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Extended Abstract

Introduction

For the sustainable development of the socio-economic economy, water resources are not only an important
limiting factor but also play an irreplaceable role as a "carrier". "Carrying capacity" is a term derived from ecology
that refers to the limitation of the maximum number of individuals under specific environmental conditions. Water
Resources Carrying Capacity (WRCC) is the support capacity of water resources for the livelihood of the region's
population and socio-economic development. Due to the differences in water resource systems, socio-economic
conditions, and ecological environmental settings in various regions and natural conditions, the assessment of
WRCC does not follow a consistent pattern across different geographical areas, making the evaluation of WRCC
a complex issue. The aim of assessing and analyzing WRCC is to determine the relationship between limited water
resources and population, the environment, and economic development.

Wetlands play a pivotal role in sustainable development as a vital resource. With an increasing population and
economic growth, the pressure on water resources is rising. The Water Resource Carrying Capacity is defined as
the ability of a water system to support human activities. In this study, considering the significance of Anzali
wetland, which is being destroyed alongside the advancement of urbanization processes as part of the natural
ecosystems, the water resources carrying capacity of Anzali wetland is being evaluated.

Materials and Methods

To evaluate the water resources carrying capacity, the water resource system of the region was modeled using the
system dynamics method and VENSIM software. Based on the modeling results, eight evaluation indicators were
defined to assess the WRCC of Anzali Wetland, considering three subsystems: population, water resources,
economy, and environment. Subsequently, based on the modeling results, indices were defined for each subsystem
with the aim of assessing the water resources carrying capacity of Anzali wetland, with a total of 8 indices
considered for evaluation. The weighting of the indices was done using the combined AHP-Entropy method. In
order to accurately assess the carrying capacity of water resources, aligning the results with the actual situation of
the region, and considering the water resources of Anzali Wetland, the current water resources and consumption
in the Fumanat study area (located upstream of Anzali Wetland), the economic and environmental conditions of
the region, and the use of water resources in the area, the evaluation indices were divided into four levels based on
the standards for grading water resource carrying capacity indices in previous research. These levels are: I
(loadable), II (weak), III (critical), and IV (extremely critical). Finally, using a fuzzy model and determining the
membership degrees of the indices at each evaluation level and for each year, the water resources carrying capacity
index of Anzali wetland was calculated for different evaluation levels over a 10-year period.

Results and Discussion

To determine the initial weights of the evaluation indices, expert opinions were utilized, and acceptable results
were obtained using the Analytic Hierarchy Process (AHP) method and Consistency Ratio (CR). Subsequently,
composite weights were calculated by combining the AHP weights with entropy, with the highest weight attributed
to the indicator of the water supply and demand ratio of the wetland (C7), followed by indicators such as the
quality of input water resources and the impact of agricultural gross production. The results of this section
demonstrate that the final composite weights are more realistic as the entropy method enhances the shortcomings
of the AHP method, thereby improving the accuracy of the evaluation.

The results of the Water Resources Carrying Capacity (WRCC) assessment indicate a decreasing trend in the water
resources carrying capacity of Anzali wetland between the years 1391 to 1400, shifting its capacity from level II
(Weak) to level IV (Super Critical). The highest capacity is associated with the year 1391, while the lowest
capacities are allocated to the years 1393, 1394, and 1400. Examination of the obstacle factors revealed that surface
and groundwater resources significantly impact the water resources carrying capacity of the wetland, with several
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indicators from the water resources subsystem identified as the main obstacle factors in this regard. These
constraints pose challenges to improving the wetland's capacity, and the increase or decrease of these resources,
especially under environmental and economic conditions, significantly influences the wetland's status

Conclusion

The results showed that the WRCC of the wetland had a decreasing trend during the study period and had reached
a supercritical state. The most important factors affecting the reduction in carrying capacity were identified as the
shortage of surface and groundwater resources and the poor quality of water entering Anzali Wetland. The overall
findings of the investigations indicate that Anzali wetland has been in critical and super-critical conditions in recent
years, highlighting the necessity for planning to improve its situation. Considering the obstacle factors identified
in this study, efforts can be directed towards planning and managing the wetland to move towards a more desirable
state.
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Table 2- Selected Evaluation Indicators in the Comprehensive Assessment of the Water Resources Carrying Capacity of Anzali Wetland

Subsystem Indicator Unit Indicator direction

Surface water resources per unit area (C1) m’ /h a +
Water | Groundwater resources per unit area (C2) m’ /ha +
TESOUICes | Wwater resources per capita (C3) Ir13/person +
Supply-demand ratio (C6) % -
GDP per capita (C4) million Rials/person +

Economic ) 3
Water consumption of GDP (C5) /milli on Rials -
Environmental Wetland We'lter' supply-to-demand ratio (C7) % +
Water quality index (C8) % -
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Table 3- Classification for Evaluation Indicators of Water Resources Carrying Capacity

Indicator 1 (Loadable) IT (Weakly loadable) IIT (Critical) IV(Overload)
C1 (m3/ha) 4500-4800 4000-4500 3500-4000 3200-3500
C2 (m3/ha) 1200-1250 1100-1200 1000-1100 930-1000
C3 (™*/person) 600-650 525-600 450-525 400-450
C6 (%) 80-85 85-90 90-95 95-100
C4 (million Rials/ o0 42-48 3.6-4.2 3-3.6 243
3
cs5(m /million Rials) 4500-500 5000-5500 5500-6000 6000-6500
C7 (%) 60-100 40-60 20-40 0-20
C8 () 0-30 30-50 50-70 70-100
ol 005 Sl gli-¥-)
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Table 4- Numerical Values of Evaluation Indicators Based on System Dynamics Model Results

3 3 3 illi i 3
Year  C1(T /ha) 2™ /ha) ™ /person) c4 (million RlalS/Person) cs (™ /million Rials)

C6 Cc7
o) (%)

C8
Q)

2012 4341.0 936.5
2013 3781.1 963.9
2014 3222.8 983.3
2015 3277.0 1004.5
2016 3944.2 1017.6
2017 4714.9 1013.2
2018 3891.5 1022.0
2019 4085.5 1048.2
2020 3832.9 1135.5
2021 3289.3 1218.5

562.5
491.2
419.8
427.9
516.4
625.8
518.9
549.9
617.0
478.6

2.7
2.8
29
3.1
33
33
33
3.7
4.5
4.0

4694.9
4918.1
5140.2
5415.7
5657.1
5713.7
5566.6
6226.5
6437.9
6224.8

100.0 36.7 32.8
91.6 187 559
81.2 11.7 455
82.6 135 365
95.7 436 39.6
100.0 19.7 84.0
949 231 538
99.2 295 838
948 395 86.5
849 154 68.6
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Table 5: Results of Weighting Calculations

Method Cl C2 C3 C4 C5 C6 Cc7 C8
AHP 0.093 0.061 0.163 0.142 0.068 0.077 0.261 0.138
ENTROPY 0.119 0.104 0.121 0.109 0.111 0.136 0.144 0.155
Combined 0.106 0.083 0.142 0.125 0.090 0.107 0.202 0.145
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Table 6: Parameters of the WRCC Cloud Model in the Fumanat Study Area

Indi (Ex, En, He)

ndicator I (Loadable) IT (Weakly loadable) I1I (Critical) IV(Overload)
Cl (4650,127.388,0.01) (4250,212.314,0.01) (3750,212.314,0.01) (3350,127.388,0.01)
C2 (1225,21.231,0.01) (1150,42.462,0.01) (1050,42.462,0.01) (965,29.723,0.01)
C3 (625,21.231,0.01) (562.5,31.847,0.01) (487.5,31.847,0.01) (425,21.231,0.01)
c4 (4.5,0.254,0.01) (3.9,0.254,0.01) (3.3,0.254,0.01) (2.7,0.254,0.01)
Cs (4750,212.314,0.01) (5250,212.314,0.01) (5750,212.314,0.01) (6250,212.314,0.01)
C6 (82.5,2.123,0.01) (87.5,2.123,0.01) (92.5,2.123,0.01) (97.5,2.123,0.01)
c7 (80,16.985,0.01) (50,8.492,0.01) (30,8.492,0.01) (10,8.492,0.01)
C8 (80,16.985,0.01) (50,8.492,0.01) (30,8.492,0.01) (10,8.492.,0.01)
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Table 7- WRCC Assessment Results in Anzali Wetland

Year | 11 111 I\% Evaluation results
2012 0.157 0.435 0.168 0.232 I
2013 0.067 0.164 0.582 0.332 1T
2014 0.113 0.219 0.145 0.554 v
2015 0.143 0.218 0.233 0.486 v
2016 0.043 0.404 0.529 0.106 1T
2017 0.235 0.057 0.370 0.334 1T
2018 0.002 0.228 0.738 0.144 1T
2019 0.004 0.325 0.388 0.328 1T
2020 0.269 0.232 0.279 0.253 1T
2021 0.155 0.242 0.291 0.418 v
WRCC-C2 WRCC-C1
0.10 0.12
0.08 0.10 +
0.08 -
0.06 -
0.06 -
0.04 -
0.04 -
0.02 - 0.02 4
0.00 - 0.00 +—"—v——", —— MY
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Figure 5 - Comparison of the values of various indices in the evaluation of WRCC for Anzali Wetland at different assessment levels
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