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® . Cumulative Distribution Functions- transform (CDFt)

’ The European Centre for Medium-Range Weather Forecasts ERA-5 Reanalysis
8 _ Physiological Equivalent Temperature (PET)


http://geographical-space.iau-ahar.ac.ir/article-1-3894-en.html

Downloaded from geographical-space.iau-ahar.ac.ir at 22:51 IRDT on Wednesday June 10th 2026

AP ¥ Qlicus ) AY 0 slach (p gou gluus Jlow ((alidl yaa ldd cale (sdslilad AP

Aol G @l 5 5 Rk QR prpte 2t b0 5 PET Ll (e 011 B 2dled
Ao o m pl 5 cl j5iS Slaolas) (gdo)s V0N Slu= 5 o0\ Blus) PET oyl 53l
0ol ST laess s xSl gles il

Ol GCMs CDFt Jue  PET asls « Jler il Ses Kds S olil tlaelly als

PRV

S8 S laadlr 5 el u slml Gk 5l 4 Canln 528 sladl e e 6 K38 Cmis
L sl slasl 5l glodas Jis 5 ol 5 Sl 5 Mallope s i 35,5 o (Liasidou, 2012: 2) -
|58 (Lew, 2011: 150) <ol Ol o3 Mallie ool Slodst i 0 8550 opr (0l 45 10658 & 35l s
DMk Sl skanls) 5 6 Kas S laaua o ege Jelgs (s Ks S ol slaadlie Ol 4 I
2 slaeas sl il anls Sl K53 8 Cane a5 LT I (Scott et al., 2008 61) s
Dl S Olse 4 ol a5 (Weir, 2017: 108) wad deadde [5a 5 Ol 5 (6 K83 8 ooy 2 41 Oty Ll
w28 Jlu do 53 Olpl s o ol b o 1 6 K83,S O a8 a5 ol Jsl s 53 1 sed Oler
L 0L lr ans o S sl (ke 5 035w ) (9ol Sl a0 ¥ (g3, Wl glos Sl 3l
S Sl 3 ekd il Dliis b (Karimi et al, 2018: 2) ool o3 alse 31, Kla a3 /A3
o\ »ls (Gholami et al., 2017: 1836) Llas; o S G @ o Ol St aad Gble asls
Sonelp o3 il 5 EalS slacaibn @ SUIKG 5 sl Js ( Ks S Al B e plobs
il s s 2l s ST i IO IS Il a5 Ly el Sl ol o S80S 5 (b
L aly S S Olge w5 o K358 (Masoudian, 2017: 131) Sl nSle b aslis s 010 sles
B 5T 55 (NS ol 655 8 sl 01l 53 @il i ) b 288 alp 3 S0 s (3
Aolin 3 01338 Sl Slal (o K55 oy & aliws Sliwly 53 ot o i & 5,2 6,585
Ol bl glos 31 oyt 5 colo, wlarl Lol = ll] pothe 3500 Dot 4y oS S fale aboss e
Sl O35 ol 55 age sla el s usb 5ol s 5 1s les ke Bl Lalge 5 555 e Ol
2l s b S was lesl W18 o 3kl i ul el s S cdles Ol B0 31 a6l

.(Hejazizadeh, et al., 2015: 21) &S o HCaT 1, il pde psgdo 313l S|
bl (Sl 28 Gl s3daze sla et Sl eslial 5 sl 4 oSl Wlshe pl Coaal o 4 Oliie 1
o Ll 2 Sl esliad Ole cnl 51 les S il (6 K03 8 Aolie 53 OIS S Sl
Ol ks blE 55 (gdaze Dlalllas 5 o3 r jo s o i S35 5 i Sla i 5 Waadlje 0ol L1 8 iy
Dbl Sl 3 a8 ol PET ol e laastld cpl dhex 51 ool s plol b jastls cnl b

S Cod slie Sl K038 5 (6 d S e 1 OT 35 gl 5 2 S Zlel s 5 S0l


http://geographical-space.iau-ahar.ac.ir/article-1-3894-en.html

Downloaded from geographical-space.iau-ahar.ac.ir at 22:51 IRDT on Wednesday June 10th 2026

Av Oloa! 5 Sedia S paldl s Sl lule S 55l

madlfo o addl Gla e 05Dl 5 e DLl bl U s e oS b e e ls ol g Sl
Sl e 53 S Glodas Oldllas dlaz 51 das o DI 0 ) U Gl 5 S50 O e
:(Hoppe, 1999:71;Matzarakis, 2001:171;Matzarakis & Amelung, 2008: 161;Deb & Alur, <« coul ol fl?u'\
2010: 2825;Frohlich et al., 2019:1; Basarin et al., 2020: 1276;Chen et al., 2020: 694. Sensoy et al.,2020: 124, etc.)
5l 4By 1 Oy o ey Sl sdate iuled s e li 68K L Ol s s S 6 lal Ol 5 e
a8 ol ddesr 1ol ol oslinal Oladoes Lo 55 aS o3 5 ola sl oy 565 oS alax 5 50 PET 2li
(PET) 505 30 Jslae (sles sla st L 51 oslizal b 3 15 53 6,583,5 (sl b o3 35 & 015
Sle (g3daze sla e 3 S o Ll Zolfaghari, (2008: 129) Laws 5 "(PMV) edd i i i, Jow 20
Farajzadeh & Matzarakis (2009: 545); Zolfaghari (2012: 19); Ismaili & Montazeri( 2013: 228); Arvin &
Shojaeizadeh(2015: 98); Sanagar Darbani et al(2018: 38); Manouchehri & Parvin(2018: 138. Etc).
el ooy S a3z ge w5 J Ol bl sl patle een L
S et > by e dolie 5 8038 plsl bl ek s 8 s e ladely 5 LT L
Ghle aan 53 (6 K55 5 dan b 5 skite 4y OIS (slags sl )3 eslinal (sl ol slags Sty &y 0
- sl ol ataly (6 K3 5w OUT slaml 5 ladel s Sl Glodes jisu a5 olay4iS osas 4 Oler
Sl et R 5 WolSaly sk 5 n e 5l S Ol 4 IS 53,8 sla dube S el WU LS
Gl ol hpy SRSl bl pl o G mme A8 alde e B S UK s
Al st 4 s K3 8 5 ol s Sldlae 3 age o8 gl Coalad pde A 5 el ol e
ol A e ol 4Bl ax s (SO A alide aey 53 Slite las sy bl 2 s3L5 st
ol i 5 XS e bl BLEL e lie b (sl it b lie S5 (sla it o 025 Ly, sl
b odal e glon 5 OF (K i 6l Ly ol o sl JS 23 5 gladde Law s oS odol ulie S5
o3lizal 3550 Olgz ol 3 (3date (gub] A ulie gls 55, .(Ghorbani et al., 2016: 21) 5,5 » S
3l UlS e ot l o oS el B 8B
(Wilby & Wigley, 1997: 530; Zorita & Storch, 1999: 2474; Benestad, 2008:12; Benestad,
2009:1;Trzaska & Schnarr, 2014:2; Gooré Bi et al., 2017: 685; Vallam & Qin, 2018: 669; Etc).

Delavar et al., 2014: 53. Sobhani et al., 2015: ) 04 SWime Law s (godaze Sldlas 30 010 53 5 ol
499. Sobhani et al., 2017: 301. Goodarzi et al., 2019: 41. Qji, 2018: 397. zarrin, & Dadashi-Roudbari,
O ol o Sl sk a1y il a5 Subde sladie G a Sl e sl (20211 75, ete,
o B3 s g edd el Sl e 53 e opl 53 S (S Dladlls 5 s se el (S el S
58S Ohpe K838 5 0T s bl n R 3 (Sl Slalas Ol ) 3 3,5 waly oLl Py

9 Lﬁajjﬁ:‘\.l&?.-).‘ NG 03 93 59> 40 C,a'j o g5 D LSJ'<":">J§ v_:.\.;‘ 2.«.:#) 03 odew C/.JMCJL:JLEA J;S\

° Predicted Mean Vote


http://geographical-space.iau-ahar.ac.ir/article-1-3894-en.html

Downloaded from geographical-space.iau-ahar.ac.ir at 22:51 IRDT on Wednesday June 10th 2026

AP ¥ Qlicus ) AY 0 slach (p gou gluus Jlow ((alidl yaa ldd cale (sdslilad AA

Nastos & ) 105 (53,050 @ Ol on ol planil (6 Ko 5 5 Wl i e 55 Slexr sl 53 &8 Lo
Shse Ol s 5 S eslal (Matzarakis, 2019: 145; Jurema Grimm et al., 2018:2; Olefs et al., 2021:2
plmil (6 K33 8 ol Sl = b 5 sy e LS 5 oL 015 e (Karimi et al, 2017:21) wusle liiss
sl ;5o Yazdanpanah et al ( 2016:82).Llelis (5,558 a axdlas ol 53 S 55 S sladde Js ol
ot 35y ekl Bltssy o3 53 U PET Lasls g ol bl e p b K858 Bl i
St ol ' HAACMS3 Ui s Sl eslizad L, YeTR 6 YoV E gladle iolal Bl 5 oo 50
£33 55 PET  alfal b fdowi 5 e olol 2 s onl S 55 (5luaes (B ALB) i
Bakhtiari ) .ol sl 2alS des (g3 sm0 g abanly 40 adBl [ilil glagy, sliw o8 sl 0Lz 5T jles
TCl Lasla b 1 olal s 015 S ol bl Bl ois 31 6 K5 aalllas o6t al (2018: 291
5 Y010 BAAY Ll gl ool VoY lualin glaesls 51 LT .sls 13 anllas 500 Kb oS ;Sa
A elie T s pas eslizad 1, Yo 80 B YV ladle gl p ALB 5l slue » HAACM3 Joe >3 >
54l 555 o bglie sl plasl T LARSWG 1531 o5 5l ssliad L 1y s e S sbaeiS s iy
W dalt i s 5 Carslle S g ediy] 3 018 S Bl Ll oS ls 0L G opl s e
L leilony o 4 0Lk Ol L3 1y (6 K55 5 OF 31 5 ol o5 aalllas 55 cAlizadeh et al( 2021:1)
Slpe Bl s ol Slaalis 5 Al glaesls 5 6 S ke glos Jed ol 5l Sllas 55 4SSl 4 ax g
53 63k lagalad e Line slse opl oled &5 ol oS alis] laesls iS J 5S4 i3S ax g
GOlS 3 Sas 4 IS 3 8 sladde sl SUS L St 03 cnl by s el s Sk
Oeopen (3 pole malme J53 5550 5 Jhider A ulide gladie 5 il Gla o b sl IPCC oy
R IS5 Jasme 53 (60135l o5 slaaten 5 op 5 gladie 6,55 & 5 a8l laosls CokS wois ax
ol sl (6 S5t sl Sl 2 s Al el Ko Blis gz ge slacaall pie &S ol aw
s SOl 6K S

TP

by Sde b Blyss Slhalie glaesls 1)) s eslizal esls (g e 53 3l qgbl A5 lds ol
wlanl S i 8 sladite s 2 5l ol s elde S sleesls 1Y) adbine St saelSans]
A e ) eslinad b S0e gla it sl (S3luand palie i s g0 a8 alde Je glesT a5 sk
Lds Jol"" ERAS Llos 5L i35, slassls

1% Physiological Equivalent Temperature (PET)

' Hadley Centre Coupled Model, version 3

12 The Special Report on Emissions Scenarios (SRES)

3 Long Ashton Research Station-Weather Generator

2. The European Centre for Medium-Range Weather Forecasts ERA-5(Reanalysis: www.ecmwf.int/en/
forecasts/era5 )
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Figure 1: Distribution of Synoptic stations on the map of Iran
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16 penalized maximal t test, (MPT) & penalized maximal F test (MPF)
7' Quantile-Matching (QM)
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. Sequential K-Nearest Neighbor Imputation Method

. Cumulative Distribution Functions (CDFs)

. Quintile Mapping

. RayMan

. Verein Deutscher Ingenieure (VDI)

. Cumulative Distribution Functions- transform (CDFt)
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Figure 2:The mean PET based on (a) observational data, (b) historical CanESM2 model data, (c) historical
GFDL_ESM2G model data
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Figure 3: PET mean variation of historical Climate Change Models compared to data stations
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Figure 4: PET of RCPs (2.6) 2021-2040 a: CanESM2 model b: GFDL_ESM2G model
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Figure 5: PET of RCPs (4.5) 2021-2040 a: CanESM2 model b: GFDL_ESM2G model
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Figure 6: PET of RCPs (8.5) 2021-2040 a: CanESM2 model b: GFDL_ESM2G model
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Figure 8: PET of RCPs (4.5) 2041-2060 a: CanESM2 model b: GFDL_ESM2G model
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Figure 10 : Variation of Iran's thermal comfort in RCP (2.6) - (2021-2040) period
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Figure 11 : Variation of Iran's thermal comfort in RCP (2.6) - (2021-2040) period
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Figure 12: Variation of Iran's thermal comfort in RCP (4.5) - (2021-2040) period
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Figure 13: Variation of Iran's thermal comfort in RCP (4.5) - (2041-2060) period
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Figure 14: Variation of Iran's thermal comfort in RCP (8.5) - (2021-2040) period
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Figure 15: Variation of Iran's thermal comfort in RCP (8.5) - (2041-2060) period
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Introduction

The impact of climate change on tourism has been the subject of many research studies. It is for this
reason that tourism researchers have continued to explore the relationship between tourism and
climate change and further explored response strategies among tourism stakeholders. The aim of this
research is the evaluation of climate change and its impacts on thermal comfort and tourism climate of
Iran. For this purpose daily maximum and minimum temperature, wind speed and relative humidity
data of 91 synoptic stations during a period of 30 years (2017-2017) were used. In this research the
(CDFT)® model is used to downscaling the GCMs data. ERA5 data was used to evaluate the
performance of the downscaling model. The CanESM2 and GFDL_ESM2G daily data were used to
draw future landscape changes of thermal comfort (based on the 2.6, 4.5, 8.5 RCPs). Then the thermal
comfort for tourists was calculated using PET?". The thermal comfort results compared between the
present and future. Thermal comfort of Iran was predicted for 2 periods (2021-2040) & (2041-2060).
The results are displayed in ten-day classes. The number of stations that have optimal thermal comfort
conditions in observation period indicates 0.83% increase compared to the futures perspective. The
best conditions of climate comfort is predicted in the 24s and 25s decades and the most undesirable
conditions are in the first to fifth and 34 to 36 decades. The most PET decrease is predicted in the
northeast of Iran and the least increase of PET are occurred in the northwest. The results indicate an
increasing on PET (between 0.06 to 1.56%) at future due to the increase in average temperature.
Materials and Methods

The daily variables of maximum and minimum temperature, wind speed and relative humidity of

Synoptic stations as well as the ERA5 database in a 30-year period (1987-2017) and GCMs data were

used to simulate the PET from 2021 to 2060. The CDFt model was validated using the Pearson

correlation coefficient and the Kolmogorov-Smirnov tests along with a climatic RMSE. There are
often abrupt changes in the climate time series. The homogeneity of observed data evaluated using the

RhtestV4 software package based on the maximal penalized T and F (MPF, MPT) tests. Data

imputation was performed using Sequential K-Nearest Neighbor Method.

Then, the research process was done as follows:

A) The variables of maximum and minimum temperature, relative humidity and wind speed was
simulated by CDFt statistical downscaling. The CDFt can be considered as an approach to the
Quintile Mapping (QM) method by providing cumulative distribution functions (CDFs).
Assuming that the ERAS data are converted to the cumulative distribution function of the local
climate variable as predictand at the desired station. In this study the CDFt software package has
been used in R software. Validation of the simulated data was performed by Pearson correlation
coefficient, Kolmogorov-Smirnov test and tidal error of the mean square squares.

B) The RayMan model was used to calculate the thermal comfort based on PET index using both the
observed and the GCMs downscaled data (CanESM2 & GFDL_ESM2G). This model is able to

%6 Cumulative Distribution Function- transform
2" Physiological Equivalent Temperature
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calculate the effect of short and long wave radiation flux on the human body, which is required in
the human energy balance model.

Discussion of Results

After making sure that the CDFt, in general, showed a good performance in downscaling of the
variable applied to calculation of climate comfort in the study area. Therefore, it is reliable to project
the future thermal comfort of the region under the climate change conditions.Then the historical
period of CanESM2 & GFDL_ESM2G Models were used to show a comparison between PET
observations and PET simulations. The results of the thermal comfort verification calculated based on
the historical period simulated values in comparison to the observed values are as follows:

There is a high correlation between the time series of the PET observed and PET simulated the
historical period of GCM Models. However, a linear and positive relationship was observed for all-
time series. According to the Kolmogorov-Smirnov test, the simulated values of all PET time series
showed good fit with the observed data at the 0.01 significance level. The calculated value of RMSE
test for PET indicates the high performance of the downscaling method in simulation of historical
period of GCM Models. The results showed that the CanESM2 model with minor differences
performed better than the GFDL_ESM2G model. Incremental changes of physiological equivalent
temperature have occurred in higher latitudes and in the high places like Alborz and Zagros. Also the
PET decreasing changes are in low latitudes and central parts of Iran.

Therefore, it is expected that more area of Iran will be at the desired threshold of thermal comfort at
the future.

The results showed that in the rest of the year, the largest utilitys are in the 24 and 25 th decades.
Regardless of the model type towards the Rcp4.5 and Rcp8.5 and the 2041 to 2060 period increasing
the values of the Physiological Equivalent Temperature will proceed. Also, the length of comfort
decades is increasing in future periods.

Conclusion

This study was performed in order to provide infrastructure for tourism in future periods from 2021 to
2060. For this purpose, the climate comfort of Iran was predicted by GCMs data. Currently, most parts
of the Iran are in the range of mild to severe cold stress. It is predicted that wider parts of study area
will have optimal comfort conditions in future. Also, the number of optimal comfort decades is
increasing compared to the observation period. The results of the climate comfort study showed that
mild to severe cold stress conditions are predicted in More than half of this country at different
decades of the year. So it will create opportunities and constraints in the future which requires long-
term planning and strategies in this area.

Keywords: Tourism Climate, Global warming, PET, CDFt, GCMs, Iran.
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