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rainfed farming, bargaining In this study, a multi-objective bargaining approach, the Gravitational Search Algorithm
Hendijan. (GSA), and Support Vector Regression (SVR) were employed to develop an optimal
water allocation and irrigation planning framework for rainfed crops in the Hendijan
Plain. The main objectives of the study were to improve water-use efficiency, enhance
crop productivity, evaluate water carrying capacity, and promote sustainable agricultural
development in the region.
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Search Algorithm (GSA) was applied to determine the optimal water allocation, while
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Support Vector Regression (SVR) was used to predict changes in the water footprint during the
period 2010-2020. Required data were collected from documentary sources, questionnaires, field
measurements, and meteorological records. Water resource conditions were evaluated using the
EFw, ECw, EDw, and DEPI indices, and all simulations, optimizations, and analyses were performed

using MATLAB software.
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Fig 2. Comparison of water consumption in different years

Result and Conclusion

The results of the water footprint assessment indicated that the agricultural sector accounted for
the largest share of water consumption in the study area. The agricultural water footprint remained
above 48% throughout the period from 2010 to 2020 and reached approximately 64% in some
years, whereas the shares of industrial, urban, and natural-resource sectors showed a declining trend.
These findings highlight the dominant role of agriculture in regional water consumption and the
considerable pressure exerted on available water resources.

Analysis of water-related economic indicators revealed decreasing trends in both EPw and EPi
during the study period. The lower values of EPi compared with EPw indicate an improvement
in the economic efficiency of water utilization. However, the results also suggest that substantial
opportunities remain for improving the economic structure and enhancing the value generated from
water consumption.

The SVR model demonstrated superior predictive performance compared with conventional

approaches and provided lower prediction errors. Forecasts suggested that agricultural water
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footprints in semi-arid regions have shown an increasing trend in recent years, indicating that
pressure on water resources is likely to persist if current management practices continue. These
results confirm the applicability of machine-learning techniques as reliable tools for supporting
long-term water resources planning.

In the irrigation optimization stage, four crops, namely wheat, barley, canola, and lentil, were
evaluated. The cultivated area of rainfed wheat farms ranged from 2 to 76 hectares under existing
conditions. By applying the optimization model with the objective of maximizing water-use
efficiency, increasing cultivated areas in certain locations was proposed as a strategy to mitigate
drought impacts and improve resource utilization.

The analysis of supplementary irrigation revealed that wheat water productivity ranged from 0.23
to 0.57 kg m3. Supplementary irrigation applied during critical growth stages, particularly in May,
significantly improved crop performance and water-use efficiency. Under the optimized scenario
and without increasing cultivated area, crop yields increased by approximately 17% on average. This
finding demonstrates the effectiveness of optimized irrigation scheduling in enhancing agricultural
productivity while maintaining sustainable water use.

Comparison with previous studies showed that the yield improvement obtained in this study was
consistent with findings reported for Malathani County, where crop performance increased by
approximately 23%. Furthermore, water balance analysis indicated that lentil exhibited the highest
evapotranspiration ratio, whereas canola showed the lowest. These differences can be attributed to
variations in crop water requirements, growth characteristics, and responses to irrigation management
scenarios. Overall, the results demonstrate that optimized water allocation and supplementary
irrigation can substantially improve water-use efficiency and agricultural productivity under semi-

arid conditions.

Conclusion
The findings of this study demonstrated that integrating the multi-objective bargaining approach
with the Gravitational Search Algorithm provides an effective framework for agricultural water

resources management in semi-arid regions. The dominant share of agricultural water consump
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Fig 3. The development process of the water allocation planning model for the Hendijan irrigation network
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