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In this study, using social network analysis, the local communities of the
Esfahan-Borkhar plain and their capacity to adapt to water scarcity have
been examined. To identify these communities at the network level, political
and natural boundaries, such as county borders, existing irrigation channels,
the geographical locations of extraction wells, as well as the type and extent
of crops grown by farmers and their water usage in the studied area, were
utilized. A total of 1,569 stakeholders and 19 communities within the study
area were identified between the years 2010 and 2015. The characteristics of
these communities, such as water consumption per unit area, agricultural
profit per unit area, and social network analysis metrics including centrality
degree and eigenvector were calculated using object-oriented programming
in Python. This was done to establish the relationship between the
stakeholder network and the groundwater resource status in the studied area
and to rank the communities accordingly. The results indicate that the
average water consumption of all communities is approximately 16,000
cubic meters per hectare, the average profit per hectare is 110 million Rials,
and the average centrality degree is 0.43. Communities located in the
southwestern regions of the area, with an average profit of 190 million Rials
per hectare, are the top communities in terms of economic productivity.
Additionally, the top communities, with an average centrality degree of 0.8,
have the highest level of stakeholder interactions at the micro-network level
compared to other communities. Communities with the lowest economic
productivity are located in the northern and western regions of the Esfahan-
Borkhar plain, near the aquifer's recharge areas, and a change in these
communities' approach to water resources is necessary. If overall network
productivity is increased through strengthened inter-community connections,
a reduction in the aquifer's decline, alongside improved adaptation to water
scarcity and stakeholder welfare across the entire study area, is conceivable.
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Figure 1. (a) Geographical location and (b) Satellite image of the Isfahan—Borkhar aquifer domain (yellow boxes are
labelled as cities; coordinates are as UTM-WGS1984 zone 39 N).
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Table 1. Average level of water at observational wells in Esfahan-Borkhar aquifer

Year Average level of water (m)
2010 1538.6
2015 1536
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Figure 4. Water levels in observation wells at the first and fifth-year time steps
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Figure 5. Sensitivity analysis of detected communities based on Percentage of success and Resolution and Modularity
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Figure 6. Social network graph and communities in the Isfahan-Borkhar plain region
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Table 2. The overall status of communities and their average indices in social network analysis

Community Sizeof the Water consumption Cultivation Area  Profit (Million Rials per ~ Average degree  Average degree

number  community (MCM) (Hectare) Hectare) Centrality Eigenvector
0 80 21 97.3 238.6 0.92 0.11
1 90 50.4 2560.5 85.7 0.18 0.08
2 I 244 1304.6 96.9 0.08 0.07
3 126 28 159.9 193.0 091 0.09
4 109 14.8 835.2 122.8 0.57 0.09
5 121 25 145.2 189.8 0.85 0.09
6 76 8.2 478.8 122.2 0.64 0.11
7 33 17.7 1028 338 0.51 0.16
8 91 40.6 2422 69.0 0.07 0.04
9 68 24.7 1544.1 89.5 0.09 0.07
10 41 15.6 981 48.7 0.18 0.11
11 79 8.6 564.2 114.7 0.63 0.11
12 117 151 1020.2 105.2 0.27 0.08
13 35 15.2 1030 452 0.20 0.12
14 61 84 573 124.0 0.46 0.12
15 157 28.3 1929.7 102.8 0.30 0.07
16 57 9.1 645.9 67.0 0.27 0.11
17 105 9.5 896.2 104.3 0.49 0.09
18 46 33 383.45 144.8 0.54 0.14
Total 1569 3014 18599 2098 8.16 18
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Figure 7. Ranking of communities on social networks based on the following parameters: water consumption (m3)
per unit area (hectare), profit (million rials) per unit area (hectare), and the average degree centrality in each
community
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