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Climate change, along with extensive water development in upstream basins, has
altered the balance of water allocation and intensified water scarcity and conflicts
among stakeholders. Considering the close interlinkage of water resources with
socio-economic and environmental systems, inadequate integrated water
management can lead to significant implications across these sectors. This study
investigates the impacts of climate change on surface water resources and
demands in the Sefidrood basin and Anzali Wetland watershed, and subsequently
examines potential changes in inflow discharge to Anzali Wetland using a system
dynamics modeling approach. Precipitation projections from the CMIP6
framework under SSP2.6, SSP4.5, and SSP8.5 scenarios for the period 2017-2040
were utilized, and the subsystems of the Sefidrood basin, Anzali Wetland
catchment, and part of the irrigation—drainage network were simulated in
VensimPLE. Results indicate that despite projected increases in mean
precipitation, the rising upstream water withdrawals and future agricultural water
demand may reduce the annual average inflow to Anzali Wetland by
approximately 3.1% to 16.3%. Moreover, given the critical importance of the
second half of the water year for irrigation supply, average river inflow during this
period is expected to decline by 16.3% to 32.9% across scenarios.
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Figure 1. Location of Anzali wetland and a part of construction units of Sefidroud irrigation-drainage network
located in the wetland basin

L i b9 .Y .Y
5 JPIOVE abge 0g)hin dw bl 4de planwp; dw Jols o] CunsVl adgs g S5l OVE by S
9 39l awlsag)) 39)tde s 30l ddg sl (S| OYE adge 5 09 ,di iS0) (6 lol 4 | sy
(g 2505 ol 455 5350 5 Slingd i 53 Ay, & ald) 51 VB adgs sz 5 (39,80
S5l 31 53U Qg 39)his des syl 4B o )3 (V) USS 3 2y Je ol Saged 4 a2 bl



1F28 ool o)l pard jils 0,90 asybol 9 ol o pyda ™

9 (e dg)dei S (e 4 codldl Glag s g b (Sloj 0)9d 53 dgr Colus 5 Clly) oo @ arg L
Sl g ase canpml ly al ol gseme i cdaw jl o Jold s Sl (29,5 slaadlhe 2950 0653
23 39,8dus 505 (6 lo] S s 2j )l (50 e JBlis e bl 4Sd 4 e o 5 ol
25 Colus 3000l (258 b o Jlidas 5 03,5 3005 gyt (2l S5 qonldl jue s (glagy )l )3 VB (gaog>
5 505 ool 4 4 39,0 T Ganass b S ooy o Ol Lol e 4SS ekl g cuts
ol cutlop b ol 3908 5 39800 (el liagh g (635 50 6 )l ol S ) ot (Laliom oby2) e plo
DY 3l bl g b 5l 55 1Sy o e 1S3 Byl 398 e oy I3 YL & Latie sloailisg, ;|
e VB & ol 635, & )bl ases Sllyy palis 35 S VB il ddgs sl 2 )3 b dalss
ol daoles BB OYU &5 (6349 (29« gtS g Ol 5 aildg, jl Ol cudlbdy e Cluisl b g 290 0

by 5 5lie 365 a8 GYB Ol aoes cad OYB 4 (6399 by sy Ao ol Ban aSopl 4 dogi b
o3l jloadosly dnwgs Jao (oriwly jolateds Cunl 48)S5 )13 oy pj9e sl H33 5Ly I3 9 SYU I (25
Sriagyier Solinl 4 bgrpe JBI OV 4 (639)9 (23 9 295k dw (550 4 (639)9 (2 lodalie la
o pd 4 Cand 04 lwdans by (00 Cawlus iz ab odlatl YoV BYAAY Jlo Sloj 0y90 (b 39390
4 Cond I OV 4 (039)9 (23 Sl je solaie (3 085 B w90 (18S p  aps g Uy,
sl 505 gl (1) bl 31 030zl U 5 Llge oo 4281555 ol L g8k 3lgo 51 S5 n

S_|M—O
1o

<100 () aba,

Saidyge layiall s el oadbicilo e byr (2 HEe M (do)) Cawlus e S o] > &
(dquJ » ua.ip)“o) L.uo L»‘).w P IR Lg)L.oJJ«o QLP w2 )lJ.o.o O ‘(ML» 2 u.z.ia).m)

Time:
RCP2L6=—_
<lime
Aren /‘/ CP4.5 I'ime
Capfmi( , Downstream / . R _ N e R£P4.3~:———/ 1
: Flg\\-\‘/ \ Requirement RCP8 5
Sefidroud /
- - -

O

) Q-in—dam Dam Supply 1o Demand
g network X . .
\ stal Supnly> Supplied Water
/"‘ vaporation \
Dam Basin HLS Supply to Shortage
Arca N\ Foumanat and
Markazi
Surface Water s Withdrawal

Other Sources—

Return Flow
Precipitation ime> f
(Dam Basin) [listorical /
Historical data in P\;;?f:ilmtatyi;m} m  Wetland Basin A/
Dam Basin ctland3asin Area Cl i Wetland
i SSP 2.6 \. \‘
SSP 2.6 ot oy
( W clluud.BR RunolT

DamBasin-— .7,

SSP 45 SSP45 m S
DﬂH]BuSi']‘47&‘“‘:3“3“(13;[@11_’ (“?{;‘;g(lj Blalﬁilﬂ)

SSP 8.5 SSP 8.5
DamBasin Wellandljasin/

Figure 2. Stock and flow diagram for Anzali Wetland basin and Sefidroud Dam basin SD model

" cz//’ : T Total Supply (l J

(177

<Time>



Y S i g 00l pijlo dols /e SaS b S5 VU 1 53939 b2 st ol e o logy iy T s g

8] 5 Sldllie b Lo 5530 (3 ipte) IPCC Loy il 5 Lol el (lsisay IS5 ol o] s
—eslel Szl p (S il Jobs @l el lag b ool 0ad gt gl Slea B > (Ld
w3 glag b plsie cov aa] dladmy lp BE Sy cblE e crized 5 (SIES (golad
IPCC, ) 33,8 Lcodlil Clyusi 5 llS slajl5 coglate jlissl pdaw 4y oxie Ailgi oo baslyd j2 3 &S Wiloads &b
Jlise dunlio 039, i 1 10 SN)b (gilwdesds gols jl wai] )3 piaww Candg wyp Can pobs adlhs 43 (2021
L g (RCPs) (sl (sl iliseo (clacdilé ppus bghs 5uls j1 o 5 &5 0 oslizsl (CMIP6) saicdn Jao
ol i ases iyl osds edlitl Lol 095 5 s B 55 gyl jlisl e (SSPs) (solail- clain] (sl yu
2 Sy YIS 9 ¥10 5 D did Yoz 4 ol clacadlily o o] 8 bl yy IS clojlE Ll il egy b
Sl oS ol (gl ailyS ot bl Byme SSP 8.5 gyl o plply ilodd caiaide ¥V )8 L U mijeyio
b dg>50 zudg (gl (gonmd)lis 56 RCP 2.6 (ggy b g Joleiio baslpis bl SSP 4.5 (5495l ¢ glildlS sl
SSP 8.5 9 SSP 4.5 SSP 2.6 (551 )liws duw j| allas () ;> (Palmer er al., 2023) ol (clldS (i oV L]

39 g dw 3 T 4095 s 223 .Y Y .Y

ool 4 bgyo Su)b (claodls Loluly dgyhbur dw iyl adgs pdaw > Sk 4Vl o dlale polis
3 il (93959 clgisar pasls 0)9 (b 2gmls 5 (jgl 3 sailag) jpl e )3 dgrge (il
2 S8 ilwans ) CMIP6 alises (sla Jao 5Slos 395 dalllae )> (2021) Yazdandoost et al. .s5us 48,5
dw CandYl A yomen Siiddes slapdBl (0 a4 ob L s W) wyp |y olpl clise slaps]
oL 5 Wesly cdlyy 5l g Jo cpl Gl LI o)l g icwle 3, Slas CNRM-CM6-1 Jio 35 dubu
(Change Factor) yuss Jole (yogy jl odlaiwl b g (Su)lb sbeodly wlwly Wedls o)l Mol Copernicus
SSP2.6 (slag jluw > odd e b SU,L glila Yo¥e B YA bl sl gilw i g oddpl]
(VA=Y 1Y) @l 093 o (Y-VA-Y-Fe) ST clooyey alls VY 5Sike oy (¥) abayly b Sl el
o 5T 0y93 )3 waldl yus 5l Jols Sk Sloj sy (yw D95 o0 dmole Jdo ot Lawgs 0 g jlusdunid
el Anlgs canday (V) abal,

P i

AP;=( w ) (Y A.Lu‘ J)
PGeM, base,i

Pi=P s i XAP; (¥ ol

S5 5Ske Poom (1 ST<12) olo yo 50 wall jusd conyliw > (S8,b cans APy ()] > oS
w8l 505 5l ol (Sa)L Py esly )93 55 ol giludend (Su)k 5655ke Poom, basei <ol 0353 5 0B g iludund
Caol &b 090 5 Shalie SW)LPoy;i g
0199 35 ol s ) 2 Sy St i 5 3y 1 5392 s o Gl Sy i
A ool b )93 50 Sblgy— 4oyl oole abasly 51l Ades (Sojedgred (gl 1D Cudgixe Judds il



VP20 ol o,lont 0035l 0,90 a5 )bl 9 ol g pido YA

sladlsag; (695 p i ph Lo g GIshS (5 ytagynn ol ) (Al WVl 1Sk (yp b cS cpl
Colus &) ggomayd ddg g 13 (SH)b 4Vl 5:Ske b o] duslie 5 padls 0,90 (b )3 39,805 9 )il 5
Gyt Sy 29, 285 8 i)l 5 e ree ol @l g 45 3505 Sllyy o pd 3lie e yteglS OYAVY
CaodYl 53 daxie (gldw g drwsd laz b 5l (g0 0 00 asdS e by a8 e e lis (V) JSG 5o Sl
ol ) Sllgy oy lam b 9)0des s 4y (6395 Ol s 18NS g ole 0 fokee sy 25k dus
3909 <l e S5y 22 (e (S350 1909000 5 Sl sonlll Jelse Sl 4 drgi L sl 0l g
005)SD Joloe g ddgs Camdg jl ol GleMbl 5 (55l oo diojli o i g Lien IS 13T 39 )bt 4y
(oS yio gelee AV 3935) (il SIMLI polalyy (350 o 5l poes Jold s 5l (298 slaaddge S
5L g (luoyd OF dgan) 4t JS (Lol & cliagh it ,d Lols s Joleo aSus 4 4l yanass Ol wo

0.4

035 4 -
034 °

0.25
y = 0.3518x-04%

0.2 1 R*=10.71

0154 Tl

Runoff Coefficient

cea,
......
......

014 g @7 ®TLD

..........

........
................

0.05 A

0

H> > H PN D >
SIS RS S S A LIS U\ SN $ S
ISR U IR UPCERRC RIS KNPSO PANIAN
Figure 3. Runoff coefficient of the upstream basin of Sefidroud Dam

(S35 30 9 Sliogd Lid) 39 i (S0 ) (5 30T Al iy 32 .Y .Y
S5 Sope w0 Y0 gll ol b ([ de) Rl Sppo 4 &S il 3 ol e 5 1SR 2
o 3 eilty 3505 SIS 3o 3 el s 1 (26 Gl SosS )3 et 5 Loo 2l (Pandam, 2004)
Hoseini Tabesh & Aghashariatmadari asllas > buly een 53 83 o )8 muiine (50 cov 1y LS (6l
odliznl b M bl 3 J5l adlaie > SSP8.S g SSP4.5 SSP2.6 (slags s o gy oyl T 5Ls (2020)
slacosgioe ales 5l .as 390y LARS-WG Jao bawgs byl (ol uliess, g HIAGEM2-ES Jio (5,5
VBl ase > (Sl @y 2l S oysle ol edliselyjge edldl Jao 0 gl 4 e Shegl ol
) 00 ] d9>90 pixe C"l:" )‘ LS)'.S")'Q(.’ Baa b 9 d]obb L;La:g’;u“)}_\m thdg >;§e.9; L)"‘ 4\>)§| Dged o)Liﬂ



v4 05 g0 3 03l yutiflo dols / o S5 b J3 A s (£33 Y 12 o] s ko Sl sy U sy o

o ol colps Jlasl )3 cunbad pac ey 098 Ol Cjlas 5 wlie o 935 ploas] pis 4 yxie Sl oo
WS oyl gy cpl bl snds Blod e (gl e Coxladpis jI iy laisds MBS pl ¢ o8l la Jae
ool il s 1y 5T ldllas > (oorldl slaJae Lol (giloaz ) bSo 5 Sloyigrer slp p3Y ekl (Jso
aw o5 YoYU B Y-Ye o 5l @p el ol 5L (2020) Hoseini Tabesh & Aghashariatmadari aslae gols
ol b 5 .cdl salgs il LSe a5 caSe o YAIY o YO/Y FY/Y dg0 eVl ol s j5S'de (5495l
..\.w)l u] ua.ua.?u); 09M9 A5 oalawl (o ruw u;by J,\.o Py sz )Lu » W“b‘ )-u.&)).ul.) Jl.o&‘ CQe () x
ool o i f alie ey Bk jl caSoyto ol A 2930 (655 0 5 Slingd s 4 39,0
BMBI L Jolee O 39008 adlge s a3 5 3513 Jae jd wlie plw adlge LB 4> (Janatrostami & Salahi, 2021)
6558 ) o 3) Lol adlge 5 (4> (Sidgsnm Lulyd bl parass BB O) adye (gailo i oy
3 Some g jlome Slacudloy g aid s ¢ Bl Ay Slinl &0t & Cul (kS ) g 5 @ 2l b el
S ol e (65ysliS iu p eddipel Ol JSa dagi b culegyd 5 33,5 o el OYB 4y piie (glailsag,

(Pandam, 2004) a5 43,3 JLaiy> duoy3 Yo S p Ol Hlaie 39 oo duwlite ndilBg, 4 (6399

31 GG s4dg> i 35 F LYY

>4 CMIP6 o35, 5| MRI-ESM2-0 i (2021) Yazdandoost et al. sadlas gulis bl piaes y2j ol 5
«Copernicus olSL I cocio Jdo (glodly cdl o 5l L b bl b o (glapaldl 13 iwlio 5,Slos 5 )
e 85 g waldl s e Glagyyliw 53 4l 0)9d )3 9y Jolo gy Bk 5 odly (n)) e
5] g 93 dgmn Lximl (slaolKianl (slaodls ooy 5l OB ddgs o 3 LS8k 4Vl 5 slale
0y ;0 I3l OYb s pdaw o (Sl 5l 50 by, o edliiwl b 0yed b OYU 4 piie slaailid,,
Slihie O sl <835 §) 8l SleMb] 4 dags b b dmsbe lgym byl sosbo dasly Lololy o]
05 llsy cupd olyis @ IOY 393 J31 VB Lol adgs s & 3 Sllyy coyd (Sig (eSike oS il
bl 4SS s 25 31 (93909 Sy Ol olyamas (Sl 5l 36 g, S S Ly 5l GV e
o 4 (] 29008 allgo ko) s 25 o) 53 (2] (ol g Woileng) 1 Ol el o g (255
WLigas oo Colan YU

S g g B sadl

Cawlus Judoxs ) LY

IS n ol caps g Qlly) caps ao)> W0 b jho il 4 Cond by Joe Cowlus oo b
I Fosbes Jlas Gy coypd @ Cand Jho 35800 odnliio & pslailen .l oad @Il (F) S8 )3 (5)9lS
4 89909 o 2 S s S QUly) oy Sl (Ko ple sl (65,5l8 ) S Ol oS
Al ol38l as > VEY Dgds (63959 b «Sllsy Copd (o) VO il b &S gyebay yls 3l VB
S oplpls sl oas 0 il Moy VEO Cage i S p Ol Cops ,d alie Ll &S Js s wul
Slgioe VB Ol i 2 (65,5l 51 (285 5 Ol (68 31 bl sl Sle VB 4 Ol (93955 2 (b Uy,
Al drg BBl



1F28 ool o)l pard jils 0,90 asybol 9 ol o pyda £

200
e« Runoff Coefficient
== == «= Return Flow B
i _
@ 150 _
< _ -
> _
x _
= 100 A _
X -
g —
“ 50 A _
-
-
/ -—
/ e e e e e———— = = = = = &
0 ' BV ! T T T T T T

0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150

Parameter Changes (%)

Figure 4. The sensitivity of the inflow to the Anzali Wetland
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Figure 6. Annual time series of precipitation in the Sefidroud Dam basin during the reference period and the near future
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Figure 7. Annual time series of precipitation in the Anzali Wetland basin during the reference period and the near future
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Figure 8. Average precipitation of the Sefidroud Dam basin in the different climate change scenarios in the near future
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Figure 9. Average precipitation of the Anzali Wetland basin in the different climate change scenarios in the near future
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Table 1. Precipitation changes in the different climate change scenarios compared to the reference period

Basin Anzali Wetland Basin Sefidroud Dam Basin
Scenario SSP 2.6 SSP 4.5 SSP 8.5 SSP 2.6 SSP 4.5 SSP 8.5
First six-month 25.0% 0.1% -10.4% 4.1% 2.5% 0.2%
Second six-month 4.3% 10.9% 19.0% -3.7% -0.5% 7.1%

Annual 15.6% 3.7% 0.8% 2.1% 2.4% 4.1%
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Figure 10. Annual inflow volume to the Sefidroud dam in the reference period and the different climate change scenarios
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Figure 11. Average inflow volume to the Sefidroud Dam in the reference period and the different climate change scenarios

Table 2. Changes in inflow volume to the Sefidroud dam under different climate change scenarios

Compared to the reference time period (1995-2017) Compared to the last 10 years (2008-2017)
Scenarios SSP 2.6 SSP 4.5 SSP 8.5 SSP 2.6 SSP 4.5 SSP 8.5
First six-month -37.1% -38.0% -39.4% -8.9% -10.3% -12.3%
Second six-month -42.3% -40.4% -36.0% -13.4% -10.7% -4.0%
Annual -39.2% -39.0% -38.0% -10.7% -10.5% -9.0%
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Figure 13. Average inflow discharge to the Anzali wetland in the reference period and the different climate change

scenarios

Table 3. Changes in inflow discharge to the Anzali wetland under different climate change scenarios compared to the

reference period

Scenarios SSP 2.6 SSP 4.5 SSP 8.5
First six-month 25.0% 0.1% -10.5%
Second six-month -32.9% -25.9% -16.3%
Annual -3.1% -14.2% -16.3%
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Figure 14. Average withdrawal discharge from the rivers feeding the Anzali wetland in the reference period and

climate change scenarios
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8. Centre National de Recherches Météorologiques — Climate Model version 6, experiment 1
9. Copernicus

10. Change Factor

11. Long Ashton Research Station Weather Generator

12. Meteorological Research Institute — Earth System Model version 2.0
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