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ABSTRACT

Drought is one of the major disasters which might have consequences like hunger and pov-
erty. The droughts depend on many factors including climatic and regional properties, soil
type, population increase and environmental degradation. The complex character of drought
makes it difficult to define. Hence, various specific criteria must be defined and used for the
evaluated basin, region or territory to determine drought. In this study, several drought analy-
sis methods are performed on the Central Anatolian Region in Turkey where has survived
a severe drought. In comparative analysis, Palmer Drought Severity Index (PDSI), Erinc and
De Martonne methods were used. The evaluated data consist of the observed monthly mean
precipitation and temperature data of 13 selected meteorology stations in the region. The
observed data in between 1965-2006 periods were evaluated for all stations. Thus, the distribu-
tion of dry and wet periods is investigated at monthly time scale. The comparative results show
that PDSI index indicates more humid conditions than Erinc and De Martonne indices. Never-

theless, the results verify that the region is still in danger of severe drought.

Keywords: De Martonne method; Drought; Erinc method; Palmer drought severity index

1. Introduction

Drought is the one of the most important and perva-
sive natural disasters influencing human life. Drought is
a complex phenomenon, which is difficult to define. It
might have many social and economical consequences
like low agricultural production and famine. The term is
used to refer to deficiency in rainfall, soil moisture, veg-
etation greenness, ecological conditions or socioeconomic
conditions, and different drought types can be inferred [1].
Nevertheless, drought is multifaceted and complex
hydrological phenomenon, a consequence of an abnormal
decrease of precipitation [1,2]. Drought characteristics are
often represented by the drought indices to indicate the
actual hydrological conditions in a single number.

The researchers use different type of drought indices.
For example, the widely used Palmer Drought Severity
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Index (PDSI) has four different forms. The Palmer drought
indices are used [PDS], the Palmer Hydrological Drought
Index (PHDI), the Palmer Moisture Anomaly Z-Index
(Palmer Z-index) and the Modified Palmer Drought
Severity Index (Weighted PDSI)] to monitor hydrologi-
cal droughts [3]. In this study, the results of the drought
analysis for the Central Anatolian Region in Turkey are
presented. This region is defined under dry sub-humid
climatic conditions [4]. To define the drought, Palmer
Drought Severity Index (PDSI), Erinc and De Martonne
methods were used.

2. Materials and methods
2.1. Drought indexes
2.1.1. Necessity of drought indexes

Drought indexes created to provide a concise over-
all picture of droughts are often derived from massive
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amounts of hydro-climatic data and are used for decision
making on water resources management and water alloca-
tions for mitigating the impact of droughts. Although var-
ious drought indexes have been used in water resources
management studies, the indexes measure the climatic
and hydrologic trends and fluctuations in principal.

In consequence of climate change, drought studies
have received special attention in recent years [5]. In
this context, the development of drought monitoring
plans has become the first priority in one hand [6,7].
On the other hand, some researchers have analyzed
the atmospheric causes of droughts [8,9] in order to
improve drought prediction [10-12]. Therewith for
using diverse variables for drought quantification,
numerous drought indices were developed during the
20th century [13-15]. Although temperatures or evapo-
transpiration are generally included in drought index
calculation, precipitation is the most important param-
eter as available water [16,17].

One of the most important water management prob-
lems is to define the spatial patterns of drought risk in order
to assist agricultural or environmental management. Some
researchers focused on these problems [18-20], but these
efforts have focused mainly on the development of drought
indexes, to identify and quantify drought’s magnitude,
duration, intensity and spatial extent, and to improve tech-
niques for drought early warning and management [21].

A drought index integrates various hydrologi-
cal and meteorological parameters like rainfall,
evapotranspiration, runoff and other water supply
indicators into a single number and gives a compre-
hensive picture for decision making. Among vari-
ous drought indexes, the Palmer Drought Severity
Index (PDSI), Standardized Precipitation Index (SPI),
De Martonne, Erinc methods are used extensively for
water resources management, agricultural drought
monitoring and forecasting. Each of these drought
indexes, their strengths and limitations are explained
briefly in the following section.

2.1.2. Palmer drought severity index

The PDSI, developed by Palmer [22], is based on
the supply and demand concept of the water balance

equation, taking into account more than just the pre-
cipitation deficit at specific locations. The objective of
this index was to provide measurements of moisture
conditions that were standardized so that comparisons
using the index could be made between locations and
between mons.

These departures are converted into indices of mois-
ture anomaly as

Z =K(j)xD 1)

where K(j) is a weighting factor, also accounting for
spatial variability of the departures (D). The Z-index
time series are analyzed to develop the criteria for
the beginning and ending of drought periods and an
empirical formula for determining drought severity,
such as:

Zj
Xj = 0.897 % Xj g + = @)

where Z is the moisture anomaly index and X; is
the PDSI for the j-th mon. Dry and wet periods can
be classified according to determined PDSI values
(Table 1).

2.1.3. Erinc method

Erinc index is used by many researchers to assess the
drought problem of Turkey and to determine the dry/
wet areas and periods. Erinc proposed the following
precipitation efficiency or namely drought index rela-
tionship using precipitation and maximum temperature
causing water loss via evaporation [24].

P
=1 3)

m

In this equation, I is the precipitation efficiency, P
is the total annual precipitation amount (mm) and T

Table 1

Classification of dry and wet periods according to PDSI [23]

PDSI Class PDSI Class

>4.00 Extremely wet (W3) (-1.50) ~ (-2.99) Moderate drought (D1)
3.00 ~ 3.99 Very wet (W2) (-3.00) ~ (-3.99) Severe drought (D2)
1.50 ~2.99 Moderately wet (W1) <(—4.00) Extreme drought (D3)

(-1.49) ~ 1.49 Near normal (N)
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is the annual maximum mean temperature (°C). The
drought classification according to the Erinc Index
values is presented in Table 2.

2.1.4. De Martonne method

The classification according to De Martonne formula
includes both the temperature and precipitation and
also the parameters like relative moisture, sunshine
duration and evaporation [25]. The annual drought or
aridity index formula is given as:

I, = P )

p
2[(T+10)+12 (t+10)}

In this equation, P is the mean of long years total pre-
cipitation (mm); T is the long years mean temperature
(°C), p is the total precipitation of the driest mon (mm)
and t is the mean temperature of the driest mon (°C).
The number 10 is the constant value which is used
to make t positive in places where the temperature is
below zero.

De Martonne has used the aridity index to study irri-
gation demands [26]. The classification according to De
Martonne aridity index is presented in Table 3.

Table 2

Classification of drought according to Erinc index [24]
Class Index value Vegetation
Completely dry <8 Desert

Dry 8-15 Desert, steppe
Semi-dry 15-23 Steppe
Semi-wet 23-40 Park like forest
Wet 40-55 Wet forest
Extremely wet 55< Very wet forest
Table 3

Classification of drought according to De Martonne
Aridity index

Index Class Index Class

<8 Dry 21-28 Semi-humid
8-10 Semi-dry 29-55 Humid
11-20 Steppe—Semi-wet 55< Very humid

2.2. The study area and available data

The study area is the Central Anatolian Region
(Fig. 1) which consists of three major river basins:
Kizihrmak basin, Sakarya basin and Konya closed
basins. The agriculture has a major importance for the
region, especially the Plain of Konya which is called
“the granary of Turkey”.

Climate of Central Anatolia has the following
properties: The weather in the summer is a little hot
and winters are cold. The severity of cold weather
increases towards the eastern parts of Central
Anatolia. Natural flora consists of steppes in the lower
regions and dry forests in the higher regions because
of summer droughts. Mean temperature of January,
the coldest mon, is 0.7°C and it is 22°C in July, the
hottest mon. Annual mean temperature is 10.8°C.
Mean annual precipitation is 413.8 mm and most of
the precipitation occurs in winter and spring seasons.
The percent of summer rains among the annual total is
14.7%. The annual mean proportional moisture in the
region is 63.7% [27].

In drought analysis, the meteorological stations are
evaluated to define meteorological drought. At the first
step, the operational meteorological stations which
are managed by DMI (State Meteorological Service)
and DSI (State Hydraulic Works) are pre-evaluated
for available long term precipitation and temperature
data. Hence, the drought analyses have been per-
formed on Aksaray, Ankara, Cankiri, Eskisehir, Kara-
man, Kayseri, Konya, Kirikkale, Kirsehir, Nevsehir,
Nigde, Sivas and Yozgat meteorological stations
which are located in major city centers of the Central
Anatolian Region. The evaluated records are observed
in the 1965-2006 period.

The study area is mainly divided into three major
basins, but not entirely. The Upper Sakarya, the Upper
and the Middle Kizilirmak, and the entire Konya
closed basins are located in the study area. The charac-
teristics of the watersheds and the considered meteo-
rological stations for these sub regions are presented
in Table 4. The main characteristics of the meteorologi-
cal stations and the observed maximum, minimum
and the long term mean for the observed values are
presented in Table 5.

3. Results

According to the defined formulas in Chapter 2, the
PDSI, Erinc and De Mortonne indices were calculated
for the Central Anatolian Region.

The PDSI results are presented in relative frequency
form for each meteorological station, classified by the
inclusive watershed (Figs. 2a—d).
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Fig. 1. Central Anatolian region.
Table 4
The major characteristics of the study area
Watershed Meteorological =~ Meteorological ~ Longitude  Latitude = Watershed Mean Mean

stations station area elevation annual

number (km?) (m) precipitation
(mm)

Upper Eskisehir 17124 30° 35 39° 47 33,847 839 400
Sakarya Ankara 17130 32°53 39° 57

Cankir1 17080 33° 37" 40° 37
Konya Konya 17244 32°3% 37°59’ 53,850 1005 344

Aksaray 17192 34°03 38°23%

Karaman 17246 33°13% 37°12
Upper
Kizilirmak Sivas 17090 37°01 39° 45 6,607 1285 444
Middle Kayseri 17196 35°29’ 38° 45’ 78,180 1103 414
Kizilirmak Nevsehir 17193 34° 42 38°37

Nigde 17250 34°41 37° 58

Kirsehir 17160 34°09 39°10”

Kirikkale 17135 33°31 39°51

Yozgat 17140 34° 48 39° 49

The relative frequencies of PDSI values have shown
that the Central Anatolian Region can be defined as
“normal” in general. The PDSI results show that the severe
and extreme drought periods mostly appear in Nigde,
Nevsehir and Sivas which are located in Kizilirmak basin.

The Upper Sakarya basin which includes Ankara,
Eskisehir and Cankir1 stations has moderate (D1)
drought nearly 20% of the time (Fig. 2a). The drought
period approaches to 30%, by addition of severe (D2)
and extreme (D3) drought periods.
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Table 5
Main characteristics of the meteorological stations

Meteorological Elevation (m) In observation period (1965-2006)
stations
Mean annual Annual Mean annual Annual
precipitation (mm) precipitation (mm) temperature (°C) temperature (°C)
Max Min Max Min
Aksaray 961 340.6 506.2 228.8 11.8 13.8 10.0
Ankara 891 4019 571.2 242.0 11.8 13.5 10.3
Cankiri 751 403.9 554.0 229.8 111 12.6 99
Eskigehir 786 345.4 458.8 2271 10.5 11.8 9.1
Karaman 1023 333.2 513.4 212.6 11.7 13.2 94
Kayseri 1093 383.1 614.1 2579 10.3 12.6 8.4
Konya 1031 323.8 5449 176.1 114 13.2 9.2
Kirikkale 751 373.8 610.1 207.3 124 144 11.2
Kirsehir 1007 383.4 5419 254.2 11.2 13.0 94
Nevsehir 1260 409.8 589.0 293.8 104 12.3 8.4
Nigde 1211 325.7 454.8 192.9 10.9 12.8 8.6
Sivas 1285 436.9 567.8 284.8 8.9 109 6.6
Yozgat 1298 587.8 858.2 391.0 8.8 10.6 7.0
60.00 60.00
B Ankara
50.00 & Canlan 50.00
40.00 B Eskisehir 40.00
£ 3000 g 3000
20.00 20.00
10.00 10.00
0.00 0.00
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Fig. 2a. The relative frequencies of PDSI for the Upper
Sakarya basin.
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Fig. 2b. The relative frequencies of PDSI for the Konya
closed basin.

Fig. 2c. The relative frequencies of PDSI for the Upper
Kizilirmak basin.
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Fig. 2d. The relative frequencies of PDSI for the Middle
Kizilirmak basin.
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The Konya closed basin which is represented by
Konya, Aksaray and Karaman stations have moder-
ate (D1) drought nearly 20% of the time (Fig. 2b). The
drought period approaches to 30%, by addition of
severe (D2) and extreme (D3) drought periods for this
basin. The moderate drought is over 30% in Aksaray,
where the Lake Tuz is located. It is reported that the
Lake Tuz (meaning Salt Lake) derogated 85% since 1915
[28]. Hence, the Lake Tuz has become the third largest
lake in Turkey after the Beysehir Lake since 2005.

The Upper Kizilirmak basin which is only repre-
sented by Sivas station have moderate (D1) drought
about 20% of the time (Fig. 2c). The drought period
approaches to 30%, by addition of severe (D2) and
extreme (D3) drought periods for this basin.

The Middle Kizilirmak basin is represented by six
stations, namely Kayseri, Nevsehir, Nigde, Kirsehir,
Kirikkale and Yozgat. The basin has moderate (D1)
drought approximately 20% of the time (Fig. 2d). The
drought period approaches to 30%, by addition of
severe (D2) and extreme (D3) drought periods for this
basin, if Yozgat station is excluded.

The drought classification results of PDSI are shown
in Fig. 3. As it is stated before, the PDSI results show

that the Central Anatolian Region can be defined as
“normal” in general.

The drought classification results of De Martonne
method are shown in Fig. 4. According to De Martonne
aridity index, the Central Anatolian Region is classified
under three sub-regions:

* Group I (Semi-dry region): Aksaray, Ankara, Cankiri,
Eskisehir, Kayseri, Kirsehir, Nevsehir, Kirikkale,
Sivas.

¢ Group II (Dry region): Karaman, Konya, Nigde.

¢ Group III (Semi-wet region): Yozgat.

The results of De Martonne method indicated the
following classifications according to the watersheds:

* Upper Sakarya basin is classified as semi-dry.

* Konya Closed basin is classified as dry.

* Upper Kizilirmak basin is classified as semi-dry.

e Middle Kizilirmak basin has no monotype classifica-
tion. Some sub-regions are classified as dry or semi-
dry and one of them is classified as semi-wet.

The summary of the relative frequency values of
Erinc Index are presented in Table 6. According to the
Erinc method, the driest period was experienced in

Cankin

N
Ankara ~F
&
Eskisehir £

¢ Kirgehir

/ Aksaray

W
VAN

/~Karaman

L

Konya

Near Normal

Fig. 3. PDSI monthly drought classification for modal frequencies.
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Fig. 4. De Martonne aridity index classification in Central Anatolian Region.
Table 6
The relative frequencies of Erinc indexes of the stations in Central Anatolia

Comp. dry Dry Semi-dry Semi-wet Wet Very wet

Aksaray 0.00 0.62 0.38 0.00 0.00 0.00
Ankara 0.00 0.31 0.64 0.05 0.00 0.00
Cankirt 0.00 0.24 0.74 0.02 0.00 0.00
skisehir 0.00 0.28 0.70 0.02 0.00 0.00
Karaman 0.00 0.64 0.36 0.00 0.00 0.00
Kayseri 0.00 0.26 0.69 0.05 0.00 0.00
Kirikkale 0.03 0.62 0.33 0.02 0.00 0.00
Kirsehir 0.00 0.40 0.58 0.02 0.00 0.00
Konya 0.02 0.70 0.26 0.02 0.00 0.00
Nevsehir 0.00 0.19 0.69 0.12 0.00 0.00
Nigde 0.00 0.52 048 0.00 0.00 0.00
Sivas 0.00 0.05 0.62 0.33 0.00 0.00
Yozgat 0.00 0.00 0.10 0.86 0.05 0.00

Konya with 70% and semi-dry periods were experienced
in Cankirt with 74% and in Eskisehir with 70%. The mean
rate of semi-dry period was observed in Upper Sakarya
watershed with 67%, Konya watershed 35%, Upper
Kizilirmak watershed with 62%, and Middle Kizilirmak
watershed with 51% (Fig. 5).

In Fig. 6, the non-exceedence probabilities of semi-
dry classification for Erinc index are presented. This fig-
ure shows the importance of the drought for the Central
Anatolian Region. It is clear that the drought risk threat-
ens the whole region except Yozgat, located in Middle
Kizilirmak sub-basin.
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Fig. 5. Erinc index drought classification for modal frequencies.
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Fig. 6. Erinc index annual semi-dry drought classification for non-exceedence probability.
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4. Conclusion

The results of the PDSI method were not realistic for
the investigated region. De Martonne method shows
small inconsistencies in the evaluations inside the water-
sheds. The Erinc Index is generally consistent in the
evaluation of the watersheds. The comparative results
show that PDSI index indicates more humid conditions
than Erinc and De Martonne indices. On the other hand,
the results indicate that the region is still in danger of
severe drought.

With the results of the Erinc method, it can be stated
that the project area is generally in a drought period
in the recent years. The results of De Martonne aridity
and Erinc index confirm that the persistence of drought
risk is still continued for the Central Anatolian Region.
The results show that Konya Closed basin, “the gra-
nary of Turkey”, needs urgent drought management
plans. It can be said that the drought risks might turn
into desertification risk for this basin (Figs. 5 and 6).

On the other hand, the Upper Sakarya basin which
is highly important not only for agriculture but also the
water supply project for the Capital Ankara and Eskisehir
metropolis, is under the risk of drought. Similarly, the
Middle Kizilirmak basin especially Nigde, Aksaray
and Kirikkale regions, where the karst is the dominant
geographical formations, is under the risk of drought.
Hence, it is necessary to arrange the integrated drought
risk management plan for the Central Anatolian Region.

The severe drought indicators for the region
should be taken into consideration and the drought
management plans should urgently be prepared for
the region which is agriculturally important. It is
needed to establish a drought center with researchers
from different disciplines for decreasing the drought
influences, taking precautions and continuous moni-
toring. The investigation of drought in the basin scale
will have important contribution in the determination
of the priorities for planning, design and construction
of water structures.
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Symbols

V4 —  Moisture anomaly index

K(G) —  Weighting factor

D —  Spatial variability of the departures

X —  Palmer Drought Severity Index for the

] j-th month

—~

-~ 3 H&’Nqﬂ =~

Precipitation efficiency

Total annual precipitation amount
Annual maximum mean temperature
De martonne annual drought index
Long years mean temperature

Total precipitation of the driest month
Mean temperature of the driest month
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