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Abstract

In this research, a new framework of socio-hydrological modeling
framework has been developed in order to evaluate the performance of
human-water systems. For this purpose, a comprehensive hydrological
model has been developed by combining SWAT and MODFLOW
models to simulate surface and underground water resources. Then by
using Value-Belief-Norm Theory, the effective factors in the water
consumption behavior of farmers are identified. Finally, by combining
the SWAT-MODFLOW model and the Agent-Based Model based on
the theory of VBN, the behavioral pattern of farmers in choosing the
type of cultivation and irrigation method has been evaluated. The
theoretical framework of the VBN theory and the behavioral rules of
agents in ABM are designed based on the data collected from Mahabad
plain farmers through field questionnaires. Afterward, an analysis and
investigation were conducted on the response of the socio-hydrology
model that was developed, utilizing climate change data from the 6th
IPCC report and the ACCESS-CM2 model, for the planning horizon.
The results showed that those farmers who are below the poverty
threshold try to improve their unfavorable economic situation by
choosing profitable crops for farming. Therefore, if no fundamental
change is made in management policies in the future, the climate
change will reduce the profit within the agricultural sector and the
pattern of cultivation will change towards crops with high profits and
yet high water consumptions. If the management methods remain
unchanged in the future, the yield of the crops, the income of the
farmers in the region, and at the same time the inflow to Lake Urmia
from the Mahabad River will decrease significantly. Therefore, it is
recommended to adjust the management policies as a way to deal with
the effects of the climate change. In general, the results of the present
research can be considered for future planning and policies and for
estimating how changes in economic and psychological factors for
farmers affect the restoration of Lake Urmia.

Keywords: Socio-Hydrology, Agent-Based Modeling, Value-
Belief-Norm Theory, Climate Change.
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Table 3- The outcomes of the calibration and validation of the groundwater model
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Steady state Unsteady state Validation check

(2005-2006) (2006-2015) (2015-2017)
Mean Absolute Residual Error (MAE) 0.35 0.92 0.98
Root Mean Square Error (RMSE) 0.55 1.38 1.98
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Fig. 11- (1) and (11) Time series of simulated and observed head in two selected piezometers, (111) comparison
of the head calculated by the model after calibrating the model in unsteady state with the observed head,
(1V) Simulated and observed water profile of the Mahabad plain aquifer
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Fig. 12- (1) Discharge at the Gord-yaghoub hydrometric station and (I1) The water profile of the Mahabad
plain aquifer; observed vs the results of the proposed socio-hydrology model
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Table 4- Results of the calibration of the proposed ABM-SWAT-MODFLOW model
ABM-SWAT-MODFLOW (g3kawing Jio Sumiine gl —F Joua

. . Nash-Sutcliffe coefficient (NS) 0.61

Gord-yaghoub hydrometric station Coefficient of determination (R?) 0.69

. . Mean Absolute Residual Error (MAE) 1.16

Groundwater head in Mahabad aquifer Root Mean Square Error (RMSE) 192
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Fig. 13- (1) Variation of average monthly precipitation (I1) Variation of average monthly maximum
temperature and (I11) Variation of average monthly minimum temperature under different scenarios and
the base period
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Fig. 14- Value of RDI index in different scenarios and the base period
Table 5- Changes in cropping area under climate changes scenarios (%)
Cropping Percentage of variation in cropping area under climate
area (ha) change scenarios at the end of the 2018-2040 period
CROP Basic period SSP1-2.6 SSP5-8.5
ALFA 4308 33.54 51.55
SGBT 1313 -43.64 -58.11
WWHT 2718 -32.08 -53.64
APPLE 4521 0 0
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Table 6- Changes in crop yield under climate
changes scenarios

F133 OY guasw 3 Slos Ol puds Mo )3 -5 Jgan
oSl S (Slagy L

yieIdC(rt(())ﬁ/ha) in yield Variation
CROP Basic period  SSP1-2.6  SSP5-8.5
ALFA 8.33 -4.26 -6.78
APPLE 47.68 -2.16 -5.26
SGBT 3.27 -18.48 -19.84
WWHT 18.72 -8.11 -14.86
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Fig. 15- (1) The irrigation volume of crops (MCM) per year and (Il) Total irrigation volume (MCM) in the
basic period and climate changes scenarios
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Fig. 17- (I) Average monthly groundwater head and (11) Average yearly groundwater head at the

Mahabad aquifer in the base period and under the climate changes scenarios
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