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Extended Abstract

Background: In recent years, changes in climate and land use have led to fluctuations in water
resources. These changes have affected the river flow, environment, and drinking and agricultural
water. Land use change has four important effects on watersheds, namely changes in peak flow
characteristics, changes in total runoff volume, changes in water quality, and changes in
hydrological balance. To prevent natural disasters, it is important to identify the current conditions
and predict the future situation. Overcoming these crises and reducing their adverse effects are
only possible in the shadow of management, planning, and relying on practical knowledge. The
present study aimed to determine the impact of climate change and land use on the river flow in
the Talar basin between 2020 and 2050.

Methods: The effects of future land use, climate changes, and their combined effect in the Talar
basin (Mazandaran province) have not been seriously investigated using the sixth climate change
report. Therefore, this study analyzed data based on CMIP6 climate change scenarios and land
use projections for 2035 and 2050. First, the SWAT model was used to evaluate the effects of
climate and land use on the river flow in the Talar River basin. After calibration and validation of
the model using the best parameters from 2001 to 2020, CMIP6 data were downscaled based on
six models and projected under two scenarios SSP2-4.5 and SSP5-8.5. The scale of atmospheric
general circulation models was reduced using two methods: the delta method and quantile
mapping (Qm). These methods were chosen due to the large scale of the models. In this research,
the Markov prediction model (CA-Markov) was used to simulate and predict land use changes
for the years 2035 and 2050. Precipitation and temperature data obtained from climate change
and land use scenarios were entered into the SWAT model to predict the average monthly flow
during the years 2020-2035 and 2020-2050.

Results: Calibration and validation at the Kiakola station as the output of the Talar watershed
showed that the Nash-Sutcliffe index (NSE) had efficiencies of 0.8 and 0.76, respectively. The
best values of the validation indices were obtained by the INM model. The Delta method for
downscaled precipitation data and the Qm method for downscaled minimum and maximum
temperatures showed better evaluation values. For example, the presented tables show that the
values of RMSE, NRMSE, and MAE for the rainfall of the Kiakola station are 2.185, 0.0402, and
1.716, respectively, using the Delta method. All these values show the good accuracy of these
downscaling methods for SWAT model inputs to predict the streamflow in the Talar River basin.
These methods were implemented for all the studied stations, and the downscaled values of the
aforementioned parameters were used to predict the streamflow of the Talar River basin at the
Kiakola station.

Conclusion: The predicted results for 2035 and 2050 show a decrease in the runoff volume,
wetlands, and urban land. Therefore, land use activities in the future should be based on
appropriate land use development and land use regulation to reduce the long-term adverse effects
of land use changes.

In the Talar River basin, land use changes are mainly controlled by internal factors, such as
agricultural land expansion and urbanization, while climate change is regarded as an external
factor. Both have an important role in changing the hydrological processes of the basin. This study
evaluates the combined effects of land use and future climate changes on the water balance in the
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Talar River basin. The combination of land use change and climate change has a more obvious
effect on surface runoff. On a monthly scale, runoff from surface runoff decreases significantly
across seasons, indicating that more extreme events (i.e., droughts) could potentially occur in the
future. With land use changes, these effects can only be reduced by less than 20%. Therefore,
more measures (for example, soil conservation) are needed in addition to land use planning to
increase infiltration and aquifer nutrition and, subsequently, reduce risks from land use and
climate change impacts. This research presents the effects of changes in land use and climate on
the available water in the Talar River basin in the future. Furthermore, this paper presents a study
on the use of the SWAT model in hydrology to help the scientific field. The findings of this study
can also be useful for officials in reducing water stress through proper management of land use in
the future. The results indicate that the average monthly streamflow of the Talar River basin has
decreased due to land use changes, such as the expansion of urban areas and the reduction of
agricultural land. In the future, changes in land use and land cover (LULC) may affect streamflow.
The main drivers of LULC changes include agricultural development, deforestation, urban
planning, land tenure policy, and organization development.
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1- Digital Elevation Model


http://dx.doi.org/10.61186/jwmr.15.2.89
https://jwmr.sanru.ac.ir/article-1-1261-fa.html

[ Downloaded from jwmr.sanru.ac.ir on 2024-11-12 ]

[ DOI: 10.61186/jwmr.15.2.89 ]

W

OIS darw 5 5la0,8 S 03] Jaolol Moo ¢S5y s
VEY Y oyled /el Jlo jusul 05> Co e 4ol gl

SISWAT Juso el SB Glusgad 5 Copie do e
sl ol 8 Dol gy b esdpdlol (ixie dse b,
550 didlaio S cadlllan oyl 10 A8 o Jlasl Uy, diwlre
2 VY « DEM dhbo.)].) 9 ‘Sl.qol 45[5.)9) u»l.wl 2 aslllao
(DEM jl oddsdimlone) s b addgs A puandl dd o>
s Sis b GLHRU & SB a5 fwj )8
DEM & bgye OleMbl ulesyy LSad puowd (Ko
A5 andes SWAT Jao (slayialyly ;0 S 5 o (60)
s Qlly) pre ASp il g pa o]
G5 ) g e dnle (SSglg)am oy el
Jo @l (owcous rizen g OgmlpdlS olaied,
Abbaspour, ) ui edlais] SWAT-CUP 4ol ;| SWAT
wiysSl 5l asly cpl 5 .(2007; Arnold et al., 2012
dor gly bayiol)l cusld pre jasuis 4ly SUFI-2
3 ol smstdn (sl 1o (o 1L o pre ol
3G pbol 1 am Ll edlaiel oud (g ySejlul (slaoal
s ialyb t-state o p-value ydlas 3| odlitwl b Cumwlus
b g8 sl g 35500 il YU s
Sbdle €8 i g clp 2pdiee plxl bajiall
23,5 o3l wolio jhxo 5l b ol (giloans

o3l ol bjgel o 3 Jao bl Jlre ol by
Ol slive  Jao sl 9 (b ey cnl 3 25
bawgi ol oy )mlm oS JSSepd Cal Jso slas
&y b Glllas jopl ade> (b sadend plie b Juo
Silwdings gly odlainldyge b mles .y ) duslie Bun
Gare (NS) 5 (0w cupd) RT 5l wlole baaiges
byl Laslg, a5 (Nash & Sutcliffe, 1970) calSsbo — 2b
T g ©)ped

NS =y (Z’L\(Qo - Q_J) ")
X(Q - Q)

v
RY = Z?:\(Qo B Qo) (Qs B QS) (Y)
-y _

ZIL\(QD - Qo) Z?:\(Qs - Qs)v
RMSE — Z}L\(Q;_Qo)‘ (v)

)\..\.b'.,o Qs wwl @I.\ALM: UL)? Qo )IA.&a O] » oS

plie (1 Ske i Qs 9 Qp 9 Conl oddgjluand
L;?";‘*’]ﬁ Lg]).g Lol 0056 lwdunds 5 odsodalie by
Slste ualad e S5l hgy 5| SWAT Jae sl el
Ubsy -(Abbaspour, 2007) .b  eslizw! (SUFI-2)
Sl 1y cuelad pas Jbdsaes 5 (jlwaige SUFI-2
Sk 1 WS (e S 5 (egee sina gy S B3
L Sl by cnl oY ceSepmly ()b paige
e lie pl S dblie (eoaxie slajiel)ly
3)8bos (25 gl {R?) s Gy NS eSSl 23
0y9 03 dcgazme (Jdo byl slp i edlatel Je
5)93 5 (Yo AY=Y+ o)) omlylS )93 4y YoVemYer
P 0193 (e b s (V¥ =VAY) i lite]

(850 WYIO elas)) caddllon oyl 55 1)Ly a8 (slaodls (V)
odly jl ol 0 WY/D JlKe S5 L DEM 5 cu
Gy SeS sbgiie glysa ALOS PALSAR
Sy w9 (BIS gyded A LISy dge slp siuadl
A oaldwl Ao )
byl solateds Gimggy cnl 3 i oSl (65 sbresls (V)
ol g el leaids jl dlaie jo edlag, s
5 (Voo) Jo) 0 candd (spw slojlsnle 098, (slaosld
4SS el sadodlatol pool @yl dilebw yo (Y V) A Cowaid
adgl quonal 9 U330k 4 Jb pas glal ol sblje Sl
ol v g (S50 90l ¢ wdins

c)|9mLo wél)l d).g)lf odly ganaal dl).g Cpred
B CB b uwdlo oylsale ol (60,8 Jgame | Cunid)
W olatwl el (6508 WISV Jolis &S (g 50
LSB sl Shs g S asis :SB cél slaosls (¥)
SB Ske cedh oKL I dkmx Tkm SKe zgdg
el cawday (fhitp://westde.westgis.ac.cn > 3¢5 40)
slod alligy Bl ) Jols Juo (ulislsan slaodls (0)
D 5 o o 5l et g g 25T 5 ol
oKl (sloodly I Baiss ol 0 &S Cuwl (gdwdyes
Woailisy bl leosls (pizmen 5 Sl Singiw
i) ¥ iSls g Jils glod 5 (omiwylib oS!
Cawl o o3litol YoV B Vo) sla s o siodgiledsS
(Y Jgo)
oy oyed ySlas g Jolas (glod o iyb ailjsy (slaodls (%)
9 SSP2-4.5 clags,luw cod Yo0-=Y-V ol
w8l o i )55 Calisee (sl Jde lawss SSP5-8.5
ey oyed Sl 5 JBlis glod o iyl il (slaedls 4
5 SSP2-4.5 slag b cod Yo=YV Ve gl Jlw (ym
oslBl 55 s 3135 Gilies claJae Lawgs SSP5-8.5
.(https://esgf-node.1ln1.g0v/search/cmip6) ol 0] Cawddy
S99 08 (55l

813 3929 4dg> (S5lgyaem (23] sl 9oL slae
4 e 9 Lo 1.8 paenas ol @lio ()l ysie bawgs oS
3 blyy 32 p8b (9o 53 (S5 SeS b Jse cpl gy o0
Ol Ay (gl e 058 0 2l old drwgi doliy S
A5 snl adse (Si5dgam el Sl sy )3 Ailie
WS obml ol 36 (LS b e 5 eeldl e
Silwas ca> SWAT Jie .(Meaurio et al., 2015)
dgo g wguy doul ol p Ll)) o pie slacdld il
Oy «SB g9 jupl ddg> alide 13 (55,588 (o
ity o oy ol 3 apde by 5 3l
a1 el g ol (9= (S jud Jdo SO Jde oyl ol
loysio gly daly oy o (Sgrw)S) Yol
oo 4 g2y slojuy CleMbl cylas odliul (295 9 (3959
W o2l Gidg g (LS Gldg (S5 g SE
Jse y (Pignotti et al., 2017) &S o cdly 50l
Sk sbdel sbyiz 4 basy nj SWAT
Slpbasse n; | plagisn &8sl oo i (HRUs)

2- Hydrologic Response Unit


http://dx.doi.org/10.61186/jwmr.15.2.89
https://jwmr.sanru.ac.ir/article-1-1261-fa.html

[ Downloaded from jwmr.sanru.ac.ir on 2024-11-12 ]

[ DOI: 10.61186/jwmr.15.2.89 ]

OIS x5 51208t 03] Jolol Moo <S5, >

a5 il YU &g, by p CA-Markov Jde b oais] ol (6n)l8 g (sosldl @l i 56

Sl o)L sleodly yizmen o (O Neill et al., 2017
| ieglS ¥eov b yioglS Vo (o35 iy b dod JBlas 4
https://esgf-node ) CMIP6 s (sloodls  JU)s
Eyring ) sud (w yuwd s (IInl.gov/search/ CMIP6
cloodls den b Jio o 0 )85k sy (et al., 2016
caaseo) bl 3l «rlilflpl» go5 4 o 5Ll GCM
(Jgl e 9 Jol 3 eJsl iloadsl gl 3ios sl
Ao Y )50 K oabdy glaodhy oo Jbj)l 6y
sy rioie) sl &l 093 Ko plsies (Y-VF-Y )
lyp (VeBe=VeY ) Vebe and 3 Cypgomo b ojgd o g

Ab 45 5 3 5390 Sl i

Table 1. The models used to predict climate change

S ol gl Yoo X B YLeY 51 (Warm-up) (S
S obsl gl e sl cob el
oSl i (godld (led (pwlile s

ol s 025 )55 ) GOM Jao 5§ 3o )
ozl Lod g 4oyl (slaosly ol wlidey (sl (CMIPG)
04 53)9] (V) Jgsa ) oadeslawl (gl Jae cuw ppd oS A
Sl flgiedy SSP2-4.5 o) 5l 93 3l 3uizs opl 53 o]
oddedlatwl dilinds (o)l lgieay SSP5-8.5 5 lawgio
g sldlaio Col) ¢t ped ol gy s (pl oS sl
Swd CEgw b odlasl clan] dawy (glag b
Meinshausen et al., 2020;) Sgb 0 (sdisdids

mﬁ\ S (g e d‘f. oo liwl LthbJ.\a -\ J9.\?

RNV P Joe
Degree of separation model
KM (100) BCC-CSM2-MR
KM (100) CMCC-ESM2
KM (100) FIO-ESM-2-0
KM (100) GFDL-CM4
KM (100) INM-CM4-8-0
KM (100) MPI-ESM1-2-HR

Table 2. The Raingauge and Climatology Stations

S59ledls 5 (i)l slrolSiun] Slaswio -V g

(Raingauge station) e l,b oKiw!

(Elevation) ¢las,)| (Latitude) olélgs oy (Longitude) ,ldlys Job (Station Name) olSu! pb @),
682 53.06 36.1 (Polsefid) i J, 1
1225 52.9 36.02 (Paland).y, 2
955 53.2 36.07 (Darzikola)¥s,5,5 3
1337 53.23 36.06 (Sangedeh)o.S 4
1250 53.19 36.09 (Sudkola)ssg. 5
259 52.89 36.3 (Shirgah)ols ,..s 6
4 52.81 36.56 (Kiakola)sls 7
1500 53.22 36.09 (Valikchal) b S, 8
80 52.93 36.43 (Golafshan) Lzl s 9
1557 53.16 36.07 (Kaleh)als 10
(Climatilogy Station)  ¢5¢gilesls” ol

14.7 52.77 36.45 (Gherakheyl) J1,5 1
1805 52.84 36.07 (Alasht) ey 2
610 53.08 36.13 (Polsefid) 1o 3
(Synoptic Station) wlbsles ol

15 52.77 36.45 (Gherakheyl) Js1,5 1

sl CDF agSas IS Fy) 5 CDF X™ Ern(x™) o 3 &5
Db g0 ol Shiz @l lgieay (3 il &S
W oled wldio sy o9,

ssba 5 Gl ooy ospie Sl "W )"
Sl i 0 odlatel O (g5yd0ly Oldlre j> 03 5s
Saole 31 Soym il b 3 b s e Al
o Sl 5 023 slaoke 51 S 3 ok (Sie Lo
Ol )3 48 298 o0 s Sl @il )3 il olo )3 (Fu)b
o8] 4 SIS (el W3 b s Jole VY e
Sy Sygopl 53 bl o Cansds cunl gly 4l 4> anlllans g
ol 5| ol (slangs i 51 Sy 55 (S35 )9l Cumdes
Dy oo 03l (%)

Prew = Pops X Pract ()

COM o (g3ldunsd (1Byb (3555l s Pract (5] 5 48
(Y=Y 0)) Syl 093 4 Coms o] Jloj oygd ]
el 48 3)50 (2lidlpe ailaio ) (1:Sle Hobooy

(Quantile mapping) QM _ig,
o slp olel i QM (slaibgy ) ¢ JS psboa
Py Dl el giledue Slagzg S A5l
s @iy @y b Sl gl sl dias
2 Sl oolaiwl b sadosalie mly 4 oddd (gjlw Jso
Piani et ) & oy (5l O)ygods Silg5 o &S Cunl Sl

2395 ol (al., 2010

X0 =f(™) (¥)
Jde pite a5 b f(X™) 5 o odalie yuiteX® o] 53 a5
Cawl 05

Sy —Sa dal) 51 Qm slaigy Gl 4 g b
&b @ ordgiluand lapiie iy @l 2l Sen Sl
GWCDF L a8 cuily 4> g5 b S o o0l sddosnlie
dal) wrdgilodnd g oddosalie slayiie Jloj (5w
:(Ringard et al., 2017) L] o Cawddy ) & yguods Si
X = F; [Fp(x™)] (@)


https://esgf-node/
http://dx.doi.org/10.61186/jwmr.15.2.89
https://jwmr.sanru.ac.ir/article-1-1261-fa.html

[ Downloaded from jwmr.sanru.ac.ir on 2024-11-12 ]

[ DOI: 10.61186/jwmr.15.2.89 ]

vy

OIS x5 51208 s 03] Jolol Moo <))y

VEY Y ojled /el Jlo jusul 059> oyt 4ol gl

lasd lwl Terset ljale s il eolawl b (hg;y (ol plodl
Pl b ang adllae )90 adg> ln (2l 60
3y90 ddlate > (Sl ()8 Sl 5 Jids Jelge ol
Sl o wlo) 055 (cloJshs Jao (slagog)g axlllas
I 485 g (e 290 S (o g (2185
Gt Jdo (sla 63959
e g 151 § (gl S

lyiolyl a5 0,0l SUFI-2 oy, L SWAT Jas
Joe 0les 5 oadgilodnd plr oy 0dd oyl
0l )10 Jgao o ¥ IS F o ¥ Jodo )0 a4y SWAT
ol

s « O5SPPU o5 il lg oo Jde (s (slps
5 o yd AV ol ey o yd AD i iy Caulad pis
5 gl S slaoyed Job 0 Glialie sy A-
> ¥ S lale by silwand ly cul i lie!
oisuculsy olgi e 1y Jae 5Sles uil +/A >NSE
5 95PPU _wlwly (Moriasi ef al., 2015) by jasuis
Cuwl auslyy SWAT  Jso c(gjlwdusds oy yins Hlne poldo
Silwand 1) Y6 62y, alale (b2 (isucals) joba
.8

ol odbodly L5 & S5 50 Jod 0 &S joblen
oKl 95 ;0 SWAT Juo ailale by> (gjlwduss @Lb
)il g gal IS (glaoy93 Jobo 53 0B 1l g MSLS
iucolsy R? g NS odelcwssd slajadls & avg b
0590 ;0 CalSSlw = 35U Jdo ol)l5 MSLS oK) p> 34
293 IVF g IA cpa (riliel 5 gl
Lol < /YO 9 +IAY L )’.‘)3 );.)Ln.a ok le).uu} oK
{7 Jgie) 2539 +IV0 J) j2i R pyolin o by 5 (yionen
0y90 Job ;0 oddgilwdds ¢ oddodalie Sl
oS amd oo L ol el Candty g8 Siwon (Sllllas
dibio 1) dlale by Wl o a0, JIS SWAT o
S (5l (2554 adlllas 3)90
XV B UV

Delta 5 Qm sby gy & 2les olidofn plosl I 1S
ooty Jao oUlg 5l Combie 0ai] (slaoygy (glp
Pliosy e Finds 908 Jol lisabol osiyl (gl
pLl VA B Yool ol o (Su,b slaolyg, ol
sl cuwps & GCM  Juo £ 5l eolawel L
wlod wldessy ol o 03)91 (V) Jsta 5o aadsoslitu!
SSP5- 5 SSP2-4.5 (sgs5luw 55 v Led 5 iyl (slaosld

sl polidogy ln b)) sboasls Jie jsba
o] wlislgn 5 MLS vyl oK) (slaosl
Cored Cawl oddodld (LS VGO sla gy cusY]
FSs (glod g J8las (glod ¢ i 5L polde sxiad ylis ¥ S
U»Lsu).’) 9 @L\ml.w.a 09> L;Ltbobb LS‘)'.’ )95;\0 dho@‘

L) 04D

Port e el g, dod (slaodly sl (yrimen

@l 4 g5 gl b s il b ol W5 L i Lol
ISy slod a4 barye o b yu Jole jlade duwlbre
5 0ais] weldl (gliole 51 Sy (glod 3Sikes ¢Sl (slaole
Dgde oS ol aull 3 alie ol sl (1Sls

i3yg0 olSiual b 30 (sl W3 b s oo iyl
Ll o ey

Qm g Delta sla jig, b 5o b (sboodly udzs oyl 4o

NP dulio dyg0 Slialie (slaedly L 5 L wl,,an},,,
Al o (Swam sl (o)L sleedly oS Sl wss §
5 b oolatwl Jdo iy Gl cgs s gla)las I oS
Glajlae s glajlee ogde  olod slaodhy (4ly
o3iiald )90 B9y 9 Jho (n e LRIl Cur J (Shusor
Sl osi] laodls oo oy yipe bl 5l s 85 1,8
Aidyge Jao (gl 398 ol | ailins 5 bawgie (glagy L
B )S Cyguo bt iy Vo0 BYYr 0y90 (gl g b 2500

L (Xs=Xo)"

NRMSE = Sy (v)
T_l —_ Y

RMSE = M (/\)

n
n —
mag = 2=l =Xl ()
n

NS =\ — ( ?:\(Xo - X;s)v> (V)

in(Xo = X)T

o] sy A st sty

&3P Sl ey (ol @l e clllae
odlaiwl b 1y (Sloj 0y9d S (slosl jo o) 6yl inlune
Candy yuid eyl S g 0)90 ghil )3 (68 mj5 |
Ol 4 4295 b Candg oS ua plo (ol WS (o0 (i
g sl s Ll Cusday alBiS ) sddbosnlive
(il Jho 3,5 oo )3 oolial )90 (ST Gl 3 lais )
na3d Jsa 5 G55 o 0yi; 55 (slaJsbe S ]
mohe jeliedy &S Casl (MOLA) o1yl ojslaio sin
D95 54 (2l (60)8 01T Sy

Olab s Jlois! GBS ylo 050 Jdo (65,84 b ]
w5 gyl So QB S 4 Bl )l sl
ol Slope Cople bl I Cunl Cundg i L ylo
Wl Cudse Sl (BT b me ol e
e Cusbge (Suiiiey slp D) 3929 eej s
Joo 5l STl (8l )l add) el
2 Ll g S yglre sladalze a5 CA- Markov
Jre a ) g p)lS bas Jeos! e x84 Cams
Aithal et ) d5i o odlitwl S o a3l g5 )lo 64450
i &ly @i oyl ya . (al., 2014; Asheri, 2016
Gl gyl Glllas o pl b (S )8 Oy
Sly 258 50 0ol 395 slaJobe § BoSsle (slvo


http://dx.doi.org/10.61186/jwmr.15.2.89
https://jwmr.sanru.ac.ir/article-1-1261-fa.html

[ Downloaded from jwmr.sanru.ac.ir on 2024-11-12 ]

[ DOI: 10.61186/jwmr.15.2.89]

A

L;,L:.@A:;«»99lgo)§)¢m‘obl)‘ul§pla‘w‘)§i5)ow>

(Validation) _oU;,l 5,98

% 30
N y =0.8291x + 1.1267
35 20 R2=0.7923
v 5
q 2 15
;{% 10
1% .
g o
2 0 5 10 15 20 25
= (Observed Discharge) (asli y cuaSo sie) (ladliv 2
. 25 (Calibration) ;ygaw! s S 5,95
Y
350 y = 0.7515x + 1.6538 .
_:i :‘: 15 R2=0.82
9§
Ei 5 10
1 § :
i
28 0
3 0 5 10 15 20 25

(Observed Discharge)(asl y caSo sie) (Jlaarlie oo

MSLS olSig) 3 VI alisg, adsn by (gilodensd 5 Shnlio alale 3 gl Y JSs

hile VB by, by 5 CA-Markov Jae b ossl (ol ()8 s oonldl olposs 3G

30

30

Figure 2. Observed and simulated monthly streamflow of the Talar river basin at Kiakola Station
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Table 3. The performance of the SWAT model

RMSE NSE R? r-factor p-factor (Stage) al> 5o (Station Name) oS! pb
2.64 0.80 0.81 0.85 0.67 Calibrartion) el yJlS°
( l, )uw’wj (Kiakola) Ms'Ls
255 0.76 0.78 0.94 0.71 (Validation) ;)

Table4. The initial and calibrated parameters selected for the SWAT model
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(Maf;r;\]zm) (Mﬁr:;m) Calibration ) (Parameter Description) yel)ly clousgs (Parameter) ol ), pb
(parameter
0.13 0.01 0.04 (Curve Numberd) _gzce oless CN2.mgt
0.12 0.05 0.10 (Baseflow alpha factor) ab o\b,> ,» Wl 656 ALPHA_BF.gw
42.03 39.65 41.59 (Groundwater delay time) _iwejy; ol 30U oo GW_DELAY .gw
931.90 806.57 916.98 (Threshold depth of water) seseS Glgsul ) ol bl Goe GWQMN.gw
Sk Ve 5 951
0.27 0.18 0.25 S gl J 5 s o5 ESCO.bsn
(Soil evaporation compensation factor)
Lf aoa Y B » lé
0.95 0.93 0.94 GBS by 5) g 555 EPCO.bsn
(Plant uptake compensation factor)
0.03 0.02 0.03 (Groundwater "revap" coefficient) _ie;y; ol revap o yo GW_REVAP.gw
16.21 15.30 16.02 (Surface runoff lag coefficient) daw Cllgy ;30 oy SURLAG.bsn
SB 5l 4Y a3 940
069 0.66 068 (Available water capacity of the soil layer) SOL_AWC(.)-sl
2.38 1.40 1.49 (Snowfall temperature (°C)) (51,5 slo d>53) By (45, slod SFTMP.bsn
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Table 5. The results of downscaled different models for precipitation

(Model) Jao (Downscaling Method) oles (whie}sy s, RMSE NRMSE MAE
BCC Delta 2.22904 0.04112 1.5872
BCC QM 2.3742 0.0438 1.6668
FIO Delta 2.9484 0.05436 2.1576
FIO QM 2.80424 0.05172 2.078

GFDL Delta 2.28404 0.04212 1.7744
GFDL QM 2.24464 0.0414 1.746
INM Delta 2.1852 0.04028 1.7316
INM QM 2.7804 0.05128 2.0796
CMCC Delta 2.81704 0.05196 2.1316
CMCC QM 2.67428 0.04932 1.9876
MPI Delta 2.79704 0.0516 2.0868
MPI QoM 2.73396 0.0504 2.0572

posie slod sl iliee (o Jde plos olidess) b)) bS5 Jga>
Table6. The results of downscaled different models for minimum temperature

MAE NRMSE RMSE (Downscaling Method) sl wlis}s, (s, (Model) Juo
2.68 0.494 3.332 Delta BCC
2.43 0.451 3.044 QM BCC
3.51 0.619 4.176 Delta FIO
3.2 0.579 3.906 QM FIO
3.02 0.542 3.652 Delta GFDL
3.1 0.561 3.785 QM GFDL
2.86 0.525 3.543 Delta INM
2.97 0.539 3.635 QM INM
2.91 0.522 3.517 Delta CMCC
2.28 0.414 2.795 QM CMCC
3.32 0.579 3.902 Delta MPI
2.69 0.484 3.263 QM MPI

poriSle (slod gl ilizee claJue olod plidey) (b)) @S -V Jgu>
Table7.The results of downscaled different models for maximum temperature

MAE NRMSE RMSE (Downscaling Method)  les wlie}sy (4, (Model) Juo
5.54 0.428 6.541 Delta BCC
2.74 0.22 3.365 QoM BCC
4.27 0.33 5.052 Delta FIO
3.13 0.255 3.897 QM FIO
3.19 0.26 3.976 Delta GFDL
3.05 0.249 3.803 oM GFDL
4.31 0.334 5.107 Delta INM
3.51 0.28 4.274 QM INM
3.99 0.332 5.079 Delta CMCC
2.23 0.189 2.892 QM CMCC
4.44 0.347 5.305 Delta MPI
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Table 7. Land use classes (total) percentage in different years.
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Figure 3. Different land uses in the years 2019, 2035, and 2050
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