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Abstract

In this study, the sustainability status of surface and groundwater
resources in the Zayandehrood River Basin was evaluated using
the Multivariate Water Resources Index (MWRI). This index
integrates three key parameters—average precipitation, available
surface water volume, and exploitable groundwater volume-
calculated through the entropy weighting method. To provide a
more detailed analysis of the sustainability, three functional
components of system reliability, system reversibility, and system
vulnerability were calculated for each sub-basin, from which the
initial sustainability index was derived. The novelty of this
research lies in the incorporation of the temporal trend of the water
resources index, assessed using the Mann-Kendall test, into the
base sustainability model, leading to the development of a
modified sustainability index. Utilizing 20 years of data on
precipitation, surface flow volume, and groundwater level
fluctuations, a composite water resources sustainability index was
formulated. The analysis included five sub-basins: Buein-
Miandasht in upstream of the Zayandehrood dam and four sub-
basins Lenjanat, Najafabad, Esfahan-Borkhar, and Kuhpayeh-
Segzi downstream of the dam. Results indicated that only the
Buein-Miandasht sub-basin, with a modified sustainability index
of 0.31, is in an acceptable condition, while the other sub-basins
demonstrated critically low values (less than 0.001), indicating
unsustainable conditions. These findings are consistent with field
observations and the significant reduction in water resources
downstream of the Zayandehrood Dam, underscoring the urgent
need for a revision in regional water resource management
strategies. The application of the MWRI in this study provides an
effective framework for the integrated assessment of water
resource sustainability at the basin level.
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Step 1: Data Collection
Precipitation / Surface Water / Groundwater

[Step 2: Quality Control & Normalizationj

Incomplete or Inconsistent Data?

Re-check

o Ve Data Cleaning / Completion
[Step & WGl (ElEy Method)) ((remove gaps, replace values, synchronize)]

Step 4: Calculate MWRI

[Step 5: Define Requirement using NDVI)

Step 6: Compare MWRI with Requirement
(record status at each time step)

Step 7. Compute Performance Indicators
Reliability (REL) / Resilience (RES) / Vulnerability (VUL)

Step 8: Trend Analysis (Mann—Kendall)
Zs and p-value

Step 9: Compute MS|

[Step 10: Classification & Reponing)

Y
End

Fig. 1- Flowchart of the study methodology including MWRI calculation, performance evaluation, trend

analysis and MSI computation
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Fig. 2- The intersection of the Zayandehrood basin with the Gavkhouni basin and the political
boundaries of Isfahan Province
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Fig. 3- Location of Zayandehrood river basin, Zayandehrood dam, Buin-Miandasht sub-basin (upstream)
and Lenjanat, Najafabad, Esfahan-Borkhar and Kuhpaye-Segzi sub-basins (downstream)
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Table 1- Value of the weights for all sub-basins
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Weight P ASW AQW SUM
Buin-Miandasht 0.52 0.18 0.3 1
Lenjanat 0.21 0.63 0.16 1
Najafabad 0.2 0.67 0.13 1
Esfahan-Borkhar 0.3 0.55 0.15 1
Kuhpaye-Segzi 0.31 0.46 0.23 1
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Fig. 4- Multivariate Water Resources Index time series based on precipitation, surface water and
groundwater (P-ASW-AGW) for (a) Buin-Miandasht, (b) Lenjanat, (¢) Najafabad, (d) Esfahan-Borkhar and
(e) Kuhpaye-Segzi sub-basins in the Zayandehrood river basin
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Table 2- The required or acceptable level of the multivariate water resources index in the sub-basins of the
Zayanderood basin
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Sub-basin MWRI Demand

Buin-Miandasht P-ASW-AGW 0.22

Lenjanat P-ASW-AGW 0.2

Najafabad P-ASW-AGW 0.23

Esfahan-Borkhar P-ASW-AGW 0.18

Kuhpaye-Segzi P-ASW-AGW 0.21
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Table 3- Reliability, reversibility, vulnerability, and sustainability index in sub-basins of the Zayandehrood
basin
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Sub-basin Reliability Resilience Vulnerability Sustainability
Index
Buin-Miandasht 0.95 0.24 0.15 0.58
Lenjanat 0.94 0.09 0.27 0.4
Najafabad 0.88 0.14 0.2 0.46
Esfahan-Borkhar 0.88 0.12 0.2 0.44
Kuhpaye-Segzi 0.89 0.14 0.23 0.46
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Table 4- Mann-Kendall statistic (S), standardized test statistic (ZS), and the normal probability (P-Value) of
the standardized test in the sub-basins of the Zayandehrood basin
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39,033
Sub-basin S Zs P-Value
Buin-Miandasht 133 0.07 0.53
Lenjanat -20729 -9.12 10°
Najafabad -20261 -8.92 108
Esfahan-Borkhar -28767 -12.66 10712
Kuhpaye-Segzi -12658 -6.15 106
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Table 5- Categorization of the Modified Sustainability Index
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Table 6- Values of the Sustainability Index, Normal Probability, and Modified Sustainability Index Based on
Multivariate Indicators by Sub-basins of the Zayandehrood basin
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1- Modified Sustainability Index

2- Multivariate Water Resources Index

3- Mann-Kendall
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