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The present research based on the nature of the problem and subject
under investigation, adopts a descriptive-analytical approach with the
aim of identifying ecological stressors caused by climate change in
wetlands. In the climate change section, simulation data of average
rainfall from the HadCM3 model using LARS-WG under the SRES A1B
scenario for the period 2021-2050 were utilized. The AHP method and
Expert Choice software were employed to weight risk factors and assess
the indicators influencing risk levels. According to the modeling results,
the rainfall series at the Inche-Brun station shows a decreasing trend.
Additionally, both maximum and minimum temperatures exhibit an
increasing trend. The primary risks threatening the wetland include
drought, water shortage, increased evaporation and transpiration,
sedimentation and infilling, and habitat loss. Since the most significant
risks, as identified based on the ALARP principle, are classified as high
or medium, it is essential to control, eliminate, or reduce these risks.
Given the ongoing degradation of wetlands, it is crucial to incorporate
these processes and their consequences into future wetland management
plans. As drought has been identified as the most critical risk,
establishing a drought monitoring network and calculating and
allocating environmental water rights for wetlands are the most
important management strategies to prevent a drought crisis.
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Extended Abstract

Introduction

Wetlands should be considered as biological reservoirs, and international programs for the reasonable
and rational protection and exploitation must be prepared and implemented in order to ensure the survival
of wetlands and their biodiversity. Environmental risk assessment is a step beyond human risk assessment,
and in it, in addition to examining and analyzing various aspects of risk, a full understanding of the
environment of the affected area, its sensitivity, and its special ecological values are also analyzed and
evaluated.

Climate change refers to changes in the climatic behavior of a region compared to historical or expected
patterns over a long period of time. This phenomenon is one of the most important challenges in sustainable
development, with significant negative effects on land and sea ecosystems. Until recently, climate change
was considered to be caused by natural factors only, but in recent years, human activity has also contributed
to the climate change process. Climate change and loss of biodiversity are among the global challenges that
may lead to an increased risk of losing ecosystem services.

Various studies have been conducted on the evaluation of the vulnerability of wetlands worldwide,
focusing on the impacts of climate change. Using climate scenarios, models, and change analysis, it was
determined that about 10% of wetland functions will be affected in the future due to climate change.

Jafari-Azer et al. (2017), in their article, evaluated and analyzed the environmental risks of Khorkhoran
International Wetland using multi-criteria decision-making methods. They identified wetland risk
indicators using the Delphi method and ranked and prioritized threats using AHP and TOPSIS methods.
The results indicate that, according to the degree of closeness (CL+), among the environmental criteria, oil
pollution (0.88), illegal fishing (0.87), and fuel smuggling (0.71), and among the natural criteria, drought
and climate change (0.72), are the top risks.

Panahi et al. (2023), in an article titled "Investigation of climate change and transformation of natural
components with emphasis on floods™ (case study: Gorganrood watershed), used LARS-WG and HadCM3
model under the SRA1B scenario between 2011 and 2045. The results showed that human intervention in
main streams, urban and rural expansion, dam construction, pasture degradation, and forest destruction are
among the primary causes of sudden flooding in the region. This integrated approach highlighted the
necessity of continuous evaluation and validation of hydrological and hydraulic models in the Gorganrood
basin and its ephemeral streams.

Karami et al. (2023) assessed the vulnerability of ecosystem services of the Hamoon International

Wetland to climate change. The results showed that climate change, drought, water diversion in the
upstream basin, and livestock and vehicle traffic are the main threats. Diplomatic efforts to secure water
supplies are the most important management strategy to reduce vulnerability.
This research provides a framework for managing climate change-related risks in wetlands. Its main
purpose is to investigate temperature, precipitation, and climate indicators in the Alagol, Ajigol, and
Almagol wetlands. Using statistical data and satellite images, climate changes over different time periods
are modeled. Risks are then calculated based on severity and likelihood. A multi-criteria decision-making
process is used to prioritize these risks. Finally, suitable management solutions are presented to reduce
unacceptable risks.

Material and Methods

Alagol, Ajigol, and Almagol international wetlands are located in Golestan Province, near the Iran—
Turkmenistan border, at relatively close distances from one another in the Dashli-Borun region. In this
research, the assessment of climate change risks on wetland ecosystems was conducted using the GCM
model.
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To implement the research objectives—including modeling climate change, forecasting ecological
conditions, and identifying and prioritizing ecological risks—20 years of data (2001-2020) on monthly and
annual average precipitation and temperature from local meteorological stations were used.

Precipitation and temperature forecasts were generated using outputs from the HadCM3 model, a coupled
atmosphere—ocean general circulation model (AOGCM). ArcGIS 10.8 was used for initial data preparation,
ENVI 5.3 for radiometric and atmospheric corrections, and IDRISI TerrSet for image classification, pre-
processing, change analysis, and model validation. Simulated rainfall data from HadCM3 in LARS-WG
under the SRA1B scenario (2021-2050) were analyzed. Statistical indicators such as ME, RMSE, and MSE
were used to select the best interpolation method.

Results and Discussion

The region's temperature between 2021 and 2050 is expected to increase by 0.5 to 1.5°C compared to
the base period. The results indicate temperature increases across all months and climate scenarios. Scenario
A2 shows the highest increase, B1 the lowest (optimistic), and A1B a moderate rise.
Rainfall percentage changes under the three scenarios indicate a decline in most months. Annual rainfall
will decrease by 6-8% compared to the base period. Scenario A2 shows the greatest reduction, particularly
in March (up to 75%), while B1 shows the smallest, particularly in February (up to 55%). In a few months,
slight increases in rainfall are observed, though these are not significant in dry months.
To compare the ecological risks of natural origin with those caused by human activity, the AHP method
and Expert Choice software were used. The analysis shows high importance for natural-origin risks.
Ecological and human-origin risks each make up nearly half of total risks.
Drought has the highest risk weight at 0.19. Natural-origin risks make up 51%, and human-origin risks
49%. Ten key risks were identified based on ecological conditions, field visits, expert interviews, and
previous studies. All identified risks are present and will intensify under future climate conditions.
The most significant climate-related threats to the wetlands include: drought and water shortage, increased
evaporation and transpiration, sedimentation and infilling, and habitat loss. According to the ALARP
principle, high and medium-level risks must be controlled, reduced, or eliminated. Risks with higher
occurrence probability, severity, and extent require prioritized control measures. However, this does not
imply that other risks are unimportant, as the final scores were derived by integrating all three risk
indicators.

Conclusion

The prioritization results show that the key threats to Alagol, Ajigol, and Almagol wetlands are
drought/dehydration, increased evaporation and transpiration, sedimentation and filling, and habitat loss.
By 2035, the area of Alagol, Almagol, and Ajigol wetlands is expected to reach 1747.50 ha, 102.30 ha, and
33.90 ha, respectively. This reflects reductions in Almagol and Ajigol, although Alagol shows a slight
increase—still indicating an overall decline in extent over the study period.
Predicted land use maps for 2035 show saline land occupying 13,346.55 ha (63%), vegetation 5,601.78 ha
(26.4%), and water surface 2,265.75 ha (10.6%). This reveals decreased water levels and increased salt
marshes, signifying drought and reduced rainfall.
The effectiveness of the modeling methods and climate scenarios (HadCM3, A2, A1B1, B2, and LARS-
WGQ) is consistent with the findings of Arkhi et al. (2024), Panahi et al. (2023), and Karami et al. (2022).
Additionally, the environmental risk evaluation aligns with the multi-criteria methods used by Jafar-Azer
et al. (2019) and Jafari-Azer et al. (2017).
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1 -Atmosphere-Ocean General Circulation Model
2 -ntergovernmental Panel on Climate Change 3-Hadley Centre Coupled Model, version 3
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Table 1- Characteristics of the meteorological station in the study area
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1-Lang Ashton Research Station Weather Generator
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Table 2- Annual temperature and rain trend slope at Inchebrun station during the period 2001-2020
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Table 3- T and F test values calculated by the LARS-WG model in the validation phase at Inche- brun station
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Table 4- Values of calibration statistics for evaluating the LARS-WG model in the base period (2001-2020)
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Fig.3. Comparison of observed and simulated rain at Inchebrun station
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Fig. 4. Comparison of observed and simulated maximum temperatures at Inche-brun station
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Fig. 5. Comparison of observed and simulated minimum temperatures at Inche-brun station
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Table 5- Maximum temperature values for the base period and future period under three scenarios

YoBe-YeY) 00

Period 2021-2050 YeYeoTeed oyg0 ol
Bl ALB 2 Period 2001-2020 Month
11.08 10.42 10.86 9.70 January 45
11.00 10.78 10.84 10.69 February 4,5
12.75 13.11 12.08 13.05 March . L
17.32 18.53 17.19 16.89 April )]
22.15 23.03 21.72 22.52 May -
26.51 27.28 26.29 25.25 June 5y
28.90 30.09 28.43 29.24 July Y5>
29.02 29.99 28.86 29.77 AUgUSt ST
26.36 26.94 25.82 26.37 September b .
22.40 22.63 21.82 22.88 Octobr s
17.18 16.87 16.88 17.25 November .l
15.70 15.40 15.22 16.74 December ,.slus
20.03 20.42 19.67 20.03 Annual ayL.
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Table 6- Minimum temperature values for the base period and future period under three scenarios

Yedo-YeY) 0)90

Period 2021-2050 YoYeoVerdoyg olo

Bl ALB o Period 2001-2020 Month

3.64 2.95 4.41 2.66 January a4
458 3.67 4.34 3.81 February s
7.14 6.43 6.57 7.56 March . L
11.35 11.15 10.96 9.66 April J, ]
15.88 15.61 15.49 14.59 May .
19.84 19.35 19.87 18.76 June .5g5
21.90 21.79 22.18 21.36 July Vo=
22.08 21.95 22.74 20.83 August cosST
19.40 18.73 19.80 19.31 September .l .
14.94 13.98 15.42 14.51 Octobr .5
9.54 8.80 10.40 8.99 November ,.ls
8.27 7.48 8.86 7.61 December Lo

13.21 12. 66 13.42 12.47 Annual «yL.
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Fig. 7. Minimum temperature of the base period and future period under three scenarios
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Table 7- Monthly and annual changes in maximum temperature for the period 2021-2050 compared to the base

period under different scenarios

Yoleo¥o¥) 6y

Period 2021-2050 M::;th
B1 AlB A2

1.38 0.72 1.16 January g5
1.30 1.08 1.14 February a4
3.05 3.41 2.38 March L
7.62 8.83 7.49 April s 51
12.45 13.33 12.02 May -
16.81 17.58 16.59 June g5
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August eS|
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Annual «Yl.
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Table 8- Monthly and annual changes in minimum temperatures for the period 2021-2050 compared to the base

period under different scenarios

4913 498
Jan. Feb.
1.75 0.53
0.29 0.14
0.98 0.77

ool Jsl e
March April May
0.99 1.30 0.90
1.13 1.49 1.02
0.42 1.69 1.29

o9y Y
June July
111 0.82
0.59 0.43
1.08 0.54

Aug.

1.91
1.12
1.25

Sep. Oct.
0.49 0.91
0.58 0.53
0.09 0.43

roly
Nov.
1.41
0.19
0.55

olws Jle
Dec. Annua
1
1.25 0.95 A2
0.13 0.19 AlB
0.66 0.74 B1
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Table 9- Precipitation values in the base period and future period under three scenarios

Yedo-Ye) 0)90

Ye¥oYeo) o0 obo
=1 Period 2(2211]'32050 v Period 2001-2020 Month
72.57 68.31 73.96 75.54 January, o5
71.74 72.62 70.58 71.99 February « ¢
98.72 95.08 93.12 94.05 March b
7453 69.67 72.46 70.12 April ]
6.19 6.15 413 5.12 May .
5.04 4.18 3.29 4.16 June 55
2.19 3.15 3.17 4.29 July &Ys>
3.11 2.15 321 3.12 August eS|
7.13 5.61 5.18 6.35 September vl o
42.78 43.56 41.85 40.93 Octobr .z
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Fig. 8. Simulated precipitation under three scenarios and observations at Inchebrun station
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Table 10- Monthly and annual changes in precipitation for the period 2021-2050 compared to the base period under
different scenarios

Yo CawgST ol 51 yolys yobus Jlw
July August September October November December Annual
-72.37 -72/33 -70.36 -33.69 -24.39 -14.63 -35.29 A2
-72.39 -73/39 -69.93 -31.98 -20.71 -97.11 -34.80 AlB
-73/35 -712.43 -68.41 -32.76 -20.37 -6.42 -33.18 B1
«9il3 4 599 ole Joos! = 993 ™

January February March April May June Annual
-1.58 -4.96 -58.17 -3.08 -71.41 -72.25 -35.29 A2
-7.23 -2.92 -19.54 -5.87 -69.39 -71.36 -34.80 AlB
-2.97 -3.80 -23.18 -1.01 -69.35 -70.50 -33.18 Bl
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Table 11- Results of land use classification validation

2020 2011 2001 year JLw
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Table 12- Area and percentage of land uses by period
9 1! SBLS iy T T
Saline Lands Vegetation Water Surfaces Jle
KOS (LSe) colue RSN (LSe) colue RSN (LSe) colus
Percent Area(hectare) Percent Area(hectare) Percent Area(hectare)
60.3 12801.15 28.7 6093.18 10.9 2319.75 2001
54 11436.93 34 7227.99 12 2549.16 2011
78.3 16629.75 11.1 2359.08 104 2225.25 2020
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Table 13- Transition probability area matrix
298 2! P Gy !l Tl

Usage s o,
Saline Lands Vegetation Water Surfaces
1
5330 2389 17006 ! ool
Water Surfaces
Lf P
18732 6508 973 e uwy
Vegetation
b ool
166784 11859 6132 IFE 2

Saline Lands
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Table 14- Transmission probability matrix
25 3 LS by &l ol

Usage o,
Saline Lands Vegetation Water Surfaces
0.21 0.09 0.68 Water Surfaces o #glam
0.71 0.24 0.03 Vegetation 2LS Lidg
0.9 0.06 0.03 Saline Lands 5.5 ool
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Table 15- Area and percentage of land uses in 2035

Year: Y+Y0
oy (&0 y0slss) coluno Usage )5
Percent Area (square kilometer)
10.6 2226.75 Water Surfaces i sl
26.4 5601.78 Vegetation alS i
62.9 13346.55 Saline Lands 55 ol

100 21214.08 Total ¢gaze
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Table 16- Area of Alagol, Almagol and Ajigol wetlands in the studied periods

(,L52) o lawo oYU Jtw
Area (hectare) Wetland Year
1922.30 Alagol Js¥1
103.90 Almagol JSLJ1 2001
73 Ajigol 5 =1
1758 Alagol 51
217.20 Almagol 5LJ1 2011
45.10 Ajigol 5 =1
1130.15 Alagol 51
137.30 Almagol J5LJ1 2020
36.80 Ajigol J5 >1
1747.50 Alagol 51
102.30 Almagol  SLJ1 2035
23.90 Ajigol J5° T
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Table 17- Calculation of the risks from climate change in Alagol, Ajigol and Almagol wetlands

AIB gylies bl 1 Sy 3

Risk assessment based on scenario A1B

S5z ge gy wlel p Sy 2L

Risk assessment based on the current situation

Sy (2L

Risk assessment

RPN aisls Do Jle=! RPN aials Dol J=! s e S
Range Severity Probability Range Severity  Probability Environmental risks
96 6 4 4 96 6 4 4 SE ol
Soil erosion
192 6 8 4 192 6 8 4 e
Wetland salinization
216 6 6 6 144 6 6 4 ) RZSOF) =ed S
Loss of genetic resources
a..\S)' ),4.: ) m.x.;)' L5L°°“\';‘.>” u..;bs‘
144 4 6 6 144 4 6 6 Increase in biotic and abiotic
pollutants
288 6 6 8 216 6 6 6 85 e AL
Increasing evapotranspiration
288 8 6 6 192 8 6 4 ok AY e
Sedimentation and filling
384 6 8 8 288 6 8 6 ot O5) Ot
Habitat loss
ol
384 6 8 8 388 6 8 6 w35 Ol 59 oo
Change in flow regime
ol 8 | JlSis
640 8 10 8 480 8 10 6 2l o5 &%/
Drought/water stress
8 2 2 2 16 2 4 2 J““
Flooding
A2 gl olol 5 S, b)) Bl g b wlol p S, Sb35)) Sy (23

Risk assessment based on scenario A2

Risk assessment based on scenario Bl

Risk assessment

RPN aials S Jles| RPN asls IR J=! s jlanre S
Range Severity Probability Range Severity  Probability Environmental risks
Sk gl 3
\ay 5 4 8 144 6 4 6 e
Soil erosion
VB ST o e
YAY 4 8 8 188 6 8 6 N
Wetland salinization
YAA 5 6 8 288 6 6 8 S 253 58y s )
Loss of genetic resources
°'-\3j )...: 9 m.;)' le.tbo_\.;_lyi u..;l;ﬁ‘
\Ale 6 6 6 216 6 6 6 Increase in biotic and abiotic
pollutants
“ ALt
360 6 6 10 288 6 6 8 O 9 pTE GRS
Increasing evapotranspiration
480 8 6 10 384 8 6 8 _ ov\*{;sw}w_ _
Sedimentation and filling
o3 538, (s )l
360 6 6 10 288 6 6 8 "’_“’d’ o
Habitat loss
PO
480 6 8 10 384 6 8 8 25 OLZ 50 X

Change in flow regime
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Table 18 - Prioritization of ecological risk factors resulting from climate change in three wetlands using the AHP

method

Weight (434 Risk S K9,
0.20 DroughE/wlgter steress & oS E58sl IS ni
0.15 'Sedifnentation and filling o g g, 2
0.14 Increased evapotranspiration Gy g puBud Ll 3
0.11 Loss of genetic resources S5 plBd 8, Caws )l 4
0.95 Habitat loss ooy 38, o2 )| 5
0.90 Wetland salinization Y6 Ol o e 6
0.68 Change in flow regime 5y Ol 5 ks 7
0.47 Soil erosion S ole,d 8
0.44 Increase in biotic and abiotic pollutants 03} e g0y sla cans¥T al3dl 9
0.31 Flooding S 10
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Weight

o
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Fig. 16. Calculating the risks from climate change in Alagol, Ajigol and Almagol wetlands
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Table 19- Ecological risks caused by climate change in the studied wetlands based on the weighted risk level

Jol>

Jol>

Jol>

039 Jo 039 339 339 2970 &3
; A2 ; ; A1B ; isti s
< Weight ¥ Weight “r° Weight % \eight  LXisting ’
Product Product Product Product condition
S mle i
9.02 0.47 192 7.76 0.47 144 4.512 0.47 96 4.51 0.04 96 . .
Soil erosion
YU s yel
34.56 0.90 384 92.25 0.90 288 17.28 0.90 192 17.28 0.09 192 e
Wetland salinization
S pled 8y cews
33.40 0.11 288 33.40 0.166 288 25.05 0.11 216 16.70 0.11 144 "
Loss of genetic resources
003t g o) (slooan¥T i3l
95.04 0.04 216 95.04 0.44 216 63.36 0.44 144 6.33 0.04 144 Increase in biotic and
abiotic pollutants
0.14 895 5 5 Gl
52.56 0.14 360 42.04 : 288 42.03 0.14 288 31.53 0.14 216 Increase in
evapotranspiration
7632 015 480 61.05 015 384 4597 0I5 28 3052 0.15 192 oMo
Sedimentation and filling
P LSRR T 3
34.20 0.95 360 27.36 0.95 288 36.48 0.95 384 27.36 0.90 288 "’_"&’ o
Habitat loss
ol o
32.64 0.64 480 26.11 0.68 384 26.11 0.68 384 19.58 0.06 288 (200 QT 3
Change in flow regime
i . g
163.20 0.20 800 163.20 0.20 800 130.56 0.20 640 97.92 0.20 480 oo et 1S
Drought/water steress
0.31 0.31 1 1.24 0.31 4 2.48 0.31 8 4.96 0.03 16 e

Flooding
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Table 20 - Prioritization of ecological risks from climate change based on weighted risk

Sy ailb Sy Sl o péalol> 039 Ogr g0 59
Risk Class Risk Priority Product Weight RPN
Low oS 10 4.51 0.047 96 Soil erosion S yisle,s
Low 5 6 17.28 0.090 192 PO
Wetland salinization
Low oS 7 1670 0.116 144 T RS 0 Sl S
Loss of genetic resources
éla)' o) ).4.: g9 08} 6Lmo.;1§ﬂ uwl)sl
8 6.33 0.044 144 Increase in biotic and abiotic
High
pollutants
Ly 505 5 aed i3l
. 2 31.53 0.146 216 O 5 p7 o
Average Increase in evapotranspiration
Ly * A -
7 3 30.52 0.159 192 Rl
Average Sedimentation and filling
L ol o8, 5
o 4 27.36 0.095 288 O O
Average Loss of genetic resources
ghe 5 19.58  0.068 288 F5) Ok 5 e
Average Change in flow regime
L ok o5 98y | JLsis
s 1 97.93 0.204 480 oS e85l
Very high Drought/water steress
Low 5 9 4.96 0.031 16 Flooding ..
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Table 21- Environmental risk management plan due to climate change in the studied wetlands

&“".’.) Cﬁ"“"“ kSLb s .5
Ko b, Risk levels
Management solutions S y < gdg! aib Envi | risk
Risk priority Class nvironmental risks
sl adsm po JsSas b Sl b
Designing a drought monitoring network in the watershed 1 ok b &l oS 53yl JlSis
LoV Jase o 4] G (anass g als Very high Drought/water stress
Calculation and allocation of environmental water rights for wetland
Glo obnl gl axis 0 g 250 alS
Planting trees and shrubs to cr/eate §hade ‘ . b By 5 st il
VB 4 (e sloylag> 5 lasd )0 09290 (aLS by o B 5l 65 slr 2 A Increase in
Preventing the degradation of vegetation in streams and brooks leading to verage Evapotranspiration
the wetland.
OYB cwwsVl o S cblas 5 ol S 5l 6 055l
Preventing deforestation and protecting soil upstream of the wetland 3 Lasgie O 59 25
P g ey Slapi ] adS (28,5 )1 o b by adss Average Sedi ati 4 filli
Discharge of sediments, taking into account all biological and habitat items. edumentation and Mg
pieie VU bl ,o P aile, Jilas 4 b oz 4 bgie oS3 (558, oy
Avoid or minimize disturbance to designated wetland are Average Habitat loss
VB sl s 090 4l G JBlas arass
Allocation of the minimum required water rights for the wetland b .
FLSis gloojgo )0 (pgat ol b Sl Slresd 5105 0 03,5 299 5 - L) ORT 2 e
. . o . . Average Change in flow regime
Limiting unauthorized exploitation of water resources, especially during
periods of drought.
Sy 30 lalS (e
Introduction to salt-loving plants P T
.6'M . o N ’ 6 o ¢ = Wetland salinization
Transferring saline drainage from agricultural and industrial complexes to a
depth of 6 meters
69t 5 S taio oSl gl 59,9 51 (S ol St led sh ens ol
- . - - 7 o5 Low =55 258 8 5
Preventing the entry of all types of industrial, urban and agricultural ;i
Loss of genetic resources
wastewater
b 3l et 9 Byl 5l 6 5S sl s VB Sl a la Sogll elsil 095 51 (6 S5l N N
ef g 0855 slwoa VI o5l
oYb adgwkg)\fdwyﬁgm)?m )
Preventing all types of pollution from entering the wetland water and 8 oS Low R
preventing occupation and change of use by determining the boundaries and Increase in biotic and
marking the wetland area. abiotic
Caz peya 595 g osle (L poe by €S g el bl olulid
Identifying sensitive points and applying simple and practical management 9 o Low S
methods, especially for flood prediction. Flooding
adg> 3d Jow CaSk oo ,50 (o) 2
Investigating flood return periods in the basin
StV blie ;5 S5l cbili slacles Uy 6 )5 IS 4 st 10 S Low S il b

Encourage afforestation and/or soil conservation activities in upstream areas

Soil erosion
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