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Abstract 
Construction industry can be affected by climate change in particular temperature and temperature extremes not 
only for the design phase but also for production or end-use/operation phases. In this regard the major climatic 
factors that are dominant for the building lifecycle must be evaluated. This study determined the 13-sector specific 
ET-SCI temperature indices annually and investigated their trend characteristics at Edirne, Kırklareli and Tekirdağ of 
Thrace Region for the historical period. The results showed a dominant increasing temperature trend over the 
region. Edirne, Kırklareli, and Tekirdağ stations showed significantly increasing trends for the hottest night, average 
daily maximum, and average daily minimum temperature indices in this study. Furthermore, the hottest day index 
also showed an increasing trend for all the stations with a significant trend for Edirne and Tekirdağ. Moreover, 
significant decreasing trends were observed in the heating degree days and increasing significant trends were 
observed for the SU (summer days), CDDCOLD18 (cooling degree days) and TR (tropical nights) values at all the 
stations. 
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1. Introduction 
Extreme weather conditions will become more severe and frequent due to climate change and temperature 
extremes can cause remarkable problems for energy demand, building design-management and affect many 
individual sectors in different ways (Toros, 2012; Li et al. 2015; Hatfield and Prueger, 2015; Berger and Worlitschek, 
2019; Hoque and Yassaghi, 2019) so it became crucial to quantify and explore the effects of extreme events. 
Diagnosis of extreme-temperature patterns are particularly important because temperature effect many sectors. 
One of these sectors is the building construction which temperature has many applications. Moreover, construction 
industry can be affected by climate change in particular temperature and temperature extremes not only for the 
design phase but also for production or end-use/operation phases. For instance, considering the construction works 
and sites, risk factors such as extreme heat days or frost days may also cause delays and productivity decreases 
(Hayes, 2019). Moreover, energy performance of the buildings depends on the accurate design with the climate 
parameters (Lee et al, 2015). Building durability is another aspect that must be considered since degradation of 
building elements such as roof, fenestration, or insulation (Lacasse et al. 2020) can be faced. Frost damage, 
hygrothermal performance and solar effects of buildings and materials have been studied in various studies which 
temperature and temperature extremes are the main component of the effect (Saber et al. 2019; Nik et al. 2015; 
Andrady et al. 2011; Aarle van et al. 2015). The effect of climate change, in particular temperature and temperature 
extremes are expected to lead increasing costs, reduced service life and high cost of service such as heating or 
cooling. 
To identify such effects over building construction, analyses conducted by different researchers in different countries 
to reveal the observed trend and the future conditions and define the potential effect. Wang et al (2018) stated that 
a climate risk index (CRI) is computed based on a sub-set of indices regarding water-logging, drought, high 
temperature, cryogenic freezing, and typhoon for China. Lee et al, 2015 also revealed the P and S indices of 24 cities 
over eight climate zones in the United States to use for the building envelope calculations. Roslan and Shafri (2018) 
used building climate data and revealed a building comfort index.  
Yet there is no consensus on the definition of the extreme weather/climate event or indices.  To address this issue 
The Expert Team on Sector-specific Climate Indices (ET-SCI) of World Meteorological Organization (WMO) indices 
have been used in this study.  
It is crucial to have all the required information for decision makers to perform climate-change mitigation and 
adaptation strategies and policies. Turkey’s annual mean temperature in 2019 was 14.7°C and this value is 1.2°C 
above from 1981-2010 normal (13.5°C) which made 2019 the fourth warmest year since 1971 according to State of 
the Climate in Turkey in 2019 report (Sensoy and Demircan, 2020). However, when extreme events are the subject 
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of interest; regional and local scale studies become crucial to appropriately identify the characteristics of these 
extremes. 
Three cities, namely Edirne, Kırklareli and Tekirdag of Thrace Region which represents the European side of Turkey 
were chosen for this study. Economic activities, that maes the region attractive also increases the anthropogenic 
stress besides natural effects (Bagdatli and Belliturk, 2016, Şaylan et al., 2011). 
There are studies regarding extreme temperature and indices of Thrace Region, however this study deal with more 
sectoral perspective. The specific objectives of this study were to determine the values of 13 specific ET-SCI extreme 
indices that are effective for building design, construction, and operation by using the Climpact2 software at Edirne, 
Tekirdağ and Kırklareli of Thrace Region and to analyse the extreme temperature indices for the historical period. 

2. Material and Methods 

2.1. Study Area and Data 
The Thrace region (Fig. 1) is in the north-western part of Turkey. Thrace Region of Turkey has borders with Greece 
and Bulgaria and Edirne, Kirklareli, Tekirdag, European sides of Istanbul and Canakkale are the provinces of the 
region. Effects of Black Sea and Balkans are dominant factors over the climate of the region (Sırdaş and Sen 2003). 

 
Figure 1. Location of the stations 

Daily historical data were provided by the Turkish State Meteorological Service (TSMS). Considering historical data, 
Station 17050, 17052 and 17056 daily observations were used for the historical-period calculations since it had a 
relatively sufficient length of data. Table 1 shows the details of the meteorological stations. 

Table 1. Meteorological stations used in the study 
Station Lon Lat Elevation (m) Data Range 

Edirne (17050) 26.55 41.68 51 1952–2016 
Kırklareli (17052) 27.21 41.74 232 1981–2016 
Tekirdağ (17056) 27.50 40.96 4 1955–2016 

2.2. Expert Team on Sector-specific Climate Indices (ET-SCI) 
ET-SCI of the (WMO) have been widely used in many studies that intend to explore the climate trends and variability. 
Moreover, these indices also link the climatic changes and variability to sectoral impacts and the sensitivity of these 
sectors to observed and future variations (Herold et al. 2018; Junk et al. 2019). ClimPACT2 software is used to 
calculate the Expert Team on Sector-specific Climate Indices in this study (Zhang and Yang 2004; Alexander and 
Herold 2016). 1961 to 1990 period is the suggested standard reference period by World Meteorological Organization 
(WMO) for long-term climate change studies. In this study the baseline period was 1961-1990 for Edirne and 
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Tekirdağ stations, on the other hand because of the insufficient data, 1981-1990 period was used as the reference 
period for Kırıklareli station. The quality control of the time series was also tested with ClimPACT2 and the 
RHtests_dlyPrcp software packages.  
After the required checks were completed, ClimPACT2 was run to calculate extreme temperature indices, shown in 
Table 2, from the daily temperature series. 

Table 2. Explanation of Expert Team on Sector-specific Climate Indices (ET-SCI) used in this study  

ID Name Definition Unit 

TNX Max TN Warmest daily TN Hottest night °C 

TNN Min TN Coldest daily TN Coldest night °C 

TXM Mean TX Mean daily maximum 
temperature 

Average daily maximum temperature °C 

TNM Mean TN Mean daily minimum 
temperature 

Average daily minimum temperature °C 

TXX Max TX Warmest daily TX Hottest day °C 

TXN Min TX Coldest daily TX Coldest day °C 

ID 
Ice Days Number of days when TX < 0 °C Days when maximum temperature is 

below 0 °C 
days 

HDDHEAT18 

Heating degree days 
 

Annual sum of n - TM, where n is a user-
defined, location-specific base 

temperature and TM < n.. 
 

CDDCOLD18 
Cooling degree days 

 
Annual sum of TM - n, where n is a user-

defined, location-specific base 
temperature and TM > n 

 

SU 
Summer days Number of days when TX > 

25 °C 
Days when maximum temperature 

exceeds 25 °C 
days 

DTR 
Daily Temperature Range Mean difference 

between daily TX and daily TN 
Average range of maximum and minimum 

temperature 
°C 

FD 
Frost Days Number of days when TN < 0 °C Days when minimum temperature is 

below 0 °C 
days 

TR 
Tropical nights Number of days when TN > 

20 °C 
Days when minimum temperature 

exceeds 20 °C 
days 

2.3. Trend Tests   
The Mann–Kendall (MK) trend test is a widely used nonparametric test to determine the trend for a desired period 
and one of the most preferred tests for the hydrometeorological variables (Mann, 1945; Kendall, 1975; Gilbert, 1987; 
Nigussie and Altunkaynak, 2018; Wang et al., 2019; Militino et al., 2020). In this study the rank based Mann–Kendall 
trend test is also applied to temperature indices for the analyses period in order to capture the potential trends. 
Furthermore, Innovative Trend Analyses (ITA) method (Şen, 2012) is used to visual inspection of trend and justify 
the MK test results. Details of this method can be found in (Şen, 2012, Güçlü, et al, 2018, Ali et al. 2019).  In this 
method, two halves of time series are used in ascending order and drawn on the horizontal (X) and the vertical (Y) 
axis and the positions of the two halves relative to 1:1 line of the diagram are used to explore the trend 
characteristics of the whole time series. R package trendchange (Patakamuri, 2019) was used to perform the ITA 
analyses. 

3. Results  
MK trend test is conducted for the 13 temperature-based indices that were calculated in annual scale. Thirteen 
extreme-temperature indices were calculated from the daily temperature series of the observation periods at 
Edirne, Kırklareli and Tekirdağ Stations, Turkey. Moreover 6 daily extreme temperature indices, namely TNX, TNN, 
TXM, TNM, TXX, TXN (Hottest night, coldest night, avg. daily maximum temperature, avg. daily minimum 
temperature, hottest day, and coldest day) 
Considering the daily temperature indices TNX, TNN, TNM and TXN indices, Tekirdağ station show the highest values. 
For TXM and TXX values the highest indices belong to Edirne Station. Considering the frequency indices, ID, SU, DTR, 
FD, CDDCOLD18 of Edirne station show the highest values and GSL and TR values of Tekirdağ station have the highest 
values among the others. The only index that is the highest among the others for Kirklareli is the HDDHEAT18 index. 
On the other hand, the standard deviation of these indices follows a different pattern compared with their mean 
values. For instance, TNX index has the highest standard deviation value at Kırklareli station while, TNN has its 
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highest standard deviation at Edirne station. Similar behaviour can be seen for the other indices. Furthermore, 
greater standard deviation values have been revealed from the TNN. 
 
Table 3. Basic statistical parameters  

  min. mean sd max. cv kurtosis skewness 
TNX 

EDİRNE 20.10 22.01 1.15 24.60 0.05 -0.81 0.27 
KİRKLARELİ 20.00 22.92 1.54 25.90 0.07 -0.87 -0.01 
TEKİRDAG 20.40 23.11 1.24 26.20 0.05 -0.36 0.23 

TNN 
EDİRNE -19.50 -11.01 3.37 -5.10 0.31 -0.02 -0.64 
KİRKLARELİ -15.00 -9.45 2.56 -4.60 0.27 -0.52 -0.34 
TEKİRDAG -12.30 -7.26 2.65 -2.10 0.37 -1.05 -0.02 

TXM 
EDİRNE 17.97 19.66 0.88 21.83 0.04 -0.40 0.43 
KİRKLARELİ 17.64 19.01 0.93 21.17 0.05 -0.86 0.55 
TEKİRDAG 16.61 18.02 0.80 20.17 0.04 0.06 0.75 

TNM 
EDİRNE 7.23 8.37 0.69 10.08 0.08 -0.52 0.53 
KİRKLARELİ 7.79 8.91 0.70 10.34 0.08 -1.11 0.24 
TEKİRDAG 9.27 10.43 0.73 12.06 0.07 -0.69 0.55 

TXX 
EDİRNE 34.50 37.96 1.99 44.10 0.05 0.00 0.42 
KİRKLARELİ 33.70 37.63 2.19 42.50 0.06 -0.69 0.20 
TEKİRDAG 30.30 33.77 2.05 40.20 0.06 1.03 0.98 

TXN 
EDİRNE -10.90 -3.14 2.47 0.40 0.79 0.65 -0.97 
KİRKLARELİ -7.90 -2.94 2.09 0.50 0.71 -0.60 -0.31 
TEKİRDAG -6.10 -1.13 2.14 2.90 1.89 -0.69 -0.39 

ID 
EDİRNE 0.00 5.09 4.85 26.00 0.95 4.18 1.82 
KİRKLARELİ 0.00 4.28 3.27 12.00 0.77 -0.25 0.82 
TEKİRDAG 0.00 1.95 2.35 9.00 1.20 1.06 1.35 

HDDHEAT18 
EDİRNE 1715.00 2128.00 188.66 2609.00 0.09 -0.41 0.00 
KİRKLARELİ 1708.00 2140.00 201.28 2481.00 0.09 -1.04 -0.22 
TEKİRDAG 1532.00 1929.00 179.00 2238.00 0.09 -0.72 -0.37 

SU 
EDİRNE 101.00 130.80 10.91 159.00 0.08 0.26 0.20 
KİRKLARELİ 101.00 120.40 11.93 147.00 0.10 -0.81 0.31 
TEKİRDAG 58.00 90.37 14.35 127.00 0.16 -0.17 0.56 

DTR 
EDİRNE 9.94 11.29 0.55 12.50 0.05 -0.51 0.13 
KİRKLARELİ 9.43 10.10 0.49 11.61 0.05 0.91 1.05 
TEKİRDAG 7.04 7.59 0.31 8.47 0.04 -0.22 0.64 

FD 
EDİRNE 18.00 54.26 13.26 87.00 0.24 0.12 -0.18 
KİRKLARELİ 19.00 47.11 12.01 72.00 0.25 -0.27 -0.12 
TEKİRDAG 4.00 24.08 9.94 51.00 0.41 -0.22 0.36 

CDDCOLD18 
EDİRNE 441.20 673.40 130.63 1098.00 0.19 0.48 0.82 
KİRKLARELİ 481.20 663.80 120.65 935.20 0.18 -0.80 0.48 
TEKİRDAG 311.40 549.00 127.82 914.40 0.23 0.33 0.92 

TR 
EDİRNE 1.00 8.62 8.17 37.00 0.95 2.59 1.66 
KİRKLARELİ 0.00 14.64 11.04 43.00 0.75 -0.03 0.82 
TEKİRDAG 3.00 25.29 16.85 68.00 0.67 -0.15 0.93 

Furthermore, the trend patterns of daily temperature indices were investigated by ITA and Mann Kendall trend tests. 
0.05-significance was chosen as confidence level for the MK trend test and significant and insignificant trend results 
of the nonparametric method was visually validated by the ITA method. 
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Table 4. MK test results of daily temperature indices 
 Edirne Kirklareli Tekirdag 

Index z value p value z value p value z value p value 

TNX 3.54 0.00 2.00 0.05 3.54 0.00 

TNN 1.82 0.07 -0.15 0.88 1.46 0.14 

TXM 4.50 0.00 4.15 0.00 3.41 0.00 

TNM 3.41 0.00 4.33 0.00 2.98 0.00 

TXX 3.26 0.00 1.06 0.29 2.75 0.01 

TXN 0.47 0.64 -0.04 0.97 2.07 0.04 

Considering daily temperature indices, TNX, TXM and TNM (hottest night, avg. daily maximum temperature and avg. 
daily minimum temperature) show significant increasing trend for all stations which indicate a significant increase in 
temperature. TXX (hottest day) show increasing trend for all stations but this increasing trend is significant for Edirne 
and Tekirdag stations. TXN (coldest day) index trend has a significant increase for Tekirdağ. However, it can be seen 
from the table that most of the indices show increasing trends whether significant or not. The only negative trend is 
seen from TNN (coldest night) and TXN (coldest day) indices of Kirklareli station, but these trend patterns are not 
significant, and the magnitude is not remarkable compared to others. 

Table 5. MK test results of daily frequency temperature indices  
Edirne Kirklareli Tekirdag 

Index z value p-value z value p-value z value p-value 

ID -0.75 0.45 -0.15 0.88 -1.68 0.09 

HDDHEAT18 -2.85 0.00 -3.42 0.00 -2.30 0.02 

SU 4.36 0.00 2.07 0.04 4.69 0.00 

DTR 2.75 0.01 1.29 0.20 2.41 0.02 

GSL 1.02 0.31 1.57 0.12 1.61 0.11 

FD -0.70 0.49 -1.36 0.17 -0.78 0.43 

CDDCOLD18 5.03 0.00 4.51 0.00 4.74 0.00 

TR 4.00 0.00 4.42 0.00 3.94 0.00 

Statistically significant upward and downward trends were observed according to the MK test statistics. A significant 
decreasing trend in the HDDHEAT18 (heating degree days) values of all three stations were observed which means 
the need of the energy demand needed to heat a building decreases considering the observation period, whereas 
increasing significant trends were observed for the SU (summer days), CDDCOLD18 (cooling degree days) and TR 
(tropical nights) values at all the stations, DTR (daily temperature range) values at Edirne and Tekirdağ values. FD 
(frost days) and ID (ice days) showed decreasing trend for all the stations, but these are not statistically significant 
for the chosen significance level.  Generally, insignificant negative trends were determined for low temperature 
extremes such as FD, ID, and significant decreasing trend for HDDHEAT18 whereas significant positive trends were 
identified for indices regarding temperature increase considering all stations. The results of the MK test results 
indicate a heating continuum over the observation period. On the other hand, FD and ID indices indicate that days 
with a minimum and maximum temperature below 0 °C increases insignificantly over the observation period. 
Furthermore, daily temperature indices were analysed by the ITA method to determine the behaviour of the indices 
over time, to compare the MK trend test results and to make more precise inferences (Figure 2). 
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Figure 2. ITA Results of Daily Temperature Indices – Edirne (upper bound TNX, TNN, TXM and lower bound TNM, 

TXX, TXN respectively) 

Edirne station data demonstrated significant increasing trend for all the daily temperature indices (TNX, TNN, TXM, 
TNM, TXX) except TXN. This behaviour is more obvious for TNX, TXM, TNM and TXX trend characteristics that was 
primarily driven by the high and medium data points of the annual values. The indices that exhibit statistically 
significant upward MK test results also revealed strong correlation with the ITA results. However, the negative trend 
behaviour was detected for the highest values of TXN index at Edirne station by the ITA results which most probably 
effect the low magnitude and the insignificance of MK test results regarding the TXN index. 

 
Figure 3.  ITA Results of Daily Temperature Indices – Kırklareli (upper bound TNX, TNN, TXM and lower bound 

TNM, TXX, TXN respectively) 

Kırklareli station showed a clear increasing trend for TNX (hottest night), TXM (avg. daily maximum temperature) 
and TNM (avg. daily minimum temperature) indices while the TNN (coldest night), TXX (hottest day) and TXN (coldest 
day) showed no significant trend tendencies. ITA results of Kırklareli station showed consistency for the indices with 
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significant trends according to MK results while TNN and TXN indices showed insignificant decreasing trends for MK 
results which is not easy to infer from visually from the ITA results. These results confirm that Kırklareli station has 
an increasing temperature trend since average minimum and daily maximum values increase significantly and TNN 
and TXN showed insignificant decreasing trend. 

 
Figure 4.  ITA Results of Daily Temperature Indices – Tekirdag (upper bound TNX, TNN, TXM and lower bound TNM, 

TXX, TXN respectively) 

As the indices’ trend revealed in Edirne station, Tekirdağ station indices also showed a clear increasing trend for all 
the daily temperature indices (TNX, TNN, TXM, TNM, TXX, TXN). This behaviour is more obvious for TNX, TXM, TNM 
and TXX. These behaviours also consistent with the MK test results. The significance of the trend behaviour was 
mainly driven by the high data points of the series considering the daily temperature indices. It can be concluded 
that visual inspection of the daily temperature indices generally showed consistent results with the results of 
nonparametric Mann Kendall trend test. 

4. Discussion and Conclusions 
This study determines the 13-sector specific ET-SCI temperature indices annually and investigated their trend 
characteristics at Edirne, Tekirdağ and Kırklareli of Thrace Region for the historical period. The results showed a 
dominant increasing temperature trend over the region. These results also consistent with the other studies over 
the globe and Turkey that researchers studied different regions of the globe to identify the characteristics of 
temperature extremes for observed and future periods.  
In a recent study Nogueira et al. (2020) revealed a significant increase for the number of extreme hot days and 
nights, with nearly tripling the current value by 2070-2099 for Lisbon. Saddique et al. (2020) investigated the 
historical observations (1961–1990) and future period (2061–2090) in the Jhelum River Basin and revealed a 
warming trend in temperature indices at most of the stations of basin.  Salameh et al. (2019) stated a significant 
warming trend for the last three decades for the Levant region. Fonseca et al. (2016) found increase in the number 
of warm days and warm nights over the Iberian Peninsula. 
There are studies that investigated the spatial and/or temporal variability of temperature extremes. For instance, 
Sensoy et al. (2019) presented the risk over agriculture and water resources in their study regarding the sectoral 
climate indices for the Istanbul province of Turkey. Abbasnia and Toros, 2018 stated the influence of extreme warm 
days for the inland and metropolitan area stations. It is also found in thi study that number of summer days and 
number of tropical nights significantly increased over the study period.  Acar et al. (2018) noted an increase in the 
frequency of hot and extremely hot days as of 1966-2014 period. Gönençgil and Acar Deniz (2016) determined 
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statistically significant trends for the warm spells over the Mediterranean coastline in Turkey. Edirne, Kırklareli and 
Tekirdağ stations also shoved significantly increasing trends for hottest night and average daily maximum 
temperature indices in this study. Furthermore, hottest day index also showed increasing trend for all the stations 
with significant trend for Edirne and Tekirdağ. Considering the magnitude of trend, the increasing tendency draws 
attention and reveals complementary results with previous studies. For instance, Erlat and Türkeş (2013) stated that 
the night-time air temperatures tended to increase rapidly beginning since the mid-1980s and revealed also that the 
night-time minimum air temperature regime or statistical distribution in Turkey changed evidently. In another study, 
it was concluded that the temperature regime changed significantly towards more temperate and warm conditions 
in Turkey, due to global warming, particularly after 1980s (Türkeş, 2012; Türkeş, 2013). 
It is likely climate change have significant sectoral impacts. Certain regions over will face these impacts more severe 
and intense and became more vulnerable. Temperature extremes may be problematic for the design phase, 
construction phase and the operation phase of building. They may be problematic since the changing conditions 
expose the need to update the codes and standards that are effective in the insulation calculations, facade and 
window choice, wall thickness, materials, etc. Riahinezhad et al. (2019) stated that time of exposure to average and 
maximum temperatures is among the parameters that must be considered for aging methods and added the 
importance of site data for realistic test conditions and service life tests. Fernandes et al. (2019) focus on the service 
life prediction of wood, aluminium, and PVC window frames under real usage conditions and environmental data. 
Vandemeulebroucke et al. (2019) also mentioned the effect of climate change on the durability of the building 
envelope in their study that investigated the retrofitted solid masonry walls and historic buildings in the city of 
Ghent. The results of this study indicate the increasing temperature range between day and night times over the 
observed period. Also, the hottest night and day temperature also showed increasing trend. These changes over 
time will probably affect the material life too. 
Moreover, extreme temperature (both cold and hot extremes) may cause disruptions in the construction phase, 
which in the end delay the expected time and induce time extension and/or additional cost. Lastly and more 
generally temperature extremes effect the indoor climate, thermal comfort, heating-cooling of the buildings that is 
also effective on the operational costs and energy efficiency. Baniassad and Sailor (2018) stated the strong relation 
between energy efficiency strategies on building resiliency and building characteristics with underlying climate. The 
results of this study draw attention to the significant increase in the cooling degree days which indicates a high need 
of cooling demand.   

5. Remarks 
It is now an urging issue that need attention with the evolving climatic conditions. Conditions such as increasing 
temperature, temperature range or freezing days may cause unexpected degradation of building parts and decrease 
the service life. Furthermore, insufficient analyses of the building cause energy loss or demand.  In this regard the 
major climatic factors that are dominant for the building lifecycle must be evaluated to make proper decisions for 
the design, construction, and operational phases of buildings and update the performance criteria.  
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