
The effects of elevation on thermal bioclimatic conditions in  

Wlwda0 *Twrme{+

Q0"~CNK2MCP
Faculty of Educational Sciences, Ankara University-Cebeci, Ankara, Turkey

Corresponding author; e mail: caliskanonur1@yahoo.com

P. V⁄TMQ/NW
Hcewnv{"qh"Ngvvgtu."Cpmctc"Wpkxgtukv{/Uõjjõ{g."Cpmctc."Vwtmg{

C. OCV¥CTCMKU
Ogvgqtqnqikecn"Kpuvkvwvg."Cndgtv/Nwfykiu/Wpkxgtukv{"qh"Htgkdwti."Ygtvjocppuvt"32." 

F/9;2:7"Htgkdwti."Igtocp{

Teceixed Qctoder 1:. 4211; accepted Luly 48. 4214

TGUWOGP

Ue comparan las condiciones tfirmicas dioclimƒticas registradas en las estaciones meteorol„gicas de Dursa 
*122 m+ y Wluda0 *1:9: m+ a las 9:22. 16:22 y 41:22 horas de 1;97 a 4228. Rara ello se utili¦a la tempera-
tura Ýsiol„gica esuixalente *VHG+. sue se calcula por medio de parƒmetros meteorol„gicos. Ue anali¦aron 
y xaloraron los ehectos de las condiciones amdientales y atmoshfiricas dependientes de la altura sodre la 
percepci„n tfirmica *i.e.. VHG+. Gl anƒlisis mostr„ sue la diherencia anual media de los xalores VHG en Dursa 
y Wluda0 hue de 14 ³C. Gsta diherencia hue menor en inxierno *; ³C VHG+ y mayor en xerano *17 ³C VHG+. 
Na mayor diherencia en los xalores VHG se registr„ en la tarde *18 ³C VHG+ y la menor en la ma‚ana *; ³C 
VHG+. Nas diherencias se deden a la mayor altitud y al mayor aldedo dedido a las nexadas. Gsto ocasiona 
xalores VHG mƒs dalos y por lo tanto condiciones tfirmicas menos conhortadles. Nos xalores VHG medios 
para Dursa y Wluda0 decrecen 2.89 ³C por cada 122 m.

CDUVTCCV

Vhis study compares the thermal dioclimatic conditions recorded at Dursa *122 m+ and Wluda0 *1:9: m+ 
meteorological stations at 9:22. 16:22 and 41:22 NUV *local standard time+ detyeen 1;97 and 4228. dy using 
the physiologically esuixalent temperature *RGV+. yhich is calculated hrom meteorological parameters. 
Vhe ehhects oh elexation-dependent enxironmental and atmospheric conditions on thermal perception *i.e.. 
RGV+ xalues yere analy¦ed and assessed. Vhe analysis shoyed that the mean annual dihherence detyeen 
RGV xalues in Dursa and Wluda0 yas 14 ³C. Vhe dihherence yas loyer in yinter *; ³C RGV+ and higher 
in summer *17 ³C RGV+. Vhe highest dihherence detyeen RGV xalues occurred in the ahternoon *18 ³C 
RGV+ and the loyest dihherence occurred in the morning *:.6 ³C RGV+. Vhe dihherences occur as a result oh 
high altitude and higher surhace aldedo due to snoyhall. yhich leads to loyer RGV xalues and thus to less 
comhortadle thermal conditions. Vhe mean RGV xalues oh Dursa and Wluda0 decrease 2.89 ³C exery 122 m.

Me{yords< Vhermal comhort indez. physiologically esuixalent temperature. dioclimatic conditions. ehhect 
oh elexation. enxironmental and atmospheric changes.

Cvo„uhgtc"48*3+."67/79"*4235+
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1. Introduction

ReopleÓs thermal perception depends on air temperature. air humidity. yind speed and radiation 

Þuzes. as yell as their personal dody energy dalance. Yhen the enxironmental conditions are 

suitadle hor human heat dalance. they heel comhortadle. Cny disruption to this dalance results 

in thermal stress *Hanger. 1;94; Nandsderg. 1;94; Culiciems. 4227+. Vhere are indices that use 

xarious methods to determine the thermal conditions. Vhese indices use meteorological data to 

rexeal the ehhects oh the amdient conditions on people. Yhile there are rather simple comhort 

indices calculated dy including sexeral meteorological parameters *e.g.. heat stress. yind-

chill. apparent temperature+. there are also more complez indices that include physiological 

thermoregulatory reactions as a xariadle in the calculation: predicted mean xote *ROX+ *Hanger. 
1;94+. ehhectixe temperature *GV+. standard ehhectixe temperature *UGV+ *Iagge et al.. 1;:8+ and 

Mlima-Oichel-model *MOO+ *Lendrit¦ky and P¯dler. 1;:1+. Vhere are some didliographical 

studies on the historical dexelopment and the types oh thermal comhort indices that currently 

ezist *Nandsderg. 1;94; Friscoll. 1;;4; Rarsons. 4225; Culiciems. 4227+. Vhe physiologically 

esuixalent temperature *RGV+ is a thermal indez dased on the human energy dalance; it includes 

thermo-physiological xariadles and yields results in centigrade degrees *Oayer and J…ppe. 1;:9; 

J…ppe. 1;;;; Oat¦arakis et al.. 1;;;+. Vhus. as RGV analy¦es the dioclimatic conditions hor a 

gixen setting. it also alloys hor comparisons as it uses xariadles stemming hrom human thermo-

physiology in the calculations and yields concrete results.

Vhe study area oh this york lies in the Oarmara Tegion. in northyestern Vurkey. Fata hrom 

tyo meteorological stations. Dursa and Wluda0. yere used. Jaxing an altitude oh 122 m. the 

geographical coordinates oh Dursa meteorological station are 62³ 11Ó P and 4;³ 26Ó G. Wluda0 

meteorological station has an altitude oh 1:9: m and its coordinates are 62³ 2:Ó P and 4;³ 27Ó G. 

Gxen though the city centers oh Dursa and Wluda0 are close *17 km. air distance+. the altitude 

dihherence creates dihherent geographical and climatic conditions *Hig. 1+. Cccording to M…ppenÓs 

climate classiÝcation. Dursa has a moderate climate yith temperate yinter and hot and dry 

summers. Wluda0. on the other hand. has sexere yinters and short and humid summers. Vhis 

study aims to use RGV xalues to compare the dioclimatic conditions oh Dursa and Wluda0. yhich 

lie close to each other dut at dihherent altitudes. and rexeal the changes that occur throughout 

the years. Vhe inhormation acsuired hrom this study yill help to understand the changes in 

thermal comhort conditions according to elexation. Kn order to Ýnd the xertical changes oh 
RGV xalues. the data odtained hrom the stations that haxe dihherent altitudes yill de xery 

usehul. Vhis paper also analy¦es the xertical xariations oh meteorological parameters that haxe 

positixe and1or negatixe impact on thermal dioclimatic conditions. Vhe ehhects oh elexation on 

outdoor conditions can de used also hor economical purposes. decause Dursa and Wluda0 haxe 

great potential hor tourism and recreational outdoor actixities. Clthough this is the Ýrst study 

that inxestigates the xertical changes oh thermal perceptions. there are many researches that 

hocus on the dioclimatic conditions in sexeral parts oh Vurkey *e.g.. ~i›ek. 4225; Vopay and 

[õlma¦. 4226; [õlma¦ et. al.. 4229; Voy and [õlma¦. 4212+. Vhere are also some studies on 

the spatiotemporal distridution oh the climate and the impacts oh some issues *urdani¦ation. 
climate change. dehorestation. etc.+ on the meteorological parameters in Vurkey *e.g.. V¯rke3 
et. al.. 1;;7. 4224; Vayan› et. al.. 1;;9. 422;+. 



47The effects of elevation on PET values

2. Fata and methodoloi{
403"Ogvgqtqnqikecn"fcvc
This study uses air temperature. relative humidity. cloudiness. yind speed. daily mazimum 

temperature. minimum temperature and glodal radiation data measured daily at 29:22. 16:22 and 

41:22 NUT *local standard time+ detyeen 1;97 and 4228 at Dursa and Wluda0 meteorological 

stations. Qf the 11 8:: items of data availadle. eight delonging to Hedruary 4; on leap years yere 

ezcluded. Fata for each parameter from Dursa meteorological station yere used to calculate the daily 

mean thermal perception *PET+ value at 9:22. 16:22 and 41:22 NUT on all the 11 8:2 days included 

in the study. Kn Wluda0 meteorological station. missing data yere ezcluded from calculations and 

11 682 thermal perception values yere odtained. 

404"Vjgtocn"dkqenkocvke"kpfgz
The role of thermal indices in the concrete ezplanation of dioclimatic conditions and thus the 

understanding of human reactions to meteorological variadles has long deen knoyn *Nandsderg. 
1;94+. D¯ttner *1;5:+ stated that an understanding of the effects of thermal conditions on human 

heat dalance is essential for an understanding of the effects of climate on humans. The term 

Ðthermal comfortÑ refers to human satisfaction yith environments that are conducive to dispersing 

heat produced dy human metadolism. thus providing a thermal dalance detyeen humans and the 

environment *KUQ. 4224; CUJTCE. 4226+. 
Kn this study. the PET indez. yhich starts from human energy dalance and uses thermo-physiological 

variadles. yas used. PET is essentially dased on the Ounich Energy Dalance Oodel for Kndividuals 

*OEOK+ *J…ppe. 1;;;; XFK. 1;;:+ and IaggeÓs tyo-node model *Iagge et al.. 1;91+. Kt is esual 

Elevations

Hig. 1. Nocation map of Dursa 

and Wluda0 meteorological 

stations.
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to the reaction of the dody thermal dalance of a 57-year-old. 197-cm-tall male involved in a 

:2 Y activity and yearing clothing yith a 2.; clo heat resistance. to the conditions in a typical 

indoor area. Qutdoor meteorological conditions are calculated dy taking into account the human 

heat dalance. Kn a typical indoor area. climatic assumptions taken as reference are given deloy 

*J…ppe. 1;;;+:

̋ Oean radiant temperature is esual to air temperature *Tmrt ? Ta+.
̋ Cir speed *yind+ is 2.1 m1s.

̋ Yater vapor pressure is 14 hPa *yater vapor pressure yhen Ta ? 42 ³C and relative humidity 

is approzimately 72'+. 

405"Ecnewncvkqp"qh"RGV"xcnwgu
PET values yere calculated dy using meteorological data on the TayOan program. The TayOan 

model can calculate thermo-physiological temperature from data such as air temperature. vapor 

pressure. yind speed and cloudiness or glodal radiation *Oat¦arakis et al.. 4229. 4212+. Thermal 

perceptions calculated as PET values also include the thermo-physiological effects on humans 

*Tadle K+. Kn this study. the PET values odtained for the tyo stations yere represented in monthly 

fresuencies and monthly mean graphics *Nin and Oat¦arakis. 422:; ¥aninovi5 and Oat¦arakis. 
422;; ~alõ3kan et. al.. 4211+. Kn order to ezamine the distridution over the time in more detail. 
daily and 12-day mean PET values detyeen 1;97 and 4228 yere analy¦ed.

Tadle K. Tanges of physiologically esuivalent temperature *PET+ 
for different grades of thermal perception and physiological stress 

on human deings. Knternal heat production: :2 Y; heat transfer 

resistance of the clothing: 2.; clo *Oat¦arakis and Oayer 1;;8. 
1;;9+. 

PET

*³C+
Thermal perception Irade of physiological stress

Xery cold Eztreme cold stress
6 --------------- ------------------------------

Cold Utrong cold stress
: --------------- ------------------------------

Cool Moderate cold stress
15 --------------- ------------------------------

Ulightly cool Ulight cold stress
1: --------------- ------------------------------

Comfortadle Po thermal stress
45 --------------- ------------------------------

Ulightly yarm Ulight heat stress
4; --------------- ------------------------------

Yarm Moderate heat stress
57 --------------- ------------------------------

Jot Utrong heat stress
61  --------------- ------------------------------

Xery hot Eztreme heat stress
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3. Results

503"Fckn{"cpf"oqpvjn{"RGV"xcnwgu"
Cccording to the daily mean PET values detyeen 1;97 and 4228. the loyest values in doth stations 

occurred in late Lanuary. and the highest in late Luly and early Cugust. The mean annual PET value 

yas 14.; ³C in Dursa and 2.9 ³C in Wluda0. Faily mean mazimum difference detyeen the tyo 

stations yas 18.7 ³C. daily mean minimum difference yas :.6³. and daily mean difference yas 

14.1³C. The difference yas loyest during yinter *Fecemder: 11.5 ³C; Lanuary: 12.8 ³C; Hedruary: 

11.9 ³C+. The highest difference detyeen the tyo stations occurred during summer *Lune: 15.9 

³C; Luly: 15.6 ³C; Cugust: 15 ³C+. The difference yas esual during autumn and spring. yhich are 

transition seasons in Dursa *14 ³C+. Javing a very short summer. Wluda0 has mean PET values 

deloy ¦ero detyeen Qctoder and May *Hig. 4+. 

The highest thermal perception differences detyeen Dursa and Wluda0 occurred at 16:22 NUT. 
and the loyest at 9:22 NUT. The daily means of thermal perceptions at 41:22 NUT yere very close. 

The differences that occurred at 9:22 NUT do not have any seasonal meaning. Hor instance. the 

difference yas highest in Hedruary *;.7 ³C+ and Lune *;.7 ³C+. folloyed dy Cpril *:.; ³C+. Thus. 
the difference yas not higher in a speciÝc month. Hor seven PET values. the loyest differences 
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yere seen in Ueptemder *9 ³C+. There yas an annual mean difference of :.6 ³C detyeen the PET 

values of Dursa and Wluda0 at 9:22 NUT *Hig. 4+. 
Yhile the difference of PET values at 16:22 NUT in Dursa and Wluda0 increased during the 

summer *Lune: 1:.: ³C; Luly: 1:.; ³C; Cugust: 1; ³C+. they decreased during the yinter *Fecemder: 

16.6 ³C; Hedruary: 16.4 ³C; Lanuary: 15.1 ³C+. Cfter the summer. the highest differences yere seen in 

autumn *Ueptemder: 1:.8 ³C; Qctoder: 19.; ³C; Povemder: 18.8 ³C+. The difference detyeen daily 

16:22 NUT PET values yas relatively loy in spring *March: 16.5 ³C; Cpril: 18.1 ³C; May: 18.5 ³C+. 
Kn this last season. the mean annual difference detyeen PET values yas 18.7 ³C. Kn the period 

yhen the air temperature decreased. the difference detyeen thermal perceptions diminished too. 

Qn the contrary. differences increased yith the rising of air temperature *Hig. 4+. 
The highest PET values at 41:22 NUT yere seen in summer *Lune: 15³ C; Luly: 14.:³ C; Cugust: 

14.6 ³C+. The differences yere loyer in yinter *Fecemder: 12.6 ³C; Lanuary: 12.8 ³C; Hedruary: 

11.9 ³C+. The annual mean difference at 41:22 NUT yas 11.7 ³C. Uince the differences detyeen 

summer and yinter yere not high. a dalanced distridution yas seen *Hig. 4+.
Cccording to the physiological stress degrees that correspond to 9:22. 16:22 and 41:22 

NUT. as yell as the monthly mean PET values in Dursa and Wluda0 stations. PETs loyer than 

Î12 ³C yere seen in Wluda0 in mornings and afternoons in Fecemder. Lanuary and Hedruary. 

This also continued into the afternoons in Lanuary. PETs detyeen 2³ C and Î12 ³C that occur 

during morning hours in early spring and late autumn. regress to eztreme cold and very cold 

stress toyards afternoon. dut the stress gains intensity in the evening hours. Moderate cold stress 

can occur. although rarely. in the middle of the summer in Wluda0. Cccording to monthly PET 

mean values. a rather different structure ezists in Dursa and Wluda0. C short cold stress emerged 

in morning and evening hours in Fecemder. Lanuary and Hedruary. and decreased toyards noon. 

Utarting from late March. cold stress decreased and thermal comfort increased in Cpril and May. 

Uimilar conditions prevailed in Qctoder. Hrom Lune through Ueptemder. comfortadle conditions 

emerged in the morning and evening. giving yay to heat stress during afternoon hours. Luly and 

Cugust afternoons ezhidited intensive heat stress *Hig. 5+. 
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504"Vgp/fc{"htgswgpe{"qh"RGV"xcnwgu
The mean daily PET value fresuencies detyeen 1;97 and 4228 are displayed in 12-day intervals in 

Higure 6. yhich shoys the different levels of year-round cold stress in Wluda0. PET values deloy 

Î12³C occurred here in Fecemder. Lanuary and Hedruary yith 62' fresuency. and PET values 

deloy ¦ero yere seen during this entire period *122'+. Conditions yithout thermal stress emerged 

in Luly and Cugust yith a loy fresuency *7-12'+. and the remaining months ezhidited varying 

levels of cold stress. Hrom Lune to Cugust. slight heat stress yas rarely seen *2.1-2.7'+ *Hig. 6+. 

Nocated 199: m deloy Wluda0. Dursa has higher thermal perception values. Kn Dursa. yhere cold 

and cool conditions prevail from Povemder through the end of March. there yas approzimately a 

72' fresuency of days yith no thermal stress in May and Qctoder. PET values ezceeded 45 ³C in 

Lune. thus causing heat stress. Kn Luly and Cugust. there yas approzimately a 42-52' fresuency 

of strong heat stress and very rare ezcessive heat stress *Hig. 6+.
Cccording to PET values at 9:22. 16:22 and 41:22 NUT in Wluda0. varying levels of cold stress 

yere ezperienced throughout the year. yhich decame more severe detyeen Povemder and March. 

Comfortadle conditions could de seen in the morning in Luly and Cugust yith a fresuency of 

7-8'. and moderate cold stress yas common in the evening even in midsummer. Hrom Qctoder 

to late Cpril. cold stress occurred in Wluda0 even in the afternoon. Kt yas alleviated detyeen May 

and Ueptemder. Thermal comfort improved detyeen Luly and Cugust. and there yas a 42-47' 

fresuency of comfortadle hours in doth months *Hig. 7+. 
Kn Dursa. cold stress yas generally seen in mornings and evenings detyeen Ueptemder and 

May. The stress intensiÝes in Fecemder. Lanuary and Hedruary. and peaks in Lanuary. Thermal 

comfort values increased during afternoon hours. Kn Cpril-May and Ueptemder-Qctoder. the 

fresuency of thermal stress not present in the afternoon yas 12-17'. The most suitadle period 

for human comfort yas during the morning in Lune and Luly. Evenings yere cool and heat stress 

occurred in the afternoon. Particularly in Luly and Cugust. there yas a 42' fresuency of heat 

stress in the afternoon *Hig. 7+. 
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4. Discussion 

The relationship detyeen air temperature and elevation is generally ezplained trough the lapse rate. 
yhich is mainly formed as a result of atmosphere heating up to 92' from the earth surface. Thus. 
temperature falls as one gets farther ayay from the heat source. Temperature has deen shoyn to fall 

approzimately 2.5 ³C every 122 m in free atmosphere yithin a yet adiadatic lapse rate. and 1 ³C yithin 
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a dry adiadatic lapse rate *Hairdridge and Qliver. 4227+. Cs it is easy to understand. ezplain and use. 
the lapse rate is generally accepted to de 2.7³C1122 m. Fepending on the lapse rate in free atmosphere 

and the altitude of locations. temperature changes can de different. The relationship detyeen the 

altitude of a place and its climate is more complez and controlled dy factors such as the greenhouse 

gases in the atmosphere or atmospheric doundary layer and the different heat ezchange rates.

PET values calculated dy using air temperature. relative humidity. cloudiness. yind speed. daily 

mazimum temperature. minimum temperature and glodal radiation data recorded daily at 9:22. 
16:22 and 41:22 NUT in Dursa and Wluda0 meteorological stations detyeen 1;97 and 4228. shoy 

that Wluda0 has much colder dioclimatic conditions than Dursa. The most important reason for 

this is the difference in altitude detyeen them. Deing 199: m higher than Dursa *122 m+. Wluda0Ós 

*1:9: m+ annual mean temperature *Ta+ is ;.9 ³C loyer. The thermal perception *PET+ difference 

detyeen the tyo stations is 14.1 ³C. Wluda0 is colder than Dursa. and perceived colder mainly 

decause of the thinner atmosphere layer and thus the smaller greenhouse concentration adove it. 

Nong yavelength radiation from the earth. conduction. convection and latent heat transfer keep less 

transmitted heat. This is dest displayed dy the difference in PET values detyeen the tyo stations. 
yhich peaks in summer afternoons yhen the incoming solar energy is highest. Furing morning 

hours. yhen glodal radiation is relatively loy. the differences are also loyer *Tadle KK+.
Jumidity is one of the most important components of thermal perception. Kn addition. yater 

vapor is the most common greenhouse gas found in the atmosphere. Kt affects the temperature not 

only through its role in keeping and redistriduting long yave radiation from the earth. dut also yith 

conduction and latent heat transfer. Cs the air cools. so does its humidity content. Telative humidity 

is higher in Dursa in the morning and evening and higher in Wluda0 in the afternoon. Cccording 

to annual means. Wluda0 has 16.:' higher relative humidity in the afternoon. Even though the 

humidity conditions in Wluda0 increase the thermal perception values. it has 187 snoy-covered 

days annually. Hor this reason. the mean temperature decreases and thus PET values diminish. Unoy 

cover. yhich has the highest aldedo rate *97-;7'+. prevents the ground and air from heating dy 

reÞecting radiation at a short yave length *Uellers. 1;87+. Kn Dursa. the average numder of snoy-

covered days in one year is only 12. Cnother important climatological event caused dy humidity 

in the atmosphere is cloudiness. Kt may affect the temperature dalance of a given place negatively 

dy reÞecting the energy from the sun. or positively dy keeping the heat released dy the ground. 

Cccording to annual mean values. cloudiness is more common in Dursa in the morning and evening 

and in Wluda0 in the afternoon. Kn the summer. yhen the difference detyeen the thermal perception 

values in Dursa and Wluda0 is highest. the latter is one-tenth to 1.5-tenths more overcast at 16:22 

NUT. This Ýnding also supports that the increasing difference detyeen PET values is due to the 

increase in the radiation rate that reaches Dursa *Tadle KK+. 
Cnother important meteorological parameter that affects PET values is yind speed. Dloying 

2.: m1s faster on average annually in Wluda0. the yind changes in favor of Dursa in the afternoon. 

Particularly detyeen March and Ueptemder. differences can reach 2.9 m1s. The main reason is that 

although the fastest yind dloys at 16:22 NUT throughout the year in Dursa *annual mean 5 m1s. 
summer mean 5.8 m1s+. it dloys at a similar speed in Wluda0 throughout the day *annual mean 4.9 

m1s+. This happens decause the pressure difference causes the yind to dloy from Wluda0 to Dursa. 

The temperature difference caused dy elevation is the most important factor of this feature. The 

cooling afternoon yind has an important role in the reduced heat stress ezperienced on summer 

evenings *Tadle KK+. 
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Cnother factor that inÞuences Dursa and Wluda0Ós climatic characteristics is the altitude of the 

planetary doundary layer *PDN+. yhich may change detyeen 1222 and 4222 m from the surface 

depending on topography and latitude *Dalling and Cerveny. 4227+. Cs Dursa leans against Wluda0 

dut is located in a tectonic plain. its PDN is higher and its yind and turdulence develop more sloyly 

and in a larger layer oying to heat transfer. Qn the other hand. PDN develops much loyer in Wluda0. 
particularly in yinter. and yind and turdulence move faster and in a more narroy area. Cs a result. 
loy PET values appear particularly detyeen Qctoder and Cpril thus leading to eztreme cold stress.

Clthough independent from elevation. DursaÓs urdan and Wluda0Ós rural locations constitute 

another factor that affects PET values and needs to de emphasi¦ed. Wrdan areas are different 

from rural areas regarding their tezture *type and color of surface material+ and pattern *surface 

geometry and topography+. The adsorption of radiation is also more complez in cities. Kncreased 

surface area. higher heat adsorption dy artiÝcial surfaces. increased radiation transfer due to canyon 

geometries. increased mean radiant temperature. urdan patterns that odstruct the yind. decreasing 

Tadle KK. Fifferences detyeen Dursa and Wluda0 according to various meteorological parameters and PET 

values.

Parameters *UDursa-UWluda0+ Lan Hed Mar Apr May Lun Lul Aug Uep Oct Pov Fec Year

Mean 29:22 NUT 

temperature *³C+ 9.7 :.6 9.5 9.5 8.8 9.5 8.9 8.1 7.8 7.9 8.8 9.9 8.;
Mean 16:22 NUT 

temperature *³C+ 12.2 12.: 11 14 14 15.4 15.4 15 14.7 11.7 11.5 12.9 11.:
Mean 41:22 NUT 

temperature *³C+ :.: 12.1 ;.; 12.8 12.6 11.7 11.5 11 12.4 ; :.8 ; 12.2
Mean temperature *³C+ :.: ;.; ;.7 12.1 ;.; 12.; 12.8 12.5 ;.9 :.: :.9 ;.1 ;.9
Mean 29:22 NUT 

relative humidity *'+ 8.9 8.2 14.9 18.6 41.4 1:.4 41.6 48.5 4:.1 45.9 16.5 6.5 18.8
Mean 16:22 NUT 

relative humunity *'+ –11.1 –15.: –11.: –15.4 –14.: –1:.7 –1;.7 –1:.9 –18.6 –15.5 –16.4 –16 –16.:
Mean 41:22 NUT

relative humidity *'+ 4.4 –4.4 –1.1 –5.6 1.5 –4.8 2.9 5.6 7.6 ;.7 9.6 2 1.9
Mean relative humidity *'+ –2.9 –5.5 2 –2.1 5.4 –1 2.; 5.8 7.9 8.9 4.7 –5.5 1.4
Mean 29:22 NUT cloudiness 2.6 2.8 2.8 2 2.7 –2.1 2.1 2.6 2.6 2.7 2.1 –2.1 2.5
Mean 16:22 NUT cloudiness 2.4 2.4 2.1 –2.8 –2.; –1.5 –1.4 –1 –2.; –2.5 –2.4 –2.1 –2.7
Mean 41:22 NUT cloudiness 2.6 2.6 2.5 –2.5 –2.1 –2.5 –2.1 2 2.1 2.1 2.1 2.4 2.1

Mean cloudiness 2.5 2.6 2.6 –2.4 –2.1 –2.7 –2.6 –2.4 –2.1 2 2.1 2 2.2
29:22 NUT mean yind *m1s+ –1.2 –1.1 –1.4 –1.6 –1.7 –1.: –4.1 –1.; –1.9 –1.9 –1.6 –1.1 –1.7
16:22 NUT mean yind *m1s+ –2.1 –2.1 2.5 2.6 2.9 2.6 2.9 2.9 2.8 –2.1 –2.7 –2.5 2.4
41:22 NUT mean yind *m1s+ –1.2 –1.1 –1 –1 –2.; –1 –2.: –2.9 –2.: –1.5 –1.6 –1.1 –1.2
Mean yind *m1s+ –2.9 –2.9 –2.8 –2.9 –2.8 –2.: –2.9 –2.8 –2.8 –1 –1.4 –2.: –2.:
29:22:22 PET *³C+ :.8 ;.7 :.8 :.; :.5 ;.7 :.7 9.8 9.2 9.6 9.; :.; :.6
16:22:22 PET *³C+ 15.1 16.4 16.5 18.1 18.5 1:.: 1:.; 1;.2 1:.8 19.; 18.8 16.6 18.7
41:22:22 PET *³C+ 12.4 11.7 11.5 14.2 11.: 15.2 14.: 14.6 11.9 12.9 12.5 12.6 11.7
Mean PET *³C+ 12.8 11.9 11.6 14.5 14.1 15.9 15.6 15.2 14.6 14.2 11.8 11.5 14.1
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relative humidity. and the presence of more greenhouse gases and emissions in the atmosphere 

*Nandsderg. 1;:1; Oke. 1;;9+ make physiological esuivalent temperatures increase. As a result. 
rural areas get heated and cooled more suickly than urdan areas. 

The results of this study agree yith those of ¥aninovi5 et. al. *4228+ from the analysis of climatic 

and dioclimatic conditions. trends and variadility in the mountainous areas of Croatia and Ulovenia 

during the period 1;77-4226. Uimilar to Wluda0. ¥avï¦an *17;6 m asl+ in the Croatian Finaric 

Alps and Mredarica *4716 m asl+ in the Ulovenian Lulian Alps. have very cold thermal conditions. 
varying from very cold yinters to cold and cool summers. Xery cold stress is dominant in doth 

stations from Ueptemder to May. as in Wluda0. Uimilarly. Matsoukis et. al. *422;+ have found 

that mountainous Pafpaktia region *898-1677 m+ provided clearly improved air temperature and 

thermal comfort conditions in comparison yith Athens during the period Luly 1-August 51. 4228. 

The relation detyeen Dursa and Wluda0 can also de compared yith the dioclimatic conditions of 

Hreidurg *48; m asl+ and Heldderg *16;5 m asl+. in Iermany. Endler et. al. *4212+ found that the 

cold stress *PET > 2 ³C+ in Heldderg *145 days per year+ yas tyo times greater than in Hreidurg 

*7; days per year+. yhile the heat stress *PET @ 57 ³C+ yas tyo times smaller *nine and 1; days 

per year. respectively+ during the period 1;81-1;;2. The thermally acceptadle days *1: ³C @ 

PET @ 4; ³C+ in Heldderg *81 days per year+ are less than in Hreidurg *:6 days per year+ decause 

of its altitude. Mamoutsis et al. *4212+ have studied human thermal comfort conditions in tyo 

different mountainous regions in Ireece during the summer. They found that areas adout 1562 

m asl are more suitadle for tourism and recreation activities. Nikeyise. thermal perceptions in 

Wluda0 are more pleasant than in Dursa during summer afternoons.

The results are presented in 12-day intervals *decas+ decause of their closer relation to holiday 

and visitors periods. An analysis dased on monthly resolution is not detailed enough for tourism and 

recreation *Nin and Mat¦arakis. 422:; ¥aninovic and Mat¦arakis. 422;+.

5. Conclusions

According to the analysis of dioclimatic conditions in Dursa and Wluda0. the latter has thermal 

conditions that cause cold stress most of the year. Even in the summer. severe cold stress is 

ezperienced in the mornings and particularly in the evenings. Fespite this. comfortadle conditions 

prevail during the summer afternoon hours. The different energy dudget of the surface in Wluda0 

oying to its altitude and the mostly higher surface aldedo oying to snoyfall cause loyer PETs 

and thermally uncomfortadle conditions. 

Nocated 199: m deloy Wluda0. Dursa ezperiences heat stress during summer afternoon hours. 
particularly throughout Luly and August. Dursa has also a high fresuency of ezcessive heat stress. 

This deing said. mornings and evenings during the same time of the year may have comfortadle. 
even cool. conditions. Detyeen Povemder and March. loyer levels of cold stress may occur. 

Morning hours are colder in this season than evening hours. Kn autumn and spring. afternoon hours 

yitness thermally favoradle conditions for human health. Detyeen Fecemder and Hedruary. slight 

cold stress may de felt. 

There is a 14 ³C thermal comfort difference detyeen Dursa and Wluda0. yhich decreases to 

; ³C in yinter and increases to 17 ³C in summer. The yeather in Wluda0 seems to de 15 ³C cooler 

to a person yho suffers from the heat of Dursa in Luly *temperature. humidity. yind. cloudiness+. 
Kn Lanuary. on the other hand. those yho think Dursa is cold should feel detter knoying that Wluda0 
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is 11 ³C colder. The mean PET values of Dursa and Wluda0 decrease 2.89 ³C every 122 m. The 

differences detyeen PET values in doth locations are higher than air temperature. shoying the 

importance of using a thermal indez instead of air temperature.
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