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Abstract: Tourism activities are highly dependent on climatological conditions. The climatological 

suitability of tourism destinations is investigated by using a Tourism Climate Index (TCI) that is 

frequently used by researchers. The TCI varies between 0 and 100 and is created by using temper-

ature, relative humidity, sunshine duration, wind and precipitation data. For TCI, 100 is for ideal 

and 0 is for extremely unfavorable conditions for tourism. In this study, the meteorological data 

covering the period of 1981–2020 for 98 stations is used to calculate the TCI of each station for all 

seasons and months. The Mann—Kendall trend test is used for TCI behavior of the entire country 

and Sen Innovative Trend Analysis method is used for four famous tourism destinations. For 

summer, coastal regions have smaller TCI values than inland regions due to the high amount of 

relative humidity. Most stations have TCI values in the “Very Good” category or better. In spring 

and autumn, the TCI values fall into the “Acceptable” category or better. The winter is the season 

with smallest TCI values. For summer, 54 of 98 stations have a decreasing trend at different levels 

of significance and four of them have an increasing trend. In autumn, 30 stations have an increas-

ing trend and two stations have a decreasing trend at standard levels of significance. Similarly, for 

spring, 20 stations have an increasing trend and one has a decreasing trend. During winter, 14 

stations have an increasing trend while one has decreasing trend. The Sen Innovative Trend test 

shows an increasing trend on average for four famous tourism destinations during 

May–September months. 
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1. Introduction 

Tourism is one of the important factors in global economic growth and develop-

ment. The World Travel and Tourism Council (WTTC) mentioned that tourism contrib-

uted to the World Gross Domestic Product (GDP) as much as 10.4% and 319 million 

people were employed in the industry [1]. The WTTC states that tourism corresponds to 

2–12% of GDP. In some developing economies and island economies, it corresponds to 

40% to 70% of GDP, respectively. It is mentioned that approximately 10% of employment 

is related to the tourism sector all over the world [2]. 

As it is worldwide, tourism is also one of the main sources of income in Türkiye. In 

2019, the total number of visitors was 61 million and foreign visitors were 45 million. In 

the same year, tourism income was recorded as USD 34.5 billion. Türkiye ranked 14th in 

tourism incomes, and it accounts for a share of 2.8% in the international tourism market 

and 5.6% in the European tourism market. It is expected that an increase will continue in 

the tourism sector in the following years. It is estimated that, according to the World 

Tourism Organization (2022), the number of international tourists will reach 1.5 billion 
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and 1.8 billion, respectively, in 2023 and 2030 [3]. In 2030, it is expected that the most 

frequently visited regions will be Northeastern Asia. It is projected that Southeastern 

Europe/Mediterranean, to which Türkiye belongs, will be the second most visited region 

in 2030 [4]. 

Tourism activities vary based on climatic zones in different regions of Türkiye [5]. 

Based on seasonal variabilities like other Mediterranean countries, winter and summer 

tourism have unique characteristics [6]. For tourism, the value of weather and climate is 

understood all over the world. Climate change directly affects the holiday destination 

[7–10], and the duration and quality of holiday [11]. According to the report of Euroba-

rometer (2012), 50% of European citizens decide on visiting the same holiday destination 

again based on the weather conditions [12]. 

Weather conditions and climate affect tourists’ activities and satisfaction [13]. In 

addition, they are also important for infrastructure and operating costs [14]. While the 

hot and dry weather in city centers is unfavorable for tourists, the forests and seaside are 

attractive areas for them [15]. The variables affecting the climate elements are mean, 

minimum and maximum air temperatures, relative humidity, precipitation, wind speed, 

sunshine duration and solar radiation values. These variables can be used daily, monthly 

and annually in related calculations [16]. 

Mieczkowski (1985) presented an index called the Tourism Climate Index (TCI) 

which includes seven different climate variables to introduce the effect of climate on 

tourism [16]. In many studies, this index indicates the effect of climate for tourist desti-

nations [17–19]. Since the TCI method includes three main climate aspects, which are 

thermal comfort, physical aspects and aesthetical facet, it is frequently used in literature 

[20]. Also, availability of these variables makes this method able to beused widely. 

Several climatological studies were conducted for Türkiye [21–23]. However, a few 

studies were performed for the suitable climatological conditions for tourism [6,24]. In 

this study, the trends in TCI values were analyzed by using Mann–Kendall and Innova-

tive Sen’s Trend tests as the spatio-temporal basis. The goal of this study is to examine the 

trends of TCI values for 98 stations in Türkiye using two different trend tests. The effect 

of climate change on tourists’ holiday destinations was investigated for each city as 

monthly and seasonally. The study is unique, because trend analysis of TCI values for all 

Türkiye has not been studied yet. 

2. Data and Methodology 

2.1. Study Area 

Türkiye with complex topography is located on two continents, Europe and Asia. 

The Northeast part of Türkiye is in Europe and the main part of the country is located in 

Asia. Türkiye is surrounded by the Black Sea to the north, the Aegean Sea from the west 

and the Mediterranean from the south. Thus, beach tourism is popular and contributes to 

the Turkish economy [25].Due to the diversity in landforms of Türkiye, it is a good des-

tination for other forms of tourism like skiing or mountain tourism. The focus of the 

study is to investigate the climate conditions and their contribution to the suitability for 

tourism activities. The monthly mean of daily maximum temperature (°C), daily mean 

temperature (°C), daily minimum relative humidity (%), daily mean relative humidity 

(%), daily sunshine duration (hours), daily mean wind speed (m/s) and monthly sum of 

daily total precipitation (mm) data are used for TCI calculation, and these are obtained 

from the Turkish State Meteorological Service (TSMS) for the period of 1981–2020. The 

raw data includes more than 200 stations. The stations with the data availability of pre-

cipitation less than 80% is excluded, so 98 stations are used in this study. The location of 

the stations used in this study is seen in Figure 1. The altitudes and coordinates of the 

stations are given in Table 1.The spatial and temporal analysis was stratified by season 

(December, January, and February for winter; March, April, and May for spring; June, 

July, and August for summer; and September, October, and November for autumn). 
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Figure 1. The stations used in the study. 

Table 1. The altitude, latitude and longitude of the stations. 

Station 
Altitude 

(Meter) 

Latitude 

(Degree N) 

Longitude 

(Degree E) 

Akçakoca 10 41.08 31.17 

Bartın 33 41.62 32.36 

Zonguldak 135 41.45 31.78 

İnebolu 64 41.98 33.76 

Sinop 32 42.03 35.15 

Samsun 4 41.34 36.26 

Ordu 4 40.98 37.88 

Trabzon 15 40.99 39.76 

Rize 9 41.04 40.50 

Hopa 33 41.40 41.43 

Artvin 628 41.18 41.82 

Edirne 51 41.68 26.55 

Tekirdağ 4 40.96 27.49 

Kumköy 38 41.25 29.04 

Kocaeli 76 40.77 29.93 

Sakarya 30 40.76 30.39 

Bolu 743 40.73 31.60 

Düzce 146 40.84 31.15 

Kastamonu 800 41.37 33.77 

Çankırı 751 40.61 33.61 

Çorum 776 40.54 34.93 

Amasya 412 40.67 35.84 

TokatBölge 608 40.33 36.56 

Gümüşhane 1219 40.46 39.47 

Sivas 1285 39.74 37.00 
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Erzincan 1218 39.75 39.49 

Erzurum 1758 39.95 41.19 

Kars 1775 40.60 43.11 

Ağrı 1632 39.72 43.05 

Igdır 858 39.92 44.05 

Gökçeada 79 40.19 25.91 

Çanakkale 6 40.14 26.40 

Bursa 100 40.23 29.01 

Yalova 4 40.65 29.28 

Bilecik 539 40.14 29.97 

Esenboğa 959 40.12 32.99 

Ankara 891 39.97 32.86 

Kırıkkale 751 39.84 33.52 

Yozgat 1298 39.82 34.80 

Edremit 21 39.58 27.02 

Kütahya 969 39.41 29.99 

Kırşehir 1007 39.16 34.16 

Gemerek 1171 39.18 36.08 

Tunceli 981 39.10 39.54 

Van Bölge 1671 38.46 43.35 

Ayvalık 4 39.31 26.69 

Dikili 3 39.07 26.89 

Akhisar 92 38.91 27.82 

Manisa 71 38.61 27.40 

Uşak 919 38.67 29.40 

A.Karahisar 1034 38.74 30.56 

Cihanbeyli 969 38.65 32.92 

Aksaray 961 38.37 33.99 

Nevşehir 1260 38.61 34.70 

Kayseri 1092 38.68 35.50 

Malatya 948 38.34 38.22 

Elazığ 990 38.64 39.26 

Bingöl 1177 38.88 40.50 

Muş 1323 38.75 41.50 

Tatvan 1665 38.50 42.28 

Siirt 896 37.92 41.93 

İzmir 29 38.39 27.08 

Çesme 5 38.30 26.37 

Kuşadası 25 37.86 27.27 

Aydın 56 37.84 27.84 

Denizli 425 37.76 29.09 

Burdur 957 37.72 30.29 

Akşehir 1002 38.37 31.43 

Isparta 997 37.78 30.57 

Konya 1031 37.98 32.57 

Karaman 1023 37.19 33.22 

Ereğli 1042 37.53 34.05 

Niğde 1211 37.96 34.68 

K.Maraş 572 37.58 36.92 
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Gaziantep 854 37.06 37.35 

Kilis 640 36.71 37.11 

Adıyaman 672 37.75 38.28 

Şanlıurfa 547 37.16 38.78 

Mardin 1050 37.30 40.72 

Diyarbakır 674 37.90 40.20 

Batman 610 37.86 41.15 

Hakkari 1728 37.57 43.74 

Bodrum 26 37.03 27.44 

Muğla 646 37.20 28.37 

Fethiye 3 36.62 29.12 

Marmaris 16 36.83 28.25 

Antalya 64 36.90 30.80 

Anamur 4 36.06 32.86 

Silifke 15 36.38 33.94 

Mersin 3 36.77 34.60 

Adana 27 37.00 35.34 

İskenderun 4 36.59 36.15 

Antakya 104 36.20 36.15 

Finike 2 36.30 30.15 

Florya 37 40.97 28.79 

Cizre 400 37.33 42.20 

İslahiye 513 37.03 36.64 

Gazipaşa 21 36.27 32.30 

2.2. Tourism Climate Index (TCI) 

Mieczkowski (1985) introduced the Tourism Climate Index (TCI) which combines 

monthly means of daily mean temperature, daily maximum temperature, daily mean 

relative humidity, daily minimum humidity, daily sunshine duration and daily mean 

wind speed and the monthly sum of daily total precipitation [16]. TheTCI is a widely 

used index in studies [5,26,27]. This index can be evaluated on a scale of −20 to 100 ob-

tained by transforming meteorological variables mentioned above to new sub-indexes. 

TCI is defined as  

TCI = 2 × [4 × CIDT + DCI + 2 × PRE + 2 × SSH + WSP] (1) 

where CIDT is comfort index for daytime, DCI is daily comfort index, PRE is precipita-

tion index, SSH is sunshine duration index and WSP is wind speed index. PRE, SSH and 

WSP sub-indices in the TCI equation get values between 0–5. When the monthly sum of 

precipitation and monthly mean wind speed approaches 0, PRE and WSP approaches 5. 

When the monthly mean of daily sunshine increases, SSH increases. CIDT is obtained 

from the monthly mean of maximum daily temperature and minimum daily relative 

humidity by using a thermal comfort system which is modified from ASHRAE (1972) 

standards for effective temperatures [28]. DCI is calculated by using the same chart for 

monthly mean of daily mean temperature and relative humidity. Typically, CIDT and 

DCI have a value between −3 to 5. More information about the components can be found 

in Mieczkowski (1985) [16]. As seen in (1), the highest weight is assigned to the CIDT 

because the tourist spends time in tourism destinations during daytime. The second 

highest weights are given to PRE and SSH. When all the components are favorable and 

obtain the value of 5, TCI is equal to 100. The TCI scale is divided into 10 categories by 

Mieczkowski (1985) as seen in Table 2 [16]. These categories range from ideal (90–100), 

excellent (80–89) to unfavorable (10–19) and impossible (−20–9.9). TCI values greater than 
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50 are acceptable for outdoor activities. Negative TCI values are obtained for the condi-

tions of very low mean and maximum temperatures, high amount of precipitation, high 

wind speed and low sunshine duration in monthly bases and so it is impossible. 

Table 2. The TCI Classification Scheme adopted from Mieczkowski (1985) [16]. 

TCI Score Descriptive Category Code 

90<TCI<100 Ideal 9 

80<TCI<89.9 Excellent 8 

70<TCI<79.9 Very good 7 

60<TCI<69.9 Good 6 

50<TCI<59.9 Acceptable 5 

40<TCI<49.9 Marginal 4 

30<TCI<39.9 Unfavorable 3 

20<TCI<29.9 Very unfavorable 2 

10<TCI<19.9 Extremely unfavorable 1 

−20<TCI<9.9 Impossible 0 

2.3. Mann—Kendall Trend Test 

In trend analysis for meteorological variables, non-parametric tests are used instead 

of parametric tests to eliminate the negative effects related to observation and measure-

ments. The Mann–Kendall Trend Test (MK) [29,30] is also a non-parametric test and is 

used to determine the trends of meteorological data over a certain period. The S statistic 

inthe method is calculated by the subtraction of an observation from following observa-

tions, iteratively as in (2). S gets the value +1 if the result is positive, −1 if the result is 

negative and 0 if it is equal to 0. Then, these values (−1, 0, +1) are added cumulatively (3). 

A value greater than zero indicates an increasing trend, a value less than zero indicates a 

decreasing trend and a value equal to zero indicates no trend. 

𝑆 =  ∑ ∑ 𝑠𝑔𝑛(𝑥𝑗 − 𝑥𝑘)  

𝑛

𝑗=𝑘+1

𝑛−1

𝑘=1  

 (2) 

𝑠𝑔𝑛 (𝑥𝑗 − 𝑥𝑘) = 

{

 + 1                                          𝑖𝑓 (𝑥𝑗 − 𝑥𝑘) > 0  

0                                     𝑖𝑓 (𝑥𝑗 − 𝑥𝑘) = 0 

−1                                       𝑖𝑓 (𝑥𝑗 − 𝑥𝑘) < 0 

} 
(3) 

Calculating the variance of S (4) is important for finding the significance level, Z. The 

Z value is obtained by using the calculations defined in (5) and read in the table. The re-

sult is multiplied by two to get the p value. If the p value is less than the determined sig-

nificance level, α demonstrates that there is a trend in the data; otherwise, there is no 

trend. In other words, if p is less than 0.01, there is a trend at the 0.01 significance level, if 

it is between 0.01 and 0.05, there is a trend at the 0.05 significance level and if it is between 

0.05 and 0.1 there is a trend at the 0.1 significance level. If the p value is greater than 0.1, 

the trend is not statistically significant. 

𝑉𝑎𝑟 (𝑠) =
𝑛(𝑛 − 1)(2𝑛 + 5)

18
 (4) 
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 𝑍 =  

{
 
 
 
 

 
 
 
 

𝑆 − 1 

√𝑉𝑎𝑟 (𝑠)
                        𝑤ℎ𝑒𝑛  𝑠 > 0

0                                     𝑤ℎ𝑒𝑛  𝑠 = 0  

𝑆 + 1 

√𝑉𝑎𝑟 (𝑠)
                        𝑤ℎ𝑒𝑛  𝑠 < 0 

}
 
 
 
 

 
 
 
 

 (5) 

2.4. Sen Innovative Trend Test 

The Şen Innovative Trend Analysis method introduced by Şen (2012) [31],which is a 

non-parametric trend test, was used to describe trends in four famous tourism destina-

tions of Türkiye: Antalya, Istanbul, Izmır and Mugla. It is widely used by researchers in 

atmospheric, hydrological and environmental science [24,32–35]. The method is entirely 

dependent on visualization.The scatter plot of the time series of the data is plotted by 

applying the method step-by-step. After the separation of the data into two equal sub 

time periods, the data from both periods are sorted in ascending order. Then, scatter of 

these ordered data is plotted in the Cartesian coordinate system with adding the identity 

(trend free) line. The abscissa is for the data during the first period and ordinate is for the 

data during the second period. If all the scatter points fall on the identity line, the data is 

trend free. For adecreasing trend, the points should be located below the identity line, 

whilst the points should fall above the identity line for an increasing trend. If all the 

points fall on the line in the upper (lower) triangle, the data has a monotonic increasing 

(decreasing) trend. y = 1.1x line on upper triangle and x = 1.1y line on lower triangle were 

added to analyze the magnitude of the trend.  

All figures are illustrated via ggplot2 R-package [36]. All necessary data transfor-

mations and basic calculations are done via base R and dplyr packages of R [37,38]. 

3. Results and Discussion 

3.1. TCI Conditions 

In this section, the average TCI conditions for each of the stations are stratified into 

seasons and months are given. The numbers of stations for every TCI class stratified into 

seasons are seen in Table 3.  

Table 3. Number of stations in TCI class * and the summary of TCI values. 

Season/Month Ide. Exc. VG Good Acc. Mar. Unf. V.Un. E.U. Imp. Minimum Maximum Mean 

Winter - - - 4 33 56 5 - - - 32 62 48 

Dec. - - - 6 22 66 4 - - - 35 64 48 

Jan. - - - - 21 66 11 - - - 30 59 46 

Feb. - - - 8 57 29 4 - - - 32 65 51 

Spring - 15 54 24 5 - - - - - 53 85 72 

Mar. - - 10 36 44 7 1 - - - 39 79 60 

Apr. 1 23 47 22 4 1 - - - - 49 90 74 

May 10 70 17 1 - - - - - - 68 93 84 

Summer 4 39 34 20 1 - - - - - 57 93 77 

Jun. 12 55 29 2 - - - - - - 65 95 83 

Jul 3 38 29 27 1 - - - - - 53 93 75 

Aug. 4 32 31 23 8 - - - - - 55 92 74 

Autumn - 2 82 14 - - - - - - 60 80 73 

Sep. 18 45 28 7 - - - - - - 63 94 82 

Oct. - 44 43 11 - - - - - - 62 87 78 

Nov. - - 15 37 44 2 - - - - 43 77 61 

* “Ide.” stands for “Ideal”, “Exc.” for “Excellent”, “VG” for “Very Good”, “Acc.” for “Acceptable”, 

“Mar.” for “Marginal”, “Unf.” for “Unfavorable”, “V.Un”. for “Very Unfavorable”, “E.Un.” for 

“Extremely Unfavorable” and “Imp.” for “Impossible” TCI classes. 
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3.1.1. Winter 

The distribution of TCI values during winter is seen in Figure 2 and Table 2. There is 

an increasing pattern from north to south with two exceptions. First, the stations in the 

East Anatolia Region have the smallest TCI values to the terrestrial winter conditions. 

The second exceptionis stations on the BlackSea coast that have greater TCI values than 

the inland stations located in south regions. The TCI values also decrease from west to 

the east compatible with the increasing elevation. Inner parts with high elevations 

havesmaller TCI values. The TCI values sharply decrease from “Acceptable” to the 

“Unfavorable” category when moving from the Southeast Anatolia Region to the inner 

parts of the East Anatolian Regions, which is the mountainous region of Türkiye. A sim-

ilar, sharp decrease from “Good” to the “Marginal” category is observed in the south-

ernmost part of the country.In winter, 61 of 98 stations have a TCI value smaller than 50 

which corresponds to the categories worse than “Acceptable”. Muş has the smallest TCI 

value of 32. Ağrı, Tatvan, Bingöl and Rize are other stations that have TCI values less 

than 40. Out of 98 stations, 37 have TCI values greater than or equal to 50. Stations in the 

southern part of the country have the greatest TCI values for the winter. İskenderun has 

the greatest TCI value of 62. Adana, Silifke and Mersin are the other stations that have 

TCI values greater than or equal to 60 that corresponds to the category of “Good”.  

The TCI distribution of the stations in December is seen in Figure A1 and Table 2. 

The TCI values range between 35 and 64. There are four stations from the East and 

Southeast Anatolia Region that have TCI values lower than 40. There are six stations 

along the shoreline of the Mediterranean and south part of Aegean Region have TCI 

values greater than 60, that stands for the “Good” category. The rest of the stations have 

TCI values between 40 and 60. Figure A2 and Table 2 shows the TCI distribution for 

January. The minimum and maximum TCI values are 30 and 59, respectively. The vast 

majority of the East Anatolian Region and Rize, The Hopa and Zonguldak stations from 

the Black Sea coastline have TCI values smaller than 40 that corresponds to “Unfavora-

ble” conditions. Stations in the Aegean and Mediterranean coastline region have TCI 

values greater than 50 (“Acceptable”). The remaining stations have TCI values that are 

categorized as “Marginal”. TCI values increase slowly in February over those of January, 

as in Figure A3 and Table 2. The TCI values range between 32 and 65. There are four sta-

tions from the East Anatolia Region with TCI values lower than 40. There are eight sta-

tions from the Mediterranean coastline that have TCI values greater than 60 which cor-

responds to “Good” conditions. The other stations have TCI values between 40 and 60. 

The TCI values increase from north to south. 
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Figure 2. The TCI distribution for winter. 

3.1.2. Spring 

The TCI distribution across Türkiye in spring is seen in Figure 3 and Table 2. The 

increasing pattern of TCI values from north to the south is clearer.A decreasing pattern 

from west to the east due to increasing elevation is also clear. TCI values decrease from 

“Very good” to the “Good” category by moving Central Anatolia to the East Anatolia 

Region. There is a decrease from “Very good” to the “Acceptable” category in a few 

hundred kilometers to the increasing elevation.The lowest TCI values are seen in a few 

stations in the East Anatolia Region. In spring, all the stations have a TCI value greater 

than 50 that corresponds to the categories better than “Acceptable”. Tatvan has the 

smallest TCI value of 53. Rize, Erzurum, Kars and Agri have TCI values less than 60. Out 

of 98 stations, 24 have TCI values in the “Good” category and 54 of 98 stations have TCI 

values in the “Very good” category. Additionally, 15 of 98 stations have TCI values be-

tween 80 and 90, corresponding to the “Excellent” category. Silifke and Mersin are the 

stations with the highest TCI values of 85 and 84, respectively. Finike and Fethiye have 

TCI values of 82.  

The TCI distribution of the stations in March is seen in Figure A4 and Table 2. The 

TCI values range between 39 and 79. Only the Tatvan station from the East Anatolia Re-

gion that hasTCI values of 39 is “Unfavorable”. There are 10 stations in the shoreline of 

the Mediterranean, south part of the Aegean Region and Şanlıurfathat have TCI values 

greater than 70, that stands for the “Very good” category. In general, TCI values increase 

from north to south except for the stations in the East Anatolia Region. Figure A5 and 

Table 2 shows the TCI distribution for April. The minimum and maximum TCI values are 

49 and 90, respectively. Four stations from the East Anatolian Region have TCI values 

smaller than 60, that corresponds to “Acceptable”, and one smaller than 50 that corre-

sponds to “Marginal” conditions. Stations on the Aegean and Mediterranean coastline 

and in the southeast Anatolia Region have TCI values greater than 80, that stands for 

“Excellent”. The TCI distribution of the stations in May is seen in Figure A6 and Table 2. 

The TCI values range between 68 and 93. Kars is the only station that has a TCI value of 

lower than 70. There are 17 stations that have TCI values between 70 and 80 (“Very good” 

category). The vast majority (70 stations) of stations are in the “Excellent” category with 
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the value between 80 and 90. The remaining stations are in the “Ideal” category. Dikili, 

Çeşme and Kuşadası which are in the Aegean coast have the highest TCI value of 93. The 

TCI values are highest in the southern part of the country, in particular the southern part 

of the Aegean and Mediterranean coasts. The lowest TCI values belong to the stations in 

the East Anatolia Region and Black Sea Coast. 

 

Figure 3. The TCI distribution for spring. 

3.1.3. Summer 

Figure 4 and Table 2 represent the TCI values for stations during the summer season 

in this study. A different pattern is observed in summer. The terrestrial cities have higher 

TCI values than coastal cities in general. The TCI values decrease from north to south for 

coastal stations. The lowest TCI values for terrestrial cities are observed in the southern 

Anatolia Region. Cizre has the lowest TCI value of 57 that corresponds to the “Accepta-

ble” category. Hopa, Adana and Rize are the following stations with the lowest TCI with 

the values of 62, 62 and 63, respectively. Twenty of 98 stations are in the “Good” category 

while 34 are in “Very good” and 39 are in “Excellent” category. Sivas, Nevsehir, Yozgat 

and Van had the greatest TCI values in the “Ideal” category with the value of 90, 90, 90 

and 93, respectively.  

Figure A7 and Table 2 shows the distribution of TCI values of the stations in June. 

The TCI values range between 65 and 95. The lower and upper boundaries are like the 

boundaries of May. Cizre and Hopa have the lowest TCI values of 65 and 69, respec-

tively, that fall in the “Good” category. There are29 stations that have TCI values between 

70 and 79, which correspond to the “Very good” category. Also, 55 stations are in the 

“Excellent” category with the values between 80 and 89. The number of stations in the 

“Ideal” category in June is higher than May, with the number of 12. Van and Hakkari 

have the highest TCI values of 95. The TCI distribution pattern that can be described as 

low TCI values are on the Mediterranean coast and in the South Anatolia Region, me-

dium TCI values are on the Black Sea Coast and the high TCI values are seen in inland 

areas. Figure A8 and Table 2 shows the distribution of TCI values in July. The minimum 

TCI value in July is less than May and June. The minimum TCI value belongs to Cizre of 

53 and maximum belongs to Van of 93. Twenty-sevenstations are in the category of 
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“Good” whilst 29 are in the “Very good” and 38 are in the “Excellent” category. Erzurum, 

Yozgat and Van are the stations in the “Ideal” category with the values of 90, 91 and 93, 

respectively. During July, similar to June, the stations in the Central Anatolia Region 

have higher TCI values whilst stations in the north part of the country have middle val-

ues and the southern stations have lower values. TCI distribution of Türkiye in August is 

seen in Figure A9 and Table 2. The TCI values range between 55 and 92. Cizre has the 

lowest TCI value of 55. Also, eight stations are in the “Acceptable” category. Addition-

ally, 23 stations are in the “Good” category, whilst 31 in the “Very good” and 32 are in the 

“Excellent” category. Only four stations are in the “Ideal” category. Van and Yozgat have 

the highest TCI values of 92. August has a similar pattern with June and July. Stations in 

inner-Anatolia have higher TCI values whilst stations on the Black Sea Coast have middle 

values and the southernmost stations have lower values.  

 

Figure 4. The TCI distribution for summer. 

3.1.4. Autumn 

The TCI conditions of Türkiye for the autumn season are seen in Figure 5 and Table 

2. TCI values in autumn have a narrower range than winter with a minimum of 60 and 

maximum of 80. Rize, Hopa and Tatvan are the stations with the lowest TCI values of 

60,60 and 63, respectively. There are 14 stations in the “Good” category and 82 stations 

are in the “Very good” category. Only two stations,Çeşme and Kuşadası, have TCI values 

of 80 that fall in the “Excellent” category. The pattern for the TCI values in autumn can be 

described as increasing values from north to the south in general with some exceptions: 

maximum TCI values are observed in the stations of İzmir and a few stations in the East 

Anatolia Region with lower values than northernmost stations. 

For September, the TCI distribution for the stations in the study is shown in Figure 

A10 and Table 2. The TCI values are increasing during September. The values range 

between 63 in İskenderun and 94 in Van and Hakkari. Seven stations are in the “Good” 

category, 28 in the “Very good” and 45 in the “Excellent” category. Also, 18 stations are in 

the “Ideal” category, the highest number in the ideal category across all months. The TCI 

distribution pattern is slightly more complex than other warm months. The higher values 

are in the inner regions, but lower TCI values are observed in both the Black Sea and on 

the Mediterranean coast. TCI distribution in October is seen in Figure A11 and Table 2. 

The minimum TCI value of 62 is observed in Tatvan in the East Anatolia Region and a 

maximum TCI value of 87 is observed in Kuşadasıon the Aegean coast. Additionally, 11 

stations have TCI values in the “Good” category, 43 are in the “Very good” and 44 sta-

tions are in the “Excellent” category. In general, inner parts of the country have greater 

TCI values than the Black Sea Region. In November, TCI values decrease for the whole 

country as seen in Figure A12 and Table 2. The TCI values range between 43 and 77. The 
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East Anatolia Region, Black Sea Region except Samsun Station, Thrace region of Türkiye 

and the vast majority of inner-Anatolia have TCI values smaller than 60. The Mediterra-

nean Region, Aegean Region and Southeast Anatolia Region have TCI values greater 

than 60.  

 

Figure 5. The TCI distribution for autumn. 

3.2. Trend Analysis 

The number of stations with trends at different levels of significance are shown in 

Table 4.  

Table 4. The number of stations with trends at different level of significance. 

 Decreasing Increasing 

Season/Month p = 0.01 p = 0.05 p = 0.1 p = 0.01 p = 0.05 p = 0.1 

Winter - - 1 3 4 7 

December - - 1 1 3 5 

January 1 4 8 - - - 

February - - - 3 9 6 

Spring - 1 - 6 7 7 

March - - - 4 8 8 

April - - - - 4 6 

May 3 10 4 - - 3 

Summer 32 19 3 1 1 2 

June 26 13 8 - - 1 

July 9 8 8 3 1 2 

August 23 23 7 1 1 - 

Autumn - - 2 4 13 13 

September 25 16 6 - 1 2 

October 3 6 3 - 4 - 

November    19 30 16 
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3.2.1. Winter 

Figure 6 and Table 3 show the trend analysis results of TCI values for winter. As 

seen in Figure 6, 14 stations have an increasing trend for the winter period. On the other 

hand, only one station (Muğla) which is in the southwestern part of Türkiye has a de-

creasing trend with 10% of significance level. In addition, the remaining stations have no 

statistically significant trend in TCI values for winter. There are seven out of 14 stations 

that have an increasing trend at the 10% significance level while four of them are at the 

5% significance level. In addition, three stations have a decreasing trend at the 1% sig-

nificance level. According to the test statistics, the Kars station, which is located in the 

Eastern Anatolia Region, and the Cihanbeyli station, which is located in the Central An-

atolian Region, have higher increase amounts. 

Figure A13 and Table 3 show the trend analysis results of TCI values for December. 

Only 10 stations have statistically significant trends in TCI values. The remaining stations 

have no statistically significant trends in TCI values for December. There are five stations 

that have increasing trends in TCI values at the 10% significance level. In addition, the 

number of stations which have increasing trends at the 5% and 1% significance levels are 

three and one, respectively. On the other hand, only one station (Sinop) has a decreasing 

trend in TCI values for December. According to the test results, the Marmaris station, 

which is in the Aegean Region, and the Bingol station, which is located in Eastern Ana-

tolia Region, have higher increase amounts.  

Figure A14 and Table 3 indicate the trend analysis results of TCI values for January. 

It is easy to explain that 13 stations have a decreasing trend in TCI values for January. On 

the other hand, no increasing trend has been observed for all around the country. Addi-

tionally, remaining stations have no statistically significant trend in TCI values for Janu-

ary. Most of the decreasing trends were observed in the seaside parts of the country. Al-

so, eight stations have decreasing trends in TCI values at the 10% significance level. In 

addition, the number of stations having decreasing trends at the 5% and 1% significance 

levels are four and one, respectively. With respect to the test results, the Mugla station, 

which is located in the Aegean Region of Türkiye, has a higher decrease.  

Figure A15 and Table 3 show the trend analysis results of TCI values for February. It 

is seen that 18 stations have an increasing trend in TCI values for February. On the other 

hand, no decreasing trend was observed for the entire country during February. In addi-

tion, the remaining stations have no statistically significant trend in TCI values for Feb-

ruary. Most of the increasing trends were observed in the continental parts of the coun-

try. Half of the increasing trends were observed atthe 5% significance level. In addition, 

the number of stations which have increasing trends at the1% and 10% significance levels 

are six and three, respectively. Regarding the test results, the Kars,Bolge and Agri sta-

tions, which are located in the eastern part of the Eastern Anatolia Region, have higher 

increases. 
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Figure 6. Mann–Kendall trend results of TCI values for winter (Red upper triangle denotes in-

creasing trend at the 10%significance level, purple upper triangle denotes increasing trend at the 

5% significance level, brown upper triangle denotes increasing trend at the 1% significance level, 

yellow lower triangle denotes decreasing trend at the 10% significance level, green lower triangle 

denotes decreasing trend at the 5% significance level and blue lower triangle denotes decreasing 

trend at the 1% significance level). 

3.2.2. Spring 

Figure 7 and Table 3 show the trend analysis results of TCI values for spring. It is 

clear from the figure that 20 stations have an increasing trend for the spring period while 

one station has a decreasing trend. The remaining stations have no statistically significant 

trend in TCI values for spring. Seven of the stations have an increasing trend at the 10% 

and 5% significance level, andsix out of 20 stations have an increasing trend at the 1% 

significance level. In the spring season, only one station (Tatvan) has a decreasing trend 

with a 5% level of significance. According to the test results, the Inebolu and Trabzon 

Bolge stations, which are located in the Black Sea Region of the country, have stronger 

increases. 

Figure A16 and Table 3 show the trend analysis results of TCI values for March. It is 

easy to say that, like February, all trends that are statistically significant were observed as 

increases. Also, the remaining stations have no statistically significant trend in TCI values 

for March. The number of stations that have increasing trends at the 5% and 1% signifi-

cance levels are eight and four for March, respectively. In other respects, eight stations 

have an increasing trend at the 10% significance level.According to the test results, the 

Tekirdag and Kumkoy stations which are in the Marmara Region have higher increases.  

Figure A17 and Table 3 represents the trend results of TCI values for April. Like the 

previous two months, all significant trends were observed as an increase for April. 

Moreover, the remaining stations have no statistically significant trends in TCI values for 

April. There were two different significant levels for all stations. Six out of 10 stations 

have an increasing trend at the 10% significance level while the other stations have the 

trend at the 5% significance level. With respect to the test results, the Fethiye station, 

which is in the southwestern part of Türkiye, and the Inebolu station, which is in the 

Black Sea Region, have stronger increases. 

Figure A18 and Table 3 show the trend analysis results of TCI values for May. It is 

clear that 17 stations have a decreasing trend in TCI values for May. On the other hand, 

three stations have an increasing trend at the 10% significance level. Besides, remaining 

stations have no statistically significant trend in TCI values for May. Ten out of 17 sta-

tions have a decreasing trend at the 5% significance level. The number of stations which 

have decreasing trends at the 10% and 1% significance levels are four and three, respec-

tively. In terms of the test results, the Adıyaman station, which is in the Southeastern 
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Anatolia Region, and the Antalya station, which is in the Mediterranean Region, have 

higher decreases. 

 

Figure 7. Mann–Kendall trend results of TCI values for spring (See Figure 6 for legend). 

3.2.3. Summer 

Figure 8 and Table 3 indicate the trend analysis results of TCI values for the summer 

period. As seen from the figure, 54 out of 98 stations have a decreasing trend. On the 

contrary, only four stations have an increasing trend for summer. Moreover, remaining 

stations have no statistically significant trend in TCI values for summer. The significance 

levels of the decrease are 32 and 19 stations at the 1% and 5% levels, respectively. In ad-

dition, three stations have decreasing trends in TCI values at the 10% significance level. 

In terms of the test results, the Bursa station, which is in the Marmara Region, and the 

Cizre station, which is located in the Southeastern Anatolian Region, have higher de-

creases.  

Figure A19 and Table 3 represent the trend results of TCI values for June. It is clear 

that 47 stations have a decreasing trend during June while one station has an increasing 

trend. Further, 26 out of 47 stations have a decreasing trend at the 1% significance lev-

el.The number of stations which have decreasing trends at the 5% and 10% significance 

levels are 13 and eight, respectively. On the other hand, only one station (Batman) has an 

increasing trend at the 10%significance level. In addition, the remaining stations have no 

statistically significant trend in TCI values for June. With regard to the test results, the 

Esenboga Meydan station, which is located in the Central Anatolian Region, and the 

Antalya station, which is located in the Mediterranean Region, have stronger decreases. 

Figure A20 and Table 3 indicate the trend analysis results of TCI values for July. It is 

easy to explain that 25 stations have a decreasing trend in TCI values during July.The 

number of stations which have decreasing trends at the 1% and 10% significance levels 

are nine and eight, respectively. On the other hand, eight stations have a decreasing trend 

at the 5% significance level. Moreover, six stations have an increasing trend for July. The 

remaining stations have no statistically significant trend in TCI values for July. With re-

spect to the test results, the Edirne station, which is located in the Marmara Region, and 

Cizre station, which is located in the Southeastern Anatolian Region, hasstronger de-

creases. Otherwise, the Ahhisar station, which is located in the Aegean Region, and 

Batman station, which is located in the Southeastern Anatolian Region, have stronger 

increases.  

Figure A21 and Table 3 express the trend analysis results of TCI values for August. 

Similar to the other summer months, most of the stations have a decreasing trend in TCI 

values for August. A total of53 stations have a decreasing trend in August, 23 of which 
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are observed at the 1% significance level. In addition, the number of stations that have a 

decreasing trend at the 5% and 10% significance levels are 23 and seven, respectively. On 

the other hand, only two stations (Akhisar and Kilis) have an increasing trend in TCI 

values for August. The remaining stations have no statistically significant trend in TCI 

values for August. According to the test results, similar to summer, the Bursa station 

which is located in the Marmara Region and Cizre station which is located in the south-

eastern Anatolian Region have higher decreases. The Akhisar station which is located in 

the Aegean Region has a stronger increase like July. 

 

Figure 8. Mann–Kendall trend results of TCI values for summer (See Figure 6 for legend). 

3.2.4. Autumn 

Figure 9 and Table 3 show the trend analysis results of TCI values for autumn. As 

seen from the figure and table, 30 stations have an increasing trend for the autumn period 

while two stations have a decreasing trend. In addition, the remaining stations have no 

statistically significant trend in TCI values during autumn. Out of 30, 13 stations have an 

increasing trend at the 10% significance level. The number of stations which have in-

creasing trends at the 5% and 1% significance levels are 13 and four, respectively. The 

stations having decreasing trends are Aydın and Tatvan with 10% significance level. 

Considering the test results, the Izmir Bolge station, which is located in the Aegean Re-

gion, and the Cihanbeyli station, which is located in the Central Anatolian Region, have 

higher increases. 

Figure A22 and Table 3 represent the trend results of TCI values for September. It is 

clear from the figure that 47 stations have a decreasing trend for September while three 

stations have an increasing trend. Additionally, the remaining stations have no statisti-

cally significant trend in TCI values during September. Twenty-five out of 47 stations 

have a decreasing trend at the 1% significance level. The number of stations which have 

decreasing trends at the 5% and 10% significance levels are 16 and six, respectively. The 

Akhisar station, which also has an increasing trend in August, has an increasing trend in 

September with 5% level of significance.In terms of the test results, the Tatvan station, 

which is located in the Eastern Anatolia Region, and Kastamonu station, which is located 

in the Black Sea Region, have higher decreases. The Ahhisar station, which is located in 

the Aegean Region, has a higher increase similar to the previous two months. 

Figure A23 and Table 3 show the trend analysis results of TCI values for October. It 

is clear that 12 stations have a decreasing trend in TCI values for October. On the other 

hand, four stations have an increasing trend with a 5% level of significance. All increas-

ing trends are observed in the southern parts of Türkiye. Moreover, remaining stations 

have no statistically significant trend in TCI values for October.Most of the decreasing 
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trends were observed in the seaside parts of the country. There are three stations that 

have decreasing trends in TCI values at the 10% significance level. In addition, the 

number of stations having decreasing trends at the 5% and 1% significance levels are six 

and three, respectively. Considering the test results, the Aydin and Mugla stations which 

are located in the Aegean Region have stronger decreases. Otherwise, the Akcakoca and 

Rize stations which are in Black Sea Region have higher increases.  

Figure A24 and Table 3 indicate the trend analysis results of TCI values for No-

vember. It is clear to say that 65 out of 98 stations have a decreasing trend in TCI values 

for November. On the other hand, no decreasing trend has been observed for all around 

the country. The remaining stations have no statistically significant trend in TCI values 

for November. Thirty out of 65 stations have increasing trends in TCI values at the 5% 

significance level. In addition, the number of stations having increasing trends at the 1% 

and 10% significance levels are 19 and 16, respectively. In regard to the test results, the 

Cankiri station, which is located in the Central Anatolian Region, and the Kutahya sta-

tion, which is located in Aegean Region, have higher increases.  

 

Figure 9. Mann–Kendall trend results of TCI values for autumn (See Figure 6 for legend). 

3.3. Sen Test for Four Famous Tourism Destinations 

3.3.1. May 

The scatter plot of the two periods (the first half of the period covers 1981–2000 and 

the second half of the period covers 2001–2020) of the monthly TCI during May for four 

famous tourism destinations is shown in Figure 10. There are four stations that have dif-

ferent behavior in detail but İzmir and Mugla have similar trends.For Antalya, the TCI 

has a decreasing trend for all the values except the highest two points. The lower and 

middle values are far from the identity line. For Istanbul, the TCI has an increasing trend 

with the values scattered through the y = 1.1x line. For İzmir, only the lowest three TCI 

values have an increasing trend. The other values are almost on the trend-free line. For 

Mugla, two points in lower TCI values fall on the increasing trend line. Five points close 

to the higher values have a decreasing trend. Other values are located almost on the 

trend-free line. 
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Figure 10. Sen trend analysis of TCI of May. 

3.3.2. June  

The trend analysis for monthly TCI values during June classified for the stations that 

are famous tourism destinations can be seen in Figure 11. Antalya has a decreasing trend 

for almost all the data. The lowest four values are even, apart from the x = 1.1y line. The 

magnitude of the trend decreases by the increase of TCI values. The highest three points 

fall on the 1-1 line. For Istanbul, all the points fall on the increasing trend region except 

the lowest two points. The lowest point is in the decreasing trend region and the other 

one is on the 1-1 line. The points with increasing trends fall on the region surrounded by 

1-1 and y = 1.1x line. For Izmır, the TCI points scatter and are not separated from the 1-1 

line. Two points with a small TCI value are on the increasing trend region close to the 1-1 

line. The other points display a decreasing trend region with a small magnitude in the 

trend. The TCI values have a decreasing trend for Mugla for all points. Three points are 

close to the x = 1.1y line. The other points fall on the region between 1-1 line and x = 1.1y 

line. 

 

Figure 11. Sen trend analysis of TCI of June. 
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3.3.3. July 

The scatter plots of July TCI values for famous destinations are seen in Figure 12. As 

seen in the figure, Antalya has a decreasing trend for all values except the highest. Small 

values are located far apart from the x = 1.1y line. The remaining values are in between 

1–1 line x = 1.1y line. The TCI values of Istanbul are located around the y = 1.1 line. The 

smallest value is in the increasing trend region while other small values are in the de-

creasing trend region. The medium and high values are in an increasing trend line. İzmir 

has a decreasing trend for small TCI values, a mixed trend for medium values and an 

increasing trend for high values. No values were observed out of the y = 1.1x or x = 1.1y 

line. For Mugla, almost all small and medium TCI pairs are in decreasing trend regions, 

not far apart from the 1-1 line. High values also fall into decreasing trend lines with in-

creasing magnitude of the trend and reach the x = 1.1y line. 

 

Figure 12. Sen trend analysis of TCI of July. 

3.3.4. August 

The TCI values for August are seen in Figure 13. As seen in the figure, Antalya has a 

dramatic decreasing trend for all values except the highest two values. The small values 

are far apart from the x = 1.1 line which means a very high magnitude of trend. The me-

dium values fall on the decreasing trend region surrounded by the identity line and the x 

= 1.1 line. August is a decreasing month for even Istanbul. Low values fall into a de-

creasing trend region with one value far from the x =1.1y line. Medium values are in a 

decreasing trend line closer to the identity line. The high values get closer to the identity 

line and the highest value is in the increasing trend region. Izmır has a mixed trend for 

TCI values in August. Small values start with a decreasing trend, pass into the increasing 

trend region and turn back to the decreasing trend region. The medium values have a 

decreasing trend. High values start with a decreasing trend and then pass into the in-

creasing trend region. Istanbul has a decreasing trend for the lowest three values, even 

the lowest values fall apart from the x = 1.1y line. The following four points fall in an in-
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creasing trend region. The rest of the medium values are on the identity line. The high 

values are in the decreasing trend region not far from the identity line. 

 

Figure 13. Sen trend analysis of TCI of August. 

3.3.5. September 

Scatterplots of TCI values for September at the famous tourism destinations are seen 

in Figure 14. As seen in this figure, the Antalya values have a trend similar to that of 

August. Even so, there is no increasing trend in September. Small values fall in the de-

creasing trend region apart from the x = 1.1y line. The rest of the values are in the de-

creasing trend region between the identity line and the x = 1.1y line. Istanbul has a de-

creasing trend for the lowest value and two points in the middle values. The rest of the 

values fall on the identity line or close to the identity line in the increasing trend region. 

Izmir has a decreasing trend for all values with different magnitudes. The smallest two 

values have the highest magnitudes of decreasing trend. The rest of the values are in the 

decreasing trend region. Mugla has a decreasing trend for all values in the region not far 

from the x = 1.1 line. 
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Figure 14. Sen trend analysis of TCI of September. 

4. Summary and Conclusions  

On a seasonal basis, during the winter the TCI values have a pattern of increasing 

values from north to south except for the East Anatolia Region (lowest values) and the 

Black Sea Coast (greater values than southernmost inland regions). The eastern part of 

the Mediterranean coastline hasgreater TCI values. For spring, the entire country ob-

served TCI values greater than 50. The TCI values are increasing from north to the south 

except for a few stations in the East Anatolia Region. TheMediterranean and Aegean 

coastlines have greater TCI values. The impact of orography is clear in both winter and 

summer. The summer season observed a different pattern than the winter and spring 

seasons. Inland regions of Türkiye have greater TCI values than coastal regions. Central 

Anatolia and inland parts of the Mediterranean and Aegean Region are regions with the 

highest TCI values. The small TCI values on the coastline are the result of high temper-

atures and relative humidity. During autumn, almost all the country has TCI values of 

“Very good” except the Black Sea coastline. Kuşadası and Çeşme are the stations with 

higher values. The results are consistent with Deniz (2011) that mentions the difference 

between coastal and inland stations during the summer.  

On a monthly basis, the TCI values are highest during May in the southern part of 

the country, and in particular the southern part of the Aegean and Mediterranean coasts. 

In June, the TCI distribution pattern can be described as low TCI values in the Mediter-

ranean Coast and South Anatolia Region, medium TCI values along the Black Sea Coast, 

and high TCI values found in inland areas. For July, like June, the stations in the Central 

Anatolia Region have higher TCI values whilst stations in the north part of the country 

have moderate values and the southern stations have lower values. For August, stations 

in inner-Anatolia have higher TCI values whilst the Black Sea Coast hasmoderate val-
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uesand the southernmost stations have lower values. During September, the higher val-

ues are in the inland regions. However,lower TCI values are seen along both the Black 

Sea and Mediterranean Coast. 

During the winter season, 14 stations have an increasing trend and only one has a 

decreasing trend. For spring, 20 stations have an increasing trend while one station has a 

decreasing trend. In the summer season, 54 out of 98 stations have a decreasing trend and 

4 stations have an increasing trend. There were 30 stations that have an increasing trend 

during the autumn period while two stations have a decreasing trend. The conclusion is 

that while the climatic conditions are improving for most seasons, during the summer 

season, which is the best season climatically, tourism conditions have worsened. The 

details for the peak tourism season are described below.  

Trend analysis for May–September should be summarized as follows: during May, 

17 stations have a decreasing trend in TCI values. On the other hand, three stations have 

an increasing trend. For June, 47 stations have a decreasing trend while one station has an 

increasing trend. During July, 25 stations had a decreasing trend in TCI values.There 

were 53 stations that have a decreasing trend in August and only two stations have an 

increasing trend. For September, 47 stations have a decreasing trend while three stations 

have an increasing trend.  

Lastly, the results of the Sen trend analysis are as follows:for May, Istanbul has an 

increasing TCI trend for all classes (low, moderate, and high) of TCI with a high degree of 

magnitude. The TCI has almost no trend except the three lowest points for Izmır. Mugla 

has a similar behaviour, but with some of the highest TCI class possessing decreasing 

trends. Antalya has a decreasing trend for all classes except the highest two points. 

During June, Antalya has a decreasing trend for small values with a high magnitude and 

the magnitude of the trend decreases with an increase in TCI values and reaches the 1-1 

line for the highest class of values. For Istanbul, the TCI values have an increasing trend 

with the points being in between 1-1 line and the y = 1.1x line except the lowest value 

pair. İzmir has a mixed trend for the small value class and a decreasing trend for the 

higher values. Mugla has a decreasing trend in TCI for all classes. During July, Antalya 

has a decreasing trend for all classes except the highest value. The lowest values have a 

decreasing trend with high magnitude. Istanbul has a decreasing trend for the small 

value class and increasing trend for others with a weak trend. Izmır has a decreasing 

trend for small values, mixed trend for medium values and increasing trend for the high 

values. Mugla has a decreasing trend for almost all classes, but with a high magnitude for 

high value pairs. August and July are the warmest months of the year so the maximum 

temperatures for these months are considered for calculating CIDT. Since the CIDT is the 

most important component of the TCI, this index will decrease with increasing maximum 

temperature. Izmir has a dramatic decreasing trend for all points and, in particular, for 

small values. Istanbul has a decreasing trend for all values except those in the highest 

class. Izmır and Mugla have a mixed type of trend with the domination of a decreasing 

trend. September has a predominantly decreasing trend for all four famous tourism des-

tinations. Antalya has a decreasing trend in all TCI classes with a high magnitude in the 

decreases for the small TCI value class. Istanbul has an increasing trend for some TCI 

values while the rest of them fall in the decreasing trend region. Izmır and Mugla have 

decreasing trends for all TCI values and all the TCI values fall in the region bounded by 

the y = x and the x = 1.1y line. 

Further research should be conducted by using more recent indices. The TCI does 

have some shortcomings. Using the monthly data, the high impact of aesthetic variables 

over physical variables in the TCI equation are the shortcomings of the TCI. Finally, the 

lack of a measurable trend magnitude in the trend analysis is the main limitation of the 

Şen innovative trend analysis method.  

  



Climate 2022, 10, 151 23 of 33 
 

 

Author Contributions: Conceptualization, B.E., A.D. and A.R.L.; Methodology, B.E. and A.R.L.; 

Software, B.E., E.Ö. and E.G.; Validation, B.E., E.Ö. and A.R.L.; Data Curation, B.E., E.G. and E.Ö.; 

Writing—Original Draft Preparation, B.E., E.G., E.Ö., A.R.L. and A.D.; Writing—Review & Editing, 

B.E., E.G., E.Ö., A.R.L. and A.D.; Visualization, B.E. and E.G. All authors have read and agreed to 

the published version of the manuscript. 

Funding: This research received no external funding. 

Data Availability Statement: The datasets used and/or analyzed during the current study are 

available from the corresponding author on reasonable request. 

Acknowledgments: We would like to thank the Turkish State Meteorological Service for their 

providing the data. We also thank the three reviewers for their time and effort in helping to make 

this paper stronger. 

Conflicts of Interest: The authors declare that they have no known competing financial interests or 

personal relationships that could have appeared to influence the work reported in this paper. 

Appendix A 

 

Figure A1. TCI distribution for December. 

 

Figure A2. TCI distribution for January. 
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Figure A3. TCI distribution for February. 

 

Figure A4. TCI distribution for March. 

 

Figure A5. TCI distribution for April. 
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Figure A6. TCI distribution for May. 

 

Figure A7. TCI distribution for June. 

 

Figure A8. TCI distribution for July. 
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Figure A9. TCI distribution for August. 

 

Figure A10. TCI distribution for September. 

 

Figure A11. TCI distribution for October. 
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Figure A12. TCI distribution for November. 

 

Figure A13. Mann–Kendall trend results of TCI values for December (Red upper triangle denotes 

increasing trend at the 10% significance level, purple upper triangle denotes increasing trend at the 

5% significance level, brown upper triangle denotes increasing trend at the 1% significance level, 

yellow lower triangle denotes decreasing trend at the 10% significance level, green lower triangle 

denotes decreasing trend at the 5% significance level and blue lower triangle denotes decreasing 

trend at the 1% significance level). 
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Figure A14. Same as Figure A13 but for January (See Figure A13 for legend). 

 

Figure A15. Same as Figure A13 but for February (See Figure A13 for legend). 

 

Figure A16. Same as Figure A13 but for March (See Figure A13 for legend). 
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Figure A17. Same as Figure A13 but for April (See Figure A13 for legend). 

 

Figure A18. Same as Figure A13 but for May (See Figure A13 for legend). 

 

Figure A19. Same as Figure A13 but for June (See Figure A13 for legend). 
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Figure A20. Same as Figure A13 but for July (See Figure A13 for legend). 

 

Figure A21. Same as Figure A13 but for August (See Figure A13 for legend). 

 

Figure A22. Same as Figure A13 but for September (See Figure A13 for legend). 



Climate 2022, 10, 151 31 of 33 
 

 

 

Figure A23. Same as Figure A13 but for October (See Figure A13 for legend). 

 

Figure A24. Same as Figure A13 but for November (See Figure A13 for legend). 
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