Chapter 4 m)
Climate and Drought in Turkey Sreckie

Murat Turkes

Abstract The aim of this section of the book is to make a scientific synthesis of the
climate of Turkey along with the aridity and drought conditions, in a contemporary
physical geographical, hydro-climatological and meteorological approach. The
Mediterranean macroclimate, including much of Turkish territory, mainly results
from the seasonal alternation between mid-latitude frontal cyclones associated with
polar air masses during the winter, the subtropical high pressure systems link to
subsiding maritime tropical air mass over the mid-north Atlantic, and the continental
tropical air masses over the Northern Africa during the summer. In addition to these
pressure and circulation conditions, the north-western surface and/or circulation-
based extensions of the Asiatic monsoonal low pressure system cause generally very
dry and hot conditions over the Eastern Mediterranean and the Middle East regions,
including the southern and central parts of Turkey. According to the K&ppen-Geiger
climate classification, the southern and western portions (Marmara, Aegean, Medi-
terranean and South-eastern Anatolia regions) of Turkey are characterized mainly
with the dry summer sub-tropical Mediterranean climate (Csa). All of these regions
are also influenced by mid-to-high degree drought probability and drought risk,
while the Black Sea Region is characterized with a mid-latitude temperate climate
with a low-level drought probability and risk. The probabilities of being extremely-
dry evidently indicate maximum values on the coast of Mediterranean Sea and over
the border zone between Turkey and Syria with a highest probability of about 0.27.
Continental steppe and cold snowy climates are dominated over most of the Central
and Eastern Anatolia regions.
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4.1 Introduction

The present Mediterranean-type macroclimates of the Earth mainly result from the
seasonal alternation between mid-latitude frontal cyclones associated with polar air
masses during the winter, and subtropical high pressure systems related with sub-
siding maritime and continental tropical air masses during the summer. When
considering the ‘true’ Mediterranean macro-climate, in addition to these pressure
and circulation conditions, the north-western surface and/or circulation-based exten-
sions of the Asiatic monsoonal low pressure system (Fig. 4.6) cause generally very
dry and hot conditions over the Eastern Mediterranean and the Middle East regions,
including the southern and central parts of Turkey, during the 5-month warm period
of the year from May to September (Turkes 1998, 1999, 2003, 2010).

Nature, magnitude and variability of precipitation amounts and air temperatures
are generally associated with the location, variation and activity of the atmospheric
centers of action throughout the year (except summer) over most of the Mediterra-
nean regions and Turkey (Iyigun et al. 2013; Kutiel et al. 2001; Kutiel and Turkes
2005; Turkes 1996, 1998, 2003; Turkes et al. 2002a; Turkes and Erlat 2003, 2005,
2008, 2009; Turkes and Tatli 2009; Turkes et al. 2009; Xoplaki 2002; Xoplaki et al.
2004; Erlat and Turkes 2012, 2013; etc.). In addition to the humid-temperate Black
Sea climate and the continental inland climates, there are various Mediterranean and
Mediterranean-like climate types in Turkey. Two major factors cause this evident
climate diversity in Turkey. First, Turkey is situated in a transition zone that is under
the influence of various atmospheric disturbances and weather types originating
from polar and tropical regions. The second factor is the complexity of topographical
features, rapid elevation changes within short distances, the land-sea interactions,
and finally thermodynamic influences and modifications caused directly by the
Mediterranean Sea at the south and the Black Sea at the north. The zonal soils in
Turkey are distributed over the country in accordance with the spatial distribution
patterns of the major climate types along with the lithology (parent material),
geomorphology and vegetation formations.

The aim of this chaper is to provide a comprehensive picture of the climate types
and aridity, and spatial and temporal variability in dryness and drought conditions
of Turkey and its relatively nearby surrounding regions with different physical
geographical conditions. These regions are characterized mainly with the mid-
latitude and the Mediterranean macro climates primarily according to the K&ppen-

Geiger climate classification, the United Nations Environmental Program and the

United Nations Convention to Combat Desertification Aridity Index (UNEP/
UNCCD AI), and the Standardized Precipitation Index (SPI). Climatological and

meteorological assessments have consisted of the dominant permanent and/or
semi-permanent atmospheric pressure and circulation conditions. This chapter
also includes some basic points of general soil characteristics of Turkey with
respect to climate.
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4.2 Data and Methodology
4.2.1 Data

For the station-based climate data of Turkey, long-term average monthly precipita-
tion totals and monthly mean temperature data were calculated by using the long-
term monthly precipitation totals and monthly mean temperature series, which were
originally developed by Turkes (1996, 1999, 2013) and Turkes et al. (2002b),
respectively. Detailed information on meta-data and homogeneity analyses applied
to long-term precipitation and temperature series of Turkey can be found in Turkes
(1996, 1999, 2013) and Turkes et al. (2002b, 2009), respectively.

4.2.2 Methodology
4.2.2.1 The Koppen-Geiger Climate Classification System

The Koppen-Geiger Climate Classification System (Koppen 1936; Koppen and
Geiger 1954) is the most widely used tool of climatic classifications for physical
geographical and environmental (climatological, biogeographical, ecological, etc.)
purposes. We accepted in this section the criteria that follow Koppen’s last publica-
tion about his classification system in the Koppen-Geiger Handbook (Koppen 1936),
with the exception of the boundary between the temperate (C) and cold (D) climates,
because we used the Koppen-Geiger climate data computed by Peel et al. (2007).
Peel et al. (2007) followed Russell (1931) and used the temperature of the coldest
month > 0 °C, rather than > —3 °C as used by Kdppen in defining the temperate —
cold climate boundary (see Wilcock 1968; Essenwanger 2001 for a history of this
modification).

The Koppen-Geiger climate system consists of a shorthand code of letters
designating major climate groups, subgroups within the major groups, and also
subdivisions to differentiate particular seasonal characteristics of air temperature
and precipitation. In the system, five major climate groups are determined by capital
letters as follows, where the groups A, C and D have sufficient heat (energy) and
precipitation amounts for growth of forests and wood-land vegetation formations:

* A Humid Tropical Climates: Mean air temperature of the coldest month is
above 18 °C (T,o1q > 18 °C). Tropical A climates have no winter season. Annual
rainfall amount is large enough to exceed annual potential evapotranspiration
(PET) amount.

* B Arid (Dry) Climates: PET exceeds precipitation on the average conditions
throughout the year. No water surplus occurs in the annual water balance;
consequently, no permanent streams develop in the Arid B climate regions,
with some regional exceptions such as in the Central Anatolia region of Turkey
characterized mainly by a BS climate.
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e C Mid-latitude Warm Temperate (Mesothermal) Climates: The coldest
month has a mean air temperature below 18 °C, but above 0 °C
(0 °C < Teoig < 18 °C); at least 1 month has a mean temperature above 10 °C
(Thot > 10 °C). Temperate C climates hence have both an evident summer and an
evident winter season.

* D Cold (Snow) (Microthermal) Climates: The coldest month mean air temper-
ature is under 0 °C (T,o1q < 0 °C), and the mean air temperature of the warmest
month is above 10 °C (T}, > 10 °C). The 10 °C isotherm also coincides
approximately with pole-ward limit of forest growth.

* E Polar (Ice) Climates: Mean air temperature of the coldest month is under 0 °C
(Teora < 0 °C), and the mean temperature of the warmest month is below 10 °C
(Thot < 10 °C). The polar E climates have no true summer.

In the Koppen-Geiger climate system, subgroups of the five major groups are
indicated by a second letter according to the following codes:

* S Steppe Climates: Semi-arid climates with long-term mean annual precipitation
amount varying from 350 mm to 700 mm at the low latitudes. Exact precipitation
boundary is determined by a formula considering temperature.

* W Desert Climates: An arid climate mostly having mean annual rainfall amount
less than 250 mm. The exact boundary of steppe climate is also determined by a
formula.

* The letters S and W are applied only to the arid (dry) B climates yielding two
important combinations as BS and BW.

* f Moist Climate Without Dry Season: Adequate precipitation amount in all
months. This modifier letter is applied to A, C and D groups of major climates.

* m Monsoon Climate with a Short Dry Season: Tropical rainforest climate in
spite of short and dry winter in the monsoonal precipitation regime cycle,
particularly in the monsoon Asia. It applies only to A climates.

* w Dry Winter Climate: Dry season happens in winter of the respective hemi-
sphere (low-sun season).

* s Dry Summer Climate: Dry season is in summer of the respective hemisphere
(high-sun season), mostly associated with the subtropical high pressure systems
(e.g. Azores high for the Mediterranean Basin and its surrounding regions). It
applies to C and D major climates.

From combinations of the two letter groups, 13 distinct climates of the K&ppen-

Geiger classification appear as in the Table 4.1. Finally, K&ppen added a third letter
to the code group of his classification (not given here).

4.2.2.2 The UNEP/UNCCD Aridity Index

Arid, semi-arid and dry sub-humid climates were defined as “areas, other than polar
and sub-polar regions, in which the ratio of annual precipitation to potential evapo-

transpiration falls within the range from 0.05 to 0.65” for the purposes of the United
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Table 4.1 Two-letter Group Climates of the Koppen-Geiger Classification with a Short
Description®

* Af: Tropical rainforest climate * Cf:Temperate rainy climate without
+ Am:Tropical monsoon climate (a dry season (humid mesothermal) or
variant of Af with a short dry humid temperature west coast
season) *| Ds:Cold snowy forest climate with
 Aw: Tropical savanna climate dry summer (humid microthermal).
«  BW:Desertclimate * Dw: Cold snowy forest climate with

o| Bs:steppe climate dry winter (humid microthermal)

*| Df:Cold snowy forest climate
humid in all seasons (humid
microthermal)

*| Cs:Temperate rainy climate with
dry summer (humid mesothermal)
or Mediterranean climate (dry
summer subtropical) e ETPolartundra climate
+ Cw:Temperate rainy climate with * EFPolarforestclimate
dry winter (humid mesothermal)

*The groups with in the Koppen-Geiger climate system, framed with red boxes, show climate types
that are found in Turkey

Nations Convention to Combat Desertification (UNCCD 1995). In the present study,
UNEP/UNCCD Aridity Index (Al) is used as one of the base methods for determin-
ing dry-land types in Turkey and assessing their vulnerability to the desertification
processes.

Following UNEP (1993), Al is written as:

Al = (%) (4.1)

where P and PET are annual precipitation and potential evapotranspiration totals
(mm), respectively. The PET values were estimated by taking the approach used in
the WATBUG program into consideration, which was developed by Willmott (1977)
for climatic water budget, and Thornthwaite’s climate classification (1948). The Al

values below 1.0 show an annual moisture deficit in average climate conditions. The
criteria in Table 4.2 were used to characterize the dry-lands of Turkey (Turkes 1999).

4.2.2.3 Drought Probability Based on Standardized Precipitation Index

In the classical approach for obtaining the Standardized Precipitation Index (SPI),
the cumulative distribution function (CDF) of precipitation totals are formed from

the fitted frequency distribution according to McKee et al. (1993, 1995), and then the

probabilities from the fitted CDF are transformed to standard normal distribution by
using inverse standard normal distribution. Consequently, this is a method consisting

of a transformation of one probability distribution to another. In this common
methodology, the gamma distribution is widely used (e.g. Thom 1966; McKee
et al. 1993, 1995; Wilks 1995; Guttman 1998, 1999; Turkes and Tatli 2009, etc.).
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Table 4.2 Dry land (arid climate) types in Turkey according to the Aridity Index (AI) and their
vulnerability to desertification. (Turkes 1999)

Aridity criteria Dry land type Assessment

0.20 < AI<0.50 Semi-arid areas Vulnerable to desertification
0.50 < Al <0.65 Dry sub-humid areas Vulnerable to desertification
0.65 < AI <0.80 Sub-humid areas Vulnerable to desertification

On the other hand, Turkes and Tatli (2009) proposed a new SPI approach for
obtaining the local-time means from maxima and minima envelopes of the monthly
total precipitation series for calculation of the SPI series. This proposed new SPI
technic is an analogical methodology of the empirical mode decomposition (EMD).
It was initially proposed for the study of ocean waves by Huang et al. (1998) and Wu
et al. (2007). This approach was made use of by many researchers in the atmosphere
and climate sciences (e.g., Zhu et al. 1997, 2001; Coughlin and Tung 2001, 2004;
Turkes and Tatli 2009). The basic (climatological) drought probability used in this
study is based on the monthly series of the proposed new SPI, which had been
calculated before by Turkes and Tatli (2008, 2009) for the 96 stations of Turkey.

4.3 Results and Synthesis

4.3.1 Physical Geographical Settings

Turkey is located between 36—42° northern latitude and 26-45° eastern longitude in the
Northern Hemisphere (Fig. 4.1). Accordingly, there is a 76-minute local time difference
between the west and the east of the country. According to the Turkish Statistics
Institute, Turkey’s total surface area is 785,347 km” and the total area of Turkey
without natural lakes and is 769,604 km? (TurkStat 2016). Turkey is composed of
seven geographical regions. According to the ranks of their surface area, these are of the
Eastern Anatolia Region, Central Anatolia Region, Black Sea Region, Mediterranean
Region, Aegean Region, Marmara Region and the Southeastern Anatolia Region (Fig.
4.1). Because it is located in the southern part of the mid-latitude geographical belt
towards the sub-tropical belt, four seasons are experienced distinctively during the year.
The territory of Turkey is located between Europe and Asia. Turkey’s land borders are
2949 km long in total. The coastal border of the peninsula, which is surrounded by three
sides with the Black Sea at the north, the Aegean Sea at the west and the Mediterranean
at the south, is 8592 km except the islands.

Turkey is a country of highlands with an average altitude of 1141 m at an average
slope of 17%, varying generally from 3% to 30% (Elibuyuk and Erkan 2010). This

figure of the average altitude of the country is higher than the average altitude of each

continent on the Earth. Turkey’s most flat region is the South-eastern Anatolia; the
lowest region is the Marmara; the greatest sloppy (the most gradient) region is the

Black Sea; the highest one is the East Anatolia Region (Fig. 4.1).



4 Climate and Drought in Turkey 91

Map symbols

City center A
—— Geographical region boundary f
== = Geographical sub-region boundary .

Major rivers
10 Major lakes om =85 b
___ State boundary - s e e 20

Slope class (%) s
FYTIYYYY City center A
—— Geographical region boundary
== == Geographical sub-region boundary

Major rivers

Map symbols

[ Major lakes 1 om= 8%
t —— State boundary - T N ) i
[= === = ———

Fig. 4.1 (a) Altitude steps (hypsometry in meter) and (b) Slope classes (in percent, %) the
boundary lines of the geographical regions and sub-regions (shortly B on the maps) of Turkey.
(Elibuyuk and Erkan 2010)

The geological evolution of Turkey, which is situated on the Alpine-Himalayan
mountain ranges or orogenetic belt geologically, had begun towards the late
Palaeozoic period and continues its completion today, during the post Quaternary
period. Mountains cover a great portion of the country’s land. It is clearly seen that
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the high mountain chains, which are namely the North Anatolian Mountains at the
north, and the Mediterranean Taurus Mountains and the South-eastern Tauruses at
the south, stretch along the northern and southern coastal zones from east to west
making wide arches. Those mountain ranges at the Mediterranean and Black Sea
regions are generally perpendicular to the coastal zones. The middle part of the
country consists of the Anatolian Plateau (Fig. 4.1). This plateau separates the high
mountain ranges at the north and south from each other, although they traverse
them in the east. For this reason, the eastern part of the country is higher and more
mountainous than the remaining parts. On the other hand, there are many plains
and low basins in the inner parts of the country, and coastal plains and delta-flood
plains along the coastal zone. Deltas formed by the Kizilirmak and Yesilirmak
rivers and the Adana plain can be given as examples of the large coastal plains in
the country. According to the orogenetic belt classification studies made for
Turkey, Turkey as a whole is located in the Mediterranean section of the Alpine
orogenetic belt (Ilhan 1976; Ketin 1983, 1994). This orogenetic belt was situated
between the Eurasian plate at the north and the African and Arabian platforms at
the south. Plate tectonics theory provides a better understanding of the geologic
and morphotectonic evolutions of Turkey and its nearby surrounding. The plate
tectonics is realized by the approaching and collision of two plates in the subduc-
tion zones, causing sediment deposits and magmatic rocks having a thickness of
thousands of meters (Ketin 1994). The complex Alpine—Himalayan orogenetic
belt, on which Turkey also is located, had formed as a result of the faster movement
and approaching of large pieces of Gondwanaland plate in the south (i.e., African,
Arabian, Indian, etc.) than that of the Eurasian plate (including the platforms of
Russia, Siberia, etc.) and by folding, faulting and uplifting of the Alpine—Himala-
yan geosyncline’s deposits by the orogenic process (Erinc 1982). The Arabian—
Eurasian convergence is an important process for better understanding of the
geologic/geomorphologic evolution and neo-tectonic fundamentals of Turkey.
Final collision of the Arabian—Eurasian (here, Anatolian sub-plate) had taken
place in the Miocene epoch (Sengor 1980).

Ketin (1966), in his study to determine the tectonic units of the Anatolian
Peninsula, divided Turkey into four tectonic units, which are namely the Pontid
(the northern Anatolia and Marmara regions), the Anatolid (the Central Anatolia
region), the Torid (Tauruses and other Mediterranean mountains), and the Border
Folds (the South-eastern Tauruses and South-eastern Anatolia region). Ketin (1966)
found out that tectonics and orogenic development in the Anatolian Peninsula had
slowly progressed from north to south. The first severe orogenic movements had
started in the northern Anatolia and Marmara regions and, in the following period,
had spread towards the Central Anatolia, Tauruses and at last towards the South-
eastern Tauruses, which is the youngest orogenic mountain belt of Turkey geolog-
ically. The South-eastern Tauruses tectonic unit had completed its main formation in
the late Miocene epoch, and even the Pliocene layers joined into the folding
movement. It is evident that the old Central Anatolia land region had played a role

of inner massif after the Eocene epoch and made a significant contribution to the
orography of the Taurus Mountains (Ketin 1966, 1983; Erinc 1982).
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4.3.2 General Meteorology and Climate Dynamics

In this sub-section, general meteorological and climate dynamic aspects and the
occurrence and classification of the macro Mediterranean and Turkish climates are
explained. Mediterranean climates are mostly considered under the climates of
Group C Mid-latitude warm temperate (mesothermal) climates according to the
Koppen’s climate classification (Table 4.1). The mid-latitude climates are con-
trolled mainly by both tropical and polar air masses and weather systems according
to the Strahler’s (1973) genetic climate classification (Group II). This classification
was mainly developed, based on the global and regional atmospheric circulation
conditions, air-masses, and mid-latitude cyclones and anticyclones, etc. (Figs. 4.2
and 4.3) (Turkes 2010). The mid-latitude temperate (mild) climates are located in
parts of the latitude range between 30° and 60° in either hemisphere, where the
term mild (temperate) refers to the winter temperatures and not necessarily to those
of the summer.

These warm temperate climates are those of the middle latitudes, dominating the
planetary polar front zone during at least half of the year, particularly from the late
autumn to middle-spring, over which both tropical and polar air masses and weather
patterns extend and dominate. The geographical zone in which the mid-latitude
climates prevail is mainly subject to frontal low-pressure systems (mid-latitude
cyclones). Most of the precipitation, in particular in winter, in these climate regions
occurs associated with the frontal precipitation events through the mid-latitude
cyclones. Average annual total precipitation amounts of the warm temperate cli-
mates are modest, ranging from about 350 mm on the equator-ward margin and in
some inland areas (in far eastern inland areas) to about 650 mm at the pole-ward
margin. However, it is over 1000 mm over the high-mountainous regions of the
northern Mediterranean basin, for example on the Mediterranean Sea coast of
Turkey and southern wind-ward side of the Alps, due to the topographically induced
precipitation in addition to the frontal precipitation events (Turkes 2010).

4.3.2.1 Occurrence and Spatial Patterns of the Mid-Latitude Temperate
Climates

The mid-latitude temperate climates have the greatest temporal variability, varying
from a few days to several weeks. Seasonal variability (i.e. seasonality) is also
evident in these climates, whereas the seasonality lacks both in the tropics with the
almost constant heat gain and the almost-continuous cold of the polar (i.e. Arctic and
Antarctic) regions. The mid-latitude regions are mainly characterized with fre-
quently alternating incursions of tropical (T) and polar (P) air masses throughout
the year (Fig. 4.1). This apparent regional circulation dynamic produces more
convergence movements than anywhere else with the exception of the equator.
Seasonal alternation of the tropical and polar air-masses controls changes and
variability in frequency and intensity of the Rossby waves and associated weather
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Fig. 4.2 Seasonal changes in climatology of air masses over the Mediterranean Basin and
surrounding regions due to changes in planetary and synoptic scale surface and tropospheric
pressure and wind systems driven by the apparent movements of Sun and associated migration of
the Intertropical Convergence Zone (ITCZ) between (a) Winter and (b) Summer. (rearranged in
English from Turkes 2010)

systems of mostly dynamic originated cyclonic and anticyclonic nature (Erinc 1969;
Barry and Chorley 2003; Turkes 1998, 2010; Sahin et al. 2015; Lolis and Turkes
2016). The seasonal rhythm of the surface air temperature regime in the Mediterra-
nean climate is usually more prominent than that of the precipitation regime.
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Fig. 4.3 Seasonal changes in climatology of the global surface air pressure and wind circulation
systems associated with the apparent migration of the Intertropical Convergence Zone (ITCZ)
between (a) Winter and (b) Summer. (rearranged in English from Turkes 2017a)

The mid-latitude climates occupy the equator-ward margin of the mid-latitudes,
occasionally extending into the subtropics and being elongated pole-ward in some
western coastal areas due to the high topographic barriers. They clearly constitute a
transition between warmer tropical climates of the south and colder mid-latitude
climates of the farther north. Summers in these climates are long and warm or hot,
while winters are usually short and relatively mild. High variability in both precip-
itation total amounts and seasonal distribution over the C climates is characteristics.
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Fig. 4.4 Geographical distribution of climate types over the Mediterranean Basin and surrounding
regions according to the three-letter symbols of the Koppen-Geiger classification. [From Turkes
(2017a) re-drawn by making use of the data by Peel et al. (2007)]

The temperate warm C climates are subdivided into three types primarily on the
basis of precipitation amounts (limits) and seasonality, and secondarily on the basis
of some air temperature limits and temperature seasonality: Mediterranean (Csa,
Csb), humid subtropical (Cfa, Cwa), and marine west coast (Cfb, Cfc), all of which
are found in the Mediterranean Basin (Fig. 4.4).

The Mediterranean basin is significantly important for understanding the climate,
climate variability, hydrological cycle, and future climate change and variability
over a large region, associated with many nearby countries including Turkey,
because of its links with the large-scale atmospheric and oceanic teleconnections
and circulations (Sahin et al. 2015). The genesis of the Mediterranean macroclimate
(shortly the Mediterranean climate) is mainly associated with the seasonal migra-
tions of the mostly dynamic-originated pressure systems (i.e. centers of action) (Fig.
4.3) and the alternating tropical and polar air masses between summer and winter
(Fig. 4.2). Consequently, the dry summer subtropical Mediterranean climates can be
mostly found along the west coasts between about 25° and 40° latitudes as a natural
part of the mid-latitude temperate climates (Turkes 2017a).

The largest Mediterranean climate region of the Earth is found in the Mediterra-
nean Basin, which can thus be called as the ‘true’ Mediterranean macroclimate
mainly due to the topographic features of the subtropical westward of the continents
(Turkes 2017a). In the Atlantic-ward of the southern Europe and the Mediterranean
Sea Basin, there are no north to south oriented mountain chains, and the Mediterra-
nean climates penetrate a great distance from the west basin of the Mediterranean
Sea, with some parts of the Iberia Peninsula, to the East Basin of the Mediterranean
Sea and the Mediterranean coastal and inland regions of the Middle East region (Fig.
4.4). Although the term Mediterranean is used to describe the climate synonymous
with the region surrounding the Mediterranean Sea, it is not exclusive to this region.
The Mediterranean climates are also found, for example, in the northern Iran,
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Fig. 4.5 Geographical distribution of the Mediterranean and the Mediterranean-like climate
regions over the world. (Turkes 2010)

California, Chile, Australia, New Zealand and South Africa, in addition to the ‘true’
Mediterranean regions of Portugal, Spain, Coastal North-west Africa (Morocco,
Tunisia, Algeria), France, Italy, Greece, Turkey, Lebanon and Israel (Fig. 4.5)
(Turkes 2010; Turkes et al. 2011). These regions are mostly dominated in summer
by dry, stable and subsiding air from the eastern portions of dynamic originated
subtropical highs, which is also the sinking branch of the Hadley cell circulation. In
winter, the wind and pressure systems shift equator-ward as a result of the equator-
ward migration of the Rossby waves and associated polar jet streams and upper air
westerlies with the polar front. The Mediterranean climate regions are influenced by
the westerlies with their trailing mid-latitude frontal cyclones (Turkes 2010).

Seasonality is the most dominant and distinctive character and factor of the
Mediterranean climates (Turuncoglu et al. 2018). The Mediterranean climate tends
to alternate wet and dry seasons, because it is located over the transitional zone
between the dry west coast tropical desert, mainly related with the subtropical high
pressure systems, and the descending segment of the tropical Hadley circulation cell,
and the wet west coast climate mainly related with the polar front and associated
mid-latitude cyclones.

As we shortly discussed the mid-latitude climates above, there are many atmo-
spheric features that can be considered for dominating the Mediterranean climates.
For instance, the Rossby waves, which are formed by the upper air troughs and lows,
and the upper air ridges and highs, controlled penetration of polar air masses
[continental polar (cP), maritime polar (mP), and very rarely continental Arctic
(cA)] towards equator at certain months of the year, and tropical air masses
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[continental tropical (cT), and maritime tropical (mT)] towards poles at other certain
months of the year (Fig. 4.2). In this respect, the seasonal movements arising from
mainly the Sun’s seasonal migration (i.e., Sun’s apparent movement) and thus the
amount and intensity of the Sun’s radiation resulting in an energy exchange between
the poles and the equatorial belt are the main mechanisms (Turkes 2010). On the
other hand, due to the seasonal movements of the inter-tropical convergence zone
(ITCZ) associated closely with the movements of the Sun (Fig. 4.3), the Rossby
waves would be closer to the equatorial belt in winter than that in summer. Thus,
polar originated weather systems can more strongly fluctuate to further equator-ward
in winter than in summer. This fluctuation is also responsible in enhancing the
seasonal energy contrasts globally, particularly over the continents.

In the mid-latitudes, while the planetary-scale Rossby waves, the upper air jet
streams governing also westerlies and the frontal cyclones are the most powerful
features of these climates, these atmospheric controls are also themselves controlled
by topography, continentality, land-sea distribution and interactions, air masses, and
their thermo-dynamics and mechanical modifications arising from the physical
geographical features of the Earth surfaces (Turkes 2010). Consequently, there is
no simple explanation of the mid-latitude climates including the Mediterranean
climate as a whole.

Almost all precipitation comes from the frontal cyclones, except for the late
spring and early summer convective instability showers and thunderstorms in inland
Mediterranean climates of the Anatolia Peninsula and the Middle-East region. On
the other hand, the Alp Mountains of the South Europe and the North Anatolia and
Taurus mountains of Turkey create stronger influence on the westerly and northerly
air-flows and associated mid-latitude frontal cyclones by means of the orographic
lifting of the moist air masses. This mechanism leads adiabatic cooling and conden-
sation of water vapor of air masses, and occurrence of the precipitation over the
mountains, particularly by the time of that faced to southerly and westerly moist air
masses (Turkes 1996, 1998, 2010).

4.3.2.2 Dry-Summer Subtropical Mediterranean Climates

The Mediterranean climate, Cs of the main Koppen classification Group C and the
climate number 8 of the Strahler’s classification Group I (Strahler 1973; Turkes
2010) are mainly characterized with warm to hot dry summers and cool to cold wet
winters.

Most Mediterranean climates of the Earth are classified as Csa, which means that
summers are hot with mid-summer monthly averages between 24 °C and 29 °C and
high maximums above 38 °C. Average cold-month temperatures are about 10 °C
with occasional minimums below freezing temperatures.

The coastal Mediterranean climate regions have much milder summers than the
inland Mediterranean climate regions. This is mostly due to sea breezes in some
coastal areas as a result of being adjacent to cool currents associated with the
permanent anticyclonic circulation of the subtropical high pressure systems located



4 Climate and Drought in Turkey 99

over the subtropical oceans of the Earth. These coastal Mediterranean climates are
classified as Csb. In the coastal areas, the hot-month mean air temperatures lie
between 16 °C and 21 °C. Csb winters are slightly milder than Csa winters, the
former having cold-month mean air temperatures of about 13 °C. Csb regions also
have higher humidity, frequent advection and evaporation fogs, and occasional low
stratus, altostratus and nimbostratus overcast.

Marine west coast Cf climates located at the pole-ward of the Mediterranean
climate region (Fig. 4.4) occur as a result of persistent influences by the mid-latitude
frontal cyclones during the year. Consequently, marine-west coast climate regions
are mostly characterized with windy, cloudy and rainy conditions almost around the
year. On the average conditions, these climates are cooler than their equator-ward
neighbor climates.

Based on all the explanations above, we may summarize the Mediterranean
climates with following five distinctive characteristics (Turkes 2010; Turuncoglu
et al. 2018):

(1) About half of the modest annual precipitation amount falls in winter, whereas
summers are mostly virtually rainless.

(2) Winter temperatures are unusually mild for the mid-latitudes except some
eastern and inland regions; summer air temperatures vary from hot to warm.

(3) Cloudless skies and intensive sunshine (shortwave solar radiation) are typical
particularly in summer months.

(4) It has major influences from sea and land distribution and the interactions
between sea and lands, in addition to the ocean-atmosphere interaction, during
the year particularly in the ‘true’ or ‘actual’ Mediterranean macro climate region,
etc.

(5) The major characteristics of the Mediterranean climate is the high temporal
variability at seasonal and inter-annual to centennial scales due to following
factors (Turkes 2010):

* Itextends in a transition region between temperate and cold mid-latitudes and
tropics (i.e. subtropical zone);

[t faces significant circulation (associated pressure and wind systems charac-
terizing mid-latitude and tropical/monsoonal (Fig. 4.6) weather and climate,
respectively) changes between winter and summer;

e It is closely associated with several atmospheric oscillation and/or
teleconnection patterns during the year, where they vary depending on
seasons, such as North Atlantic Oscillation (NAO), Arctic Oscillation
(AO), Mediterranean Oscillation (MO), El Nifo-Southern Oscillation
(ENSO), and North Sea — Caspian Pattern (NCP), etc. (e.g., Kutiel and
Turkes 2005; Turkes 1998; Turkes and Erlat 2003, 2005, 2006, 2008,
2009, 2018a, b; Trigo et al. 2006; Erlat and Turkes 2012, 2016; Sahin et al.
2015, etc.).

Regarding the last bullet above, recent studies indicated that the NAO is one of
the major atmospheric sources for the spatial and temporal variability of the
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Fig. 4.6 Schematic illustration for the geographical extends of the direct circulation-based and
indirect surface-based influences of the major monsoon systems (Monsoonal Lows) during the year,
and the area of their observed influences on the Mediterranean Basin and Turkey. [Henderson-
Sellers and Robinson (1986): re-arranged and plotted on a new base map by making some
modifications]

precipitation conditions in Turkey, including significant wet periods and meteoro-
logical droughts (Turkes and Erlat 2003, 2005, 2006; Sahin et al. 2015; Turkes
2014a, b, etc.).

The NAO, which is associated with the surface pressure see-saw or oscillation
among two large-scale dynamic centers of action, so called the Azores High and the
Icelandic Low, is a well-known atmospheric teleconnection pattern (Turkes and
Erlat 2003). The NAOIs are developed in order to evaluate behavior of the NAO and
regional climate anomalies linked to the extreme NAO episodes. A NAO index
(NAOQI) is generally arranged based on the difference of normalized sea level
pressure (SLP) anomalies between a station in the area of the Azores and another
one in Iceland. Another NAOI is also calculated by using the difference of the
normalized SLP between a station located in the Iberian Peninsula and another in
Iceland (Turkes and Erlat 2005). The Ponta Delgada-Reykjavk (PD-R) NAOI was
used in this study, because Turkes and Erlat (2005, 2006) found that the PD-R NAOI
is the best NAOI among the three NAOI compared [i.e. PD-R, L-S(R) and Gibraltar-
Reykjavk (G-R)], with respect to the ability of controlling variability in precipitation
series of Turkey, particularly for winter precipitation.

When the NAO is in its extreme phases, both the Icelandic Low and the Azores
High are well developed during cool/cold period of the year, especially in winter
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Fig. 4.7 Geographical distributions of composite winter 500-hPa geopotential height anomalies
during (a) the negative phase and (b) the positive phase of the Ponta Delgada—Reykjavik (PD-R)
NAO winter index. [re-drawn and re-arranged from Turkes and Erlat (2009)]

(Fig. 4.7). The negative phase of the NAO indicates stronger-than-average westerly
and south-westerly circulation over the subtropical north-east Atlantic, North Africa
and the Mediterranean basin towards Turkey, and the stronger-than-average north-
easterly circulation across Scandinavia and the mid-latitude and sub-Arctic north-
east Atlantic, particularly in winter, spring and annually (Fig. 4.7a). On the contrary,
the positive phase of the NAO shows the increased westerlies over the mid-latitudes
and Scandinavia and increased easterly and north-easterly circulation over a large
conveyer zone from Turkey to the subtropical Atlantic via the Mediterranean basin
and North Africa (Figs. 4.7b and 4.8).



102 M. Turkes

o§0.44 +0$0 8
ofi%foss Hoar HOB_

(a) Composite winter
precipitation anomalies for the
negative NAO winter index phase

Y028

-0.22
-02%-033

Vo030 - V045 oo v.042 J-0.15

W-032 v.oxs'o'ag V028

’

98302, V031 W03 ) V045
"2 #7.0.21 V044

2 S3 = 7, .0.45
7e ¥ "sméui V-0.30 ¥ .
< 6 & d V-038 V-042 by
i VA0 018 Vo271 V025 T
< 20,14 = S |

-7 7 W 47v 03 i

¥ 1 wrﬁ"ﬁ O :

l_)'— - 2
(b) Composite winter
precipitation anomalies for the

positive NAO winter index phase

Fig. 4.8 Geographical distribution patterns of composite precipitation anomalies, (a) during the
weak and (b) the strong phases of the NAO winter index. (Turkes and Erlat 2003)

Bold plus symbols (filled inverse triangles) show significant wetter (drier) than long-term average
precipitation conditions at the 0.05 level of significance, according to Cramer’s test

Individual widespread and significant wet conditions and meteorological drought
events in the cold months of the year in Turkey, particularly in winter, are mostly
controlled by the extreme NAO conditions (Figs. 4.7, 4.9 and 4.10). According to
the studies performed by Turkes and Erlat (2003, 2005, 2006) and Turkes (2014a, b,
2016), the 500-hPa circulation corresponding to the negative NAOI phase brings
above long-term average precipitation to Turkey in winter (Fig. 4.8a), spring,
autumn, and annually. This circulation is associated with the NAO pattern in
which the 500-hPa geopotential level is anomalously high in the area of the Icelandic
Low and anomalously low across the regions of the Azores High and Europe in
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Fig. 4.9 Anomalies pattern of 500 hPa geopotential height level during the 1969 winter
season (December 1968 to February 1969) with respect to the 1981-2010 climatology over the
Regions of the Europe, Mediterranean and Turkey, which pointed out an example of the
anomalies mid-tropospheric circulation anomalies associated with the weak (negative) phase of
the year-to-year variability in the NAO. In Turkey, this pattern leaded occurrence of the geograph-
ically coherent large-scale and significant positive precipitation anomaly in 1969 (strong wet year).
[See: Fig. 4.11(a)]

general (Fig. 4.7a). On the contrary, the anomalous circulation pattern corresponding
to the positive NAOI phase over the North Atlantic and Europe is responsible for the
drier than long-term average precipitation conditions in Turkey, particularly in
winter (Fig. 4.8b), when the 500-hPa geopotential level is anomalously low over
the area of the Icelandic Low and anomalously high across the subtropical and mid-
latitude north-east Atlantic and the European regions (Fig. 4.7b). In other words,
when the NAO is in its extreme low-index (negative) value, winters in Turkey tend
to be generally wet (rainy) (Fig. 4.8a), whereas winters in Turkey tend to be
experienced generally with drought (rainless) conditions when the temporal pattern
of the NAO is in its extreme high-index (positive) value (Fig. 4.8b).

Considering the extreme NAO events for the period 1940-2015, it is very likely
that widespread strong wet conditions in some or most regions of Turkey during the
winters of 1940-1942, 1956, 1963, 1966, 1969, 1970, and 2010-2011 were detected
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Fig. 4.10 Anomalies pattern of 500 hPa geopotential height level during the 1989 winter season
(December 1988 to February 1989) with respect to the 1981-2010 climatology over the Regions of
the Europe, Mediterranean and Turkey, which pointed out an example of the anomalies mid-
tropospheric circulation anomalies associated with the strong (positive) phase of the year-to-year
variability in the NAO. In Turkey, this pattern leaded occurrence of the geographically coherent
large-scale and significant negative precipitation anomaly in 1989 (strong drought or dry year).
[See: Fig. 4.11b]

to match the extreme low-index values in the same winter seasons of at least two
NAOIs. On the other hand, it is possible to explain that geographically coherent
severe droughts in some or most regions of Turkey during the winters of 1943, 1957,
1973, 1974, 1983, 1989, 1990, 1992, 1993, 1994, 2007-2008, and 2013 were
closely related with the extreme high-index values of the NAO indices. In this
respect, according to Turkes and Erlat (2005) for instance, during the weakest winter
index of the three NAOIs in 1969 (Fig. 4.9), positive precipitation anomalies (wet
conditions) exhibited a coherent distribution pattern over much of Turkey, indicating
a mixed distribution of very much above and extremely above long-term average
precipitation conditions (Fig. 4.11a). On the other hand, it is very likely that
geographically the largest severe drought events occurred in the winter of 1973
(not shown here) and in the successive winters of 1989 and 1990. The most severe
and coherent widespread drought event (Fig. 4.11b) appeared during the strongest
NAO event in 1989 (Fig. 4.10).
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Fig. 4.11 Geographical distribution patterns of normalized winter precipitation anomalies in
Turkey, during the weak and strong NAO winter indices in the years of (a) 1969 and (b) 1989.
(Turkes and Erlat 2005). Bold plus symbols (filled inverse triangles) show considerable wetter
(drier) than long-term average precipitation conditions

4.3.2.3 Turkish Climate

As we already discussed above, the major climate of the Mediterranean Basin
including Turkey arises mainly from an unequivocal seasonal alteration from winter
to summer between mid-latitudes and sub-tropical/tropical pressure and wind sys-
tems (circulation patterns). Thus, there is a highly seasonal precipitation regime in
the western and southern regions of Turkey, characterized mainly by dry and hot
summers (Turkes 2010). During the summer, the weather and climate in most
regions of Turkey, particularly in the Mediterranean and the continental steppe
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Fig. 4.12 Geographical distributions of climate types in Turkey based on the first, second and third
hand letters classification of the Koppen-Geiger climate system. (Turkes 2010)

climate types over the western, central and southern Turkey, are influenced by the
pole-ward descending branch of the tropical Hadley cell producing clear, stable,
warm and dry cloudless conditions associated with the subsiding and adiabatically
warm air masses. Cold fronts or troughs of the trailing mid-latitude cyclones and the
convective instability thunder-storms, which are associated with the dynamically
originated deep and cold-nuclei upper-air lows and troughs and related with rela-
tively cold air masses, cause occurrence of the summer convectional rainfall over the
continental Central and Eastern Anatolia regions along with the inland Mediterra-
nean climate regions. Types of precipitation events (i.e. hydrometeors) are mostly
strong rainfall, rain-showers, hail-storms and thunder-storms with heavy rain and
hail events.

In winter, however, trailing mid-latitude cyclones are responsible for most of the
precipitation events and amounts over the regions. Topographic influences over the
mountain chains facing the prevailing weather systems, such as Alps and Atlas
Mountains in general, and the North Anatolian Mountains, the Mediterranean
Taurus Mountains, and the South-east Tauruses in the north and south of Turkey,
significantly contribute to increase the amount, frequency and intensity of the
precipitation over these regions with the temperate rainy west coast (Black Sea in
Turkey) and the Mediterranean climates, respectively. Cold spells are usually linked
to both mP and cP air masses. Winter mP air masses are considerably less cold than
cP air, and it may give cool, cloudy and wet conditions, while the cP air may produce
cold, stable and dry conditions (Turkes 2010).

The climate of Turkey according to the Koppen-Geiger climate system is con-
siderably diverse (Fig. 4.12), as in many other climate classifications of Turkey.
When only the first and the second-hand letters in classification of the Koppen-
Geiger climate system are considered, the following major climate types can be
identified (Turkes 2010):
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(1) Sub-tropical steppe climate BS (mostly BSk) in Turkey is found in the mid-
part of the continental Central Anatolia region and the Van-Igdir district over
most-eastern part of the continental Eastern Anatolia region (Fig. 4.12).

(2) Temperate rainy or humid temperature west coast climate without dry
season Cf (mostly Cfa and Cfb) (humid mesothermal) dominates the Black
Sea coastal region of Turkey with the exception of the western sub-region (Fig.
4.12).

(3) The Marmara, Aegean, Mediterranean and the South-eastern Anatolia regions
and the western and southern portions (i.e. some parts of the Sakarya and Konya
sub-regions) of the continental Central Anatolia Region belong to the dry
summer subtropical Mediterranean climate or temperate rainy climate
with dry summers (humid mesothermal) Cs (mostly Csa) (Fig. 4.12). Yearly
soil-moisture deficiency is not characteristic in Group C climates in general,
whereas seasonal soil-moisture deficiency, particularly in summer months, is
evident in the Mediterranean Csa and Csb climates due to changes in the
hemispheric and regional circulation, air mass and pressure systems producing
dry conditions in the summer months.

(4) On the other hand, a cold snowy forest climate with dry summers (humid
microthermal) Ds (mostly Dsa and Dsb) takes place over a relatively large zone
on the mid-northern portions of the continental Central and Eastern Anatolia
regions of Turkey; whereas a cold snowy forest climate humid in all seasons
(humid microthermal) Df (mostly Dfb) exists over relatively small areas seen in
the northern portions of the continental Central Anatolia region and the north-
eastern Anatolia sub-region (mostly Erzurum-Kars sub-region) of Turkey (Fig.
4.12).

In theory, and according to the UNEP/UNCCD Aridity Index (Al), Al values
below 1.0 generally show an annual moisture (soil water) deficit in average climatic
conditions, whereas Al values above 1.0 generally show an annual moisture surplus
(Fig. 4.13).

The maritime influences on the weather and climate conditions of Turkey are
characterized mainly with the mP and mT air masses (Fig. 4.2). In winter, Mediter-
ranean air masses carried by the westerly air flows (W, SW and NWerly) tend to
decrease towards the continental inland regions, including the Central, Eastern and
South-eastern Anatolia regions of Turkey. Major changes of the inland Mediterra-
nean regions reflect a decrease of precipitation amounts in winter and the number of
rainy days, and an increase of precipitation amounts in spring months, particularly
with continentality, such as that in the mid-west and south parts of the Central
Anatolia Region and the South-eastern Anatolia Region of Turkey. The Northern
Anatolia Mountains, on the other hand, separate the Mediterranean, steppe and cold
snowy forest climates from the west coast temperate rainy (Black Sea in Turkey)
climate, while the Tauruses and the South-eastern Taurus Mountains separate the
Mediterranean climate (Csa) from the more continental Mediterranean climate
(Csb), steppe and cold snowy forest climates to the north and the east of the
Anatolian Peninsula (Fig. 4.12).
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Fig. 4.13 Geographical distribution of the UNEP/UNCCD aridity indices of the 151 climatological
and meteorological stations in Turkey, in which arid, semi-arid, dry sub-humid and sub-humid areas
of the country are highlighted by hatching with the red color. [Re-arranged in English from Turkes
(2013)]

In Turkey, dry sub-humid climatic conditions extend throughout most of the
Continental Central Anatolia and South-eastern Anatolia regions, some part of the
eastern Mediterranean, and eastern and western parts of the Continental Eastern
Anatolia region; while the semi-arid climatic conditions are found only in the Konya
Plain and the Igdir district of the Eastern Anatolia region (Fig. 4.13). The areas
having values 0.65 < Al < 0.80, where an annual soil moisture deficit exists, are also
concentrated around the semi-arid and dry sub-humid areas of Turkey. The arid-
lands in Turkey having Al values between 0.20 and 0.80 are likely to have been
influenced by the desertification processes (Table 4.2), by considering the existing
hydroclimatological conditions, human-induced land degradation, observed and
projected climate change and variability, etc. (e.g., Ozturk et al. 2012, 2015;
Topcu et al. 2010; Sen et al. 2012; Turkes 1999, 2010, 2013, 2017b, c; Dengiz
2018; Turkes and Akgunduz 2011).

4.3.3 Climatological Drought Probabilities in Turkey

In this sub-section, the long-term climatological SPI probabilities in Turkey, calcu-
lated by using the monthly SPI series, are discussed through considering the SPI
classes of below-normal, normal, above-normal, generally dry and wet, extremely-
wet and extremely-dry, as given in Table 4.3 (Turkes and Tatli 2008, 2009). Drought
is described without dividing it into being meteorological, agricultural and hydro-
logical drought as “lack of water and/or water deficiency occurred when the level of
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Table 4.3 Classification of

the SPI values for calculati SPI values Classification
e values for calculatin
the climatological SPI £ =200 Extremely wet
probabilities > 1.00 Above normal
> 0.0 Wet
—0.99 — 0.99 Normal
<0.0 Dry
< —100 Below normal
< -2.00 Extremely dry

natural water availability used by several systems on the Earth surface is below long-
term average or the normal level at the regional scale and for a particular time period.
In general, drought events are considered as three dimensional natural events that are
characterized with components of magnitude/severity, length/frequency and geo-
graphical distribution pattern” (Turkes 2010, 2013, 2017c).

Drought occurs in conjunction with climate change and variability in various time
periods and may last consequently a few years or more than a few years. Drought has
no one mean. Drought events are divided into four main groups; meteorological,
agricultural, hydrological and socio-economical droughts. Description of a drought
in general is the meteorological drought above mentioned. Agricultural drought
occurs in conjunction with loss of soil moisture around plant root level, and it causes
loss of plant and agricultural yield. Hydrological drought occurs in conjunction with
the decreased amount or level of water, which is lower than amount demanded, in
hydrological systems or in reservoirs in a region or district. Meteorological, agricul-
tural and hydrological drought may turn into a socio-economical drought, when the
magnitude of a drought event and the length of time period with drought increase.
This state of a drought event is also related with low degree of coping ability of the
system (agriculture, energy, ecosystem, urban and socio-economical, etc.), and lacks
of drought risk management and drought management plans or weak implementa-
tion of these management plans (Turkes 2014b, 2017c).

Drought event is a serious threat effecting human life and health, socio-economic
and ecological systems directly or indirectly at several degrees. Long-term drought
events negatively affect agriculture, forestry, livestock, ecosystems, and hydroelec-
tric energy, etc., by decreasing timely, qualified and sufficient water supplies. As a
summary, the well-known adverse effects of geographically larger and significant
drought events longer than 2 years can be listed as follows:

(1) Decreasing amount of ground water;
(i) Decreasing water amount and level at stream-flows, reservoirs and water
structures, etc.;
(iii) Increasing water pollution; salinization of water and soil;
(iv) Increasing soil pollution due to agricultural chemicals;
(v) Increasing soil erosion, land degradation and desertification;
(vi) Increasing the risk of wild bush and forest fires;



110 M. Turkes

(vii) Damages to forest and rural wetland ecosystems and weakening and loss of
biodiversity;

(viii) Increasing vulnerability level of natural vegetation and agricultural ecosys-
tems due to adverse effects of disease, fires, wind deflation, and other related
factors.

Spatial distributions of climatological probabilities for below-normal (the SPI
values < —1) monthly SPI values are illustrated in Fig. 4.14a. Maximum probabil-
ities obtained for the below-normal conditions are nearly 0.35 on the Mediterranean
cost of Turkey, and 0.37 along the Turkey-Syria border. On the other hand, through-
out the Black Sea coastal region, the probabilities of being below-normal are
generally 0.15 and a little below.

The probability of being normal (the SPI values within the interval of £1) reveals
a spatial pattern where the displayed probabilities increase from the western and
southern regions of Turkey (Fig. 4.14b), in which the Mediterranean rainfall regime
with a high inter-seasonal and inter-annual variability is dominant, to the Black-Sea
rainfall region, where the annual precipitation totals are greater and seasonality and
year-to-year variability are lower than almost all of other regions of Turkey (Turkes
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Fig. 4.14 Geographical distributions of the probabilities obtained for various SPI classes of
monthly total precipitation series from 96 stations in Turkey. [Re-arranged in English from Turkes
and Tatli (2008)]
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1999, 2003, 2013). Probabilities of being normal over the central and the northern
regions of the country have ratios varying from 0.65 to 0.70. Minimum probabilities
of being normal are 0.52 on the Mediterranean coasts, and they are approximately
0.50 along the Turkey-Syria border.

The probabilities of being above-normal (the SPI values >1) show minima over
the western and southern regions of Turkey (Fig. 4.14c), where the seasonality and
inter-annual variability in total precipitation series are high in all seasons. The
probabilities over these areas are within the interval of 0.12-0.14, and they decrease
from the southern regions towards the coastal belt of the Black Sea rainfall region
and the north-eastern Anatolia. These patterns are consistent with the previous
studies of Turkes (1996, 1998, 2003, 2013, etc.) in terms of the main characteristics
of the precipitation climatology in Turkey.

When the probabilities of monthly SPI values being dry (the SPI values <0) in
general are considered, the probabilities of being dry are detected as 0.57 on the
Mediterranean coastal belt and 0.55 over the Turkey-Syria border area. Probabilities
tend to decrease from the Mediterranean rainfall region towards the north and reach a
minimum value of 0.45 in the continental Central Anatolia Region (Fig. 4.14d).

The minimum probabilities of monthly SPI values being wet (the SPI values >0)
in general are found as 0.44 over the Mediterranean coasts and 0.46 over the
continental Mediterranean (South-eastern Anatolia) Region, whilst the probabilities
of being wet reach a maximum level of about 0.54 over the eastern Marmara,
western Black Sea, continental Central, and Eastern Anatolia rainfall regions (Fig.
4.14e).

The probabilities of being extremely-wet (the SPI values >2) are significantly low
over Turkey, as is expected for most of the Mediterranean macro climate regions and
more generally in the subtropical climate belt (Fig. 4.14f). The probabilities of being
extremely-wet are at the level of 0.01 and below over the majority of Turkey. The
maximum probabilities of being extremely-wet are about 0.02 in the middle and
eastern Black Sea sub-regions and in the northern part of the north-eastern Anatolia
sub-region, respectively.

One of the most significant and remarkable results for the SPI probabilities in
Turkey is detected in the probabilities of being extremely-dry (the SPI values < —2)
(Fig. 4.15). The probabilities of being extremely-dry evidently depict maximum
values on the Turkish shores of the Mediterranean Sea and over the border zone
between Turkey and Syria with the highest probability of about 0.27 in the Harran
and Akcakale plains, which are climatologically one of the most arid and desert-like
environments of Turkey (Turkes 2003, 2013).

The probabilities of being extremely-dry reach their maximum values of about
0.21-0.23 on the Mediterranean coast of Turkey and 0.27 over the Turkey-Syria
border. The estimated probabilities tend to decrease clearly from the southern
regions towards the Black Sea shores. The lowest probabilities of being extremely-
dry are detected as about 0.03 in the western and eastern Black Sea sub-regions and
the north-eastern Anatolia sub-region of Turkey, respectively (Fig. 4.15).
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Fig. 4.15 Geographical distributions of the drought probabilities from the Extremely-dry SPI class
of monthly total precipitation series from 96 stations in Turkey. [Re-arranged in English from
Turkes and Tatli (2008)]

4.3.4 Drought Vulnerability and Risk

This sub-section aims at performing a vulnerability and risk assessment of Turkey
based on a recent paper of Turkes (2017c), by considering the recent trends and
approaches on the subject for disaster risk management of the weather and climate
extremes and disasters towards climate change adaptation and reduction of its impacts.

Economic and social losses caused by weather and climate-related extreme events
and disasters have been increasing with a great spatial and inter-annual variability in
many regions of the world and in Turkey (Turkes and Erlat 2018b). The character,
severity and impact powers of the extreme weather and climate events and disasters
closely depend, not only on exposure and vulnerability levels that are varying across
temporal and spatial scales, but also on economic, social, geographic, demographic,
cultural, institutional, governance, and environmental and ecological factors (Turkes
2017c¢). A large part of Turkey is located over the dry-summer subtropical macro
climate belt characterized with many climate and climate-related problems arising
from its nature. In this respect, Turkey is a mid to high climate risk-prone country,
with respect to not only the present climate and climate variability, but also to future
climate change and variability. Turkey is also one of the South-eastern Europe and
Eastern Mediterranean countries that are considerably vulnerable to desertification
processes varying mid to high degrees (CEM 2017; Turkes 2017b, c).

In a study performed by Turkes (2017b), a Social Vulnerability Index (SVI) was
used for determining “Turkey’s ‘Potential’ Drought Hazard/Disaster Risk.” The SVI
is a tool that was originally developed and applied in the United States to help
emergency response planners, public health experts, and officials geographically
identify and map the communities that will most likely need support before, during,
and after a hazardous event.
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The estimation for Turkey’s Vulnerability Index in terms of the impacts of
drought events was based on five vulnerability factor classes including the
following:

(i) Education status with one indicator (indicators not given here);
(i) Demography with four indicators;
(iii) Economic activity with six indicators mostly related to agricultural activities
and production;
(iv) Public health and health protection status and public coping capacities with five
indicators;
(v) Natural environmental characteristics with three indicators.

In this frame, based on a well-known drought risk formula and the climatological
drought occurrence probabilities estimated from the SPI series of Turkey, “Turkey’s
Drought Hazard/Disaster ‘Potential’ Risk Modelling and Valuation” was performed
and mapped on the main administrative city provinces by using the spatial analysis
tools of a geographical information system (GIS) (Fig. 4.16b).

When the socioeconomic and environmental conditions of the drought vulnera-
bility in Turkey is considered, relatively the lowest and the highest vulnerability
scores can be ranked as follows in terms of geographical regions, sub-regions, and
the city provinces of Turkey (Fig. 4.16a):

The city provinces with relatively the lowest drought vulnerability levels include
Edirne and Kirklareli provinces in the Western Thrace (European part of the
Marmara Region); Bilecik, Bolu, Karabuk, Zonguldak and Bartin provinces in the
Western Black Sea sub-region along with the city provinces in the Eastern Black Sea
sub-region (Giresun, Trabzon, Rize and Artvin); and the Erzincan, Bayburt, Tunceli
and Elazig provinces, and Erzurum and Ardahan provinces in the mid-west and
north-east portions of the Eastern Anatolia Region, respectively (Fig. 4.16a). The
city provinces with relatively the highest drought vulnerability scores consist of
Istanbul and the surrounding cities, and Bursa in the Marmara Region in general.
Others include Afyonkarahisar, [zmir and the surrounding city provinces except the
provinces Mugla, Usak and Kutahya; Antalya, Adana, Hatay and Kahramanmaras
provinces in the Mediterranean Region characterized with a true dry and hot summer
Mediterranean climate, with a Koppen-Geiger climate (Csa), along with almost all
city provinces in the South-eastern Anatolia Region with a continental Mediterra-
nean rainfall regime (Gaziantep, Adiyaman, Sanliurfa, Diyarbakir, Mardin and
Batman). This vulnerability level is seen also in almost all eastern and south-eastern
portions of the Eastern Anatolia Region, including the cities of Sirnak, Mus, Van,
Agri and Hakkari provinces (Fig. 4.16a).

Based on a special classification of the monthly SP/ anomalies in order to
estimate the drought risk of Turkey, Turkes (2017c) analyzed and evaluated the
Drought Hazard-Disaster Risk (DHDR) under the conditions of Below-normal
“Exact Drought Probability” for the administrative city provinces of Turkey (Fig.
4.16b). According to this special classification, relatively the lowest and the highest
risk evaluations derived from the DHDR under the conditions of Below-normal
“Exact Drought Probability” can be summarized as follows:



114 M. Turkes

Fig. 4.16 Geographical distributions of (a) drought hazard-disaster SVI and of (b) evaluations for
the Drought Hazard-Disaster Risk under the conditions of Below-normal “Exact Drought Prob-
ability” based on the SPI, both of which were estimated for Turkey’s administrative city provinces.
[Re-arranged in English from Turkes (2017b)]

The relatively highest DHDR scores of the geographical regions/sub-regions and
the city provinces in Turkey are: Izmir (the highest), Manisa, Aydin and Mugla city
provinces in the Aegean Region; Antalya, Mersin, Adana, Osmaniye and
Kahramanmaras in the Mediterranean Region; Sanliurfa, Diyarbakir, Mardin (the
highest ones) and Kilis, Gaziantep, Adiyaman, Siirt and Batman in the South-eastern
Anatolia Region; Sirnak (the highest), Siirt, Hakkari, Van and Mus in the Eastern
Anatolia Region; Ankara, Eskisehir, Konya, Aksaray, Karaman, Nigde and Kayseri
in the Central Anatolia Region; and Istanbul, Canakkale and Balikesir in the
Marmara Region, respectively (Fig. 4.16b). On the other hand, relatively the lowest
DHDR levels of the geographical regions/sub-regions and the city provinces in
Turkey under the conditions of Below-normal “Exact Drought Probability” consist
of Edirne (the lowest) and Kirklareli in the Western Thrace of the Marmara Region
along with Bilecik province of the Eastern Marmara sub-region; Corum, Samsun,
Giresun and Gumushane and the all the city provinces from Sakarya to Rize and
Artvin (the lowest ones) except the city provinces of Amasya, Tokat and Ordu in the
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Black Sea Region; Nevsehir (the lowest), Kirikkale and Corum in the Central
Anatolia Region; and Ardahan (the lowest), Kars and Erzurum in the Eastern
Anatolia Region, respectively (Fig. 4.16b).

4.4 General Soil Characteristics of Turkey with Respect to
Climate

4.4.1 Climate and Soil

Climate is usually considered the dominant factor on soil formation. However, the
soil parent material still claims an impressive number of adherents. The natural
topography and geomorphologic units, which are particular relief groups developed
under the specific morphoclimatic or morphogenetic regions of the Earth, are also
important for soil formation. In recent years, the role of vegetation in soil formation
has aroused further interest. Yet, because systematic quantitative studies of the
relationships between soil properties and all soil-forming factors have not been
adequate yet to explain all these relationships, all the remaining factors can be
kept constant in order to detect the role played by each soil-forming factor.
However, if we would consider the soil as a physical system as proposed by Jenny
(1994), we may add substances to or remove from it, because the soil system is an
open system. Every soil system is characterized by properties that we may designate
by symbols, such as s/, s2, 53, s4, s5, etc. For example, s/ may indicate nitrogen
content, s2 acidity, s3 apparent density, s4 amount of calcium (Ca), s5 pressure of
carbon dioxide (CO,), etc. The simplest method of expressing the assumptions of
interrelationships is given in form of the Eq. (4.2) as follows (Jenny 1994):

F (s1,52,53,54,55, ¢¢¢)=0 (4.2)

On the other hand, when the soil and environment relationship is considered, it is
generally realized that the soil system is only a part of a much larger system that is
composed of the most upper part of the lithosphere, the lowest part of the atmosphere
(i.e. lower troposphere), and a considerable part of the biosphere. Consequently,
properties of the soil system that are universally recognized as soil characteristics
should be considered. They include the following: soil climate (soil temperature and
soil moisture, etc.), kind and number of soil organisms, and topography, or the shape
of the surface of the soil system. These properties can be indicated by special
symbols (cI' = climate, o’ = organisms, ¢ = topography) (Jenny 1994), which are
included in the Eq. (4.3)) as:

F (Cl/,O,,t/,Sl,SZ,S:;, o °) =0 (4.3)
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The following set of individual equations of soil-forming factors can also be
written:

s = fel (climate) o,t,p, ti, . ..

s = fo (organisms) cl, t,p,ti, ...

(4.4)
(4.5)
s = ft (topography) cl,0,p, ti, . .. (4.6)
s = fp (parent material) cl,o,1,1i, . .. (4.7

(4.8)

s = fti (time) cl,o0,t,p, ...

The subscripts indicate that the remaining soil-forming factors do not vary. For
instance, in order to study accurately the soil-climate relationships, it is necessary
that comparisons should be restricted to soils of identical origin and the time of soil
formation, etc. On the other hand, the climate factor is so complex that no single
numerical value can be assigned to a given climate. It becomes necessary to work
with individual climatic variables, the most important of which are air humidity (H),
air temperature (7), and soil moisture (m). Treating these three important climate
elements as independent variables, an approximate equation may be written as
follows:

s=f(H,T,m) o,t,p,ti, ... (4.9)

4.4.2 Climate-Related Land Degradation

Soils in the semiarid and the dry-sub humid climate regions (drylands) of Turkey are
vulnerable to land degradation, either because they have poor resistance to erosion,
or because of their chemical and physical properties. A preliminary study on the soil
moisture conditions of the soils in Turkey was published first by Caglar (1937). He
investigated the soil-water relationships under the conditions of the continental
Central Anatolia Region. The hydrology, climate, soil conditions, microorganisms
and soil-water relations, the quality of water used for irrigation and characteristics of
the waters in Turkey had also been discussed in this publication. In fact, the majority
of the publications on soil water conservation studies in Turkey were concentrated
on soil erosion in the past (e.g. Yamanlar 1956; Celebi 1970, 1971; Mermut et al.
1981, etc.). In this respect, for instance, sand dune rehabilitation studies were
undertaken for the sand dune areas in Adana and Mersin-Tarsus districts of the
Eastern Mediterranean sub-region of Turkey in order to enhance carbon sequestra-
tion and soil formation conditions at the stone pine canopies/root-zones of arenosols
(Akca et al. 2010; Polat and Kapur 2010).
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The most important and well-known soil degradation and desertification district
in Turkey is Karapinar town (Konya). The Karapinar town is located over the
plateaus and plains between in Konya and Eregli districts of Turkey. It is character-
ized with a semi-arid steppe climate of the continental Central Anatolia Region, and
annual average precipitation amount is about 250-300 mm over the district (Turkes
1999, 2003, 2013). Because of the semi-arid climate, no forests naturally grew up in
the district, and steppe vegetation dominated over the land. Consequently, the flat
terrain had been used as a pasture for long years and especially sheep rising was
practiced here. In areas where the vegetation was destroyed as a result of intensive
grazing and drought events, the thin layer of the soil (mainly clay and silt) was
removed (Groneman 1968). The remaining sand was removed by the wind deflation
in short distances and turned the land into a large continental dune. So the ancient
dune-like landscape was probably built up, mainly due to the fact that the native
steppe vegetation was damaged by over grazing, trampling and by other human
activities (Groneman 1968). The wind eroded parts of this ancient dune-like land-
scape altered it in many places and formed many blowouts. The shifting sand
accumulated downwind and built up new dunes during the 1960s in many places
(Fig. 4.17). In fact, this increasing activity in the continental dune field began to
affect the Karapinar settlement as of 1956. Consequently, the Karapinar town and its
some nearby villages had faced the danger of abandonment due to immigration in the
early 1960s. Approximately 4300 hectare (ha) areas were covered with an inland
dune in the south-southwest of the district, developed due to severe wind erosion and
deflation (Groneman 1968; Carkaci 1999; Yildirim 1999; Akca et al. 2000; Yildirim
and Akay 2010; Kantarci et al. 2011, etc.).

Fig. 4.17 The degraded land by strong wind erosion and deflation, and the Barkan-like Sand Dune
formations in Karapinar district during the late 1950s and the 1960s. (Carkaci 1999)
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Fig. 4.18 A general view of a nearby village of Karapinar Town in early 1960s. (Carkaci 1999)

Finally, the soils lost their yield capacity and sand dunes occurred as the result of
erosion. It was observed that clouds of sand and dust storms rose, and vehicles on the
Konya-Adana Highway were dragged, and the paint of the cars was totally or
partially damaged. Children could not go to school because of sand storms,
machines did not work, and the incidence of ear-nose-throat diseases increased
among the people (Anonymous 2007). Winds that cause erosion in the district are
mainly south-south-westerly. Finally, these significantly adverse conditions forced
the local community to leave their places as they were threatened by this disaster
(Fig. 4.18). Grazing and picking woody plants is still forbidden in the protected and
reclamation areas. In the past, all the farmer villages had been vacated, except the
village Kindam, which is situated about three kilometers southwest from Karapinar
(Groneman 1968). Formerly, all the deserted villages had been summer camps
(vayla in Turkish). In winter, the summer camps were deserted, and then the farmers
started living in the towns.

Following this destruction, the necessary technical sand-dune preventing and/or
controlling works and actions began in 1962/63 by the former General Directorate of
Soil-Water, VI. Regional Directorate of Konya Soil-Water, Chief Engineering of
Wind Erosion Plan and Application Group (Anonymous 2007, 2010; Carkaci 1999).

Reasons for the increased wind erosion and deflation in the Karapinar district can
be summarized as follows (Groneman 1968; Carkaci 1999; Akca et al. 2000;
Yildirim and Akay 2010; Kantarci et al. 2011):

» The sandy material originated from old lake bed mobilized, following the drying
up of the lake;
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* The hot and semi-arid continental climate conditions along with the high precip-
itation seasonality and year-to-year variability;

» Impetuous destruction of pastures because of overgrazing and the use of pasture
plants for fuel,

* Excessive tillage, particularly by the Shock-Disc Plough that degrades the soil
structure and buries productive surface horizon of the soil, and

» Karapinar is located on a strong wind course.

The first step taken against erosion in the district was the establishment of the
“Association for Saving Karapinar from Erosion” in 1959. Afterwards, studies were
started by the former Directorate of Konya Soil-Water Research Institute in 1962. A
team was formed of technical personnel, and an area of 16,000 ha was taken under
control by enclosing it with a wire fence. Then, 3000 ha of this area was assigned to the
Turkish Armed Forces to be used for military purposes. The remaining 13,000 ha area
was divided into four sections, based on the problems observed. Soil improvement
practices started in this area considering the degree of the problem. The former
Directorate of Konya Soil-Water Research Institute maintained its studies continu-
ously for 10 years, and when the improvement studies were completed, the area was
assigned to Konya Institute of Soil and Water Research Directorate in 1973 to be used
for protection control, research and production studies. Today, 4300 ha of this land is
given back to farmers, and studies are continued in the 8700 ha under the control of the
government (Fig. 4.19) (Yildirim 1999). The research station in Karapinar town is now
entitled as “Research Institute of the Directorate of Konya Soil and Water Resources”.

Fig. 4.19 A present view of the Karapinar wind erosion area that has been opened to sustainable
and productive agricultural practices for many years. (Photograph: Murat Turkes 17.06.2013)
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4.4.3 Soil Geography

Generalized soil map of Turkey (Cullu et al. 2018), which is based on the World
Reference Base for Soil Resources (WRB), is given in Fig. 4.20. These soil data
compilations were subsequently analyzed in a GIS environment, and the soils were
classified in accordance with the WRB (IUSS Working Group WRB 2015) pro-
cedures by Cullu et al. (2018), which are primarily intended to facilitate the
correlation of national and local systems with international soil classification
schemes.

According to this classification, the most widely distributed soils of Turkey (i.e.
mapped WRB soil groups) are the Cambisols/Cambisols-Leptosols (63.55%),
Fluvisols (9.50%), Calcisols/Calcisols-Leptosols (9.39%), Vertisols (5.15%),
Alisols-Acrisols-Podsols (3.25%), Kastanozems (2.85%), and Luvisols (2.05%).
The group of Cambisols/Cambisols-Leptosols is detected almost in all the geograph-
ical regions of Turkey, with the exception of the coastal zone of the Black Sea
Region, south-west Anatolia, the mid-south part of the Central Anatolia Region, and
the southern part of the South-eastern Anatolia Region, the last two regions of which
are mainly characterized with the Calcisols/Calcisols-Leptosols soil groups. Cullu
et al. (2018) pointed out that the Cambisols, Calcisols, Vertisols, and Fluvisols are
the most appropriate and extensively managed soil ecosystems, particularly for field
crops and cereals. Furthermore, the Calcisols, Luvisols, Acrisols-Alisols-Podsols,
and Arenosols are significantly suitable for the production of some crops, such as the

0 250 500 1.000
— — Kilometers
LEGEND mm Calcisols/Calcisols-Leptosol: mm Histosol. Rendzic Lept:
mm Cambisols/Cambisols-Leptosol Kast mm Solonchaks
WRB_2014 DamiLakes Lixisols mm Vertisols
Alisols-Acrisols-Podzols mm Fluvisols : Luvisols
Arenosols mm Gleysols  Regosols

Fig. 4.20 Geographical distributions of the generalized WRB soil groups of Turkey. (Cullu et al.
2018)
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olives, carobs, apricots, hazelnuts, and stone pine. On the other hand, because the
Solonetz, Solonchaks, Gleysols, and Regosols are the most problematic soil ecosys-
tems for agricultural production, they need to be treated by supplementary activities
for sustainable use.
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