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EXTENDED ABSTRACT

Introduction: Wetlands play a pivotal role in supplying freshwater resources, controlling floods,
and maintaining biodiversity. However, they have become increasingly vulnerable to the effects
of climate change, such as the rise in greenhouse gas emissions, global warming, and altered
precipitation patterns. Gorgan Bay Wetland, situated along the southeastern coast of the Caspian
Sea, exemplifies a sensitive ecosystem under substantial pressure from sea-level fluctuations and
reduced freshwater inflows from its upper watersheds. According to the Sixth Assessment Report
(ARO) of the IPCC, rising temperatures and extreme weather events—including intensified
drought and heavy rainfall—can significantly affect the hydrology and ecological functions of
wetlands. In this study, we draw on TerraClimate data and outputs from General Circulation
Models to examine hydro-climatic trends in the upper watersheds of Gorgan Bay Wetland over a
64-year span, and to project potential future scenarios of climate variability.

Material and Methods: In the first step, monthly data on temperature, precipitation,
evapotranspiration, snow water equivalent, and drought indices were retrieved from the
TerraClimate database for the period 1958-2021. These data were validated against observations
from three meteorological stations located in the upper watersheds of Gorgan Bay. Subsequent
trend analyses for temperature, precipitation, and drought indices were conducted using the non-
parametric  Mann—Kendall ~ test, alongside ordinary least squares  regression.
Next, future climate projections were obtained from selected GCMs in IPCC ARG, corresponding
to four Shared Socioeconomic Pathways (SSP1-2.6, SSP2-4.5, SSP3-7.0, SSP5-8.5). Downscaling
was performed through the Change Factor approach, which applies statistical corrections based on
the discrepancies between historical observations and coarse-resolution GCM outputs. Finally, the
results were interpreted with regard to sustainable water resource management strategies aimed at
mitigating the impacts of climate change on Gorgan Bay Wetland.

Results and Discussion: Time-series analyses revealed a statistically significant upward trend
in all temperature parameters (minimum, maximum, mean, and median) across the watersheds
during the 64-year study period. Conversely, most areas did not exhibit a clear or substantial
decline in precipitation. Only some eastern segments showed a slight yet statistically significant
reduction in rainfall. Meanwhile, increases in temperature and evapotranspiration, coupled with
decreases in snow water equivalent in certain mountainous areas, have led to a worsening of
climatic water deficit and drought conditions—particularly since the 1990s. These findings
partially explain the diminished surface inflows and reduced water levels in Gorgan Bay
Wetland. Downscaled climate projections under different SSPs point to further warming in the
coming decades. Under more optimistic scenarios (SSP1-2.6), annual temperatures are
projected to rise by about 1.0 to 1.5 °C in the near future (2021-2040). However, in more
extreme scenarios (SSP3-7.0 and SSP5-8.5), rapid warming alongside shifts in rainfall patterns
could intensify drought conditions and reduce effective runoff. Although heavier rainfall events
may occur, increased evapotranspiration and reduced snow storage could collectively diminish
the net water input to the wetland. If realized, these changes would amplify drought severity,
compromise the wetland’s ecological services, and impact local livelihoods.

Conclusion: Overall, the findings underscore the urgent need for adaptive management and
planning to address the impacts of climate change in the upper watersheds of Gorgan Bay Wetland.
Strategies such as adjusting cropping patterns, allocating adequate environmental flow, employing
water-efficient irrigation technologies, and rehabilitating vegetative cover in upstream regions
appear essential for mitigating climate-related risks. Ongoing monitoring of hydro-climatic
variables, the integration of more advanced downscaling methods, and a focus on interdisciplinary
approaches—including ecosystem-based management and economic-environmental modeling—
could further enhance conservation efforts. The insights gained here reaffirm the importance of
immediate and sustained policy actions to preserve the ecological integrity and socio-economic
benefits of Gorgan Bay Wetland in the face of intensifying climate challenges.
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Fig. 1- Location and hydrological status of the three sub-watersheds draining into the Gorgan Bay and Miankaleh Wetland
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Table 1. Pearson correlation results between climatic data from meteorological stations and data from the TerraClimate database.

&)L) Ao gloo Qi sloo
W)
’T el
iy ey ey iy ey S T
. . I dwgleo g wlle 7 gl oY -
Ny duglio  pnd i . O ) . ) i
&olo o KY &olosxo KY Sl S0
(w22) O (a2 2) O (a22) O
RES
salSos & Y s
SR A e P e g e P van om0 oSS
O 15 )l alie alie oS
el &g
& & s
aliows,  YEN o) -[OAY Pooavy ey ans A RVt RS
alie aliv oS
N . b e
aliewis,  OF o) VR PUREA ey AvE I S S ’
NS alee JES DI
aS el sojeo jo sl (5, U sldnig,
loo OB S s Y cawal

50 AVl aile 5 ke s @S sloo ©
Qg shle addllas 5)50 slaasg>y; soles

5 el slos 093 (p <0.05) Hlolins o33l
az,0 V0 dg0> 10 Lawgie yob 4 alIls ailee

Ny bl g wlold 4 bl 51 ise s
AL (G g g (5L o) el b 2l
5 1ABA) b P (50,5 o (B Jolas ol g luSits
Sls i JlasS= e g5l ol .cdl olais! (Y+Y)

VEF il oY o,lad YY 0,98 cimgi (shnme pole anlilad

ova



RGO ST - 9SPSR | G JUUPS I | NN £ PRV PR

el slaojs (B G o g (F JS5) o
KPR V- S @Jﬁ‘ u—l .)B.H:;S AJ;.\.M..J Ja'j)
(Y JSo)
S Gl s JaS e osel O
w0 V39 gand 5l g S sla L
a5 el Sladllae b Ly oasdly ) .csls
% Wi lpl Jled aline glaadg> 5o
‘) ‘Sﬁl..f uu...uy U] ).a‘ 9 6‘0)30 &l&slw
{(Bagherzadeh et al., 2020) wlos S 5,155
18y Joleo OF 9 35 9 juid
0 AVl Gein bogze B8 9 S O
ol Py aS el ails oiol58l Wy ddlate
9 oS 058 Vb o9l e g Lod Sl L
9 Sy, pals 4 silgs o (oABly 55
el OYU sadss el ams o
2 WQYL: 3 uo}.a}m u_é).! J&l:m u_:] g, O
5 (V JSo) asls aals oy, IS 5wl o)
g 05 5520 5 3blio (559 5 ol 5
odudy cwl (P <0.05) el onls (5,155 Jlolize
ol g & SlasS 3blie ;5 ojse
WNgd oo Cgme Spood Gkl U,
yobas Bilg3 o o1 05 LzalS g 0,08 Coanl
b st sbaailog, (anl mf) ek
a8 wlosls olas oldlas asl 38,36 oY
g By o> ials 4y ia 6.0.»13‘ Ol s
o 4 ymie pal (] 45 0 1 b 50 @ s
Pl s (ol 5 b glagl > 555l
Elias et al., ) Sl o Cewd iyl ¥l o
.2021; Nury et al., 2022
L eals )LS )0 3,05 5 el 5 Les Glalidl e IS jobay
e dpdds> s (B s B Jobe O 28l Ly

Bl bYo 5l e LS BilgE oo K, Ol el o

50 4z, VD dgus U dicioy g 4 sloo g
xols Glas il lmese> 5 50 Jlo 7 Jobo
Lo On O (Naed gl o)y
5 wgle @S waiiin eyl ol
@ b o Syen 55 (Jlo) ol 5 (8o
o1 polae ( >l el o g clls Jlas- e
a5 ool cewsds oY 5 i B o /F osgase
Los RT3l s 535 5 g Stan S

w‘ d.xJUaA 60)50 )b ULA) ):)f 9

gl oVl looje> mhw o 5L W,
0j9> 2 o Ll LBl (23S (XU S
el Ng) ( Brh laisu ohgds e
US 53 incea ¥ 3 a5 s asalie it
W o o s ylol 5§ a5 (Jlo 5F o5
(blie 0 .000,5 5,155 Jlolire o )liadsl wo o
L 5k s2els wg) %3 laoje> nj o

g ,l0,55 5 3 (g lobre 5L 09y 52U
bt Sy oS e, b
3 S=oS base> )y el (sodguza ,o(OLS)
b 355l Jls 5o s oo 5l gy 0 0
a5 b Gl o el T3 S
Ol 03 Ol et (Saeld 5 S S5 alilate

R 005_:..3 Yl) @Lo) Lgc)l.»

Jlses asli) PDSI Ll Jla asls
5 alale slaosl jo coulsl T 0gaS g (b
st B ollug 3 slaans Lo iVl
Jdo @ oyf loasys s il ol las
5 S Cugb, jo e &g, o des il
loads gliste (sl JLuSas aald axms (o
2 gl gleeie 5 U5 58 il
03,5 LS > (0D Fy Coow i yally JLSCiS

VEF il ¥ o)l YT 6053 g (hanome pole anlilad

Of-

o



OhSes 5 SK,

.(Khoshravan et al., 2021) S o 0y90 pl b, oW Ol ez g e

WASTN
WaTN

s oz By Jolaa A E Sl Syl b Sl |
e gt ] Je
1:350, wos 1964 - High : 16,0242 1:350,000 wos 198 High : 2.45881
00000 e s, - 3500
036 12 W 2 Low : 69,1341 9380 b W M Low : 1.64044
SIWUE SVVE SNVE S3WE SO0E S4WNCE

waseN

AN

E  : 7“. } ‘A.)I-s-'-'»\-',bw,w

Fowrens

(7 oy S8) bl 3y i
o High = 201691

30000 e, e el S ,
D -, T e P
OYU 4y oo sl adg p 5 duw 30 oudBl (U ol )by ki W39y w2 —YError! No text of specified style in document. S
VLo 9 o6 5 s

Fig. 2- Trend analysis of climatic parameters in the three sub-watersheds draining into the Gorgan Bay and Miankaleh Wetland.
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