From consumption monitoring to response to water footprint unsustainability:
Integrated multi-objective optimization of cropping patterns with a holistic-
detail approach (Case study: Markazi Province)

ABSTRACT

Due to the limitation of water resources and the need to manage water demand, especially in the agricultural sector, it is necessary to
develop effective strategies to reduce pressure on water resources. The present study aimed to provide a model for cropping pattern
optimization at the county level, based on the water footprint index, and economic and environmental considerations. Using climatic,
agronomic, and economic data over a 10-year period, the blue and green water footprints were calculated for 18 crops in both
irrigated and rainfed cultivations. Then, the cropping pattern optimization was designed with the NSGA-II multi-objective algorithm.
Two objective functions were defined, including reducing the ratio of blue water to green water consumption, and increasing net
economic profit, along with food and environmental security constraints. The results showed that in crop/{iligRRatterns with greater
freedom, the ratio of blue water to green water decreased by more than 35% at the provincial level. In some @ the volume of
blue water consumption was estimated to be more than 60 MCM lower than the baseline. The cultival rea 2@d and rainfed
lands decreased by about 25%, and increased by more than 30%, respectivel i i Sof resource
extraction in favor of green water. Water resource sustainability using the Blue i tained or

improved in all counties, with a distribution around the optimal value of one. Fro rios with
more freedom, the net economic benefit remained relatively stable compared to the b asize the
effectiveness of an integrated approach based on water footprint and multi-objective optimi

Keywords: Water footprint assessment, Cropping pattern and composition, multi-objggti i ttern o t‘ation, Blue
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Increasing pressure on water resources, instability i production systems, and climate
change have made the need to review water consumpi atterns and manage its demand to a
fundamental necessity in arid and sem g ater Accounting, as an analytical tool
for quantifying and monitoring water i s, and consumption, provides a new platform
for data-driven decision-making. The this tool doubles when water resources
management focuses ngk only on sypply; monitoring and optimizing demand and
increasing water producti¥ty in the fa mand. The Water Footprint concept, as an
analytical and applied indica ithi ccounting framework, plays a prominent role in

In this regard, imed to provide a model for cropping pattern optimization at the
er footprint index and economic, and environmental considerations.
For this purpose, us atic, agronomic, and economic data over a 10-year period, the blue and

green ere calculated for 18 crops in both irrigated and rainfed cultivations. Then,
the cropp ptimization was designed with the NSGA-II multiobjective algorithm. Two
objective s were defined, including reducing the ratio of blue water to green water

consumption, and increasing net economic profit, along with food and environmental security
constraints. The analyzes were done in the form of six scenarios, based on different degrees of
freedom in changes in the cropping pattern.

Results

The results showed that in cropping patterns with greater freedom, the ratio of blue water to green
water decreased by more than 35% at the provincial level. In some counties, the volume of blue
water consumption was estimated to be more than 60 million cubic meters lower than the baseline.
Also the volume of green water consumption was estimated to be more than 29 and 84 million
cubic meters in irrigated and rainfed lands, respectively upper than the intial condition in some



counties. The cultivated area in irrigated and rainfed lands decreased by about 25%, and increased
by more than 30%, respectively, which led to a shift in the balance of resource extraction in favor of
green water. Water resource sustainability using the Blue Water Shortage (BWS) index was also
maintained or improved in all counties, with a distribution around the optimal value of one. From an
economic point of view, in scenarios with more freedom, the net economic benefit remained
relatively stable compared to the baseline situation. Meanwhile, according to the limits and goals,
the share of production of crops with low water-economic efficiency in the cropping pattern was
decreased.

Conclusions
The findings emphasize the effectiveness of an integrated approach based on ootprint and
multi-objective optimization of cropping patterns. Also, considering sm scales in
ovincial

system, can pave the way for more accurate, coordinated, an
ecological and institutional characteristics of each region for e
water demand in the agricultural sector.
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