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Extended Abstract
Introduction
The average weather condition in a specific region is defined as climate. The diversity of climatic variables is

effective in determining the climate of a region and causes the formation of diverse and different climates. One of
the effects of climate change is that causes an increase or decrease in a climate zone and, as a result, a shift in
climate zones. Climate classification is an attempt to identify and recognize the differences and similarities of
climate in different regions and to discover the relationships between different components of the climate system.
Climate classification indicators are used to visualize current climate and quantify future changes in climate types
as predicted by climate models. The studies conducted on these methods show that climatic variables affecting
experimental methods such as temperature and precipitation should be considered effective variables in
determining climatic boundaries in a new way. The De Martonne aridity index is an empirical index for climate
classification based on two components, precipitation and temperature. Due to its high accuracy, and the use of
variables that are more accessible and can be measured at most meteorological stations, De Martonne’s index has
received more attention from researchers and has been used in many studies of climate change. Therefore, the
purpose of this research is to evaluate the effects of climate change on the climatic classification of Iran.

Materials and Methods
To investigate the effects of climate change on the climatic classification of Iran, the De Martonne aridity index

has been used. To show the effects of climate change in the past and the future on Iran's climate, data from 120
meteorological stations of Iran, which are distributed in different locations with different climates, were collected
and analyzed in the statistical period of 1933-2022. The climatic condition of Iran in the base period was
determined according to the De Martonne aridity index. In addition, to investigate the effects of climate change in
the coming periods on the climatic classification of Iran, the data related to the output of the CanESM2 model,
which is one of the CMIP5 models that is hybridized by the Canadian Center for Climate Modeling and Analysis
(CCCMA) by combining CanCM4 and CTEM models, were used. To examine the changes in climatic classes of
Iran under different scenarios and conditions, the output of two release scenarios, RCP2.6 and RCP8.5, were
utilized. Due to the large-scale output of General Circulation Models (GCM), the output of this model was
downscaled using the LARS-WG model. The LARS-WG model, which is considered one of the most famous and
widely used models for downscaling weather data, was used to generate precipitation values, minimum and
maximum temperatures, as well as daily radiation, under base and future climate conditions.

Results and Discussion
According to the results, the majority of Iran (90.49%) has an arid and semi-arid climate. The percentage of arid

climate is 68.82%, while that of semi-arid climate is 21.97%. Therefore, Iran should be called an arid and semi-arid
country in terms of climate. By analysis of the effects of climate change indicates that in future periods, the
precipitation and average temperature will increase. This increase will be greater under the RCP8.5 scenario than the
RCP2.6 scenario. The study of the climatic classification of Iran in the coming periods indicates that the majority of
the country will continue to experience arid and semi-arid climates. The sum of arid and semi-arid climates will reach
its lowest level in the period of 2020-2041. This is following the RCP2.6 scenario, after which these climates are
expected to expand once more. According to the RCP8.5 scenario, during the periods of 2021-2040, 2041-2060, and
2061-2080, the total area of arid and semi-arid climates will decrease. However, from 2081 to 2100, this trend will
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be reversed, increasing in these climates. According to the results of this research and according to the forecast,
although according to different release scenarios, the difference in the area of different classes can be seen, in the
future, arid and semi-arid climatic zones will still form the majority of Iran.

Conclusion

In this research, by using the latest available data, Iran's climate is classified by the De Martonne aridity index, and
then the changes in Iran's climate classes under the effects of climate change in the future periods, according to the
output of the CanESM2 model from the CMIP5 modes, which is downscaled using the LARS-WG model. It has
been investigated according to two emission scenarios, RCP2.6 and RCP8.5. The results indicated that the arid
climate with 68.82% and the semi-arid climate with 21.97% constitute the largest area of Iran. The remaining
climatic classes collectively comprise less than 10% of Iran's area. Therefore, Iran should be called an arid and
semi-arid country in terms of climate. Investigating the effects of climate change on precipitation and temperature
showed that both precipitation and average temperature will increase in future periods. However, the increase in
both variables will be greater under the RCP8.5 scenario. The study of the climatic classification of Iran in the
coming periods indicates that the majority of the country will continue to experience arid and semi-arid climates.
The findings of this study indicate the necessity of addressing the issue of climate change and the importance of
involving experts and macro planners in the analysis of the effects of climate change. It is suggested to use the
output of other GCM models in future research due to the uncertainty of climate scenarios. Also, the use of diverse
climate classification methods that incorporate other variables is suggested for more precise identification of
climate characteristics
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Table 2- The De Martonne climate classification (De
Martonne, 1941)

G S oy s S es G,

a<10 Al Sass 1
10<a<20 A2 Siiddog 2
20<a<24 A3 ol e 3
24<a<28 A4 s podos 4
28<a<35 AS gy 5
35<a<55 A6 "W g5 by ke 6

a>55 A7 "s')" &y u9\o)n s 7

CanESM2  og08 k}“’b)f Jae -Y-Y
$log )l 5 (GCM) > (cogee (53,5 s Jo (29,5 059l
&aoj 0 b yiagh jewe (i ol IPCC lawgs 00 yudiio

! Canadian coupled global climate model
2 Canadian terrestrial ecosystem model



Vo

e ol (Gaalb py aldl S 15T (L5

(Stocker et al., 2013) (RCP) _owiali Cuildly (gbogy Jlow —Y Joua
Table 3- Representative concentration scenario (RCP) (Stocker et al., 2013)

2100 JL‘“’ G du? uWL")f u‘i’l“’ (15‘”’ > }I »‘5 u}‘l“’ “i’ )3) COz chale (é’)")“" bl C"5) LS“.\"fl; c“"f’bb 9'-’-)1"-“’
(0.3-1.7) 51,8 sl 4 K, 490 Ao 5 2100 Jlo 51 dxs 5 Gl gyposio g 4w Sls RCP2.6
(2.6-4.8) 31,8 ilo &5 7.3 1370 2100 Jlo )5 ayyosie 2 15 8.5 3yt RCP85

g oad (gjluwdn SleMb 45[);.] Che b L‘)g.l »
oy 5ylel yasls aw i b)) LARS-WG Jse
OSke 5 (RMSE) Las 50 (:83ie Ay (R?) (s
ol ez o oS Sloa b 4 wbro (MAE) llao sllas
33lie 0(1) ywiio F Jgio gub .l ool ¥ Jgus )3 )lxe
ke 0 c0dds (g3lwan s polas p(i) #8lg) Slalie
Ma N g 0sds (il polae (1 Sko P o Slialiin polio

Gl Jdo yigg 2ySlos g 5 iy 8D baimd L

LARS-WG (g ol o1lei wlido 32y Juso —£-Y
Sy i)l Bign 3 i Glgsa LARS-WG oo
5 «l)l Racsko et al. (1991) lws liwjbro j> (5y5lis
Sl e ol i (6,555, Semenov et al. (1998) lawgs g
i gloodlsy Ve sladde 505 5 g o yskede
Aol digaS (glod ¢ )b polde WJg (gl &S Cunlgr Cuxsg
Jde cpl oyl o)l o] 5 b w8l Lyl s o il b 4
owlidlon gloodly dbul 5 objyl « oriwly Ay daw )
S lgn g ol 5ty bl colpd b g alg |y eulil slaosls
w ‘4».«;5 ch.) 2..:])5) )JDLGA ‘ﬁl ).ux d}’)L"“" 9 oliw.ul

(Khalili et al., 2016) S o g5 |, oa0] )b o

bl s yle £ Jyua

Table 4- The evaluation metrics
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Figure 4- Iran's climate classification map based on the De Martonne aridity index in the base period (1993-2022)
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Table 5- The area (km?) of different climatic zones of Iran in the De Martonne classification method in the base period (1993-2022)
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Figure 5- The percentage of the area of Iran's climatic classes based on the De Martonne aridity index in the base period (1993-2022)

Sl 95 Gl 5)9 & s ST (sl > VL
Gl 045 duwlie (aluniss) RCP2.6 4 (alss) RCP8.5
Yl () 0dd gy g2l 93 o o5 5SS illas
2 ol cpl bl col wwled (il al by 4 s
Sy Jdalgs RCP2.6 (go,bus jl g i RCP8.S (gos)liw
i Al By9> )3 Jlecdee YVA I (alfian] AV ()L
4 Y YV-Y+¥) 5,05 5 RCP8.5 s RCP2.6 (slagy b 5.0
FOVYY & Yo¥V-Y-F+ 553 5 yia Lo YAF/FA o YOF/SY
APV 5 F-V/IA 4 ¥ oSV A byg0 53 epio ko FIUT
o oo FAAAY 9 FAF/FO 4y Yo AV-Y Vv 5y9d 13 g yio o
b ool il aals RCP2.6 (gg))low it dales
g pgw Ao Ve 8)93 53 5 09 wudlss pgd 9 Jol Ao V- B9
ol 3 W 45 20l 18 Gl ol @5 ples
dalgd il il wliél Sl slasyed 43 6)lsea RCPS.5S
Oyl 2Bl &YW (5L YV o b aSgysbdy b5
Ol )b e 50 ial38l )y dnles e Lo YAAAY 4
&S glaslas dlos I alisee (sl yimgss 4 (S (slaoygd po
o) Ol awyp yslaiods Mousavi et al. (2016) lawes
Pl Y-+ Jlo B ol st 3 8 ol 3 e S 5
4 b s ool &8 clily dagi b g e dbline 0
@ d2g b She )b ] disge Balatul e (9de ()4l p

a3 o i |y calises (glooyga jo ol coglas

LARS-WG Jso b j,l gl -)-¥
Ol BY L 1:ke (glod g o)b (g5lwdns & Jodo illeo
4 49 LLARS-WG Juo lawgs (VAAY-Y+YY) )l 5,90 1
s RMSE=Va4/VA R?=-/a% (¢,Lal (slajlino , ol
5 RMSE=-/-2\ R?=+/a% 4 3, sl MAE=\Y/¥S
sl 0 bl oYL 85 Ly Lad (gl s MAE=+/-AYA
5 039 5T LB Lo g s ytelyy 3,00 5 Jae el ecnlls
55 oalizel o] poulil slaosls A el o @l 5l s s

09)b S3lwammd P LARS-WG Juo (ob )l gals -1 Joao

Ol p! AYlw (1WKho slod 4
Table 6- Evaluation results of the LARS-WG model in the
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Figure 6- (a) Comparison of the annual precipitation of Iran in the base period (1993-2022) and future periods according to the

RCP8.5 and RCP2.6 scenarios and (b) the difference in annual precipitation in future periods compared to the base period,
according to the RC8.5 and RCP2.6 scenarios
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Figure 7- a) Comparison of the annual average temperature of Iran in the base period (1993-2022) and future periods according

to the RCP8.5 and RCP2.6 scenarios and b) the difference in annual average temperature in future periods compared to the base
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Figure 8- Climate classification map of Iran based on the De Martonne classification method in future periods according to RCP8.5
and RCP2.6 scenarios



VIV G0 Sloio VE+ T Jlo F b)lows € 5,93 /S K 9 O Cu o 9 (55l &1 paid /0,50 5 599,63 p290l] VoA

=Z 453°0'0"L 50°0'0"E 35°0'0"E 60°0'0"E 65°00"E =Z 43°00"E S0°00"E 33°0"E 60°0"0"E 65°0"0"E
: - o N s R N
L B, i 3 ! S ]

V 5 \ Caspian Sea v

35°0"0"N

J0°0'0"N

uoTs s as o L K
[

Oman Sea

25°0'0"N

35°0"0"N

30°0'0"N

2550'0"N

boTs s e s L
Kilmeters 4

‘Oman Sea

RCP2.6 2081-2100

RCP8.5 2081-2100

Arid Semi arid  Mediterranean  Sub humid Humid Per humid A  Per humid B
RCP2.6 g RCP8.5 slr gy luw 5b uﬂ SWoy9d )3 oF,led gl ‘_,35, ol g oyl o8l suvaib AE —A S dold!

Continuation of Figure 8- Climate classification map of Iran based on the De Martonne classification method in future periods
according to RCP8.5 and RCP2.6 scenarios
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Table 7- The area (km?) of different climatic zones of Iran in the De Martonne classification method based on RCP scenarios

ellii RCP2.6 RCP8.5
) 2021-2040 2041-2060 2061-2080 2081-2100 2021-2040 2041-2060 2061-2080 2081-2100
Al 1075252.46  799685.24 967186.89 945573.77 961783.61 918557.38 767265.57 799685.24
A2 399842.62 588957.38 470085.24 491698.37 497101.63 507908.19 642990.16 621377.05
A3 21613.11 81049.18 48629.51 48629.51 21613.11 59436.06 59436.06 48629.51
A4 64839.34 16209.84 27016.39 27016.39 37822.95 27016.39 32419.67 32419.67
A5 32419.67 75645.90 54032.79 54032.79 48629.51 54032.79 59436.06 59436.06
A6 54032.79 64839.34 59436.06 59436.06 59436.06 59436.06 54032.79 64839.34
A7 0.00 21613.11 21613.11 21613.11 21613.11 21613.11 32419.67 21613.11
Egoxo 1648000 1648000 1648000 1648000 1648000 1648000 1648000 1648000




v (ool gyl o oAl oS 151 S5

AS A6
1.97% 3 28%

RCP2.6

3. 93 2021-2040

131%

65. 25%

A5
A4 4.59% 3. 93% RCP2.6

2041-2060
0. 98%
A3 ___
4.92%
48. 52%

RCP2.6
o,
Ad 3. 280/ 3 61 A) 2061-2080

64%
A3
2.95%

AS
43 28% 3. 61% RCP2.6

2081-2100
1. 64%
A3_—4
2.95%
57. 38%

Al
58.69%

A5 A6
A4 2. 95% 3. 61% 20R2C1P2804540
230%
A3
1.31%
Al
58.36%
RCP8.5
0,
1. 64°/ 3. 28% 3 61 - 2041-2060
A3
3.61%

Al
55.74%
A5
RCPS.5
o, 0,
Ad 3.61% 3 28 /o 20612080
1.97%
A3_—4
3.61%
Al
46.56%

RCP8.5
0,
A4 > 6“7 3 93 = 2081-2100

1.97%
A3
2.95%
Al
48.52%

RCP2.6 g RCP8.5 slrgy luw 3ub 5T sloo 93 13 oy jlod (giivdib (wlwl 1 oyl ] (conlll slralb Conluns w0 yd -4 S
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