by simple methods or advanced engineering methods.
Sudden and prolonged precipitations due to low soil permeability in the city cause floods.
Rainwater harvesting not only provides drought resistance, but also helps prevent floods;
moreover, it is unnecessary to spend energy to lift water from underground (UN-HABITAT,
2005).

It is a strategy that can be used for Lake Van Basin to protect the existing water in years when
there is no meteorological drought, since the water source formed by harvesting rainwater is
completely dependent on precipitation. It can be used in agriculture, industry and daily use
depending on its quality. As stated in the Drought Management Plan, additional precautions
that are beneficial to be implemented to reduce the effects of drought in Lake Van Basin:
"harvesting rain and snow water in facilities with roofing areas greater than 500 m? in industrial
zones" and "rain water should be used for irrigation with rainwater harvesting techniques". If
it is implemented, rain water will be harnested and reused according to its quality and the use
of spring water will not be required. Another applicable strategy in Lake Van Basin is the reuse
of gray water. Gray water can be defined as limited contaminated domestic wastewater. Gray
water is purified after collecting and can be used in many areas such as garden irrigation, car
wash, and ornamental pools. It has numerous advantages such as low energy consumption,
low waste disposal and reduced fresh water consumption (Oh et al.,, 2018). In today's
conditions, the cost of design may be high, but considering the increased water costs, long-
term use and the benefits it provides, it may be financially more affordable (Zadeh et al., 2013).

According to the Lake Van Basin Drought Management Plan, the water level of Nemrut Lake,
located in the west of the basin, has dropped over the years. It is estimated that the water
levels of other lakes will decrease with the enhancing temperature and usage. Two strategies
were considered for this: the first was to prevent evaporation by using chemicals and the
second by using anti-evaporation balls. Although it can be physically feasible to the lakes in
the basin, it was not found suitable because the operation load is high and the main material
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of the balls is plastic, and it will affect the water and ecological life in the basin (Haghighi et
al., 2018). Anti-evaporation balls endanger the life of land creatures because their structure is
made of plastic and completely covers the lake surface. It also disrupts the ocean ecosystem
with harmful microorganisms formed over time. Therefore, the implementation of this strategy
is not appropriate.

5. Conclusion

Prolonged drought events adversely affect the ecosystem, human life, ground and surface
waters, and all sectors. Turkey experienced severe drought in 2017-2018 period. During
these years, drinking and irrigation water decreased, human activities were negatively
affected. Although droughts were experienced in Turkey in 1971-1974, 1983-1984, 1989-
1990, 1996-2001 and there will be droughts in the coming years, it is seen that there is no
resilience to reduce the drought and its effects. For these reasons, the effects of the drought
have shown themselves to be severe. If strategies, implementations, basin and water
management are not provided effectively, future droughts will be more severe with increasing
climate change impacts.

Among the years examined, 2018 was the only year in which normal and moderate wet levels
were seen in the entire Lake Van Basin. There were severe droughts in 2012, 2013, 2016 and
2019, although there was no extreme drought. This indicates that severe drought will occur in
the following years. It can affect all areas of life, starting with a meteorological drought. The
economic and social sustainability of the basin depends on the agricultural sector. As included
in this definition, Lake Van Basin is directly dependent on precipitation with its lifestyle and
production systems. For this reason, droughts that will occur in the basin are very important.
The drought may create more physical, social, and economic effects than expected.

Based on the importance of the drought for Lake Van Basin, following resilience strategies
suitable for the basin were determined:

¢ Implementation of the Lake Van Basin Drought Management Plan strategies, ensuring
effective basin water management.

¢ Raising public awareness on industrial, agricultural and drinking water use and
changing water usage habits in order to fight drought, which is an individual and
collective process.

¢ Monitoring the infrastructure system with GIS-based software and providing controlled
water distribution in order to reduce high leakage water amounts and unregistered
subscribers.

e In order to keep water levels and quality under control, as well as monitoring and
control systems, implementation of Supervisory Control and Data Acquisition system
(SCADA). In addition, controlling the water level, pressure, speed, critical points and
leaks in the water distribution system with this system.

e Creation of drought monitoring and early warning systems.

e Preventing the misuse of water in the agricultural sector.

e Crop conservation by changing crop patterns with increasing drought and temperature
will primarily affect the agriculture and livestock sector.

o Determination of alternative agricultural products for the livestock sector, which is of
great importance in the region.

e Treating wastewater and using it in agriculture, thus ensuring wastewater disposal,
economic benefits and water savings.

¢ Implementation of underground drip irrigation without exception.

e Treatment and reuse of industrial wastewater.
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¢ Providing reuse of water by harvesting rain water to prevent floods.

e Preventing floods and ensuring water reuse with rainwater harvesting.

e Reuse of domestic wastewater, called gray water, thereby providing numerous
advantages such as low energy consumption, low waste disposal and reduced
freshwater consumption.

If Lake Van Basin experiences droughts as meteorological droughts in the past, it is estimated
that it will be more resilient to these droughts thanks to the strategies. If the strategies are
applied to other basins in a collective process, the characteristics of the area and precipitation
and strategies followed throughout the country should be considered, and a certain resilience
to the future droughts is provided. In this way, the possibility of drought in the coming years in
Lake Van Basin, which has an important place for Turkey, will be reduced. If there is a drought,
it will be overcome with less damage with the measures taken and strategies applied.
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