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Fig. 1- The overall methodology applied in the paper involves modeling three subsystems (environmental, economic,
and social) and determining the indicators affecting WRCC based on the PSR framework and weighting via grey
entropy, and ranking based on Z-TOPSIS.
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Subsystem Data Period r \ Source

Population w )
Social Urban population 2000 - 2020 w . s://a .ir/population-and-housing-census

u

Rural population

Sector employment 2000 - 2020 https://amar.org.ir/population-and-housing-census
Economy
o w ) ..
Capital in the sector 2000 https://www.cbi.ir/page/2053.aspx
Area of the croplands 0 - 2020 https://amar.org.ir/agri-census
Area of the riinfed 00 - 2020 https://amar.org.ir/agri-census
Dam Inf ‘at' ‘l 2006 Regional Water Company of East Azerbaijan

Hydrological Anthropogenichact 2020 Base for NDVI from Landsat8
i 2000 - 2020 Base for PML model

https://developers.google.com/earth-

2000 - 2020 engine/datasets/catalog/MODIS
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Fig. 3- Environmental subsystem a) Causal-loop diagram based on mental model stressing the importance of
evapotranspiration (ET) ,b) Stock-flow diagram that shows ET effect on watershed and ET depends on
precipitation, LAI & temperature.
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Fig. 4- Economic subsystem a) Causal —loop diagram base on mental model stressing the importance of land
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Table 5 - Indicators value and Indicators r abilih\
u
S

‘l
Evaluation indicator fn Indicator’s
i Reliability Weight
Precipitatiof\ &.067 0.078
Temperature 0.086 0.080
Evapotranspiration 0.090 0.095
‘lWater Deficit 0.059 0.079
stures \‘ 0.079 0.095
[tivation lands 0.079 0.095
P 0.107 0.105
(‘ﬁpital 0.118 0.086
Labor 0.118 0.073
per capita 0.107 0.106
w Population 0.090 0.108
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Fig. 6 - Trend of water resources carrying capacity & the affecting indicators
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383 Table 6 -Values and reliability of indicators & WRCC via linguistic variables
384 S gL e olwl O glie 3 Cudybs 5 B ad Ll (liaeb] Culil 5 Cundg = Jga
IF THEN
Y
A ey T ET WD p CL GDP C L GDPper — p ) WRCC
capita
2000 (L,W) (L,F) (H,W) M, W) (VH,W) (VH,W) (VL,W) (VL,W) (L,W) (VL,W) (VL,W) (P,F)
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urfr.,fc;agy,(/lg’fi
2001 (L,W) (L,F) (H,W) (L,W) (VH,W) (VH,W) (VLW) (VL,W) (L,W) (VL,W) (VL,W) (P,F)
2002  (VH,W) (H,W) (H,W) (VH,F) (VH,W)  (VH,W) (VL,W) (VL,W) (VL,F) (VL,W) (VL,W) N,S)
2003 M, W) (L,F) (H,W) (H,W) (VH,W) (VH,W) (VL,W) (VL,W) (VL,F) (VL,W) (VL,W) (N,F)
2004 (H,W) (H,W) (H,W) (VH,F) (VH,W)  (VH,W) (VL,W) (VL,W) (VL,F) (VL,W) (L,W) N,S)
2005 (H,W) (L,F) M, W) (VH,F) (VH,W) (VH,W) (VLW) (VL,W) (VL,F) (VL,W) (L,W) N,S)
2006 (H,W) (M, W) (H,W) (VH,F) (H,W) (H,W) (L,W) (VL,W)  (VH,W) (L,W) (L,W) (N,F)
2007 (L,W) (H,W) (VH,W) M, W) (H,W) (H,W) (L,W) (L,W) (VH,W) (L,W) (L,W) (N,F)
2008 (VL,W) (L,F) (L,W) (VL,W) (H,W) (H,W) (L,W) (L,W) (VH,W) (L,W) M, W) (N,F)
2009  (VH,W) M, W) (VL,W) (VH,F) (H,W) (H,W) (L,W) (L,W) (VH,W) (L,W) M, W) (N,F)
2010 M, W) (L,F) (L,W) M, W) (H,W) (H,W) M, W) (L,W) (VH,W) M, W) M, W) (N,F)
2011 (VH,W) (VH,W) (VH,W) (VH,F) (M, W) (M, W) (M, W) (L,W) (H,W) M, W) M, W) (G,F)
2012 (VH,W) (L,F) (VL,W) (VH,F) (M, W) (M, W) (M, W) M, W) (H,W) M, W) (N,F)
2013 (M, W) (H,W) (M, W) (M, W) (M, W) (M, W) (M, W) (M, W) (H,W) ,W) ) (N,F)
2014  (VH,W) (L,F) (VL,W) (H,W) M,W) M,W) (H,W) M, W) (N,F)
2015 (H,W) (L,F) (VL,W) (H,W) (L,W) (L,W) (H,W) (H,W) ( ) (N,F)
2016  (VH,W) (H,W) M,W) (VH,F) (L,W) (L,W) (H,W) (H,W) ,W) (N,F)
2017 (H,W) (VL,W) (M, W) (H,W) (L,W) (L,W) (H,W) (H,W) (VH,W) (N,F)
2018 (H,W) (M, W) (L, W) (H,W) (VL,W) (VL,W) (VHW) (VHW) (VH,W) (VH,W) N,F)
2019 (H,W) (M, W) (H,W) (VH,F) (VL,W) (VL,W) (VHW) (VH,W) F) (VH,W) (VH,W) (G,F)
2020 (VH,W) (H,W) M, W) (VH,F) (VL,W) (VL,W)  (VH, W)‘ (VH,W)\ (VLGF) (VH,W) (VH,W) (G,F)
* Pr: Precipitation, T: Temperature, ET: Evapotranspiration, WD: Water Deﬁcntl"Past , CL: ation Lands, C: Capital, L: Labor, Pop:
Population
385
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Table 7 - Ideal positive and negative based on Z-number

Z 31ss! bl 1 i g o Jlons] (sadis 35— ¥ Joua

=id

~id

Year Ry

Constraint Reliability Constraint Reliability
2000  (0.069,0.077,0.086) (0.330,0.500,0.670) (0.000,0.010,0.021) (0.000,0.165,0.330)
2001  (0.069,0.077,0.086) (0.330,0.500,0.670) (0.000,0.010,0.021) (0.000,0.165,0.330)
2002 (0.069,0.077,0.086) (0.330,0.500,0.670) (0.000,0.010,0.021) (0.000,0.165,0.330)
2019 (0.128,0.144,0.160) (0.330,0.500,0.670) (0.000,0.009,0.017)  (0.000,0.165,0.330)
2020  (0.128,0.144,0.160) (0.330,0.500,0.670) (0.000,0.009,0.017) (0.000,0.165,0.33
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Table 8 - Ranking Attribute based on Z-TOPSIS and ¢ hjl TOPSIS
TOPSIS § Z-TOPSIS (yig, & b yad W saisa,

Attribute Z-TOPSI ntional TOPSIS
*RC Ran Rank
Precipitation 0.448 0 0.128 9
Temperature 0.475 0.791 1
Evapotranspiratim! 0.596 0.696 3
Water Deficit 53 6 0.083 10
Pastures 9 0.270 8
Cultlvatlon lands 2 0.730 2
per caplta 8 0.521 7
7 0.590 6
0 68 5 0.668 4
\ Papu 0.748 3 0.628 5
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Assessment Uncertainty and Reliability of Affecting Indicators on Water Resources Carrying Capacity

Abstract

Sustainable water resources management requires establishing a balance in the water balance equation to achieve
sustainable development goals. Additionally, water balance studies should structurally consider interactions among
hydrological, economic, social, and environmental sectors to identify factors causing instability and worsening challenges
in watersheds. For this reason, several indicators have been developed to assess these sectors within watersheds
comprehensively. Water resources carrying capacity has been proposed as an indicator that evaluates the ability of water
resources to support socio-economic, population, and environmental issues over time. This study aims to examine the
water resources carrying capacity in the Qarnqu watershed in northwest Iran, focusing on the uncertainty and reliability
of parameters affecting it, particularly climate change factors and anthropogenic activities, by usigg an advanced
evapotranspiration model that combines grey theory, entropy, and Z numbers. A system i od s created to

framework, previous research, and expert input, eleven indicators impacting water resourcéca g_eapacity were
identified. Some indicators are positive, while others are inverse. These indicators were we b 'r}egrating grey
theory’s reliability concept and entropy. The values of water resource carryin 000 t0f2020 were then
extracted, and linguistic variables were applied to interpret the results. The findin ift from a "poor" state in

2000 to a "good" state in 2020, with the water resource carrying capacity in the fina s reaching a "fairly" level of
reliability. To rank these indicators, the Z numbers were integrated into the@bOP model, forming the Z-TOPSIS
method. The findings revealed that evapotranspiration ranked first, followed by\environmental and social indicators such
as agricultural land development (as an index for land-use change) and pop his research underscores the
importance of comprehensive watershed assessments, especially \in ar semi-arid regions affected by

B

Qaranqu watershed.
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