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Thornthwaite method based climate classifying and
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a case of Kozlu District on the Western Black Sea
coast of Turkey
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Abstract
It is necessary to know the climatic conditions and classes in order to address a region’s climate-related problems and
ensure its sustainability. Kozlu, located on the Black Sea coast in the Black Sea region of Turkey, is a district where
underground mining, fishing, sea tourism and agricultural activities are conducted. The district faces challenges due
to geo-environmental factors, including landslides, subsidence, and floods, necessitating the identification of climate
classes and characteristics to support sustainable development. For this reason, data for the last thirty years from four
meteorological stations representing the Kozlu district were obtained. It was associated with the location, and then the
Kriging interpolation method was applied. After this, water balances were calculated by applying the Thornthwaite
climate classification method, and GIS-based climate boundary maps were generated using the same method. In the
climate classification made by the Thornthwaite method, it was observed that the humid climate characteristic was
dominant throughout the district. The drought index indicates moderate summer water deficiency in the north and
the south of the district. In the south of the district, it is characterized by little or no water deficiency. Considering
that the annual precipitation amounts at the stations located in the south of the district are higher than in the other
areas, and the time interval in which water deficiency occurs is shorter, the fact that the climate feature of little or no
water deficiency is seen moving south in the study area shows that the results are quite compatible with each other.
In addition, according to the results of the summer concentration index, the entire study area was observed to be
dominated by a marine climate. Climate boundary maps consisting of precipitation efficiency, temperature efficiency,
drought and summer concentration index maps will contribute to monitoring climate change in the district.
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1. Introduction

To ensure the sustainability of a region, climatic condi-

tions need to be classified. This classification contributes

to works on climate change, irrigation plans and agricul-

tural zoning. Specifying climate catalyzes information shar-

ing for various goals (Rolim et al., 2007). Climate deter-

mines the character of the locations in terms of weather

events and vegetation. There has been an increase in ex-

treme climatic conditions since the 2000s (Özüpekçe,

©2025 The Author(s). This is the Open Access article distributed

under the terms of the Creative Commons Attribution Licence.

2021). Carmin et al. (2012) emphasized that the effects of

climate change make living conditions more difficult, espe-

cially in the southern hemisphere. The increase in air tem-

peratures leads to increased evaporation. Increased evap-

oration causes water scarcity. Water scarcity also causes

deterioration of vegetation (Orhan et al., 2019). In other

words, temperature increase and drought are closely re-

lated disasters (Yılmaz, 2023). Heavy or long-term rains

are a natural trigger, just like earthquakes (Akinci, 2022).

Global warming, which has accelerated over the last

forty years, has led to changes in climate over a wide area

(Cui et al., 2021). The Intergovernmental Panel on Climate

Change (IPCC) was established in 1988 by the World Me-
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teorological Organization (WMO) and the United Nations

Environment Program to assess and understand changes

in global climate due to human activities following the In-

dustrial Revolution and to coordinate studies on climate

change globally. One of the most important areas of work

of the IPCC is the study of alternative situations for the

future. Scenarios are stories depicting future events (Gre-

gory and Duran, 2001; Gürkan et al., 2016). A scenario

is a description of possible alternative situations (IPCC,

2000). In line with the decisions taken at the 25th Session

of the IPCC, a series of resolutions regarding new scenarios

was made at the IPCC Experts Meeting held in 2007. In the

samemeeting, four RCP types were defined in terms of the

characteristics determined and the radiative forcing levels

and routes. These are RCP3-PD (RCP2.6), RCP4.5, RCP6.0,

and RCP8.5, in order from the smallest to largest radia-

tive forcing values. According to the IPCC 5th Assessment

Report, temperatures in the Mediterranean basin and Eu-

rope will continue to increase throughout the 21st century

(IPCC, 2013; Gürkan et al., 2016). The future map is de-

rived from a suite of Phase 5 (CMIP5) model projections

under the RCP8.5 scenario (Taylor et al., 2012). Valjarević

et al. (2022) analyzed four scenarios regarding climate

change in accordance with the TWCC classification in their

study, in which they used 4261 meteorological stations

fromwhich temperature and precipitation datawere taken

and two climate models representing the most extreme

models in the CMIP6 database. Shanmugam et al. (2024)

used the Combined Model Intercomparison Project Phase

6 (CMIP6)-based MIROC6 GCM and SSP245 and SSP585

datasets. With climate change, the summer season has

begun to become hotter and drier in regions where the

Mediterranean climate prevails (Calda et al., 2020).

As stated in the IPCC reports, Turkey is located in the

Eastern Mediterranean basin, which is one of the regions

most sensitive to climate change (Gürkan et al., 2016). Ac-

cording to the 2080–2099 period, rainfall anomalies pro-

jections for summer and winter made with both CMIP3

and CMIP5, decreases in precipitation are predicted in

a large part of Turkey. In the summer season projections,

decreases in temperature are predicted for all of Turkey,

and increases in temperature are predicted for the coastal

parts of the Black Sea Region in the winter (IPCC, 2013;

Gürkan et al., 2016). In her study examining the relation-

ship between urban growth and climate change in Yalova

province on the coast of the Marmara Sea, Koç (2024)

stated that many coastal cities in Turkey are expected to

be negatively affected due to sea level rise caused by cli-

mate change. To minimize the effects of climate change,

it is necessary to ensure the protection of natural areas

in Yalova and to take into account possible dangers in the

planning of artificial areas (Koç, 2024). In this context, it

is necessary to determine climate characters and climate

classes. Climate classifications are methods for defining

climate patterns (Gallardo et al., 2013; Jacobeit, 2010) and

are used to determine seasonal and spatial climate change-

ability (Bieniek et al., 2012; de Castro et al., 2007). Cli-

mate classification systems are used in validating climate

models (Jylhä et al., 2010; Belda et al., 2014), in climate

change studies (Mahlstein et al., 2013) and in defining agro-

climatic zones (Rahimi et al., 2013). There are various

climate classification systems such as Holdridge (1967),

Flohn (1950), Camargo (1991), Köppen and Geiger (1928)

and Thornthwaite (1948). Especially the last two of these

methods are the most widely used globally (Spinoni et al.,

2014). Climate classification systems play a fundamental

role in a variety of fields, from agriculture to urban plan-

ning and scientific research, providing an important tool

for informed decision-making (Van Delden et al., 2010).

Therefore, climate classification contributes significantly

to a better understanding and management of climate in

different world regions, as well as simplifying the analy-

sis of climatic features (Coumou and Rahmstorf, 2012).

The main goal of climate classification is to distinguish

different climate kinds and accordingly identify similar

or different geographical areas. These classifications are

of great importance from a scientific as well as practical

perspective. Because the climatic conditions in any geo-

graphical area greatly affect almost all studies related to

the use of spatial resources in areas such as agriculture,

planning, transportation, settlement, and irrigation (Erinç,

1984), it is essential to consider these factors in relevant

research.

In the climate classificationmethodproposedbyThorn-

thwaite (1948), climate zones are analyzed by using poten-

tial evapotranspiration andwater balance elements aswell

as air temperature and precipitation (Elguindi et al., 2014).

Thornthwaite’s climate classification plays a fundamen-

tal role in determining how plants draw water from the

soil and transfer this process to the atmosphere through

physiological processes (Bidinger, 1979). This climate clas-

sification system is of particular importance when applied

for agricultural purposes, and is of particular importance

as highlighted by Elguindi et al. (2014). Climate variability

inevitably has a direct and significant impact on agricul-

tural production. This has a significant impact on plant

growth and productivity.

Thornthwaite (1948) addresses critical aspects such as

the relationship between precipitation and soil moisture,

surface runoff, and water demand (MGM, 2025). Although

the primary purpose of Thornthwaite’s (1948) classifica-

tion is to identify different climate types, it finds extensive

practical applications, particularly in areas where evapo-

transpiration cannot be directly calculated, such as agri-

culture, hydrogeology, and water resource development.

Yalcin and Arca (2024) determined the climate types of

Burdur province in Turkey with Köppen, Trewartha, De

Martonne, Aydeniz, Erinç and Thornthwaite methods and

created their boundary maps. The study emphasized the

importance of the Thornthwaite method. In their climate
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classification studies conducted in Bartın province by Ke-

skin Citiroglu and Arca (2024), in Muğla province by Arca

and Keskin Citiroglu (2024), and Safranbolu district by

Keskin Citiroglu (2024), various methods were used. They

again emphasized that the Thornthwaite method is power-

ful. De Oliveira Aparecido et al. (2023) conducted climate

change analyses using the Thornthwaite method in the

state of Maranhão, Brazil, to assess the impacts of climate

change on agricultural planning. The study concluded that

the decrease in the humidity index would negatively affect

various economic activities in Maranhão, such as agricul-

ture, livestock, and fisheries. Santos et al. (2024) applied

the Thornthwaite method to predict daily potential evap-

otranspiration (PET) using a two-grid climate dataset in

their study. The results indicated that the Thornthwaite

method is a robust approach, as it requires less data com-

pared to other methods and consistently performs well

depending on the climate type and dataset used.

It is not likely to quantify meteorological data from all

locations in a field, both technically and in terms of cost.

For this, climate values on the entire surface must be esti-

mated using interpolation methods to assess the spatial

distribution of climate data over several periods. Thus,

climate values at other locations can be predicted by using

previously measured data. Kozlu district, which was cho-

sen as the study area, is a place where mining, fishing, sea

tourism, and agricultural activities are prevalent, and also

has development potential. Boz et al. (2020) emphasized

in their study the need to create long-term climate maps

to ensure sustainability in agriculture. They created maps

with long-term humidity, precipitation, and temperature

data for the provinces of Bartın, Karabük, Bolu, Zongul-

dak, and Kastamonu, including the study area of Kozlu.

The dependence of cropping systems on rainfall variability

will lead to the emergence of climate-resistant agricultural

system practices and agricultural policies (Lakshmi et al.,

2024). Therefore, determining climate boundaries can

help identify agricultural activities and changes in plant

species. For these reasons, data for the last thirty years

from four meteorological stations in Kozlu district were

obtained (Climate Data, 2024). The acquired data were

associated with the area, and water balances were calcu-

lated by applying the methods of Kriging interpolation

(Krige, 1951) and Thornthwaite (1948) climate classifi-

cation. Later, the climate type was evaluated using the

climate classifying method of Thornthwaite (1948) and ge-

ographic information systems (GIS)-based climate bound-

ary maps were created. One of the most significant chal-

lenges in climate studies today is the lack of a sufficient

number of station data. Many meteorological stations are

located within cities or along coastlines, resulting in insuf-

ficient coverage in high-altitude inland or mountainous

regions. This deficiency is being addressed through the

use of interpolation techniques aided by computer systems

and GIS. Consequently, instead of relying solely on sample

points taken along lines in the past, more comprehensive

values are now being obtained on a pixel-by-pixel basis.

Kriging is an interpolation method that estimates the opti-

mal values of data at other points using data from known

nearby points (Yalcin and Arca, 2024).

This study offers an innovation that can be the basis

for planning to maintain not only fishing, mining, marine

tourism activities and agricultural characteristics of the

Kozlu district but also to prevent it from being affected by

climate changes. It will also help to examine the possible

future alternative situations of Kozlu district due to climate

change. Another innovation of this study is the creation

of climatic boundary maps using a combined method of

Thornthwaite and Kriging interpolation and the GIS for

planning. It is thought that this study will guide the evalua-

tions of local authorities regarding Kozlu. In addition, this

work aims to help future studies in which Kozlu district

public institutions and administrations evaluate water and

climate policies together.

2. Study area
Kozlu district, which is the closest district of Zonguldak

province in the west of the Black Sea region, is located be-

tween latitudes from 41 to 27 N. and longitudes from 31 to

49 E. It is 5 km from Zonguldak city centre, 280 km from

the capital Ankara, and 326 km from Istanbul. It is sur-

rounded by the Black Sea in the north, Kdz. Ereğli district

in the west and south, and Zonguldak province in the east

(Figure 1). All neighborhoods of the district, whose center

is located at sea level, are located in mountainous areas. It

consists of 9 neighborhoods and 24 villages connected to

Kozlu Center (Kozlu District Governorship, 2024). Kozlu,

which is known for its natural beauties, sea, and cultural

values as well as hard coal mining, is a district with high de-

velopment potential. Ilıksu locality, Değirmenağzı bay and

waterfalls, and the coastal road constitute important ge-

ographical structures and tourist areas. On the coastline,

there are public recreation and sports facilities, fishing

shelters, Aqua Park, amusement park, restaurants, astro-

turf, city stadium, Değirmenağzı and Ilıksu recreational

facilities and beaches (Kozlu Municipality, 2024).

The population of Kozlu is 50908 and 43419 of this

population lives in the district center. The annual growth

rate of the population is 22.7 people per thousand (TUIK,

2024). Boz et al. (2020) emphasized the necessity of mak-

ing climatemaps of this area in their studies in theWestern

Black Sea region, which includes the Zonguldak province,

to which the study area is linked. Bolat et al. (2018) re-

vealed that the amount of precipitation in Zonguldak and

its immediate surroundings decreased while the tempera-

ture levels increased. Keskin Citiroglu and Baysal (2011)

calculated the water balance using the Schendel method

(Schendel, 1968) in their study by examining the floods

of the Kozlu district. They stated that there is a greater



Thornthwaite method based climate classifying and generation of GIS ... 4/17

Figure 1. Location map (URL-1, 2024).

risk of floods compared to other months, due to the excess

water flowing from November to March.

3. Material and methods
Calculating water balance with long-termmonthly average

temperature, precipitation, and evapotranspiration data is

necessary for climate classification (Thornthwaite, 1948).

Evapotranspiration represents the maximum amount of

water that can be lost according to climatic conditions,

also known as ETP. The ETP and real evapotranspiration

(ETR) values in the Kozlu district have been calculated by

the Thornthwaite method (Eq. 1) using monthly average

temperature and precipitation data measured at Meteoro-

logical Stations, and a GIS-based surface map of climate

borders was prepared by applying the Kriging interpola-

tion method (Eq. 2). The Thornthwaite is a method that

can reveal both precipitation effectiveness and tempera-

ture indices, indicating drought-humidity and maritime-

continental contexts. The Thornthwaite method was pre-

ferred for the study area because it not only classifies the

climate but also reveals the climatic indices and the wa-

ter balance. Among the various methods, Thornthwaite

(1948) was preferred because it can reveal the precipi-

tation efficiency, temperature indices, drought-humidity,

and maritime-continental status. With the climate classifi-

cation, not only were the climate types of the study area

determined, but also were the climate boundaries drawn.

When many studies using various climatic classifications

are examined, the Thornthwaite method is preferred as

amethod inmultiple studies (Yalcin andArca, 2024; Keskin

Citiroglu, 2024; Arca and Keskin Citiroglu, 2024; Keskin

Citiroglu and Arca, 2024).

ETP= 16×�
10× t

I
�

a

× p , i= �
t

5
�
1.514

, I=�

i

(1)

a= 6.75 × 10−7 × I3 −7.71 × 10−5 × I2

+1.79 × 10−2 × I+0.49239

where ETP is the potential evapotranspiration (mm), t is

the average monthly temperature (∘C), i is the monthly

temperature index, I is the total annual temperature index,

and p is the latitude correction coefficient (Thornthwaite,

1948).

Np =

n

�

t=1

Pi × Ni (2)

In this formula, n represents the number of points, Ni

represents the geoid undulation used in the calculation

of Np, Np represents the sought undulation value, and Pi
represents the weight associated with each Ni value used

in the calculation of N (Krige, 1951; Colak and Memisoglu,

2021).

Using the values in the water balance table, created

ETP, excess water and water deficit, the precipitation effi-

ciency index, temperature efficiency index, drought index

and summer concentration are calculated to determine the

letters reflecting the climate types. Each process step rep-

resents a letter of the climate type. Thornthwaite climate

classification is carried out in four steps (Thornthwaite,

1948).
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In Thornthwaite climate classification, the first letter

represents the precipitation efficiency index value and is

obtained using the formula (Im) (Thornthwaite 1948) (Eq.

3). In this formula, (s) represents the annual excess water,

and (d) represents the annual water deficit.

Im =
100× s−60×d

ETP
(3)

The second letter in the Thornthwaite climate clas-

sification constitutes the Thornthwaite temperature ef-

ficiency index. This value is determined based on the an-

nual ETP values (Thornthwaite, 1948). The third letter

in the Thornthwaite classification constitutes the precip-

itation regime indices. The precipitation regime indices

are as follows: aridity index (Ia) for rainy climates (Eq. 4)

(Thornthwaite, 1948).

Ia =
100×d

n
(4)

where Ia indicates drought index for wet climates, d annual

water deficit, and n annual ETP.

The fourth letter of the climate types in the Thornth-

waite classification is determined by the ratio of the ETP

in the summer months to the annual ETP. The three sum-

mer months here represent the annual temperature rates

for the months of June, July and August. The index re-

flecting the efficiency of temperature concentration during

summer yields the climatic characteristic (Thornthwaite,

1948).

With the advancement of technology, conducting spa-

tial analyses using statistical and geographic programs

to determine the current situation and take precautions

against future conditions has become crucial. Spatial anal-

yses are facilitated by GIS programs (Arslan, 2021). GIS;

organized to dissolve complex projection andmanagement

problems; It is a framework of hardware, software and

methods that covers the processes of covering, managing,

processing, analyzing, modeling and displaying datawhose

location is determined in space (IşlemGIS, 2005). Software

systems, as in all fields, also provide opportunities for cli-

mate classification. The final maps created through these

and similar systems support current data by closely approx-

imating real values. Through the spatial analysis plugin

available in GIS software used to obtain data for unknown

regions from known point data, it has become possible

to generate a continuous surface that represents climate

data for the investigated area (Singh and Khan, 2011). For

this purpose, spatial maps have been generated using the

Kriging interpolation method within a GIS environment.

In the Kriging method, a variance value is calculated for

each point, which is crucial for the reliability of the models.

The Kriging interpolationmethodwas enhanced bymining

engineer Danie Gerhardus Krige (Üstüntaş, 2006). Kriging

refers to a series of interpolation methods for estimating

values at unobserved locations. The location is estimated

by a linear combination of values at surrounding locations

using weights (Bostan, 2017). The difference between the

Krigingmethod and other interpolationmethods is its abil-

ity to calculate a variance value for each location being

forecasted. This also increases the credibility of the ob-

tained values (Yaprak and Arslan, 2008). Kriging is used

for advanced forecast surface modeling and also accounts

for errors or prediction uncertainty (Bajjali, 2017). The

Krigingmethod, while supplyingmore certain crops in pro-

portion to other methods, also helps find minimum vari-

ance and the normal deviation of the estimate (Taylan and

Damçayırı, 2016). The variance value obtained through the

method is called the Kriging variance (Krige, 1951). Krig-

ing methods include various techniques such as Ordinary

Kriging, Universal Kriging, Co-Kriging, and Indicator Krig-

ing (Aalto et al., 2013). The choice of themethod to be used

depends on the characteristics of the data and the type of

model desired. In this study, Ordinary Krigingwas selected

for the analysis of climate data. In the Kriging method, be-

fore performing geostatistical estimation, a variogram is

calculated based on the distances between sample pairs.

The most commonly used variogram models are spherical,

exponential, and Gaussian functions (Uyan and Cay, 2013).

The optimal variogrammodel is chosen through trial and

error based on the highest correlation coefficient (Uyan

and Cay, 2013). The semivariogram, a core component of

Kriging, is an effective tool for assessing spatial variabil-

ity. It provides a clear definition of the spatial structure

of variables and offers insight into the processes that may

influence the data distribution (Behera and Shukla, 2015).

In this study, the Spherical variogrammodel was chosen

due to its suitability for the spatial structure of the data,

its ability to provide more accurate predictions, and its

practical advantages in terms of computation.

In this study, the climate data for the last thirty years

of the Kozlu district were first recorded, and meteorolog-

ical station points that would best represent the district

were identified. For this purpose, meteorological stations

located in the Kozlu, Kozluköy, Enseköy, and Sakaköy loca-

tions of the Kozlu district were selected (Table 1).

The locational distribution of the stations within the

district was taken into consideration when selecting the

stations. Kozlu station is located in the north of the district,

close to the Black Sea coast, and represents the area due

to the influence of the sea. Kozluköy station represents

the east of the district, and Sakaköy station represents the

west. Kozluköy station also ranks second in terms of prox-

imity to the Black Sea. Enseköy station is located at the

very southern end of the district and is the station farthest

from the Black Sea coast. The data used in the study were

obtained through Climate Data (2024). First, the meteoro-

logical station points that recorded the climate data for the

last thirty years in Kozlu were determined. For this pur-
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Table 1. Information of stations

Stations Altitude (m) Latitude (N) Longitude(E) Period (year)

Kozlu 147 41∘26′19.86″ 31∘45′14.33″ 1991–2021

Kozluköy 290 41∘24′3.6″ 31∘45′24.2″ 1991–2021

Enseköy 353 41∘17′8.12″ 31∘46′43.17″ 1991–2021

Sakaköy 363 41∘21′12.09″ 31∘40′32.18″ 1991–2021

Figure 2. Flowchart of the study.

pose, the meteorological station points located in Kozlu,

Kozluköy, Enseköy, and Sakaköy in the Kozlu district were

selected. The data were arranged for all meteorological

station points in order to associate them with the location.

The location information of all stationswas associatedwith

the information obtained from Climate Data (2024) and

thus it was transferred to the geographic database and

made available for analysis. (Figure 2) shows a flowchart

diagram.

4. Results and discussion
To accurately represent the climate characteristics of Kozlu,

data from four meteorological stations were utilized, cov-

ering the entire district (Climate Data, 2024). Climate dia-

grams prepared using long-term average precipitation and

temperature data for all stations are depicted in

(Figure 3), while the climograms are shown in (Figure 4).

Frommeteorological data spanning the last 30 years,

it is observed that precipitation occurs in all months in

the Kozlu district. However, in October, an increase in

precipitation begins that will last for approximately four

months. The annual amount of precipitation at Enseköy

and Sakaköy stations is higher than at other stations. The

annual total precipitationheight is 1037mmin thewestern

and southern parts of the investigated area, and 915 mm

in the northern and eastern parts. As you move towards

the south of the study area, an increase in precipitation

amount is observed. The annual precipitation height being
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Figure 3. Climate diagrams. Kozlu (a), Kozluköy (b), Enseköy (c), Sakaköy (d).

Figure 4. Climograms. a) Kozlu, b) Kozluköy, c) Enseköy, d) Sakaköy.
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Table 2. Water balance of Kozlu station.

Kozlu 1 2 3 4 5 6 7 8 9 10 11 12 Annual

Precipitation 99 80 81 52 46 53 47 53 88 107 94 115 915

Temperature C∘ 4.5 5 7.1 10.6 15.1 19.3 22 22.5 19.2 14.9 10.7 6.5 13.1

Max. Temp. C∘ 7.2 7.9 10.1 13.5 17.7 21.8 24.5 25.1 21.9 17.5 13.7 9.3 15.9

Rel. Humidity % 78 77 75 77 80 79 79 78 78 79 77 78 78

Monthly t. index i 0.853 1.000 1.700 3.119 5.330 7.728 9.423 9.749 7.668 5.224 3.164 1.488 56.446

Lat. Correction 0.83 0.83 1.03 1.11 1.25 1.26 1.27 1.19 1.04 0.96 0.82 0.80 –

ETP mm 11.7 13.5 22.0 38.1 62.1 87.1 104.4 107.6 86.5 61.0 38.6 19.4 652.1

Corrected ETP 9.7 11.2 22.6 42.3 77.6 109.8 132.5 128.1 90.0 58.5 31.7 15.5 729.7

P-ETP mm 89.3 68.8 58.4 9.7 −31.6 −56.8 −85.5 −75.1 −2.0 48.5 62.3 99.5 185.3

Reserve water 100 100 100 100 68.4 11.6 00 00 00 48.5 100 100 –

ETR mm 9.7 11.2 22.6 42.3 77.6 109.8 58.6 53 88 58.5 31.7 15.5 578.5

Water deficit 00 00 00 00 00 00 73.9 75.1 2 00 00 00 151

Excess water 89.3 68.8 58.4 9.7 00 00 00 00 00 00 10.8 99.5 336.5

Runoff mm 44.7 56.8 46.4 19.5 2.4 00 00 00 00 00 5.4 52.5 227.71

Table 3. Water balance of Kozluköy station.

Kozluköy 1 2 3 4 5 6 7 8 9 10 11 12 Annual

Precipitation 99 80 81 52 46 53 47 53 88 107 94 115 915

Temperature C∘ 3.4 4.2 6.5 10.1 14.7 18.9 21.6 22 18.5 14.1 9.7 5.4 12.4

Max. Temp. C∘ 6.7 7.7 10.1 13.8 18 22 24.7 25.3 21.9 17.4 13.4 8.8 15.8

Rel. Humidity % 79 77 75 77 79 78 77 76 77 79 78 79 78

Montly t. index i 0.558 0.768 1.488 2.899 5.118 7.487 9.165 9.423 7.249 4.805 2.727 1.124 52.810

Lat. Correction 0.83 0.83 1.03 1.11 1.25 1.26 1.27 1.19 1.04 0.96 0.82 0.80 –

ETP mm 8.9 11.8 21.1 37.7 61.9 86.3 103.0 105.5 83.9 58.6 35.7 16.5 631.1

Corrected ETP 7.4 9.8 21.7 41.9 77.4 108.8 130.8 125.6 87.3 56.3 29.3 13.2 709.4

P-ETP mm 91.6 70.2 59.3 10.1 −31.4 −55.8 −83.8 −72.6 0.7 50.7 64.7 101.8 205.6

Reserve water 100 100 100 100 68.6 12.8 00 00 0.7 51.4 100 100 –

ETR mm 7.4 9.8 21.7 41.9 77.4 108.8 59.8 53 87.3 56.3 29.3 13.2 565.9

Water deficit 00 00 00 00 00 00 71 72.6 00 00 00 00 143.6

Excess water 91.6 70.2 59.3 10.1 00 00 00 00 00 00 16.1 101.8 349.1

Runoff mm 45.8 58 47.2 19.9 2.5 00 00 00 00 00 8.1 54.9 236.4

Table 4. Water balance of Enseköy station.

Enseköy 1 2 3 4 5 6 7 8 9 10 11 12 Annual

Precipitation 106 94 101 72 69 75 58 58 87 108 93 116 1037

Temperature ∘C 2.7 3.6 6.1 9.9 14.3 18.4 20.9 21.4 17.8 13.4 8.9 4.5 11.8

Max. Temp. ∘C 6.2 7.4 10 13.9 18 21.8 24.4 25 21.6 17.1 13.1 8.3 15.6

Rel. Humidity % 79 77 76 77 78 78 77 76 78 79 78 79 78

Monthly t. index i 0.393 0.608 1.351 2.813 4.908 7.189 8.719 9.037 6.837 4.448 2.394 0.853 49.551

Lat. Correction 0.83 0.83 1.03 1.11 1.25 1.26 1.27 1.19 1.04 0.96 0.82 0.80 –

ETP mm 7.4 10.7 20.8 38.6 61.6 84.9 99.8 102.9 81.4 56.7 33.7 14.2 612.7

Corrected ETP 6.1 8.8 21.5 42.8 77.0 107.0 126.8 122.4 84.7 54.5 27.6 11.3 690.6

P-ETP mm 99.9 85.2 79.5 29.2 −8.0 −32.0 −68.8 −64.4 2.3 53.5 65.4 104.7 346.4

Reserve water 100 100 100 100 92 60 00 00 2.3 55.8 100 100 –

ETR mm 6.1 8.8 21.5 42.8 77 107 118 58 84.7 54.5 27.6 11.3 617.3

Water deficit 00 00 00 00 00 00 8.8 64.4 00 00 00 00 73.2

Excess water 99.9 85.2 79.5 29.2 00 00 00 00 00 00 21.2 104.7 419.7

Runoff mm 50 67.6 61.1 34.5 7.3 00 00 00 00 00 10.6 57.7 288.8

close to 1000 mm indicates that plants’ water needs can

be met through rainfall, and dry farming can be practiced

without the need for artificial irrigation. In the region, Oc-

tober and December receive more precipitation compared
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Table 5. Water balance of Sakaköy station

Sakaköy 1 2 3 4 5 6 7 8 9 10 11 12 Annual

Precipitation 106 94 101 72 69 75 58 58 87 108 93 116 1037

Temperature ∘C 4.5 5 7.1 10.6 15.1 19.3 22 22.5 19.2 14.9 10.7 6.5 13.1

Max. Temp. ∘C 7.2 7.9 10.1 13.5 17.7 21.8 24.5 25.1 21.9 17.5 13.7 9.3 15.9

Rel. Humidity % 78 77 75 77 80 79 79 78 78 79 77 78 78

Monthly t. index i 0.853 1.000 1.700 3.119 5.330 7.728 9.423 9.749 7.668 5.224 3.164 1.488 56.446

Lat. Correction 0.83 0.83 1.03 1.11 1.25 1.26 1.27 1.19 1.04 0.96 0.82 0.80 –

ETP mm 11.7 13.5 22.0 38.1 62.1 87.1 104.4 107.6 86.5 61.0 38.6 19.4 652.1

Corrected ETP 9.7 11.2 22.6 42.3 77.6 109.8 132.5 128.1 90.0 58.5 31.7 15.5 729.7

P-ETP mm 96.3 82.8 78.4 29.7 −8.6 −34.8 −74.5 −70.1 −3.0 49.5 61.3 100.5 307.3

Reserve water 100 100 100 100 91.4 56.6 00 00 00 49.5 100 100 –

ETR mm 9.7 11.2 22.6 42.3 77.6 109.8 114.6 58 87 58.5 31.7 15.5 638.5

Water deficit 00 00 00 00 00 00 17.9 70.1 3 00 00 00 91

Excess water 96.3 82.8 78.4 29.7 00 00 00 00 00 00 10.8 100.5 398.5

Runoff mm 48.2 65.5 59.9 34.5 7.4 00 00 00 00 00 5.4 53 273.9

to other months. The average highest temperatures are

observed throughout the study area in July and August,

while the average minimum temperatures occur in Jan-

uary and February (Figure 3). The temperature in Kozlu

shows a decreasing trend in September and begins to rise

again from April. From the diagram shown in Figure 3, Ko-

zlu is observed to have meteorological characteristics with

no significant differences between seasons. The closed

shape that appears in Figure 4 shows that the northern

part of the Kozlu district, i.e., on the Black Sea coast and

near the shore, has a climate type that does not differmuch

between the seasons in terms of temperature and precipi-

tation. The southern part of the Kozlu district, reflects the

climatic characteristics that are slightly different between

the seasons in terms of precipitation and temperature com-

pared to the north.

Calculations have been made to produce the water bal-

ance of the Kozlu district, and water balances were cal-

culated according to the Thornthwaite method (Thorn-

thwaite, 1948) of the meteorological station data of Ko-

zlu (Table 2), Kozluköy (Table 3), Enseköy (Table 4) and

Sakaköy (Table 5).

According to the Thornthwaite method and based on

the data from the Kozlu station located in the north of

the investigated area, the annual precipitation of 915 mm,

729.7 mm, or 79.8% returns to the atmosphere through

evapotranspiration. Considering that the total annual

runoff is 227.7 mm, 24.9% of the precipitation contributes

to surface runoff. After subtracting the excess water from

surface runoff, the remaining 108.8 mm, or 11.9% of the

annual total precipitation, infiltrates into the soil. An exam-

ination of the monthly variation graph of precipitation and

ETP (Figure 5a), reveals that there is an ETP deficit. ETP

is greater than ETR during the July to September drought

period due to the lack of soil moisture. From October to

May, precipitation exceeds ETP. Soil moisture reserves are

depleted from late May to November. The water deficit

in July, August, and September is 151 mm. This term re-

quires irrigation in agricultural fields. During the rainy

season from October to July, the soil is fully or partially sat-

urated, so the ETP amount can be met from soil moisture

and precipitation, making ETP equal to ETR during this

period. The excess water during this period totals 336.5

mm, which is 36.8% of the total precipitation.

According to the Thornthwaite method, based on the

data from the Kozluköy station representing the western

part of the study area, 709.4 mm, or 77.5% of the an-

nual precipitation of 915 mm, returns to the atmosphere

through evapotranspiration. Considering that the total

annual runoff is 236.4 mm, 25.8% of the precipitation con-

tributes to surface runoff. After subtracting the excess sur-

face runoff, the remaining 112.7 mm, or 12.3% of the total

annual precipitation, infiltrates into the soil. Examining the

monthly variation graph of precipitation and evapotranspi-

ration (Figure 5b), indicates that there is an evapotranspi-

ration deficit. During the dry period comprising July and

August, the ETP exceeds the ETR due to the absence of soil

moisture. From September to May, precipitation exceeds

ETP. From late May to late October, soil moisture reserves

are depleted. During July and August, the water deficit

amounts to 143.6 mm, coinciding with the months when

irrigation is necessary in agricultural areas. In the period

from September to July, constituting the rainy season, the

soil is either fully or partially saturated with water. There-

fore, the amount of ETP can be met from soil moisture and

rainfall, making ETP equal to ETR during this term. During

this time, the excess water amounts to 349.1 mm annually,

which is equivalent to 38.2% of the total precipitation.

According to the Thornthwaite method, based on the

data from the Enseköy station located in the southern

part of the study area, 690.6 mm, or 66.6% of the an-

nual precipitation of 1037 mm, returns to the atmosphere

through evapotranspiration. Considering that the total an-

nual runoff is 288.8 mm, we observe that 27.9% of the
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Figure 5. Monthly relationship graphs between ETP and precipitation: Kozlu (a), Kozluköy (b), Enseköy (c), Sakaköy (d).

Table 6. Climate classification of Kozlu district.

Stations Method

Thornthwaite

1. 2. 3. 4.

Kozlu Humid (B1) 2nd Degree Mesothermal (B’2) Moderate summer water deficiency (s) Marine (b’4)

Kozluköy Humid (B1) 1st Degree Mesothermal (B’1) Moderate summer water deficiency (s) Marine (b’4)

Enseköy Humid (B2) 1st Degree Mesothermal (B’1) Little or no water deficiency (r) Marine (b’4)

Sakaköy Humid (B2) 2nd Degree Mesothermal (B’2) Little or no water deficiency (r) Marine (b’4)

precipitation contributes to surface runoff. After subtract-

ing the excess surface runoff, the remaining 130.9 mm, or

12.6% of the total annual precipitation, infiltrates into the

soil. Examining the monthly variation graph of precipi-

tation and evapotranspiration (Figure 5c), shows an ETP

deficit. During the dry period comprising July and August,

the ETP exceeds the ETR due to the absence of soil mois-

ture. From September to May, precipitation exceeds ETP.

From late May to November, soil moisture reserves are de-

pleted. The water deficit during July and August amounts

to 73.2 mm, necessitating irrigation in agricultural areas

during these months. During the rainy season typically

fromApril to September, the soil is either fully saturated or

partially saturated with water, allowing the ETP to be met

from soil moisture and precipitation, making ETP equal to

reference ETR during this term. The excess water during

this time totals 419.7 mm annually, which is equivalent to

40.5% of the total precipitation.

According to the Thornthwaite method, based on the

data from the Sakaköy station representing the eastern

part of the study area, 729.7 mm, or 70.4% of the an-

nual precipitation of 1037 mm, returns to the atmosphere

through evapotranspiration. Considering that the total an-

nual runoff is 273.9 mm, it can be observed that 26.4% of

the precipitation contributes to surface runoff. After sub-

tracting the excess surface runoff, the remaining 124.6mm,

or 12% of the total annual precipitation, infiltrates into the

soil. Examining the monthly variation graph of precipita-

tion and evapotranspiration (Figure 5d), one can observe

an evapotranspiration deficit. During the dry period com-

prising July, August, and September, the ETP exceeds the

reference ETR due to the absence of soil moisture. From

October to May, precipitation exceeds ETP. From late May

to late October, soil moisture reserves are depleted. The

water deficit during July, August, and September amounts

to 91mm, necessitating irrigation in agricultural areas dur-

ing these months. During the rainy season from October

to August, the soil is either fully saturated or partially sat-

urated with water, allowing the ETP to be met from soil

moisture and precipitation, whichmakes ETP equal to ETR

during this period. The excesswater during this time totals

398.5 mm annually, which is equivalent to 38.4% of the

total precipitation.

As one moves southward in the Kozlu district, the an-
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nual rainfall increases, while the intensity and duration of

high temperatures and periods of water deficit decrease.

Throughout Kozlu, ETP is highest in July and lowest in Jan-

uary. ETR, on the other hand, is lowest in January through-

out the district, while it reaches its peak in June for Kozlu

and Kozluköy stations and in July for Enseköy and Sakaköy

stations. Additionally, from November to May, there is

excess water and surface runoff throughout the district.

Some of the excess water contributes to surface runoff,

while some infiltrates into the soil, with the peak surface

runoff occurring in February. It was observed that as we

moved south in Kozlu, there was an increase in the amount

of runoff with precipitation, and a decrease in the ETP, wa-

ter deficit amounts, and the time interval during which

water deficit was observed with temperature. In Kozlu,

steep areas with a slope of 30–40% cover a large area, ar-

eas with a slope of 40–60% constitute the mountainous

regions in the north of the study area. Coastal plains and

valley floors include areas with a slope of 0–30%, and sea

cliffs with a slope of 70–90% cover a small area (Arca et al.,

2017). In Kozlu, steep areas with a slope of 30–40% cover

a large area, while areas with a slope of 40–60% constitute

the mountainous regions in the north of the study area.

Coastal plains and valley floors include areas with a slope

of 0–30%, while sea cliffs with a slope of 70–90% cover

a small area (Arca et al., 2017). When the Kozlu slope map

and land use map (Arca and Keskin Citiroglu, 2022) were

examined, no significant relationship was found between

the amount of precipitation and the slope. There was an

increase in the amount of precipitation and a decrease in

the annual average temperature as we moved away from

the Black Sea coast.

AKruskal-Wallis testwas applied todeterminewhether

the potential differences in the ETP valuesmeasured by the

four stations were random or statistically significant. The

Kruskal-Wallis test is a non-parametric test used to assess

whether the observed variation in different samples is due

to random error or represents a real difference caused by

the samples coming from different populations (Schmidt,

2010). The p-value obtained from the Kruskal-Wallis test

was 0.914008, which is greater than 0.05. Therefore, it was

concluded that there is no statistically significant differ-

ence between the ETP values. This finding indicates that

the ETP values measured at the four stations reflect simi-

lar seasonal conditions and that no statistically significant

difference exists between them.

The Thornthwaite method was used to assess precip-

itation patterns, determine the climate type in the Kozlu

district, and create climate boundary maps (Table 6).

Based on the Thornthwaite climate classification

method using data from the Kozlu point, the precipitation

efficiency index (Im) was determined as 33.7, indicating

a Moist (B1) climate characteristic. The Thornthwaite tem-

perature efficiency index, defined based on annual ETP

of 729.7 mm, yields a climate characteristic of Second De-

gree Mesothermal Moist (B’2). The Thornthwaite drought

index (Ia) was detemined as 20.7, corresponding to a cli-

mate characteristic of moderate summer water deficiency

(s). The summer concentration index is 50.8%, indicating

marine areas (b’4).

Using data from the Kozluköy point, the precipitation

efficiency index (Im) was calculated as 37.1 based on the

Thornthwaite climate classification method, indicating

a Moist (B1) climate characteristic. The Thornthwaite tem-

perature efficiency index, defined based on the annual ETP

of 709.4 mm, yields a climate characteristic of First Degree

MesothermalMoist (B’1). The Thornthwaite drought index

(Ia) was calculated to be 20.2, corresponding to a climate

characteristic of moderate summer water deficiency (s).

The summer concentration index is 51.5%,which indicates

marine areas (b’4).

Based on the Thornthwaite climate classification

method using data from the Enseköy point, the precipita-

tion efficiency index (Im) was calculated as 54.4, indicating

a Moist (B2) climate characteristic. The Thornthwaite tem-

perature efficiency index, defined based on the annual ETP

of 690.6 mm, yields a climate characteristic of First Degree

Mesothermal Moist (B’1). The Thornthwaite drought in-

dex (Ia) was calculated as a value of 10.6, corresponding

to a climate feature of little or no water deficiency (r). The

summer concentration index is 51.6%, indicating marine

areas (b’4).

Based on the Thornthwaite climate classification

method using data from the Sakaköy point, the precipita-

tion efficiency index (Im)was detemined as 47.1, indicating

a Moist (B2) climate feature. The Thornthwaite temper-

ature efficiency index, determined based on annual ETP

of 729.7 mm, yields a climate characteristic of Second De-

gree Mesothermal Moist (B’2). The Thornthwaite drought

index (Ia) was calculated as 12.5, corresponding to a cli-

mate characteristic of little or no water deficiency (r). The

summer concentration index is 50.8%, indicating marine

areas (b’4).

According to the climate characteristic represented by

the first and second letters obtained in the climate clas-

sification made by the Thornthwaite method, it has been

observed that the humid climate characteristic is domi-

nant throughout the district. The third letter representing

the drought index for rainy climates indicates moderate

summer water deficiency for Kozlu and Kozluköy stations,

while Enseköy and Sakaköy stations exhibit little or no wa-

ter deficiency. As one moves southward in the study area,

precipitation increases, average temperatures slightly de-

crease, and the duration of water deficit diminishes. There-

fore, it can be concluded that as one moves southward in

the study area, a climate characterized by little or no water

deficiency is observed. Additionally, based on the results of

the summer concentration index represented by the fourth

letter in the Thornthwaite method, it is observed that the

entire Kozlu district exhibits a marine climate.
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Figure 6. Thornthwaite based climate border maps; a) precipitation efficiency index, b) temperature efficiency index,

c) drought index, and d) summer concentration index.
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The Thornthwaitemethod is primarily used for climate

classification, but it is also applicable when direct evapo-

transpiration calculations are not feasible. Therefore, to

generate the climatemap of the Kozlu, the results obtained

from the Thornthwaite method representing the first, sec-

ond, third, and fourth letters have been examined using

the Kriging interpolation method (Krige, 1951) in GIS soft-

ware. As a result of the analysis, maps representing the

precipitation efficiency index (Figure 6a), temperature ef-

ficiency index (Figure 6b), drought index (Figure 6c), and

summer concentration index (Figure 6d) have been pre-

pared. This allowed for climate estimation in locations

beyond the stations included in the study. By determining

climate characteristics based on station data and generat-

ing raster-based maps, this study ensured a more accurate

spatial determination of climate boundaries.

When comparing the climate characteristics of the Ko-

zlu district obtained in this work with the climate maps

of Turkey (Türkiye) provided by MGM (2024), it was ob-

served that the results were consistent. Considering the

presence of geo-environmental features that restrict the

development of the district (Arca et al., 2017), landslide

(Arca et al., 2018), subsidence (Can et al., 2011), and flood

risks (Keskin Citiroglu and Baysal, 2011), along with the

potential for wind energy utilization (Arca and Keskin

Citiroglu, 2022), it is evident that the conclusions of this

investigation will contribute to energy production, land

use, disaster prevention, and various planning efforts in

the Kozlu district. Transformation of undeveloped areas

into urban areas can cause an increase in the effects of

climate change by changing the biophysical properties of

the area (Koç, 2024; Kazancı Altınok, 2022). In spatial

planning studies, the protection of the city’s coastal areas,

agricultural, forest and wetlands is important in establish-

ing the principles of adaptation to climate change (Kazancı

Altınok, 2022). Kozlu faces many unplanned construction,

rugged topography, a geological and karstic structure, min-

ing activities, and mass movements (Arca et al., 2017). To

ensure the healthy continuation of urban development in

Kozlu district and the sustainability of district resources,

it is important to prevent climate-related problems and

to harmonize urban development with climate character-

istics. Considering that climate change affects landslide

formation by increasing heavy rainfall, which is the trigger

of landslides (Gariano and Guzzetti 2016), it is necessary

to know the climate characteristics of Kozlu district.

5. Conclusion
In this study, climate boundaries were determined in the

Kozlu district located on the Black Sea coast to prevent

both climate-related problems and potential impacts of cli-

mate. For this purpose, meteorological station data from

the last thirty years in the district were used to define the

climate patterns of station points according to Thornth-

waite. Subsequently, surface analysis was conducted us-

ing the Kriging interpolation method. Thus, maps of the

climate border reflecting the climate styles at midpoints

covering the entire study area were obtained.

In the Kozlu district, precipitation is observed in all

months, with an increase in October that continues until

February. October and December receive more precipi-

tation than other months in the region. Throughout the

study area, the average highest temperatures are observed

in July and August, while the average minimum temper-

atures occur in January and February. The temperature,

which shows a decreasing trend in September in Kozlu, ex-

hibits an increasing trend starting in April. As one moves

southward in the Kozlu district, the annual precipitation

increases, while the intensity of temperature and the dura-

tion of water deficiency decrease.

In the entire district, ETP is top in July and minimum

in January. However, ETR is lowest in January across the

entire district, while it is highest in June for Kozlu and

Kozluköy stations, and in July for Enseköy and Sakaköy

stations. Additionally, from November to May, there is

excess water and surface runoff throughout the district.

Some of the excess water contributes to surface runoff,

while some infiltrates into the soil, with the top surface

runoff occurring in February.

According to the climate classification conducted us-

ing the Thornthwaite method, a humid climate prevails

throughout district, represented by the first and second

letters. The drought index represented by the third let-

ter indicates moderate summer water deficiency in the

northern part of the district and little or no water defi-

ciency in the southern part for rainy climates. Considering

that the stations located in the southern part of the study

area receive higher annual precipitation compared to other

districts and have a shorter duration of water deficit, the

observation of the little or no water deficiency climate

characteristic as one moves southward in the study area

demonstrates a high level of consistency among the results.

According to the summer concentration index represented

by the fourth letter in the Thornthwaite method, the entire

investigated area displays a marine characteristic.

The results obtained are valuable for assisting in plan-

ning that is either based on climate or affected by climate as

they can reveal areaswhere climate changes occur through-

out the district. The determination of climate boundaries

will facilitate the resolution of various issues in Kozlu dis-

trict affected by climate characteristics such as landslides,

subsidence events, floods, and land use, changes in plant

species, agricultural planning, and migration problems.

Mapping climate boundaries will contribute to monitoring

climate change, which is as important as all these contribu-

tions. Thus, it will not only contribute to local-scale efforts

but also contribute to national-scale initiatives addressing

climate change.

It is evident that the outputs of this study have the po-

tential for development and will assist decision-makers
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in managing climate change risks and water resources in

Kozlu. Kozlu also has opportunities in mining, tourism,

agriculture, and fishing. The absence of a rainless month

in Kozlu ensures that plants can meet most of their wa-

ter needs from rainfall. The months of autumn and winter

display similar characteristics. The fact that Kozlu has a hu-

mid climate and the precipitation it has makes it possible

to conduct irrigation and eliminate the time and financial

losses that irrigation tends to cause. Although there is

a decrease in the amount of precipitation in July, the need

for irrigation in agricultural activities can be eliminated if

early harvested products are grown.

Protecting water resources is mandatory for sustain-

able urban development. Therefore, the effects of arti-

ficial environments on surface and underground water

resources, climate characteristics, and climate change sce-

narios must be taken into account in urban planning. With

the results of this study, the climate character and climatic

changes of the region should be revealed, and the Climate

Model Comparison Project CMIP5 and CMIP6 scenarios

should be prepared.

TheThornthwaitemethodallows for thedetermination

of climate classifications and the calculation of features

such as water deficiency, evapotranspiration, humidity,

and runoff. In other words, its capability to be used in situ-

ations where evapotranspiration cannot be immediately

determined demonstrates that the Thornthwaite method

is a robust and advantageous approach. In this context,

when themethods used in determining the climate type are

compared, the Thornthwaite method is more detailed and

reveals critical issues such as evaporation-transpiration,

soil moisture level, surface flow and water requirement.

Acknowledgements
The authors would like to thank the editors and review-

ers for their review and recommendations. The authors

would also like to thank Dr. Eda Çevik, a research assis-

tant at Dokuz Eylul University Izmir Vocational School in

Turkey, for her contributions in the application of the non-

parametric statistical method Kruskal Wallis Test.

Funding statement
The authors received no specific funding for this study.

Author’s contribution
Hulya Keskin Citiroglu: supervision, data curation, concep-

tualization, investigation, methodology, formal analysis,

calculations, original draft and preparation. Deniz Arca:

data curation, conceptualization, investigation, method-

ology, formal analysis, analysis of GIS and visualization,

writing, and review. All authors reviewed the results and

approved the final version of the manuscript.

Availability of data and materials
The data that support the findings of this research are

available from the author upon reasonable request.

Conflict of competing interest
None declared.

References
Aalto, J., Pirinen, P., Heikkinen, J., Venäläinen, A. 2013. Spa-
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