
271 

 

STATISTICAL EFFECT OF TEMPERATURE ON TOURISM 
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ABSTRACT. Climate change is a reality which is observed not only by scientists but 

also by the population. In our study, we want to make a preliminary research on whether 

this change is reflected on tourism seasonality in Romania. Therefore, we took tourist 

flow and temperature data for the 35 most important touristic locations and calculated a 

seasonality indicator which afterward was correlated with different summarized values 

derived from temperature data at monthly scale. We observed that seasonality is highly 

related to temperature values, especially to the average of daily mean values and often 

this correlation value exceeds 0.8 (threshold value is 0.195). The high correlation values 

don’t follow any pattern in spatial distribution. We identified that the top three places 

where the temperature has an increasing correlation with seasonality in the past years is 

Târgu-Mureș, Cluj-Napoca and Râmnicu Vâlcea. Although temperature is not the only 

factor influencing seasonality it seems to be a highly important one, as only for three 

places the Pearson correlation coefficient stands below 0.5. 
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1. INTRODUCTION  

 

Tourism is a socio-economic phenomenon whose development is strongly 

influenced by external factors on both the demand and supply side, including the 

climatic conditions of the destination (Gonda, 2017) for spa and wellness tourism as 

well (Csapo and Marton, 2017), political environment, economic development or 

socio-cultural characteristics (Puczkó and Rátz 2005). The description of the effects 

of the atmospheric environment including temperature on humans is dealt with by 

the human-biometeorological science (Höppe, 1997), which it began to develop 

dynamically from its 70s. In the past decades, many scientists have tried to describe 

the role of climate in many ways (Dávid and Baros, 2006). The role of climatic 

factors is indisputable, e.g. Gallarza et al. (2002) considers them as the seventh ones 

from among the twenty factors for selecting tourist destinations. Climate as factor 

(which has many components including temperature) is overtaken by resident’s 

receptiveness, landscape, cultural attractions, entertainment, price and gastronomy.  
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In recent years, as a new line studies on the relationship between climate and 

tourism have also appeared. In the past bioclimatic maps were used for the 

assessment of the climatic conditions of each tourist destination. In this respect, the 

pioneers are Matsarakis and Mayer (1997). They developed a thermal stress 

calculation and applied it for 1980-1989 in Greece.  

The aim of our study was to find whether the variations in temperature values 

over Romania imply a change in tourism seasonality, which also has different values 

in different regions of the country. 

 

 

2. DATA PREPARATION 

 

For data acquisition and preparation, the R programmable statistical system was 

used, developing proper script for data extraction. Two types of primary data were 

needed: a time series with touristic flow (tourist numbers) and several ones of 

temperature data. 

 

2.1. Extracting touristic flow data 

The source of touristic data was the TEMPO database of the Romanian National 

Statistical Institute (www.insse.ro). Based on automated data acquisition queries to 

obtain the tourist number a local series for the whole county were obtained as files 

on monthly resolution starting from January 2010 and ending on October 2018 (B. 

Economy statistics – B17 Tourism - TUR104H chapter). The individual files were 

pre-processed obtaining a single data frame containing both the data regarding 

touristic flow and national identifier values for each settlement. This latter value 

facilitates the geo-localization of them to extract temperature data. 

 

2.2. Extracting temperature data 

The temperature data were obtained as raster data, in netCDF format from 

www.ecad.eu. The dataset contains separate files for daily minimum, maximum and 

average temperatures at a 0.1-degree spatial resolution (Haylock et al., 2008), which 

represents an approx. 8 x 11 km cell size in Romania. For current analysis, the time 

series with temperature data were constructed using R scripts (Pierce, 2012) just for 

those settlements which had at least 60,000 tourists in 2017, an average of 5,000 

tourists/month. 

The exact spatial location, from where the data were extracted, was based on the 

freely available shapefile on www.geo-spatial.org. This file also contains the 

settlements unique code, necessary for the join between touristic flow and locations.  

The downloaded raster temperature maps contain data starting with 1950, but 

only the January 2010 – October 2018 period was extracted (Uddameri, 2017) 

corresponding to the touristic flow data range. This means that the netCDF file 

content was filtered both on spatial and on temporal level (Appendix 2). The daily 

temperature data were summarized for each month, calculating the minima, maxima 

and averages for each kinds of temperature, i.e. daily minimum, maximum and mean.  
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As a result, we obtained a complex data frame which contains tourist number and 

9 types temperature related values for the 106 months (Appendix 1). The spatial 

distribution of the selected location is presented in Figure 1, which covers all regions 

of Romania. 

 

 

3. METHODS AND DATA ANALYSIS 

 

The first step of data analysis was to calculate seasonality in the tourist flow and 

the temperature characteristics. There are several ways how to achieve this. One of 

the most common methods is based on Gini coefficient (eq. 1) which basically is an 

indicator of inequality, but can be successfully used as a seasonality indicator is 

described by Lundtorp (2001) and by Tsitouras (2004). The Gini coefficient was 

used in many studies in different regions and countries (Petrevska, 2013; 

Pórhallsdóttir and Ólafsson, 2017; Bigovic, 2011; Grizane, 2016).  Despite it’s a 

most common indicator for tourism seasonality is not the only one. There are several 

other approaches described by Karamustafa and Ulama (2010) and Corluka et al. 

(2018). The most important of them are seasonality ratio, seasonality indicator and 

seasonality share. 

𝐺 =
1

2𝑥̅𝑛2
∑ ∑ |𝑥𝑖 − 𝑥𝑗|𝑗𝑖                   [1] 

where   G is the Gini coefficient,  

   n is the number of values in series,  

   xi are the values.  

In our study although we calculated the Gini coefficient, we decided to also use 

the monthly tourist vales divided by the year level mean as indicator for seasonality 

(further - relative to mean). Several publications (De Maio, 2007) argue against such 

simple methods like relative standard deviation (aka coefficient of variation, 

expressed as standard deviation divided by the mean) as being weaker indicators for 

seasonality as they are unbounded and expressed in original units, but there are also 

article which shows the importance of them (Formby et al., 1999). In our conception 

the unbounded state of relative to mean value helped us to clearly identify which 

month belongs to touristic season and which are in extra-season and also indicates 

the measure of inequality (higher deviation from 1 indicates more evident belongs 

to extra-season or season).  

To prove that the temperature values in Romania for the selected period (200-

2018) are not stationary and has a trend we used the Mann-Kendall non-parametric 

trend test (Esterby, 1996; Gilbert, 1987), analysis performed both on daily values as 

on monthly scale summarized values.   

The aim of our study was not only to identify if there are any changes in tourism 

seasonality for different locations in Romania, but also to examine how the changes 

in temperatures regime influences the seasonality of tourism, as such studies has 

been performed before (Kulendran and Dwyer, 2012). For this we applied standard 

correlation and backward stepwise multiple linear regression analysis (Myers, 1990) 

which can identify the most important predictors in a linear model using Akaike 
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Information Criterion. All calculus of our study was made in R statistical system, 

using proper R packages (James et al., 2018; Zeileis and Kleiber, 2015; McLeod, 

2015; Trapletti et al., 2018) and developing R script for automated analysis.  

 

  

4. RESULTS AND DISCUSSION 

 

As mentioned earlier the data analysis was carried out for those settlements where 

the annual tourist number in 2017 was at least 60000. There were 35 such locations 

(Fig. 1) including the capital, Bucuresti, other 21 municipalities, 10 towns and 3 

other lower rank settlements.  

 
Fig. 1. Spatial distribution of selected places 

 

The seasonality indicator was calculated for every location and for every year 

separately, such as same indicator values may denote different tourist flow but 

represents similar situations in different years regarding seasonality.  

For the last 2 months in 2018 there was no values at the moment, that’s why 

their position is used as reference values: 0 (green) and 3 (orange) times the 

monthly mean value. 

In some cases, there is an accentuated seasonality especially for seaside 

settlements such as Mangalia, Constanta, Navodari or Eforie in other cases – mainly 

in great cities, such Bucharest, Cluj Napoca, Timisoara or Targu-Mures – seasonality 

is not accentual (Fig. 2).  

If we look at seasonality dynamics over time, we can observe that in some cases 

are noticeable changes (ex. Sanmartin, Oradea, Calimanesti, Tulcea) while in others 

there’s not (ex. Timisoara, Mangalia, Constanta, Cluj Napoca).  
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Fig. 2. Monthly seasonality over years (row - months, col.- years starting from 2010) 
 

In the next step, all temperature data series were transformed in time series, 

decomposed in seasonal, trend and residual components (eq. 2). By visualizing the 

trend component for all places, we can identify a trend for all three temperature 

categories (daily minimum, maximum and mean). By applying the Mann Kendall 
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test for all cases the null hypothesis was rejected enforcing our expectations that 

there are linear trends in data series (Fig. 3). 
 

 
a 

 
b 

 

Fig. 3. Time series decomposition observing trend a) Suceava daily mean; b) Alba Iulia 

daily mean 
 

𝑦𝑡 = 𝑇𝑡 + 𝑆𝑡 + 𝐼𝑡                   [2] 

where   yt is the time series,  

   Tt the trend component,  

   St the seasonal component and  

   It the irregular (noise) component. 

We do the same trend test also for summarized temperature values, using the 

seasonal variant of the Mann-Kendall test, as the correlation analysis which has to 

be followed was based on monthly values. In this case trend was detected as show 

in Fig. 4. The monthly average values of daily mean values at monthly scale have 

trend in 100%, followed by the minimum values of daily mean values. In case of 

maxima of daily maximum, no trend appears. 

 
 

Fig. 4. Percent of locations where trends can be detected for different summarization of 

daily temperatures 

 

Considering that temperature values has much or less changes for all places, the 

following step was to quantify if exist any relationship between seasonality change (or 

stationarity) and temperature. We calculated the correlation between seasonality 

indicator and the 9 temperature-related values, namely minimum, maximum and average 

values for daily minimum, maximum and mean values. Because the linearity of the 

relation cannot be supposed, we calculated both Pearson and Spearman correlation. The 

0%

50%

100%

Min Max Avg Min Max Avg Min Max Avg

Daily minimum Daily maximum Daily mean
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correlation was calculated for 106 data pairs, the 95% significance thresholds is 0.195 in 

case of Pearson and 0.197 in case of Spearman correlation for 100 data pairs. As seen 

from Table 1, linear correlation over 0.8 can be observed for 15 out of 35 places and if 

we consider also non-linear relationship the number of related locations rises to 19 and 

the relationship strengthen, in both cases far over the thresholds values.  
 

Table 1. Correlation between temperatures and seasonality indicator 
 

 
 

 
 

Fig. 5. Frequency of different summarized temperature values in best fit linear models 
 

We defined a linear model for determining the seasonality value based on all 9 

temperature components. Using a backward stepwise linear regression and AIC for 
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evaluating the best model we counted how often different temperature component 

appears. The obtained result is presented in Fig. 5. We can observe that the monthly 

average value of the daily means has the highest frequency in all models followed 

by the average of maximum daily values and the maximum of minimum daily values. 

The final step of our study was to observe the dynamics of linear correlation 

values for those 15 locations where the Pearson regression coefficient exceeds the 

0.8 threshold value. For all these places, we plot the evolution of correlation 

coefficient for the highest ranked temperature component. We used two types of 

representation: a cumulative one starting from the end of the first year, and 

progressively calculating the correlation coefficient value for all past values 

(months) (Fig. 6), and the second for each past period of 12-month length (Fig. 7). 
 

 

 

 
Fig. 6. Cumulative evolution of Pearson correlation coefficient  

 

5. CONCLUSIONS 
 

Temperature has a significant importance on tourism seasonality in Romania, yet 

not having the same impact on different places. In some cases, the monotonic 

correlation was more accentuated than the linear correlation, that’s true mostly for the 
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seaside places. Three temperature types were analyses, minimum, maximum and mean 

temperatures based on their daily values. The correlation between seasonality and 

various temperatures showed up that the most influential temperatures for seasonality 

are the average values of daily mean temperatures. Monthly extreme values (monthly 

minimum and maximum) have much less influence on tourism seasonality. 
 

 

 

 
 

Fig. 7. Evolution of past 12-month length Pearson correlation coefficient  

 

The mean temperature value is the most correlated with seasonality, followed by 

the maximum and finally the minimum temperature. The same order of importance 

was obtained for best fitting linear models describing seasonality. The high 

correlation values do not follow any spatial pattern regarding their spatial 

distribution. We found the same high correlation for Constanta having a high 

seasonality as for Arad, where seasonality is not accentuated (Fig. 8). 

The dynamics of correlation is also varying. In general, for those places where 

the maximum temperatures resulted the highest correlation values a slightly 

increasing tendency can be observed. In those places where the average temperature 

caused the highest correlation the tendency of correlation is maintained, while where 
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the minimum temperatures proved to be more important a slightly decreasing 

tendency in correlation coefficient variation is observed.  

 
 

Fig. 8. Correlation values (proportional with radius) and its changes in the recent years 

(color scale) between temperature and seasonality  

 

Although temperature is not the only factor influencing seasonality it seems to be 

a highly important one, as only 3 places from 35 selected ones the Pearson 

correlation coefficient stands below 0.5. Further studies may investigate if there is a 

time lag that produces higher correlation values between temperatures and 

seasonality weather the tourist plan their trips in advance taking account the past 

years’ temperatures or not. 
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APPENDICES 
 

Appendix 1 - Data sources and data extraction process 

 
 

Appendix 2 – Temperature data retrieval from netCDF file using R script  
 

 

#starting position for 2010 year in the netCDF files 

tpoz=which(datum_year==2010)[1] 

#last position in the netCDF 

finalpoz=length(datum_year) 

 

#for each settelemnt having at least 60000 tourists/year 

for(i in 1:nsel_locs) 

{ 

  #get the settlement geographic location  

lon=coordinates(locswgs84[which(locswgs84$Location=sel_locs[i])[1],])[1] 

lat=coordinates(locswgs84[which(locswgs84$Location=sel_locs[i])[1],])[2] 

     

  #calculate the corresponding row and column number in the netCDF file 

  plon=ceiling((lon-(lo[1]-0.05))/0.1) 

  plat=ceiling((lat-(la[1]-0.05))/0.1) 

 

  #define data retrieval parameters: spatial and temporal starting point and range    

  st=c(plon,plat,tpoz) 

  cnt=c(1,1,-1) 

   

  #data query 

  d_tavg=ncvar_get(f_tavg,f_tavg$var[[1]],start=st,       

  count=cnt) 

     

  #data frame construction and save 

  res=data.frame(An=datum_year[tpoz:finalpoz], 

  Luna=datum_month[tpoz:finalpoz],Zi=datum_day 

  [tpoz:finalpoz],Tavg=d_tavg,Tmin=d_tmin, 

  Tmax=d_tmax) 

  write.csv(res,paste(sel_locs[i],"_met.csv",sep="")) 

} 


