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ABSTRACT

Future climate change and its effects are one of the most imperative concerns of
mankind, especially in recent years. In order to deal with and adapt to climate change,
it is necessary to know the future climate situation. Therefore, in the current research,
to investigate the future climate of the Urmia Lake catchment, the maximum and
minimum temperature, rainfall and drought in the basin were projected for the period
of 2015-2099 using NorESM2-MM climate model under the emission scenarios of
SSP1-2.6 and SSP5-8.5. The downscaling output of the model was done using the
quantile mapping method and their accuracy was evaluated in the simulation of the
base period (1990-2014) using the monthly diagram and RMSE and NRMSE
indicators. After evaluating the accuracy of the model, the studied parameters were
produced at the station level for the future period. The evaluation of the results showed
that: the minimum and maximum average temperature of the basin under the
pessimistic scenario (SSP5-8.5) until the end of the century and under the optimistic
scenario (SSP1-2.6) until 2075 have an ascending trend and then a descending trend.
Average maximum and minimum temperature of the basin in the near future (1.0 to
1.8) and (1.1 to 1.8) °C and in the far future (1.5 to 4.8) and (1.3 to 4.3) °C will increase.
The annual rainfall in the future period does not have a significant trend, but the average
rainfall of the basin in the optimistic scenario will increase by 16.5% in the near future
and 8.9% in the far future and in the pessimistic scenario will increase by 1.8% in the
near future and 7.2% in the far future. According to the SPEI index, in the future period,
under the optimistic scenario, moderate drought will have an ascending trend, severe
drought will have a descending trend, and under the pessimistic scenario, the drought
will have a descending trend.
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Extended Abstract
1- Introduction

Population growth and the increase in global consumption have amplified the global demand for fossil fuels.
Studies have shown that carbon dioxide is one of the main factors of climate change (IPCC, 2013). Based on
the carbon dioxide emission scenarios published by the IPCC, the concentration of carbon dioxide can
increase from the current level of 300 ppm to 800 ppm by the end of the 21st century (Van Vuuren et al.,
2011). An increase in the concentration of carbon dioxide causes a change in the global temperature, the
pattern of precipitation and solar radiation, and as a result, it causes a change in the productivity of agricultural
products (Lobel et al., 2011). Also, climate change affects the hydrological cycle and changes the spatial and
temporal distribution of water resources, which is closely related to the availability of irrigation water and
crop growth (Piao et al., 2010).

Since the end of the 19th century, almost all parts of the world have been subjected to a global warming
process that shows periodic and multi-decadal changes (Hansen et al., 2010). There is a global consensus that
climate change will cause changes in the intensity, amount and duration of extreme events leading to
unprecedented weather events (Field et al., 2012). Also, changes in the water cycle are observed due to climate
changes. Evidence shows that climate change is related to the redistribution of water resources and the
increase in the frequency and intensity of floods and droughts (Li et al., 2013). Therefore, it is very important
to pay attention to climate changes at the basin scale, especially in arid and semi-arid areas that have limited
water resources. Continued emission of greenhouse gases causes more warming and long-term changes in all
components of the climate system and increases the possibility of severe, widespread and irreversible impacts
on people and ecosystems. The future climate depends on the warming caused by past and future pollution
and natural climate changes. One of the climatic extreme events is drought. In recent years, several studies
have found that droughts are increasing in different regions of the world, so it can be expected that drought
events will increase in terms of frequency and intensity in the coming periods with the increase in temperature
and change in the rainfall regime. (Zhai et al., 2020).

The IPCC recently published the sixth phase of the CMIP models, which are the latest general circulation
models. The mentioned models have been developed based on SSP release scenarios. SSP scenarios are
designed based on socio-economic factors such as population growth, economy, urbanization and other
factors (Eyring et al., 2016). The outputs of atmospheric general circulation models in terms of temporal and
spatial resolution are about tens of kilometers on a daily and monthly scale, which are large scale compared
to climatic and hydrological processes. In addition, GCM simulations in both spatial and temporal scales have
uncertainty in the parameterization of processes, so the output of these models cannot be directly used in
climate change studies. Therefore, exponential micro-scale and skew correction of GCM simulations is
necessary to obtain information at the appropriate scale (Wood et al., 2004).

The future climate change can have different effects in different regions and therefore the study of climate
change should be done regionally and using the latest climate models. The studies carried out in Urmia Lake
basin were mainly done with previous models, so in this research, the latest climate models provided by IPCC
were used to predict the future climate.

2- Methodology
2-1- Study area

The catchment area of Lake Urmia with an area of about 52,000 km? is located in the northwest of Iran and
includes parts of East Azerbaijan, West Azerbaijan and Kurdistan provinces. This basin is surrounded by the
northern slopes of Zagros, the southern slopes of Sabalan Mountain and Sahand Mountain. Populous and
important cities such as Tabriz and Urmia are located in this basin. Lake Urmia located in this basin is
considered as the largest internal lake of Iran and one of the most valuable water ecosystems of Iran.

2-2- Data
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In this research, two types of data were used. The first category is the observational data of synoptic stations
(Tabriz, Sarab, Maragheh, Urmia, Takab, Mahabad and Saqqez). These data include the daily values of
minimum temperature, maximum temperature and precipitation for the period of 1990-2014, which were
received from the National Meteorological Organization. The second category of GCM model data is from
the CMIP6 model series. These data include daily values of minimum temperature, maximum temperature
and precipitation for SSP1-2.6 and SSP5-8.5 scenarios during the base period (1990-2014) and future (2015-
2099) which are from the World Climate Research Program database (https://esgf-node.lInl.gov) have been
extracted.

3- Method

In the current research, the temperature, precipitation and drought of the catchment area of Lake Urmia have
been projected for the future period (2015-2099) and the trends of the mentioned parameters as well as their
changes compared to the base period (1990-2014) have been investigated. The projecting of the studied
parameters has been done using the new series of general circulation models called CMIP6 models under the
SSP126 and SSP585 release scenarios as optimistic and pessimistic scenarios. Downscaling of the output of
the GCM model was done by using the quantile mapping method and evaluating the accuracy of the models
using monthly average diagrams and RMSE and NRMSE indices.

After evaluating the accuracy of the GCM model, the parameters of minimum temperature, maximum
temperature and precipitation for the future period were produced using the output of the GCM model and the
Downscaling method of quantile mapping. Then, using the mentioned parameters, potential evaporation and
transpiration (PET) and drought (SPEI) indices were calculated for the future period. In the following, the
changes and trends of temperature parameters, precipitation and drought in the future period were investigated
using the innovative trend analysis (ITA) method.

4- Results and Discussion

- The trend of the maximum temperature of the basin during the period of 2015-2099 will be ascending under
the SSP5-8.5 scenario and will be ascending under the SSP1-2.6 scenario until 2075 and then descending.
The average annual maximum temperature of the basin will increase in the near (2031-2055) and long (2071-
2095) under both scenarios, in the near future between 1.0 (optimistic scenario) and 1.8 T°C (pessimistic
scenario) and in the future, it will increase between 1.5 (optimistic scenario) and 4.8 T°C (pessimistic scenario)
compared to the base period.

- The trend of the minimum temperature of the basin is the same as the maximum temperature. The average
annual minimum temperature of the basin in the near future is between 1.1 (optimistic scenario) and 1.8 T'C
(pessimistic scenario) and in the far future between 1.3 (optimistic scenario) and 4.3 T°C (pessimistic scenario)
increases compared to the base period.

- The annual rainfall in the future period does not have a significant trend, but the average rainfall of the basin
in the optimistic scenario will increase by 16.5% in the near future and 8.9% in the far future and in the
pessimistic scenario will increase by 1.8% in the near future and 7.2% in the far future.

- The trend of evaporation and transpiration of the basin potential under SSP5-8.5 is upward until the end of
the century and under SSP1-2.6 is ascending until 2075 and then descending. The average annual evaporation
and transpiration of the basin under SSP1-2.6 will increase by 10% in the near future and 12.7% in the distant
future, and under SSP5-8.5 it will increase by 14% in the near future and 42.9% in the distant future.

- According to the SPEI index, during the period of 2015-2099, under the SSP1-2.6 scenario, until the middle
of the century, mainly dry periods will occur, then until the year 2090, drought periods will occur, and then
until the end of the century, dry periods will occur. Under the SSP5-8.5 scenario, drought periods will occur
until the middle of the century and then drought periods until the end of the century. In general, according to
the ITA index, the drought trend of the basin under the pessimistic scenario will be ascending until the end of
the century, and under the optimistic scenario, the severe drought trend will be descending and the moderate
drought trend will be ascending.
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5- Conclusions

The results of the current research regarding the increase in temperature in the future are in line with previous
studies, including the studies conducted in the study area (Gouderzi et al. (2014), Salahi et al. (2016) and
Gouderzi et al. In contrast to the study of Gouderzi et al. (2014) and Salahi et al. (2015) and in line with the
study of Ghalenovi et al. (2016), there will not be a significant decrease in the future. Evaporation and
transpiration will increase as in the study of Goudarzi et al. (2017), and drought will increase unlike the study
of Ghalenovi et al. (2018). Therefore, based on the results of the present research, the most important climatic
changes in the catchment area of Lake Urmia in the future period are related to the increase in temperature
and its effects (including increased evapotranspiration and drought).
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Figure (3): average monthly values of simulated and observed (a) temperature and (b) precipitation
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Fig (4): (a) the average maximum temperature of the basin for the period of 1990-2099, (b) the amount of change in the average maximum
temperature of the basin in the near and far future periods compared to the base period under the SSP1-2.6 and SSP5-8.5 scenarios, (c) and (d)
ita diagrams for maximum basin average temperature under SSP1-2.6 and SSP5-8.5 scenarios

G b ;0 58 OLL b ase> a¥le JBlas sles aig, (O USE) wil oo pSTos slos alie Blas sles 4y bgy o sl logal
SO JSs @ azgi L (WO JSE) cl caalS o las 5 (oaul i3 V- VO JLo B SSP1-2.6 (ggs L ;o g aiily oo o33l SSP5-8.5
gy 505 Sete 5 ITA (sl aalss (58l 4l 090 dr Cord 505l 50 1 Zoxi 550 5 o3 eany ] yo Jlas (glos oSk o
S 5 B JSE) am3 a5 2l 3590 2l 50 58 2o | 0anT 09 50 JBlax slad

Ok eSbee (WP USL) wps ood pLaS 1) (ool &g gyl 90 50 o VY )8 (LL B adse aVle (5L Gloj (5 o503
Goobiw j0 909 wales s Ao, A g VPO i i 4 ol 0,90 4 Caed SSPL1-2.6 (695, 4o 490 9 oo e sVl
Ol UYL o Lled bl cg yliw 90 52 10 ITA sla logad 4 az g5 b (0-F &) clsls wales ol 38l s )0 VIV ¢ V/A SSP5-8.5
(o-F 5 z-F ISo) sy walgss gyl ce c2alS L ciolidl wgy ool jo b el plo wilas 13V las

Tmin(1990-2099) Jilas gloo 439l polis yuds Hlads
12
11
10 T 4.3
- S
9 ‘.____‘—"
8 AT
W
oc 7 VAWAY Sy A
BTN LA VA A 2,
2| oy Aasens oA sl
5 A- 4 3
: 4
N Y 18
2 2 13
O W OoOWOoOWOoOWOoOWOoO®NoW!momOo!mowmo N 11
HHESEEESE8 8885588888 ¢88¢88
Obser S5P126 D
ssps85  —==-- 7 per. Mov. Avg. (Obser) L
‘‘‘‘‘ 7 per. Mov. Avg. (55P126) =====7 per. Mov. Avg. (SSP585) ssp126-31-55 ssp126-71-95 ssp585-31-55 ssp585-71-95
Basin-ssp126 Basin-ssp585
= ’ o®® = s
/ " I
© P 4 \v/
© -
o® /
o -
©
< -
< -
No Trend No Trend
D= X s + 5 percentile === &5 percentile
T T T | T
3 4 5 6 I 4 6 8 10
(@) (%)

299 9 933 ol (o g8 53 ades JSluo buwgio Slod yaii oyl jwo () NAQ+=Y+39 0,58 (gl p ddg> Jolus Lo Lawgio Hl3ges () :(B) JSb
SSP5-8.5 3 SSP1-2.6 (slagy ylw i adg> J8lus Lawgin slod (5l ITA 5l 5503 (8) 9 () SSP5-85 g SSP1-2.6 (slrgy ylow i 43l 0,598 43 S

Fig (5): (a) the average minimum temperature of the basin for the period of 1990-2099, (b) the amount of change in the average minimum
temperature of the basin in the near and far future periods compared to the base period under the SSP1-2.6 and SSP5-8.5 scenarios, (c) and (d)
ita plots for minimum basin average temperature under SSP1-2.6 and SSP5-8.5 scenarios
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Fig (6): (a) the average annual precipitation of the basin for the period 1990-2099, (b) the percentage change of the average annual precipitation
of the basin in the near and far future periods compared to the base period under the scenarios SSP1-2.6 and SSP5-8.5, (c) and (d) ita diagrams
for basin average annual precipitation under SSP1-2.6 and SSP5-8.5 scenarios
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Fig (7): average monthly maximum temperature of the basin under SSP1-2.6 (a) and SSP5-8.5 (b) for two periods of the near future and far
future, the average monthly minimum temperature of the basin under SSP1-2.6 (c) and SSP5-8.5 (d) for the two periods of the near future and
the far future, the average monthly rainfall of the basin under SSP1-2.6 (e) and SSP5-8.5 (f) for the two periods of the near future and the far
future
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Fig (8): (a) the average annual evapotranspiration of the basin for the period of 1990-2099, (b) the rate of change of annual evapotranspiration of
the basin in the near and far future periods compared to the base period under scenarios SSP1-2.6 and SSP5 -8.5

g lew o 00isT 0,50 5 Al 0,90 5l aale VY Gloj (wlide ;0 SPEI JLuSles asdli ¢ Jouily 5,25 5 pu5es dulowe 51 o
Ty SleSis 0590 iz (Jlo 0,90 SO 5l e 4l 090 50 asleais &SI A UK sle jloges 1o 5 awlxe SSP5-8.5 4 SSP1-2.6
0,80 ;o (AFAJSE) sl ool 75 0590 ol jo ad Jley JLSis g w50l U awgle by JLSlis Sad ol ools
0,99 (i 5,8 bl 40 g JSis 0,90 o L Jlo 5 0,50 (i 1ol SSP1-2.6 (59 )l s (Y 10-Y+22) o0y
Yefe gVebe laans 1o g liw pl (uloly ccaol a8l il 38l 4l o090 4 Cod ba JLuSCid Gols cenl ol gmyion Jlo s
b oo JlSis slooygo w5 (Sl (sloo,g0 lasl SSP5-8.5 (ggs L o ol wales &) auads jley slo JlueSis
axlge ol Hlows Ul glacais Lg oy o sl JLSas b 8 SLL slbans o liw cpl cod wls aale> &, 8 LL
o905 5l eolaiwl b SPEL a3l &g, (o) p g o oodlie Jlo 3 0,90 5,8 Ll B Y 0+ ans 5l e a5 (5)5b 4 0 dalgs
oarle sae cplplo oyl (18 VY s 0l Loyo..c el lawgio g ol polie 4y bgye bli 4l 0,50 ;0 aws oo olas ITA
SYL) YU polie 3> 4 SSP1-2.6 (sgs )l Cos sais 0,90 10 .ol oo (IS 8g, il Silo a5 s ls Jg3 &g, JluSis
5 Gogxo Mg, s hawgle slo JLuSlis aS 0ed o blowl s 1 adjle J131:) Las 0l loged o asls Ll (VO )
asle 518 VY a5 loged bl celad SSP5-8.5 (593 )l g .audls wmled Jgi Wy, oo jlews 5 ual sl JlSes

MLGA odu’.i—‘ 0,90 L;o ngw Dgy O (SO¢re ).i’l.q as

25 4 baseline

2 4

15 A

14

05

0 =+

0.5

1 4

-1.5 4

2

25 4

2 o N omo% o wow r ®m @ o m o= ®w @ o o N m o=
$88F 8853888888888 88::8¢8¢8:+

(&)

oy



\f'\'_};\:‘ NP oo yled N AJJJL‘sj)j}é)}ﬁjjj)uL_?a

VoY 56l FF o lous Ve 0,90 S3995)909559 )i
3.5 - SSP126
3 -
2.5 4
Z .
1.5
1 p
0.5 |
o 4
05 -
-1
-1.5
-2
.2_5 ,
. ¢ 4 2 2 g 2 g2 2 g3 g =g =2 g @z g =
g & R & & & & & & & % R’ R’ R R ®& =&
(<)
SSP585

ﬂ (= wn k=3 %] = wn (=] wn =3 wn =3 w = w i=3 w0
2 e S 2 2 2 2 3 2 & & 8 S & 2 g &
~ ~N ~N ~ ~N ~N ~N ~N ~N ~ ~ ~N ~ ~ ~N ~ ~

() SSP5-8.5 i g () SSP1-2.6 i Y+1B-Y+44 0,90 ((Al) 4y 090 (5l SPEI Laslis :(]) Ui
Fig (9): SPEI index for the base period (a), the period 2015-2099 under SSP1-2.6 (b) and under SSP5-8.5 (c)

Basin

o o ;"
e
’/
o 4
" N ,,./" No Trend
.,,/'
A9 -- + 5 percentile
o &
T T T T T
-2 -1 0 1 2
(N
Basin-ssp126 Basin-ssp585
.
o~
~
®
- 9 .
o - o A
/.‘V ‘ No Trend
o S
S R + 5 percentile o / No Trend
” o‘ ---- % 5 percentile
! ! J T T T T T
-2 -1 0 1 2 -2 1 0 1 2
(@) @

(z) SSP5-8.5 «xi g () SSP1-2.6 cuxy' Y+10-Y+44 6,90 () 4:'.3 0,99 ! SPEI ua:l.(b Sy ITA b ,loges :(Ve) S
Fig (10): ITA diagrams for the spei index for the base period (a), the period 2015-2099 under SSP1-2.6 (b) and under SSP5-8.5 (c)

0t



Olen g ooy allass 59 s e JUSlS 9 (0,5 od W9y (U3l 9 (6 S

S 25 a9 Cxy -F

aog> al 50 dung)l g 3oy emed (sote Sl 0D @ly g SaS des dilaie 1 eyl 4zl pplass> (S IS4 Az L
5 aslllas (gorldl Wlysd b 6,550 5 ablie gl 3l Gladle (b aneg)l azlys Sl Glodes i ol S Gires
godd b (510,90 (b adg> JLSlas g (o)l des pol> Gaio )0 1 il oo (55900 a9 (ol san] w8l o i
iblice 5 2 & Jol bl el a8 5 )18 ) 390 55500 sl yelly Dl s 5 s,

YoVO Jlo b SSP1-2.6 (55 Ll o g (69920 SSP5-8.5 (545,liws oid Y+ 10-Y 99 0,50 b adg> zSlas sles g, -
o (Vo V)=V 0 20) 590 9 (Yo ¥ V-V 00) o035 oais] [0 ddg> aiV¥lu jiSTas sled Lawgie g dalss g3 o] 5l am 5 g3s0
39 (Wl 593,lw) ogmder 4250 VA b (ailinbss s92,lw) Vo o So05 oaisl o ccdl amlys (aol3l g jliw 90 50
ilse Gl Al 050 4 Sl (@lias 5325l) (gembs a2y FIA B (ailia 55 55,L00) 11O (e 590 0oit]

Syob) VY o o3 sanl jo s> 4Vl JBlas sled lawgie il o ST lod wiiler asg> JSlam sles i, -
S 32)lw) g 4z 33 FI¥ B (ailin 55 (592,m) VY (590 00T 50 5 (Ao (592 )liw) g a2 30 VIA b (Al g5
bee SRl Ak 0590 dr e (il

odlsl ;0 5 ao )0 VPO oo 3 susl ;0 SSP1-2.6 i abg> ai¥le )L Jawgie Lol o )l (gl gme g, 0aiyl 0,90 b ()L -
Db oo Gial38l o 0 VIV Hg0 sansl 4o g duo 0 VA oo eais] ;0 SSP5-8.5 (553l i g il oo (i3l oy A/ 50
o5 o 51 s g go3mo T VB Lo b SSPL-2.6 s 5 s89m0 (38 bl b SSP5-8.5 s g ity 5,25 5 et g, -
ot g il oo )0 VYV j90 euis] 40 g duo 0 Vo ooy sans] 0 SSP1-2.6 cox sy aiVle §,m5 g puses bawgie aib o
Db oo Ll a0 FY/A je0 sansl 40 g 0,0 VF o3 san] 40 SSP5-8.5

Ul b s o (sloo30 Buae )3 slodars b SSP1-2.6 (55 )l s Y+ 10-Y+ 38 0,55 b SPEI Lasls Ll -
sloo 55 )5 Lansls) 5 SSP5-8.5 (g5 )lies s ols winlys &, s (slboy50 )8 bl b dell o 5 JuSis sloo,gs Y+ 4
wagr S iy ITA (a3l ol LIS ok & g 328155 55 4 i slao g0 8 bl b o 5 oy oy
buogie (JLSas Wy, 5 Jop wad JlSas g aliabss Gonlew So g gogre 08 (Ll U alion gl cos
ool i SPEL sl (slie yy JLuSts 589 40 oo ol puais o JLuSis g 505 g yuies dLad g, Lolasly 1092 dalss (s09m0
95 58 35 9 s Mgy V) 02 ksl sladle jo Les Wy, ol (Js5 L SSPL-2.6 (550 ,liw Cow oS 55k 4 05 (o0 L]
g oo 0dline 55 (Jlu i (slaoyg0 (S g 4Bl el JluSas Gl g oud

alllae o yg0 dilain ,o 415 plowl Slalllas Aozl cpmiony lalllan b gucad o] 45 Lo Sinl3él 1 e yblo 3o 5| Lol gl
655555 aalllan B sanl il el n (OFAV) 5 5 55,955 5 (V95 5l Sad 5 >3o (A TAF) o fSa 5 55,059)
by salgis g s ime L2l (VWAA) oSed o 55 dald dnlllan b geed 5 (VYA5) o Sas 5 >3lo 5 (VVAF) ] Kan
Gl (VYA oKa 5 (g5 anld anlllae Y5y JLuSis 5 Sialdl (VFAY) o 5ed g (53,055 dalllae dilen §,s5 5 s
oIl 4 by oanl 090 50 dreg)lazly ;o o pl adg> (ool Ol s (n et pol Baiod S elulp (plplo .l salss
il (JLSts 5 5,05 5 e I3 oz o] 5| 86 2815 Les

oo



\F"‘j;\i LY?OJL«J AL o)}JL‘_;j‘,J}é)}ﬂjj})-L:h

VEY 550 FF oylous e 0,90 S3998 508359 o

&lw

Abramowitz, M., & Stegun, I. A. (1965). With formulas, graphs, and mathematical tables. National Bureau of Standards
Applied Mathematics Series. e, 55, 953.

Boé, J., Terray, L., Habets, F., & Martin, E. (2007). Statistical and dynamical downscaling of the Seine basin climate
for hydro-meteorological studies. International Journal of Climatology: A Journal of the Royal Meteorological Society,
27(12), 1643-1655. https://doi.org/10.1002/joc.1602

Brian, A., Hamida, N., Hassen, B., Rizwan, K., Vedaste, I., Kenny T.C. Lim Kam Sian, Victor, O. (2021). Evaluation
and projection of mean surface temperature using CMIP6 models over East Africa, Journal of African Earth Sciences
181, 104226. https://doi.org/10.1016/].jafrearsci.2021.104226

Eyring, V., Bony, S., Meehl, G. A., Senior, C. A., Stevens, B., Stouffer, R. J., and Taylor, K. E.: Overview of the
Coupled Model Intercomparison Project Phase 6 (CMIP6) experimental design and organization, Geosci. Model Dev.,
9, 1937-1958. https://doi.org/10.5194/gmd-9-1937-2016, 2016

Field, C.B., Barros, V., Stocker, T.F., Qin, D., Dokken, D.J., Ebi, K.L., Mastrandrea, M.D., Mach, K.J., Plattner, G.K.,
Allen, S.K., Tignor, M., Midgley, P.M., IPCC. (2012). Managing the Risks of Extreme Events and Disasters to Advance
Climate Change Adaptation. Cambridge University Press, Cambridge, United Kingdom and New York, NY, USA, p.
582.

Ghalenovi, M.A., Babaei pahnehkolai, S.F., Darzi Naftchali, A., Javid Sabbaghian, R. (2019). Analysis and forecasting
drought, evapotranspiration and green water changes in Urmia Lake Basin under climate change. Arid Regions
Geographic Studies 9 (35), 60-73
URL.: http://journals.hsu.ac.ir/jarhs/article-1-1456-fa.html

Goudarzi, M., Salahi, B., & Hoseini, A. (2015). Study on Effects of Climate Changes on Surface Runoff Changes Case
Study. Urmia Lake Basin. Iranian journal of Ecohydrology 2(2), 175-189. https://doi.org/10.22059/ije.2015.56152

Goudarzi, M., Salahi, B., Hosseini, S.A. (2018). Estimation of Evapotranspiration Rate Due to Climate Change in the
Urmia Lake Basin. lIranian Journal of Watershed Management Science and Engineering, 12 (41), 1-12.
URL: http://jwmsei.ir/article-1-514-fa.html

Hansen, J., Ruedy, R., Sato, M., & Lo, K. (2010). Global surface temperature change. Reviews of Geophysics, 48(4).
https://doi.org/10.1029/2010RG000345

IPCC, 2013: Climate Change 2013: The Physical Science Basis. Contribution of Working Group | to the Fifth
Assessment Report of the Intergovernmental Panel on Climate Change [Stocker, T.F., D. Qin, G.-K. Plattner, M. Tignor,
S.K. Allen, J. Boschung, A. Nauels, Y. Xia, V. Bex and P.M. Midgley (eds.)]. Cambridge University Press, Cambridge,
United Kingdom and New York, NY, USA, 1535 pp.

Li, S. Y., Miao, L. J., Jiang, Z. H., Wang, G. J., Gnyawali, K. R., Zhang, J., ... & Li, C. (2020). Projected drought
conditions in Northwest China with CMIP6 models under combined SSPs and RCPs for 2015—2099. Advances in
Climate Change Research, 11(3), 210-217. https://doi.org/10.1016/j.accre.2020.09.003

Li, Y., Yan, D., Peng, H., & Xiao, S. (2021). Evaluation of precipitation in CMIP6 over the Yangtze River
Basin. Atmospheric Research, 253, 105406. https://doi.org/10.1016/j.atmosres.2020.105406

Li, F.P., Zhang, G.X., Dong, L.Q. (2013). Studies for impacts of climate change on hydrology and water resources. Sci.
Geogr. Sin. 33 (4), 457-464.

Lobell, D. B., Schlenker, W., & Costa-Roberts, J. (2011). Climate trends and global crop production since
1980. Science, 333(6042), 616-620. https://doi.org/10.1126/science.1204531

Oztopal, A., & Sen, Z. (2017). Innovative trend methodology applications to precipitation records in Turkey. Water
Resources Management, 31(3), 727-737. https://doi.org/10.1007/s11269-016-1343-5

Piani, C., Haerter, J.O., & Coppola, E. (2010). Statistical bias correction for daily precipitation in regional climate
models over Europe. Theoretical and Applied Climatology, 99, 187-192. https://doi.org/10.1007/s00704-009-0134-9

o1


https://doi.org/10.1002/joc.1602
https://doi.org/10.1016/j.jafrearsci.2021.104226
http://journals.hsu.ac.ir/jarhs/article-1-1456-fa.html
https://doi.org/10.22059/ije.2015.56152
http://jwmsei.ir/article-1-514-fa.html
https://doi.org/10.1029/2010RG000345
https://doi.org/10.1016/j.accre.2020.09.003
https://doi.org/10.1016/j.atmosres.2020.105406
https://doi.org/10.1126/science.1204531
https://doi.org/10.1007/s11269-016-1343-5
https://doi.org/10.1007/s00704-009-0134-9

Olen g ooy allass 59 s e JUSlS 9 (0,5 od W9y (U3l 9 (6 S

Piao, S., Ciais, P., Huang, Y., Shen, Z., Peng, S., Li, J., ... & Fang, J. (2010). The impacts of climate change on water
resources and agriculture in China. Nature, 467(7311), 43-51. https://doi.org/10.1038/nature09364

Salahi, B., Goudarzi, M., Hosseini, S.A. (2017). Prediction of the Climate Parameters in the
Urmia Lake Basin during 2011-2030. Iranian Journal of Watershed Management Science and
Engineering 11 (37), 47-56.
URL: http://jwmsei.ir/article-1-382-fa.html

Samantaray, A. K., Ramadas, M., & Panda, R. K. (2022). Changes in drought characteristics based on rainfall pattern
drought index and the CMIP6 multi-model ensemble. Agricultural Water Management, 266, 107568.
https://doi.org/10.1016/j.agwat.2022.107568

Sen, Z. (2012). Innovative trend analysis methodology. Journal of Hydrologic Engineering, 17(9), 1042-1046.
https://doi.org/10.1061/(ASCE)HE.1943-5584.0000556

Sen, Z. (2014). Trend identification simulation and application. Journal of Hydrologic Engineering, 19(3), 635-642.
https://doi.org/10.1061/(ASCE)HE.1943-5584.0000811

Sung, H.M., Kim, J., Shim, S. et al., (2021), Climate Change Projection in the Twenty-First Century Simulated by
NIMS-KMA CMIP6 Model Based on New GHGs Concentration Pathways. Asia-Pacific J Atmos Sci 57, 851-862.
https://doi.org/10.1007/s13143-021-00225-6

Themel3l, M. J., Gobiet, A., & Heinrich, G. (2012). Empirical-statistical downscaling and error correction of regional
climate models and its impact on the climate change signal. Climatic Change, 112, 449-468.
https://doi.org/10.1002/joc.2168

Van Vuuren, D., Edmonds, J., Kainuma, M., Riahi, K., Thomson, A., Hibbard, K., Hurtt, G., Kram, T., Krey, V.,
Lamarque, J-F., Masui, T., Meinshausen, M., Nakicenovic, N., Smith, S., Rose, S. (2011). The representative
concentration pathways: an overview. Climatic Change 109:5-31. https://doi.org/10.1007/s10584-011-0148-z

Vicente-Serrano, S. M., Begueria, S., & Lopez-Moreno, J. I. (2010). A multiscalar drought index sensitive to global
warming: the standardized precipitation evapotranspiration index. Journal of climate, 23(7), 1696-1718.
https://doi.org/10.1175/2009JCL12909.1

Wood, A. W., Leung, L. R., Sridhar, V., & Lettenmaier, D. P. (2004). Hydrologic implications
of dynamical and statistical approaches to  downscaling climate model outputs. Climatic
change, 62(1-3), 189-216. https://doi.org/10.1023/B:CLIM.0000013685.99609.9¢e

Zhai, J., Mondal, S. K., Fischer, T., Wang, Y., Su, B., Huang, J., ... & Uddin, M. J. (2020). Future drought
characteristics through a multi-model ensemble from CMIP6 over South  Asia. Atmospheric
Research, 246, 105111. https://doi.org/10.1016/j.atmosres.2020.105111

oy


https://doi.org/10.1038/nature09364
http://jwmsei.ir/article-1-382-fa.html
https://doi.org/10.1016/j.agwat.2022.107568
https://doi.org/10.1061/(ASCE)HE.1943-5584.0000556
https://doi.org/10.1061/(ASCE)HE.1943-5584.0000811
https://ui.adsabs.harvard.edu/link_gateway/2021APJAS..57..851S/doi:10.1007/s13143-021-00225-6
https://doi.org/10.1002/joc.2168
https://doi.org/10.1007/s10584-011-0148-z
https://doi.org/10.1175/2009JCLI2909.1
https://doi.org/10.1023/B:CLIM.0000013685.99609.9e
https://doi.org/10.1016/j.atmosres.2020.105111

