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Abstract: The climate covers a series of events that deeply affect human life. It is possible to
understand these events through spatial and statistical analyzes. Today, climate change, which is
one of the most important of these events and the impact factors of consequences of this change,
become a current issue. Drought is cited as one of the consequences of climate change and it is
important to examine it with various methods as it can give negative results to both the economy
and the nature. In this study, the drought status of the regions where these stations are located and
the effects of drought on climate change were statistically calculated and evaluated using
Standardized Precipitation Index (SPI), Percentage of Normal Index (PNI), Aridity Index (AI) and
Standardized Precipitation -Evopotranspiration Index (SPEI). The precipitation data from 1981 to
2010 were obtained from Cihanbeyli, Karapinar, Cumra, Seydisehir, Kulu, Eregli, Nigde, Karaman,
Beysehir and Aksaray meteorology stations affiliated to Turkish State Meteorological Service. At
the same time, factor analysis and validity-reliability analysis were conducted to test the
computability of the indices used in the study as a single index and to determine the reliability of
the operations. While using exploratory factor analysis, Kaiser-Meyer-Olkin (KMO) test and Barlett
test for factor analysis; Cronbach's alpha coefficient was used for reliability analysis. In our study,
K-Means Cluster Analysis method was performed to determine the cutoff values of indices.
According to the result of cluster analysis for the new (common) index, new clusters were created
and ANOVA test was conducted to determine whether there was a difference between clusters.

Keywords: Aridity Index (AI), Percentage of Normal Index (PNI), Standardized Precipitation -
Evopotranspiration Index (SPEI), Standardized Precipitation Index (SPI), Drought, Factor Analysis,
Reliability Analysis, Cluster Analysis, ANOVA

1. Introduction

Natural disasters are events that cause loss of life and property of people and living things. In
recent years, large investments have been made to protect against natural disasters and take
precautionary pre-disaster measures worldwide. The majority of natural disasters are meteorological
disasters, their types and importance sequences are addressed in different ways in different regions.
However, drought is one of the most common natural disasters affecting living creatures worldwide.
Drought is a very slow-moving and time-consuming disaster, for this reason needs to be carefully
examined and monitored. This research and monitoring process is important in order to make out
any damages that may occur [1]. Basically, drought is classified as meteorological, agricultural and
hydrological and analysis can be done by different methods. Considering the studies carried out by
these methods; Sruthi &Aslam analyzed vegetation stress in their studies using the Normalized
Difference Vegetation Index (NDVI) method [2]. In Leng et al.'s study, SPI, SRI (standardized runoff
index) and SSWI (standardized soilmoisture index) drought indices were used, by analysing data
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from 1971 to 2000 and the drought condition, drought severity, drought frequency and drought
status were estimated from 2020 to 2049 using GCMs (global circulationmodels) [3]. Lee et al.
conducted a two-variable drought analysis based on two-component functions. Different marginal
distributions for drought duration and severity data for four Canadian and Iranian stations were
examined. In this study, it was argued that the relationship between Clayton Copula's drought
duration and severity could not be modeled, hence the importance of developing a regional bivariate
drought frequency analysis model was suggested [4]. Zelenhasic analyzed the case where the
probability of occurence in extreme drought status and extreme drought duration are not equal [5].
Raziei et al., stated that the lack of reliable and updated precipitation datasets in Iran limited setting
up an early warning system, and drought analysis was carried out by using SPI method to overcome
this obstacle by using GPCC and NCEP / NCAR precipitation datasets. The GPCC dataset is stated
to be a useful tool [6]. In the study of Yildirim monthly and annual precipitation values were
analyzed statistically using RAINBOW software in Manisa-Salihli, and the expected reliable
precipitation values in months and years were evaluated as rainy, normal and arid [7]. Akcay et al,,
used the same software, monthly and annual reliable precipitation values were determined using the
precipitation data of Aydin region [8]. Hins, In this study, “Normalized Precipitation Index” (NPI)
method and “Integrated Drought Index” (IDI) method were compared for the drought analysis of
Aksaray province. As a result of this comparison, it was observed that the transitions between wet
and dry periods were calculated more frequently and the wetlands were more severe in the
integrated drought index [9]. Glimiis et al., the Current Drought Index (CDI) method was used to
determine the hydrological drought using monthly current data and temporal drought values were
calculated by taking into account the time scales of 1, 3, 6 and 12 month [10]. In the study of Huang
et al., SPI and (EDI) (EffectiveDrought Index) were used to determine the drought condition and
IPCC Fifth Assessment report (AR5) and RCP 8.5 (RepresentativeConcentrationPathway) scenario
were utilised to estimate the regional precipitation and temperature data [11].

In addition to these methods, the studies conducted with the indices of SPI, SPEI, AI and PNI,
which are also used in our study; In the studies of Mehr et al., drought analysis was conducted using
the regionally adjusted outputs using three meteorological global climate models (GCMs). In the
study where SPI and SPEI drought indices were used for drought assessment, the RCP 4.5 and RCP
8.5 scenarios were also used to estimate the near future status of the drought [12]. AKBARI et al., the
drought status in the semi-arid regions was analyzed using the SPI and RDI indices and the situation
was depicted by simulations created with the help of GIS. In addition to that, with the help of data
from 1984 to 2010, using the HadCM3, IPCM and GFC models, evapotranspiration, precipitation
house maximum-minimum precipitation values were modeled from 2011 to 2030 [13]. Mishra &
Singh, drought was evaluated hydrologically and climatologically and the effects of drought on the
world were examined. It was also stated in the study that paleoclimatological drought calculations
included effective drought determination methods. It is also stated that the assessment of drought,
both hydrologically and climatologically and paleoclimatologically, gains more significance with
climate scenarios [14]. Labedzki, SPI method was used to estimate the frequency of meteorological
drought, and the SPI timeline was specified as the best method to show agricultural and hydrological
drought under climatic conditions [15]. Hayes et al., drought was investigated using SPI, and it was
argued that drought dynamics varied by regions, although drought was across the region [16].
Tsakiris et al., Reconnaissance Drought Index (RDI) and SPI were used [17]. Fiorillo & Guadagno,
based on long hydrological time series, the correlation between karst spring discharge series and
precipitation was analyzed using the SPI method and focused on drought periods in the analysis [18].
PAMUK et al., drought occurrences were analyzed by SPI method[19]. Celik et al., in the study
aiming to reveal the drought trend, SPI method was used. In addition to these analyzes, according to
Thornthwaite, Aydeniz De Martonne and Ering, climate classifications were made and long-term
annual seasonal drought status in the region was demonstrated [20]. [Igar, 12-month (annual) and 3-
month (seasonal) drought analyzes were performed for Canakkale with the SPI method [21]. Vicente-
Serrano et al.,, SPEI method was used in the study and the effects of temperature variability on
drought assessment were determined. However, according to the most common drought indices
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using PET values, it was emphasized that the identification of different drought types and effects in
the context of global warming of SPEI's multiskalar properties is a significant advantage for SPEI [22].
Nastos et al., spatial and temporal variability of drought was investigated using Al [23]. Greve et
al., drought assessment was made using Al, it was also stated that it is more accurate to analyze
model outputs rather than using climate models directly [24]. Dave et al., Al was used to monitor
desertification status [25]. Nikbakht et al., PNI method was used for drought analysis [26]. Li et al.,
in order to evaluate spatial and temporal variations of water quality in the Lower Lakes in Australia,
statistical methods such as cluster analysis (CA), discriminant analysis (DA), principal component
analysis (PCA) and factor analysis (FA) were used [27]. Hasaninenajah et al., In their study on
drought effects and drought risk management, statistical analysis was done by SPSS program which
was used to determine the reliability level of Cronbach's alpha coefficient, a safety rate of 67% was
obtained [28]. Pham et al., the Effective Drought Index (EDI) was used to determine drought, and
statistical analysis was performed using the Barlett-Lewis model [29]. Beharry et al., the SPI method
was used to determine the drought situation of the region and KMO (Kaiser — Meyer — Olkin) and
Barlett test, prior to principal component analysis, was utilised to check the suitability of data for
factor analysis. Factor analysis was also conducted in the study [30]. Devisti & Motamed, in order to
investigate the socio-economic and environmental effects of drought, Cronbach's alpha coefficient
was used to determine the level of reliability [31]. Albertetal.,, Inthe study on the diversity of climate
functions, exploratory factor analysis was used to estimate the distribution of climate functions [32].
Biamah et al. aimed to simulate the behaviour of dry and wet precipitation in the Iiuni basin in
Kenya stochastically. It is concluded that agricultural drought periods with varying severity and
duration occur in Kenya, which has a semi-arid climate. The liuni basin precipitation data were used
for the variance analysis (ANOVA) and it was revealed that the annual and seasonal precipitation
variability between the stations in the liuni basin was not significant and therefore the daily
precipitation data of the Iiuni station had been used to show the precipitation characteristics of the
entire basin in this region [33]. . In the study conducted by Rahmat et al., the region was divided into
homogeneous groups and estimations were made on drought risks. Drought frequency was analyzed
in the regions separated by using cluster analysis and Modified Andrews curve, and SPI was used to
determine the drought [34]. Borgonovo et al. searched for methods to obtain a better understanding
of hydrological model studies conducted for uncertainty measurement and model differentiation in
the study. One-way ANOVA sensitivity functions were used for trend analysis [35].

2. Materials and Methods
2.1. Standardized Precipitation Index (SPI)

The Standard Precipitation Index (SPI), developed by McKee et al. in 1993 to monitor drought,
is one of the most common methods in the research of drought in the world . The strongest aspect of
SPI is its ability to be calculated for various time scales. This feature enables SPI to monitor short-
term water resources such as soil moisture, which is important for agricultural production, and long-
term water resources such as groundwater sources, stream and lake and reservoir levels [14]. The
Standardized Precipitation Index (SPI) for any location is calculated with long-term precipitation data
for a desired period. On the basis of SP], it is obtained by dividing the difference of precipitation from
the mean of precipitation within a specified time period by the standard deviation [36, 37].

SPI: Standard Precipitation Index,

X: Current precipitation,

Xi: Average precipitation,

oi: Standard deviation value , SPI can be formulated as follows:

SPI =(X -X,)/o, (1)
As a result of this calculation, drought can be classified according to the classification ranges in
Table 1. by using the obtained values. In this assessment; the period when the index values are
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constantly negative is defined as the dry period, while the first value where the index falls below zero
is considered as the starting point of the drought. When the index rises to positive value, the end of
the drought period is symbolized. [38]. The classification was made according to the SPI method
was set out in Table 1.

Table 1. . Drought Classification According to SPI Method [36].

SPI INDEX VALUES CLASSIFICATION

>2,0 EXTRAORDINARY DAMP (EO.D.)
1,60 -1,99 SEVERE DAMP (S.D.)

1,30-1,59 VERY DAMP (V.D.)

0,80-1,29 MIDDLE DAMP (M.D.)

0,51-0,79 SEMI (LIGHT) DAMP (S.D.)

0,50 — (-0,50) NORMAL (N)

-0,51 - (-0,79) SEMI (LIGHT) ARID (S.A.)

-0,80 — (-1,29) MIDDLE ARID (M.A.)

-1,30 - (-1,59) VERY ARID (V.A.)

-1,60 — (-1,99) SEVERE ARID (SV.A.)

<-2,0 EXTRAORDINARY ARID (EO.A.)

2.2. Percent of Normal Index (PNI)

Among the drought indices, the easiest to calculate index was considered as PNI. It was obtained
by dividing the amount of precipitation to the average of precipitation within a specified time period.
In PNI calculations, it is possible to calculate precipitation in annual or monthly periods [39].

PNI: Percent of Normal Index

P: Current precipitation
Pi (Ort.): Then PNI can be calculated with this formula;

PNI = (P, / P)) X100 @)

According to the results of drought calculation using PNI method, classification can be made as
stated in Table 2. on the basis of percentage rate .

Table 2. Drought Classification According to PNI Method [39].

PNI INDEX VALUES CLASSIFICATION
PNI>%75 NORMAL (N)

%65-%75 SEMI (LIGHT) ARID (S.A.)
%55-%65 MIDDLE ARID (M.A.)
PNI<%55 SEVERE ARID (SV.A.)

2.3. Standardized Precipitation-Evapotranspiration Index (SPEI)

The SPEI drought calculation method is based on the potential evapotranspiration (PET)
balance, which is the monthly climate balance. Temperature and precipitation data are used in its
calculation. The SPEI method can be calculated over multiple time periods [40, 41]. The classification
made according to the SPEI method is set out in Table 3.
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Table 3. Drought Classification Made According to SPEI Method [40, 42].

SPEI SINIFLANDIRMA

<2,0 EXTREME DAMP(EX.D.)
1,5-1,99 VERY DAMP(V.D.)

1,0-1,49 MIDDLE DAMP(M.D.)
0,0-0,99 SEMI (LIGHT) DAMP(S.D.)
0,0-(-0,99) SEMI (LIGHT) ARID (S.A.)
(-1,0) -(-1,49) MIDDLE ARID (M.A.)
(-1,5) -(-1,99) SEVERE ARID (SV.A.)
2,02 EXTREME ARID (EX.A.)

The following methods are used to calculate SPEL;
The following methods are used to calculate SPEI; To calculate the monthly evapotranspiration, if the
average temperature value for each month is symbolized by (T);

P I 1514
=) 3)

The calculation is made for 12 months of each year and the results are summed. The total value is
defined as the annual temperature index (I).
The coefficient A is calculated using the annual temperature coefficient (Eq. (4)).

A=6,75x10" x1°—7,71x10° x 1 +1,79x107 x| +0,492 (4)
Potential evapotranspiration (PET) value for annual temperature index (I) (Eq. (5));

PET =16x K(%)m 5)

The corrected potential evapotranspiration value is calculated by multiplying the potential
evapotranspiration (PET) value and the lLatitude Adjustment Coefficient (LAC) value that varies
according to the latitude of the region where the drought analysis is performed.

DEPOT = PET x EDK 6)

Subtracting DEPOT from the monthly total precipitation value of each month, the value of Di is
found (Eq. (6)). The study time range is sorted from small to large and given the sequence number.
The value of 0.35 is subtracted from each row number, divided by the total number of observations
and this value is defined as Fi. 1=1,2,3, ...... , 1)

Fi=(i-0,35)/n @)

Each Fi value is calculated as (1-Fi) and then the Oth force of the (1-Fi) value is taken and multiplied
by the Di value. This is done for all observations, then the new array is averaged and the result is
assigned as w0. The exponent of the instant operation (1-Fi) value is taken as 1 and 2, respectively,
and wl and w2 values are also assigned. Then the coefficients are calculated with the following
formulas;
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2XW —W
p= 0 ®)
Bx W, —W, —6xW,
o= (W0—2><Wl)><ﬂ ©)

1 1
r+-)re-—
(+ﬂ)( ﬂ)

Here, Gamma Function calculation is made ['(Q1+1/f) or I'(1-1/p) if the value is
between 1 and 2, the gamma value is found from the table. If the value is between 0 and 1, it is
calculated I'(@) =T'(¢+1)/ ¢ is calculated and I'(+1) found in the table and divided by «

(Eq. (10)).

-1

B
a
F(x)=|1+ (—j ; x=values in original order (10)
X=y

If P=1-F(x);if P>0,5 then P replaces with 1—P and the sign of SPEI is reversed (Eq.

(1-13)) (Here the last SPEI value is multiplied by (-1)).

W =,/-2xIn(P) ;for P<0,5 (11)
W =,-2xIn(l-P) ;for P>0,5 (12)

Co +C X W+C, x W

SPEI = (13)
1+d, xw+d, xW? +d, xw®

C0=2,515517 ; d1=1,432788

C1=0,802853 ; d2 =0,189269

C2=0,010,28 ; d3 =0,001308

2.4. Aridity Index (AI)
Aridity precipitation index is defined as the continuous climatological drought caused by the
long-term atmosphere circulation existing in any part of the earth. It is calculated by dividing the

precipitation that occurs in certain periods by the potential PET value of that period [36].

P, sum of precipitation (mm),

PET, potential evapotranspiration (mm) then it can be calculated by this formula;

Al =P/PET (14)
Calculated with the Eq. (14).

Classification made according to Al method is set out in Table 4.

Table 4. Classification and scoring of UNEP- UNCCCD Aridity Index (AI) values in terms of

desertification assessment [43].
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Al POINT  CLASSIFICATION

>2 1 EXTREME DAMP (EX.D.)

2-1 1,2 VERY DAMP AND DAMP (V.D.&D.)
1-0,80 14 LIGHT DAMP (L.D.)

0,80-0,65 1,6 SEMI DAMP (DAMP) (S.D. (D.))
0,65-0,50 1,8 SEMI DAMP (ARID)(S.D.(A.))

<0,50 2 SEMI ARID AND ARID (S.A.&A.)

2.5. Statistical Calculation Methods
2.5.1Factor Analysis

Factor analysis is one of the multivariate statistical techniques that make a large number of
variables related to each other into fewer meaningful independent factors. The aim of this analysis is
to reduce the number of variables and to reveal the structure of the relationship between variables.
One of the most widely used types of factor analysis is exploratory factor analysis, which is also used
in this study. Exploratory factor analysis is a method of factor analysis that is found to have fewer
than related p number variables and is used to derive new factors independently. Exploratory factor
analysis is used to discover the data to determine the properties and number of factors that explain
the covariance between the variables when a research does not have sufficient information to
establish a hypothesis about the factor or variable amount that underlies the data [44]. There are four

basic steps in exploratory factor analysis and factor analysis in general.

These steps are;
1. Determination of the appropriateness of the dataset for factor analysis
2. Extraction of factors (Determination of factors)
3. Rotation of the Factors
4

Naming of the factors.

In the first step, the Barlett test or Kaiser-Meyer-Olkin (KMO) can be used to create the correlation
matrix to evaluate the suitability of the data set. KMO is defined as the criterion applied to measure
the strength of the relationship between variables. In order to implement satisfactory factor analysis,
KMO, the sample must be greater than 0.5. In the case of variables less than 0.5, these values are not
included in the analysis. The Bartlett test is also performed to measure the relationship magnitude
between variables such as KMO. However, Barlett is not a criterion, but a test statistic. The sample
used in the test must be less than 0.05 [45]. KMO;

erijz
KMO = o (15)

PRI EDIIAK

i#] i]

is calculated by (Eq. (15), Barlett is;
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X :{(N —1)—(2k|+5ﬂzn|R| (16)

It can be calculated with the formula. Here, the value obtained in the X® Barlett test, N is the

sample size, k is the number of items, and |R| is the determinant of the correlation matrix obtained

from the data.In the second step, Eigenvalues statistics, scree test, percentage of total variance
management, Joiliffe criterion, explained variance criterion can be used or the number of factors can
be determined by the researcher as in this study. In the third step, rotation of the of the factors, the
aim is to obtain nameable and interpretable factors. In the last step, the naming of the factors is made
[30, 32, 46].

2.5.2. Reliability Analysis

There are many points to be considered when creating a reliable measurement tool. Therefore,
the properties and reliability of the measurements made on the variables and the questionnaires,
scales or tests used in the measurement should be evaluated. Models used for reliability analysis;
Cronbach's alpha coefficient is split-split model, Guttman model and parallel model. The alpha
coefficient of Cronbach used in this study is related with whether the k problem in the scale shows a
homogeneous structure or not. The coefficient, which is also expressed as the weighted standard
change average, is the average of the total of the variances of the k problem in the scale, and this
coefficient, which can take a value between 0 and 1, is obtained by summing the total score of the
unit for each question in the scale. If the correlation between the questions is negative, the coefficient
calculated with the Alpha method is also negative. This situation causes the reliability model to
deteriorate. Depending on the alpha ( ) coefficient, the reliability of the scale is set out in Table 5
[47];

Table 5. Reliability classification of Alpha coefficient [47]

ALFA (o) RELIABILITY
0.00s a<0.40 Not safe

0.40< @ <0.60 Low reliability
0.60< & <0.80 pretty reliable
0.80< & <1.00 highly reliable

2.5.3. Cluster Analysis

Cluster analysis is a statistical technique that divides observations into similar sets or groups. This
analysis method, which is used to analyze a set of clusters with the aim of finding homogeneous or
well separated subsets of these clusters, consists of 3 stages. Data entry is prepared, data is recorded,
and then the distance matrix is obtained in the first stage. In the second stage, clustering method is
determined and applied, and in the last stage, the results are evaluated [48-50]

It is desired to determine the similarities or distances between individuals or objects observed in

cluster analysis. Similarity or distance criteria are used in order to carry out this process. Although


https://doi.org/10.20944/preprints202002.0368.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 25 February 2020 d0i:10.20944/preprints202002.0368.v1

these criteria are numerous, they are basically chosen based on whether the data is quantitative or
mixed. For quantitative data, the calculation is done by using mathematical formulas such as
Minkowski distance, Manhattan City-Block distance, Euclidean distance, and Mahalanobis distance.
However, it is not always possible for all variables to consist of quantitative data. In this case, the

distance between the xiand xj each containing P number quantitative variables, is:

dij = d(xi,xj) (17)
1 (quantitative data)
Wie = ( —— ! , (qualitative data) ) (18)
Distribution range of variable k
1
d(x;, %) = 5 Zk=1 Wi | Xk — 25| (19)

Then, it is expressed with the formula below [50]. After determining the distance, the number of

clusters must be known in order to make up the results meaningfully. Number of clusters (k) is;

k= (/" (20)
2.5.4. One-way Analysis of Variance (ANOVA)

The variance analysis (ANOVA), which tests whether the difference between the averages of the data
in two or more data groups is significant, and also which is very important in discovery-confirmatory
data analysis, can be classified according to the status of the data groups and variables. One of the
most used variance analysis is the one-way analysis of variance (one way ANOVA) that tests the

averages of two or more data groups [51, 52]. ANOVA's main assumptions are as follows:

1. The measurements of the dependent variable are at least in the range scale,
2. The scores show a normal distribution for the factor investigated in the dependent variable,
3. There is no relationship between the samples that meet the average scores,

4. The variances related to the dependent variable are equal for each sample.

KTr = Total sum of squares,

KTa= Sum of intergroup squares caused by factor A,

KTe = If the error symbolizes the sum of squares, the total of the statistical model squares for ANOVA
is;

KTy = KT, + KT, (21)
n = total number of subjects,

A=If the level and the mean of the squares of the factor, the effect of which on the dependent variable
is investigated, define the variance, then the formulas for one-way analysis of variance should be as

given in Table 6.

Table 6. One-way ANOVA formulas [53]
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TOTAL OF DEGREE OF AVERAGE OF
VARIANCE
SQUARES INDEPENDENCE SQUARES RATIO OF F
SOURCE
(KT) (sd) (KO)
INTERGROUP KTa A-1 [KTa/A-1]=KOa KOa/KOe
IN GROUPS KT. n-A [KTe/n-A]=KOe
TOTAL KTr n-1

When ANOVA is applied for two groups and if the difference between the two mean values is found
significant, the sizes of the mean values are taken into consider and then the results are interpreted.
Various applications such as null hypothesis can be made for three or more samples. Eta-square
(n?), the most commonly used correlation coefficient in determining the strength of the relationship

between variables in an ANOVA pattern, is calculated by [53];

112 = KTintergroup /KTtoml (22)

3. WORKING AREA AND DATA

This study was carried out in Konya Closed Basin (KCB), located between the 36°51 —39°29'

latitudes and the 31°36 —34°52" |ongitudes in the Central Anatolia Region/Turkey, with an
average altitude of 1000 m. Konya Closed Basin has 5.42648 million ha of surface area to evolve, and
this value is approximately 7% of Turkey's surface. The specified basin, is Turkey's largest closed
basin [54]. In this study, meteorological data used for drought analysis, was obtained from Turkish
State Meteorological Service. Station names and geographic location information of Konya Closed

Basin are set out in Table 7., and the map of the basin is depicted in Figure 1.

Table 7. Konya Closed Basin Map Display

STATION STATION

NUMBER NAME PROVINCE DISTRICT LATITUDE LONGITUDE

17191 Cihanbeyli  Konya Cihanbeyli 38.650578 32.921860
17192 Aksaray Aksaray Merkez 38.3705 33.9987
17242 Beysehir Konya Beysehir 37.6777 31.7463
17246 Karaman Karaman Merkez 37.1932 33.2202
17248 Eregli Konya Eregli 37.5255 34.0485
17250 Nigde Nigde Merkez 37.9587 34.6795
17754 Kulu Konya Kulu 39.0788 33.0657
17898 Seydisehir ~ Konya Seydisehir 37.4267 31.8490
17900 Cumra Konya Cumra 37.5658 32.7900

17902 Karapmar Konya Karapmar 37.714722 33.526111

do0i:10.20944/preprints202002.0368.v1
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Figure 1. Konya Closed Basin Map Display and Stations [55].

4. Results
4.1. Index results
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Table 8. Cihanbeyli, Aksaray, Beysehir, Karaman and Eregli stations index results -1

YEARS MONTHS 17192-AKSARAY 17246-KARAMAN
Al PNI | SPI_| SPEI Al PNI_ | SPI_| SPEI
1 S.A.ANDA.| N _[EO.D.[EX.D. EX.D. N M.D. | M.D. EX.D. N_[EO.D.|EX.D. EX.D. N _|EO.D.[EX.D. EX.D. N V.D. |M.D
2 S.A.ANDA.| N _[sv.D.|V.D. EX.D. N N s.D. EX.D. N N S.D. EX.D. N N _|m.D. EX.D. N N s.D
3 S.A.AND A.[SV.A.| S.A. [ s.D. EX.D. N v.D. [M.D.| sD.(A) [sv.A[MA [sD. [s.A.ANDA.[sSV.A.| V.A. [ s.D. [V.D.ANDD.| N S.D.
a S.A. AND A.[SV.A.[| M.A. | S.A. L. D. S.A. [ s.A. | s.D. | sSA.ANDA.[SV.A.| V.A. [ SA | S.A.ANDA.[SV.A.| M.A. | S.A. | SA.ANDA.[SV.A.[ M.A. | S.D
5 S.A.ANDA.| N [M.D.|s.D. s.D. (D) N N s.D. S.D. (A.) N N S.A. s.D. (D) N s.D. | s.D. |[V.D.ANDD.| N _[EO.D.[M.D.
1081 6 S.A.ANDA.[SV.A.[ SA. [MA. |SA.ANDA.| N V.D. [ S.A. |SA ANDA.| N N s.A. [s.A ANDA.| N N S.A. [SA ANDA.[ N Vv.D. [ s.A.
7 S.A.AND A.|[SV.A.[ S.A. [sV.A.|S.A.ANDA.| N N _|[M.A.[s.A ANDA.[SV.A.| N [sv.Als.A.ANDA.[ N [M.D. | M.A.| S.A.AND A.[SV.A.| S.A. [SV.A.
8 S.A.ANDA.[SV.A.| sA. [MA. |S.A.ANDA.|[sV.A.| N [M.A.|sA ANDA.[sSV.A.| SA. |[MA.|S.A.ANDA.[SV.A.| M.A. [M.A.| S.A. ANDA.[SV.A.| S.A. [M.A.
) S.A.ANDA.[SV.A.[ sA. [ sA |s.A.ANDA.|[sV.A.|M.A. [s.A. [ sA ANDA.[sV.A. [ SA. |MA.[s.A.ANDA.[sV.A.[M.A. [ s.A. | SA ANDA.[sV.A | S A [sA
10 S.A.ANDA.| N N S.A. | s.A.ANDA.[sV.A.| s.A. [ S.A. | SA.ANDA.[SV.A.| M.A. [ SA. | S.A. ANDA.[SV.A.| M.A. [ S.A. | SA.ANDA.[SV.A.| M.A. | S.A.
11 S.A.ANDA.|[SV.A.| S.A. | s.D. |V.D. ANDD.|[SsV.A.| S.A. | s.D. EX.D. N N s.D. |[v.o.ANDD.| N N S.D. |[V.D. ANDD.|M.A. [ S.A. | s.D.
12 S.A.ANDA.| N N S.D. EX.D. N |[sv.D.[ v.D. EX.D. N N [m.D. EX.D. N | mM.D. [m.D. EX.D. N S.D. [M.D.
1 S.A.ANDA.|M.A.| S.A. | S.D. EX.D. N N S.D. EX.D. N N S.D. EX.D. N N _|m.D. EX.D. N_[m.D. [Mm.D.
2 S.A.AND A.[SV.A.| M.A. | S.D. EX.D. M.A.| s.A. [ s.D. EX.D. SV.A.| M.A. | S.D. EX.D. N N s.D. EX.D. N S.D. [M.D.
3 S.A.ANDA.| N N S.D. EX.D. N N s.D. EX.D. N N s.D. EX.D. N N | m.D. EX.D. N [ M.D. |M.D.
a S.A.ANDA.| N N S.D. L. D. N N s.D. |[V.D. ANDD.| N N s.0. [v.o.ANDD.| N | M.D. | s.D. S.D. (D) N N S.D.
5 S.A.ANDA.|M.A.[ SA. | sA |SA.ANDA.| S.A. | s.A. [ s.A. [sA ANDA.[S.A | SA. | sS.A. S.D. (A.) N N S.A. S.D. (A.) N N S.A.
1082 6 S.A.ANDA.| N N S.A. s.D. (D) N |EOo.D.[s.D. [sA ANDA.| N s.D. [ s.A. [s.A ANDA.[ N N S.A. [SA ANDA.[ N N S.A.
7 S.A.ANDA.| N N [mMmA |s.A.ANDA.| N s.D. [M.A.| S.A.ANDA.[SV.A.[ S.A. [M.A. | S.A.ANDA.[SV.A.| S.A. [M.A.| SSA. ANDA.[SV.A.[ S.A. | M.A.
8 S.A.AND A.| S.A. N [mA |sA . ANDA.[sv.A.| N [mM.A.|sA ANDA| N N [MA |SA ANDA.[SV.A.| M.A. [M.A.| SA ANDA.[SV.A. | M.A. | M.A.
9 S.A.ANDA.[SV.A.[ M.A. | s.A. | S.A.ANDA.[sV.A.| M.A. [ s.A. [ sA ANDA.[sv.A. [ MA | sA. [s.A.ANDA.[sV.A.[M.A. [ s.A. | s.A ANDA.[sV.A| sA. [s.A
10 S.A.AND A.| S.A. N S.A. | sS.A.ANDA.[sV.A.| s.A. [ S.A. | SA.ANDA.[SV.A.| S.A. [ sA. | S.A.ANDA.| 5.A. N S.A. | S.A. AND A.[SV.A.[ M.A. [ S.A.
11 S.A.AND A.[SV.A.[ M.A. | s.D. |V.D. ANDD. [SV.A.| M.A. | s.D. S.D.(D) [SV.A.| V.A. | s.D. s.D.(D) [SV.A.[|M.A. [ S.D. [V.D. ANDD.[SV.A.[ M.A. | S.D.
12 S.A. AND A.[SV.A.| M.A. [ S.D. EX.D. sv.A.[m.A. | s.D. EX.D. SV.A.| M.A. [ s.D. EX.D. M.A. [ s.A. [ s.D. EX.D. N N [Mm.D.
1 S.A.AND A.| S.A. N S.D. EX.D. S.A. N s.D. EX.D. N N _[m.D. EX.D. S.A. N S.D. EX.D. N_|[m.D. [Mm.D.
2 S.A.ANDA.| N S.D. | M.D. EX.D. N S.D. [M.D. EX.D. N S.D. [M.D. EX.D. N N |m.D. EX.D. N N S.D.
3 S.A.ANDA.| N S.D. |M.D.|[V.D.ANDD.[M.A. [ S.A. | 5.D. EX.D. N N S.D. EX.D. N S.D. [M.D.|V.D.ANDD.[ N N S.D.
a S.A.ANDA.| N N S.D. L. D. N N s.D. L.D. N N s.p. [v.o.ANDD.[ N [EO.D.[M.D.| s.D.(A) N N S.D.
5 S.A.ANDA.| N N S.A. sS.D. (A.) N N S.A.|sA ANDA.|SA [ sA [sA |sA . ANDA.[SV.A.|M.A. [Ss.A. [SA ANDA.| N N S.A.
1083 6 S.A.ANDA.| N N s.A. | s.A_ANDA.| N N S.A. | sS.A.ANDA.[| N N S.A. [s.A ANDA.[ N N S.A. [SA.ANDA.[ N N S.A.
7 S.A.ANDA.|[SV.A.| N |[M.A. |S.A.ANDA.|[SV.A.| S.A. [M.A.| SA ANDA.[SV.A N _[mM.A |s.A.ANDA.[SV.A.| S.A. [M.A.| S A ANDA.| S.A. N_[M.A.
8 S.A.ANDA.| N [EO.D.| sA. [sS.A.ANDA.| N N [mA [sa aANDA| N N [MA [sA ANDA.[SV.A.[M.A. [M.A.|SA ANDA.[ s.A N [Mm.A.
) S.A.ANDA.| N N S.A. | S.A_ANDA.| s5.A. N S.A. |SA.ANDA.[ N N S.A. | s.A ANDA.[ N N S.A. | S.A. AND A.[SV.A.[ M.A. [ S.A.
10 S.A.AND A.[SV.A.| S.A. | S.A. L. D. N s.D. | s.D. S.D. (D) N N S.D. S.D. (A.) N N S.D. S.D. (D) N s.D. | s.D.
11 S.A.ANDA.| N N S.D. EX.D. N M.D. | M.D. EX.D. N N s.D. [v.o.ANDD.| N N S.D. [V.D.ANDD.| N N S.D.
12 S.A. AND A.[SV.A.[ M.A. [ S.D. EX.D. SV.A.[M.A. | s.D. EX.D. N S.D. | V.D. EX.D. N N s.D. EX.D. M.A. | M.A. [ S.D.
1 S.A.ANDA.| N N S.D. EX.D. N N _[m.D. EX.D. N N S.D. EX.D. M.A. | s.A. | s.D. EX.D. S.A. | s.A. | s.D.
2 S.A.AND A.[SV.A.| S.A. [ s.D. s.D.(A) [sv.A.| V.A. [ s.D. EX.D. N N s.D. |[V.D.ANDD.[SV.A.| M.A. | s.D. S.D.(D) [SV.A.| V.A. [ s.D.
3 S.A.ANDA.| N N s.D. |[V.D.ANDD.| N N s.D. EX.D. N S.D. | s.D. EX.D. N | EO.D.[M.D. L. D. N N S.D.
a S.A.ANDA.| N S.0. [M.D.[V.D.ANDD.| N s.D. | s.D. EX.D. N v.D. [ s.0. |[v.D.ANDD.| N s.D. | s.D. |[V.D.ANDD.| N _[Sv.D.[M.D.
5 S.A.ANDA.|M.A.[ sA. | sA |s.A.ANDA.|[sV.A.| V.A. [s.A. | sA ANDA.[sV.A [ V.A | sA |[s.A.ANDA.[sV.A.[M.A. [ s.A. | sA ANDA.[sV.A | V.A [s.A
1084 6 S.A.ANDA.[SV.A.| S.A. [M.A. [ S.A.ANDA.[SV.A.[ S.A. [M.A.| S A ANDA.[SV.A.| M.A. [M.A. [ S.A.AND A.[SV.A.[ M.A. [M.A.| S A AND A.[SV.A.| M.A. [ M.A.
7 S.A.AND A.[SV.A.| M.A. [M.A.| S.A. ANDA.|[SV.A.| S.A. [M.A.| SA ANDA.|[SV.A.| S.A. [SV.A.| S.A.ANDA.[SV.A.| M.A. [M.A.| S.A. AND A.[SV.A.| S.A. [M.A.
8 S.A.ANDA.[SV.A.[ sA. [MA. |SA.ANDA.|[sV.A.| N [mMA|[sAa ANDA| N N [MA s A ANDA.[sV.A.[ s.A. [MA.|SA ANDA.[SV.A[ N [MA
° S.A.ANDA.[M.A.| N S.A. | s.A.ANDA.[sV.A.| s.A. [ s.A. | SA ANDA.[SV.A | MA [ SA | s.A.ANDA.[sV.A.| N S.A. | SA.ANDA.[SV.A.| S.A. | S.A.
10 S.A.AND A.|[SV.A.| M.A. | S.A. | S.A.ANDA.[SV.A.| M.A. [ 5.A. s.D. (D) N N S.D. | S.A.ANDA.[SV.A.| M.A. [ S.A. | SA ANDA.[SV.A. | V.A. | 5.A.
11 S.A.ANDA.[SV.A.[M.A. | s.D. | SSA.ANDA.[SV.A.| M.A. [ s.D. EX.D. S.A. N s.D. [Vv.D.ANDD.| N N s.D. L. D. SV.A.[ M.A. | s.D.
12 S.A.AND A.[SV.A.| V.A. [ s.D. EX.D. N N [mM.D. EX.D. SV.A.[ M.A. | s.D. EX.D. N N | m.D. EX.D. N [ M.D. | v.D.
1 S.A.ANDA.| N N _|[mM.D.|v.D. ANDD.[SV.A.| M.A. [ s.D. EX.D. N s.0. [M.D.[V.D. ANDD.[SV.A.| M.A. | S.D. [V.D. ANDD.[SV.A.| V.A. | s.D.
2 S.A.ANDA.[ N [M.D.[M.D. EX.D. EX.D. N N s.D. EX.D. N | mM.D. [m.D. EX.D. N N [Mm.D.
3 S.A.ANDA.| N N_[mM.D. EX.D. EX.D. N N s.D. [v.D. ANDD. [sV.A.[ M.A. | s.D. EX.D. S.A. | s.A. [ s.D.
a S.A.AND A.|[SV.A.| M.A. | S.A. |V.D. ANDD. S.D.(A) [SV.A.| s.A. | s.A. S.D. (A.) N N s.D. S.D. (A.) N N S.D.
B S.A.ANDA.| N N S.A. S.D. (D) s.D. (D) N s.D. [ sA. [s.A ANDA.|M.A. | s.A. [ SA. [SA ANDA.| S.A. N S.A.
1085 6 S.A.AND A.[SV.A.| M.A. [M.A. [ S.A. AND A. .A. AND A.[SV.A.[ M.A. [M.A.| S.A.AND A.[SV.A.| M.A. [M.A. [ S.A.AND A.[SV.A. [ M.A. [ MLA.
7 S.A.ANDA.| N N _[M.A |S.A.ANDA. .A.AND A.|SV.A.[ S.A. [M.A.|S.A.ANDA.[SV.A.| S.A. [M.A.|S A ANDA.| N N_[M.A.
8 SA.ANDA.[MA. | N [MA|SA ANDA. .A.ANDA.[sV.A.| SA. [MA.[s.A ANDA.[sV.A.[ s.A. [sv.A.|sA ANDA.| N N [Mm.A
° S.A.ANDA.[SV.A.| M.A. [ S.A. [ S.A.AND A. .A.AND A.[SV.A.| SA. [ SA. [ s.A.ANDA.[sV.A.[ N S.A. | SA.ANDA.[SV.A.| SA. | S.A.
10 S.A.ANDA.| N _ [sv.D.|s.D. |v.D. ANDD. EX.D. s.D. EX.D. N _|Eo.D.[m.D.|V.D.ANDD.| N [EO.D.|M.D.
11 S.A.ANDA.| N [sv.D.[V.D. EX.D. EX.D. M.D.[V.D.ANDD.| N N S.D. [V.D.ANDD.[ N N S.D.
12 S.A.ANDA.|M.A.| S.A. | S.D. EX.D. EX.D. S.D. EX.D. N N _|[m.D. EX.D. N s.D. [M.D.
1 S.A.AND A.| S.A. N S.D. EX.D. EX.D. M.D. EX.D. N N s.D. EX.D. SV.A.| M.A. | s.D.
2 S.A.ANDA.| N N S.D. EX.D. EX.D. M.D. EX.D. N N s.D. EX.D. N N S.D.
3 S.A. AND A.[SV.A.| M.A. | S.D. S.D. (D) .A. AND A.|SV.A.[ V.A. | S.A. | S.A. ANDA.|SV.A.| SV.A.[ 5.D. | S.A. AND A.[SV.A.| M.A. | 5.D.
a S.A.ANDA.| N N s.D. | S.A. AND A. .A.ANDA.[SV.A.| M.A. | SA. [ s.A.ANDA.[SsV.A.[| M.A. | S.A. | SA.ANDA.[ SA. [ SA. [ S.A.
5 S.A.ANDA.| N Vv.D. | s.D. |V.D. AND D. L. D. N N s.D. [v.o.ANDD.| N |EO.D.[M.D.|V.D.ANDD.| N v.D. [ s.D.
1086 6 S.A.ANDA.|M.A.[ N S.A. | S.A. AND A. S.A.ANDA.| N N S.A. | s.A.ANDA.[ s.A. N S.A. | SSA.ANDA.|M.A. [ s.A. [M.A.
7 S.A.ANDA.[SV.A.| N _ [sv.A|S.A.ANDA. S.A.AND A.[SV.A.| S.A. [sV.A.| S.A.ANDA.|[SV.A.| M.A. [SV.A.| SA ANDA.| N N_[sv.A.
8 S.A.ANDA.[SV.A.| N [sv.A|S.A ANDA. S.A.AND A.[SV.A.| S.A. [sV.A.|S.A ANDA.[| N N |SV.A.| SSA.ANDA.[ S.A. N [sv.A.
9 S.A.AND A.[SV.A.| S.A. | s.A. | S.A. ANDA. S.A.ANDA.|M.A.[ N S.A. | s.A.ANDA.| N N S.A. | S.A.AND A.[SV.A.[ s.A. [M.A.
10 S.A.ANDA.[SV.A.[| M.A. | SA. | S.A.ANDA.|[sV.A.| M.A. [ s.A. | sA ANDA.[sV.A [ M.A. | SA. | S.A.ANDA.[SV.A.[| M.A. | S.A. | SSA. ANDA.[SV.A | M.A. [ S.A.
11 S.A.ANDA.[M.A.| S.A. [ s.D. EX.D. N N [m.D. EX.D. N N s.D. EX.D. N Vv.D. | v.D. EX.D. N [M.D. | Vv.D.
12 S.A.ANDA.| N N _[M.D EX.D. N N _[m.D. EX.D. N N _[m.D. EX.D. N N _ |[m.D. EX.D. S.A. [ s.A. [m.D.
1 S.A.ANDA.| N S.D. | M.D. EX.D. N _|[sv.p.[ v.D. EX.D. N N _[m.D. EX.D. N N s.D. EX.D. N N_[Mm.D.
2 S.A.ANDA.| N N S.D. EX.D. N |[sv.D.[m.D. EX.D. N N s.D. [V.D.ANDD.|M.A.| M.A. [ S.D. [V.D.ANDD.| N N S.D.
3 S.A.ANDA.| N N S.D. EX.D. N _|EO.D.[ v.D. EX.D. N_|[m.D. | Mm.D. EX.D. N _|[EOo.D.[ v.D. EX.D. N s.D. [M.D.
a S.A.ANDA.|M.A.| SA. | s.D. | S.A.ANDA.|[sV.A.| V.A. [ s.D. [V.D.ANDD.| N N S.D. | S.A.ANDA.|[SV.A.| M.A. [ S.A. | SA.ANDA.[SV.A.| M.A. | S.D.
5 S.A.AND A.[ S.A. N s.A. | s.A ANDA.[sv.A.[ V.A. [s.A. [ sA ANDA.| s.A. N S.A. [ s.A_AND A. N S.A. | S.SA.AND A.[SV.A.[ M.A. [ S.A.
1087 6 S.A.ANDA.| N N S.A. S.D. (A.) N _|[sv.D.[s.A. [sA ANDA.| N | MD.| S.A [S.A.ANDA. N S.A. | SA.ANDA.[ N N S.A
7 S.A.ANDA.| N s.D. [MA.[S.A_ANDA.| N M.D. [M.A.| SA.ANDA.| N s.0. [M.A. | S.A.ANDA.[ s.A. N |M.A.|sA ANDA.[ N N _[Mm.A
8 S.A.ANDA.| N N [MA |[sA ANDA.[sV.A.| s.A. [M.A.[|sA ANDA.[sV.A.| SA. [MA.[s.A.ANDA.[ N N |M.A.| SA ANDA.[ S.A. N [Mm.A.
9 S.A.ANDA.|M.A.[ N S.A. | s.A.ANDA.[sV.A.| s.A. [ S.A. | SA.ANDA.| N N S.A. | s.A.ANDA.[sV.A.[ N S.A. | S.A.AND A.[SV.A.[ S.A. [ S.A.
10 S.A.ANDA.| N N s.D. |v.D.ANDD.| N M.D. | S.D. | SSA.ANDA.[SV.A.[|M.A. [ SA |[v.D.ANDD.| N [ mM.D.|[s.D. [V.D.ANDD.| N [sSv.D.|s.D.
11 S.A.ANDA.| N V.D. | V.D. EX.D. N M.D. | M.D. EX.D. N N [m.D. EX.D. N | mM.D. [m.D. EX.D N [ M.D. |M.D.
12 S.A.ANDA.| N Vv.D. [ v.D. EX.D. N s.D. [m.D. EX.D. N s.D. | V.D. EX.D. N Vv.D. | V.D. EX.D N N_[m.D
1 S.A. AND A.[SV.A.| M.A. | S.D. EX.D. SV.A.[| M.A. | s.D. EX.D. SV.A.| M.A. [ s.D. |[V.D. ANDD.[SV.A.| V.A. | s.D. EX.D SV.A.| v.A. | s.D.
2 S.A.ANDA.| N [EO.D.[V.D. EX.D. N N s.D. EX.D. N [ M.D. | M.D. EX.D. N s.D. | m.D. EX.D. M.A.| S.A. [ s.D.
3 S.A.ANDA.| N N S.D. EX.D. N N s.D. EX.D. N N S.D. EX.D. N | m.D. [m.D. EX.D N _[EO.D.| v.D.
a S.A.ANDA.| N [EO.D.|[Vv.D.|[v.D.ANDD.| N [EO.D.[M.D.[V.D.ANDD.| N |M.D.|sD. [V.D.ANDD.|[ N V.D. | S.D. [V.D.ANDD.| N [Sv.D.[M.D.
5 S.A.ANDA.| N V.D. [ s.D. s.D. (D) N s.D. | s.D. L. D. N V.D. [ s.D. S.D. (A.) N s.D. | s.A. s.D. (D) N [ M.D. | s.D.
1088 6 S.A.ANDA.| N [M.D.|s.A |s.A.ANDA.| N N S.A. S.D. (A.) N _|[sv.D.| s.A. | s.A.ANDA.[ N N S.A. | SA.ANDA.| N s.D. | s.A.
7 S.A.ANDA.| N N [mMA |sA . ANDA.| N s.D. [M.A.|SA. ANDA.[ N [MD.[MA |[SA ANDA.| N s.D. [M.A.|SA ANDA.| N N _[Mm.A
8 S.A.AND A.[SV.A.[ S.A. [M.A.|S.A.ANDA.|[SV.A.| S.A. [M.A.|SA ANDA.[SV.A.| SA. |[MA.[S.A ANDA.[ N N |M.A.| SSA.ANDA.[ S.A. N [M.A.
9 S.A.ANDA.|[SV.A.[ N S.A. | sS.A.ANDA.[sV.A.| M.A. [ S.A. | SA.ANDA.| N N S.A. | s.A.ANDA.[sV.A.[ M.A. | S.A. | S.A.AND A.[SV.A.| M.A. [ S.A.
10 S.A.ANDA.| N s.D. | s.D. [V.D.ANDD.| N M.D. | s.D. |[V.D.ANDD.| N N s.D. [v.o.ANDD.| N [sv.D.[s.D. |[V.D.ANDD.| N Vv.D. [ s.D.
11 S.A.ANDA.| N Vv.D. [ V.D. EX.D. N M.D. | M.D. EX.D. N [ M.D. | Vv.D. EX.D. N N s.D. EX.D. N s.D. [M.D
12 S.A. AND A.[SV.A.| M.A. | S.D. EX.D. N N _[m.D. EX.D. S.A. N S.D. EX.D. SV.A.| s.A. | s.D. EX.D. SV.A.| M.A. | S.D.
1 S.A.ANDA.| N N _ [M.D EX.D. M.A. | s.A. [ s.D. EX.D. SV.A.| s.A. [ s.D. EX.D. N N | m.D. EX.D. SV.A.[ SV.A.| s.D.
2 S.A. AND A.[SV.A.| V.A. [ s.D. EX.D. SV.A.[ SV.A.| s.D. EX.D. SV.A.[ M.A. | s.D. EX.D. SV.A.[EO.A.| s.D. EX.D. SV.A.[ SV.A.[ s.D.
3 S.A.ANDA.| N N s.D. | S.A.ANDA.[SV.A.| M.A. [ s.D. [V.D.ANDD.|M.A.| SA. [S.D. [V.D.ANDD.| N N S.D. S.D. (D) S.A. | s.A. | s.D.
a S.A.AND A.[SV.A.| M.A. | S.A. sS.D. (A.) N N S.A. | s.A.ANDA.[SV.A [ VA [sA |sA ANDA.[SsV.A.|MA. [S.A. | SA ANDA.[SV.A [ MA. | s.A
5 S.A.ANDA.[ N N S.A. S.D. (A.) N [ S.A. S.D. (A.) N N S.A. | S.A_ANDA.[M.A. [ S.A. | S.A. | S.A.AND A.[SV.A.[ M.A. [ S.A.
1089 6 S.A.AND A.[SV.A.| S.A. [M.A.| S.A. AND A. M.A.| S.A.ANDA.[SV.A.[ M.A. [ M.A. | S.A. ANDA.| M.A. N |M.A.| S.A.ANDA.[SV.A.| M.A. [M.A.
7 S.A.ANDA.[SV.A.[ M.A. [sV.A.|S.A.ANDA.| N N [mM.A. [ sA ANDA.[sV.A | s A [sv.A|sA ANDA.[M.A. N _|Ssv.A.|sA ANDA.[ N N [Mm.A.
8 S.A.ANDA.[SV.A.| S.A. [sV.A.| S.A.ANDA.[sV.A.[ N [sv.A.|S A ANDA.[SV.A.| SA. [SV.A[S.A.ANDA.| N [sv.D.|M.A.|SA ANDA.| N N [M.A
9 S.A.ANDA.|M.A.[ N S.A. | sS.A.ANDA.[ s.A. N S.A. |s.A.ANDA.| N N S.A. | s.A.ANDA.[sV.A.[ M.A. | S.A. | SA.ANDA.[SV.A.| S.A. [ S.A
10 S.A.ANDA.| N N S.D. | S.A.AND A.[M.A. N S.A. EX.D. N [sv.D.| s.D. s.D. (D) N N s.D. S.D. (A.) N N S.D.
11 S.A.ANDA.| N [sv.D.[V.D. EX.D. N _|sv.D.[ v.D. EX.D. N [ M.D. | M.D. EX.D. N _|[sv.D.[m.D.|V.D.ANDD.| N N S.D.
12 S.A.ANDA.| N N _[m.D. EX.D. M.A.| s.A. [ s.D. EX.D. SV.A.| S.A. | s.D. EX.D. SV.A.| M.A. | s.D. EX.D. SV.A.| M.A. | S.D.
1 S.A.ANDA.| N N [m.D. EX.D. N N [m.D. EX.D. SV.A.| M.A. [ s.D. EX.D. N N | m.D. EX.D. N Vv.D. [ Vv.D.
2 S.A. AND A.[SV.A.| M.A. [ S.D. EX.D. M.A. | s.A. [ s.D. EX.D. N N S.D. EX.D. N N | m.D. EX.D. N N S.D.
3 S.A. AND A.[SV.A.| M.A. | S.D. s.D.(A.) [sv.A.|M.A. [ s.D. EX.D. N N s.0. |[v.o.ANDD.| N N s.D. S.D.(A.) [SV.A.| M.A. [ s.D.
a S.A. AND A.[SV.A.| M.A. [ S.D. S.D. (D) s.A. | s.A. [ s.D. s.D. (D) S.A. N S.D. | S.A.ANDA.[SV.A.| M.A. [ S.A. | SA ANDA.[SV.A [ V.A. | s.A.
5 S.A.ANDA.[ N N S.A. [v.o.ANDD.| N [EO.D.|[ s.D. |[V.D.ANDD.|[ N _[Sv.D.[ s.D. S.D. (A.) [ N S.D. | SA.ANDA.[ N N S.A
1090 6 S.A.ANDA.|[SV.A.| S.A. [M.A.|S.A.ANDA.| N N S.A. | s.A.ANDA.[SV.A[ N |[MA. |S.A.ANDA.[SV.A.| M.A. [M.A. | SA ANDA.| N N S.A
7 S.A.AND A.[SV.A.| s.A. [sv.A.|S.A.ANDA.|[sV.A.| s.A. [sV.A.| sA ANDA.[sV.A.[ s.A. |sv.A.|[s.A.ANDA.[sV.A.| M.A. [SV.A.| sSA ANDA.[sV.A | S.A. [sv.A.
8 S.A.ANDA.[SV.A.| SA. [MA.[S.A.ANDA.[SV.A.[ N |M.A.|SA ANDA.[SV.A | MA [MA.[SA.ANDA.[ N N | M.A.| S.A.AND A.[ S.A. N [M.A
£ S.A.ANDA.| N s.D. | SA. [S.A.ANDA.| N s.D. [ S.A. |SA.ANDA.| N [M.D.[SA |[s.A ANDA.| N V.D. | S.A. | SSA.ANDA.[ N _[Sv.D.[ S.A.
10 S.A.AND A.[ S.A. N s.A. | s.A_ANDA.[sv.A.[ M.A. [ s.A. s.D. (D) N N S.A. [ s.A ANDA.[sV.A.[ s.A. [ S.A. | SA. ANDA.[SV.A.[ M.A. [ S A
11 S.A.ANDA.[M.A.| S.A. [ s.D. s.D. (D) M.A.| S.A. [ s.D. [V.D.ANDD.|M.A.[ SA [sD. |[v.D.ANDD.| N N s.D. L. D. S.A. N S.D.
12 _AND A. EX.D. M.D. | M.D. EX.D. N N EX.D. N N S.D. EX.D. S.A. | s.A | sD.

Table 9. 1?1anl;ey'ﬁ,& Ksaray, BNeygehir, Karaman and Eregﬁgtations index results -2

17192-AKSARAY 17246-KARAMAN

Al PNI SPI SPEI Al PNI SPI SPEI
1 S.A. AND A.| S.A. N S.D. EX.D. N N M.D. EX.D. N N S.D. EX.D. N N M.D. EX.D. N M.D. | M.D.
2 S.A. AND A. N N M.D. EX.D. N N M.D. EX.D. N N S.D. EX.D. N N M.D. EX.D. M.A. | M.A. | S.D.
3 S.A.ANDA.| N N S.D. S.D.(A.) |SV.A.| M.A. | S.D. | SSA.ANDA.[SV.A.| V.A. | S.A. S.D. (D) M.A.| S.A. | S.D. L. D. N N S.D.
a S.A. AND A. N EO.D.| V.D. | V.D. AND D. N S.D. S.D. |V.D. AND D. N S.D. S.D. S.D. (D) N N S.D. L. D. N S.D. S.D.
5 S.A. AND A. N N S.D. S.D. (D) N S.D. S.D. | S.A.AND A.| M.A. | S.A. S.A. | S.A. AND A.|SV.A.| M.A. | S.A. | SSA.ANDA.| S.A. N S.A.

1991 6 S.A. AND A. N N M.A. | S.A. AND A. [SV.A.| M.A. [ M.A. | S.A. AND A. [SV.A.| MLA. | M.A. | S.A. AND A. [SV.A.| M.A. | M.A. | S.A. AND A. N N S.A.

7 S.A. AND A. [SV.A.[ M.A. |[SV.A.| S.A. AND A. [SV.A. N [SV.A.| SSA.ANDA.| N |EO.D.| M.A.| S.A. AND A.[SV.A.| M.A. [SV.A.| S.A.ANDA.| N S.D. [ M.A.
8 S.A. AND A.|SV.A.| S.A. | M.A.| S.A. AND A. [SV.A. N [SV.A.| SSA.ANDA.|SV.A.| S.A. |[SV.A.| SSALANDA.| N V.D. | M.A.| SSA.ANDA.| N N M.A.
9 S.A. AND A. [SV.A.| M.A. | S.A. | S.A. AND A.[SV.A.| S.A. S.A. | S.A. AND A. N N S.A. | S.A. AND A. |SV.A.| S.A. S.A. | S.A. AND A. N N S.A.
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Table 10. Cihanbeyli, Aksaray, Beysehir, Karaman and Eregli stations index results -3

Al PNI SPI SPEI Al PNI SPI SPEI

1 S.A.ANDA.| N [SV.A.[M.D.| S.A_ANDA.[sV.A.[sV.A.[ s.D. | s.D.(A) [SV.A.| V.A. [ s.D. | S.A.AND A.|SV.A.[ SV.A.[ S.D. | S.A. AND A.[SV.A.[EO.A.| s.D.
2 S.A. AND A. N N M.D. EX.D. N N S.D. EX.D. N N S.D. EX.D. N N S.D. EX.D. N M.D. [ M.D.
3 S.A.ANDA.|[sv.A.[M.A. [sA | sb.(A) [mMA.|[s.A [s.A. s.D.(D) |[M.A.[ s.A. | s.D. S.D. (D) N N s.D. s.D. (D) N N | s.D.
a S.A.ANDA.[sV.A.[M.A. [ sA. | s.b.(A) [MA.[M.A. [s.A [V.D.ANDD.| N N [s.D.[s.A ANDA.[s.A. [ s.A. [ s.A. [ s.A ANDA.[M.A. | s.A. [ S.A.
5 S.A. AND A. N N S.A. L. D. N S.D. S.D. |V.D. AND D. N EO.D.| S.D. S.D. (A.) N N S.A. |V.D. AND D. N EO.D.| S.D.
2001 6 S.A.AND A.|[sV.A.[ M.A. [M.A. | s.A.AND A.[sV.A.[| M.A. [M.A.| s.A. ANDA.[sV.A. | MA. [MA. | s.D.(A) N |[EO.D.[s.A. [s.A ANDA.[ N N[ M.A.
7 S.A.AND A.[sV.A.[ M.A. [sV.A.| s.A_AND A.[sV.A.| s.A. [sV.A.| s A ANDA.[SA. | N [sv.A[S.A.ANDA.| N N [SV.A.[ S.A.AND A.[SV.A.[ S.A. [SV.A.
8 S.A.AND A.[sV.A.[ s.A. [sv.A.| s.A_AND A.[sV.A.| S.A. [sV.A.| sS.A ANDA.[ N N [M.A. [ s.A_ANDA.[sV.A.| s.A. [sV.A.[ s.A AND A.[sV.A.| M.A. [SV.A.
9 S.A. AND A. [SV.A.| S.A. M.A. | S.A. AND A. N N S.A. S.A. AND A. |[SV.A.| S.A. M.A. | S.A. AND A.| S.A. N M.A. | S.A. AND A. N N S.A.
10 S.A.AND A.|[sV.A.[M.A. [ sA | s.A.ANDA.[sV.A.| s.A. [ s.A. [ sA ANDA.[sV.A. [ M.A. [ s.A | s.A.ANDA.[SV.A.| S.A. [ S.A. [S.A ANDA.[SV.A.| S.A. | s.A.
11 S.A.ANDA.| N [ s.D. [M.D.[v.D. ANDD.]| s5.A. N s.D. EX.D. N N [M.D. EX.D. N | M.D. [M.D. EX.D. N [ M.D.[M.D.
12 S.A.ANDA.| N [sv.D.[Vv.D. EX.D. N | M.D. [Mm.D. EX.D. N [EO.D.[EX.D. EX.D. N | v.D. [ Vv.D. EX.D. N N |[Mm.D.
1 S.A. AND A. N S D. M.D. EX.D. N N M.D. EX.D. N N S D. EX.D. N N M.D. EX.D. N S D. M.D.
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The stations whose names and features were set out in Table 7., their drought indices of Al,
PNI, SPI, SPEI between 1881-2010 were calculated and the evaluation results were shown in in Table
8. -Table 13. Meanwhile, drought assessment was made on the basis of basin and the drought status
of Konya Closed Basin is shown in Figure 2. As in Figure 2, when the aforementioned basin is
examined for many years, the majority of the results for all indices occurred at normal or near normal
levels, while extremely arid or extremely humid situations remained at very low rates. This situation
demonstrated that both the index results were similar and the basin was not too dry between 1981-

2010.

Al

\ 11%
3%

4% 2%
O EX.D. O V.D.&D.OL.D.
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Figure 2. . Expression of Al, PNI, SPI and SPEI indices and drought calculation results in

4.2. Statistical Analysis Results

percentages.
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Descriptive statistics results of indices are given in Table 14.

Table 14. Descriptive Statistic Results of Indices

Average ]S)t.andard Median
Extreme Damp ARIDITY 3,53 1,06 3,35
Very Damp And Damp ARIDITY 0,15 0,14 0,10
ARIDITY Light Damp ARIDITY 0,57 0,04 0,56
CLASSIFICATION Semi Damp (Damp) ARIDITY 1,42 0,28 1,39
Semi Damp (Arid) ARIDITY 0,72 0,05 0,73
Semi-Arid and Arid ARIDITY 0,89 0,06 0,89
Normal PNI 69,74 2,91 69,41
PNI Semi (Light) Arid PNI 140,53 55,99 125,09
CLASSIFICATION Middle Arid PNI 59,75 2,92 59,54
Severe Arid PNI 26,70 17,01 26,75
Extraordinary Damp SPI 1,79 0,13 1,81
Severe Damp SPI 1,44 0,08 1,45
Very Damp SPI -1,68 0,07 -1,66
Middle Damp SPI -0,66 0,09 -0,67
Semi (Light) Damp SPI 0,64 0,08 0,62
EI;L SSIFICATION Normal SPI -0,07 0,28 -0,13
Semi (Light) Arid SPI -2,10 0. -2,10
Middle Arid SPI 2,41 0,29 2,33
Very Arid SPI -1,00 0,14 -0,98
Severe Arid SPI 1,05 0,15 1,05
Extraordinary Arid SPI -1,43 0,08 -1,42
Extreme Damp SPEI -0,27 0,90 -0,27
Very Damp SPEI 1,61 0,12 1,56
Middle Damp SPEI -0,55 0,30 -0,57
(S:i]iISSIFICATION Semi (Light) Damp SPEI 0,49 0,27 0,50
Semi (Light) Arid SPEI -1,29 0,15 -1,32
Middle Arid SPEI 1,20 0,14 1,19
Severe Arid SPEI -1,61 0,08 -1,60

In this study, Exploratory Factor Analysis was conducted to test the computability of the
indices used in the study as a single index, and Cronbach's Alpha coefficient were calculated in order
to define reliability level of the test. Before the exploratory factor analysis, KMO and Bartlett tests
were performed to understand suitability of the data for factor analysis. While the KMO coefficient
was calculated to test the sample size, the normal distribution condition was examined with the
Bartlett test. In factor analysis, factor load values were utilized in assigning scale items to factors or
deleting from the scale.

Table 15: KMO and Bartlett Values
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KMO

X2 10381,781
Bartlett Test Sd 6

p 0,000

Factor analysis results are given in Table 15 and KMO value was calculated as 0.528 in factor
analysis. Accordingly, sample size was found to be suitable for factor analysis (KMO> 0,500). Within
the scope of Bartlett test, X2 value was calculated as 2220,024 and was found statistically significant
(p <0.05). Accordingly, the normal distribution condition has been met. Considering the results of
KMO and Bartlett test, it is concluded that the data are suitable for factor analysis.

In order to calculate a single index from the indices, it was required to gather under one factor
according to the principal components analysis, and as a result of the factor analysis, it was
determined that the indices could be gathered under one factor. However, when the reliability
coefficient was calculated, the value was determined as 0.058. Therefore, by subtracting the PNI index
from the factor, the Cronbach's Alpha coefficient increased from 0.320 to 0.711 is set out in Table 16.

Table 16. Change of Cronbach Alpha value when indices are deleted
When the index is deleted

Index
Cronbach's Alpha
ARIDITY 0,049
PNI 0,711
SPI 0,030
SPEI 0,052

The PNIindex was subtracted from the factor and the analysis was re-performed, and the results
were found as in Table 17.

Table 17. Factor Analysis Results

Index Factor Load Variance Ratio i;;i:adl's
SPEI 0,910

ARIDITY 0,906 65,330 0711

SPI 0,557

When the table was examined, it was determined that the SPEI, ARIDITY and SPI indices were
gathered under a single factor. Accordingly, it was concluded that by taking the average of the
indices, a general index can be calculated and used. As a result of factor analysis; a new index variable
was found by taking the arithmetic mean of the SPEI, ARIDITY and SPI indices. K-Means Cluster
Analysis was performed to determine the cutoff values of the new index and to create its categories.
Each index is divided into 5 clusters (categories) with the method applied to determine the cutoff
values of the categories with scientific methods. The cutoff values for the new index and the ANOVA
test results are shown in Table 18.

Table 18. Cutoff Values and ANOVA Test Results for New Index Clusters
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Ave. Standard D. Min. Max. F P
Cluster 1 1,46 0,23 1,11 1,88
Cluster 2 0,71 0,20 0,39 1,10
Cluster 3 0,05 0,19 -0,25 0,39 11860,336 0,000*
Cluster 4 -0,55 0,17 -0,98 -0,25
Cluster 5 2,27 0,30 1,88 3,19

*p<0,05

According to the result of cluster analysis with the new index, clusters are formed as follows.
e (luster 4: values between -0.98 and -0.25

e (Cluster 3: values between -0.25 and 0.39

e (Cluster 2: values between 0.39 and 1.10

e (Cluster 1: Values between 1.11 and 1.88

e (luster 5: contains values between 1.88 and 3.19.

ANOVA test is performed to determine whether there is a difference between clusters in terms
of index. According to ANOVA test result, the difference between new indices in different clusters is
statistically significant (F = 11860,336; p <0.05). Accordingly, the cutting values formed in cluster
analysis gave significant and effective results in dividing indices into different categories. The
average lower and upper values of the new indices and clusters are shown in figure 3.

New Index

Upper
Lower —
XRRES. Limit Limit
4.00 3.19
3.00
1.88 __—
2.00 -
1.00
-0.25
0.00 TN
-0
1.00 -0.25
Fib -0.98
Cluster 4 Cluster 3 Cluster 2 Cluster 1 Cluster 5

Figure 3. New index values

Table 19. Relationship between clusters in new index and ARDITE, SPI and SPEI categories
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Cluster 1 Cluster 2 Cluster 3 Cluster 4 Cluster 5 p

Extreme Damp 196 115 1 0 141
Very Damp and Damp 0 29 431 1144 0
ARIDITY Light Damp 0 16 137 0 0
0,000*
CLASSIFICATION Semi Damp (Damp) 68 214 57 0 0
Semi Damp(Arid) 1 37 77 0 0
Semi-Arid and Arid 1 65 67 0 0
Extraordinary Damp 22 19 6 0 20
Severe Damp 13 30 19 0 18
Very Damp 0 0 3 10 0
Middle Damp 25 51 106 335 3
Semi (Light) Damp 22 47 71 18 8
SPI CLASSIFICATION Normal 105 198 362 337 36 0,000*
Semi (Light) Arid 0 0 0 1 0
Middle Arid 26 20 1 0 23
Very Arid 9 53 108 377 0
Severe Arid 42 53 75 0 33
Extraordinary Arid 2 5 19 66 0
Extreme Damp 28 55 79 116 12
Very Damp 0 0 0 0 21
Middle Damp 2 50 350 387 0
SPEI CLASSIFICATION Semi (Light) Damp 179 369 263 38 26 0,000*
Semi (Light) Arid 0 2 75 377 0
Middle Arid 57 0 0 0 82
Severe Arid 0 0 3 226 0

*p<0,05

The relationship of clusters formed as a result of clustering analysis with the new index with
ARIDITY, SPI and SPEI categories were examined and presented in Table 19.

According to the analysis results; it has been observed from the new index that cluster 1 mostly
matches the category of extremely humid, humid and very humid in ARIDITY, cluster 2 matches
with extremely humid, humid and very humid, cluster 3 matches with arid and semi-arid and semi-
humid, cluster 4 matches with arid and semi-arid, cluster 5 matches with extremely humid. As stated
by chi-square test results, the relationship between new clusters and ARIDITY category was found
statistically significant (p <0.05). It has been revealed from the new index that cluster 1 matches mostly
in SPI with the normal and medium humid categories, cluster 2 matches with the normal, medium
arid and medium humid categories, cluster 3 matches with the normal, medium arid and light arid
categories, cluster 4 matches with medium arid, normal and light arid categories and cluster 5
matches with normal and medium humid categories. In accordance with the chi-square test results,
the relationship between the new clusters and the SPI category was found statistically significant (p
<0.05). It has been observed from the new index that cluster 1 matches mostly in SPI with the light
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humid and medium humid categories, cluster 2 matches with light humid, extremely humid
categories, cluster 3 matches with light humid, light arid categories, cluster 4 matches with the light
arid and medium arid categories, and cluster 5 was found to match the medium humid and light
humid categories. According to the chi-square test results, the relationship between new clusters and
SPEI category was found to be statistically significant (p <0.05).

5. Conclusions

In the aforementioned study, drought analysis was carried out with the drought indices selected from
the Konya Closed Basin sample and an assessment was made with the help of various statistical
analyzes on which indices were stronger.

According to the evaluated analysis results; while the SPEL SPI and ARIDITY indices were significant
and strong, the contribution of the PNI index was found to be low in terms of significance. Our results
demonstrated that the PNI index was not included in the indices which were recommended in
drought analysis and gave significant guidance.

Also for the other three calculated indices (SPI, SPEI and ARIDITY); as a result of re-evaluation of the
cutoff values of these indices and determination of new cutoff values, common use was tried to be
examined. The results were set out in Table 17, Figure 3 and Table 18.

When the results obtained in the study are examined; by collecting different indices under one index,
it was pointed out that it might be possible to make healthier analyzes on a micro and / or macro scale
by recovering the problem of obtaining different results with more than one index by doing similar
studies for many drought indices, on the basis of sub-basin, basin and country.
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