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Revised:2021/02/07 Introduction: Agricultural development upstream of Tashk and
Accepted:2021/04/15 Bakhtegan lakes along with droughts of the 2000s, has led to a sharp
decline in the water surface of the lakes. This study demonstrates
the potential of social-hydrology modeling to describe coupled
human-water systems with simple concepts and relationships.
Methods: The focus of this study is on the development of a Socio-
hydrological conceptual model in order to simulate the interactions
between community response and hydrology in the Tashk-
Bakhtegan basin. For the social submodel, the variables of
community sensitivity and behavioral response are used, and for the
hydrological submodel, the developed water balance model for the
arid and semi-arid basins is used. Due to the vastness of the basin
and the various features in different regions, it has been
hypothesized that changes in human preferences and community
sensitivities for upstream and downstream residents of the basin
may be different. The time range of this research is from 1996 to
2013.

Findings: The selection of factors affecting the community
sensitivity was an acceptable choice, because of considering the
average error less than 10% in the simulation of cultivated areas.
The results of hydrological submodel by considering two soil layers
with the the calculated cultivated area as an input, showed the
acceptable accuracy of the model in the ability to simulate
streamflow in the Tashk-Bakhtegan basin.

Conclusion: The results showed that in the basin upstream areas,
which has more rainfall and water resources, the community's
perception of the threat to their quality of life is low and the priority
of its residents is tendency to use more water and land resources.
But in the downstream areas, with environmental issues and
scarcity of water resources, people with a high sense of threat to
their quality of life have shifted their priority to less use of water
= and land resources.
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Socio-hydrology modeling with changing community preferences in the Tashk-Bakhtegan Basin

Extended Abstract

Introduction

According to increasing human activities in
nature and its effects on the environment
and water resources, the necessity to change
the approach in hydrological modeling is
inevitable. Although the linkage between
human activities and water in a "system of
mutual interaction” has been known for
many years, so far little understanding of
feedbacks, two-way interactions, and the
concept of co-evolution has been possible.
Socio-hydrology analyzes how feedbacks
and interactions occur and pushes the
boundaries of hydrology science toward
human acceptance as an integral part of the
hydrological cycle. From Researchers' views,
agricultural activities play the most
important role in changing hydrological
conditions and water scarcity. Several
location-based socio-hydrological studies
have been conducted in agricultural
development-dominated watersheds in
Australia and China. As the same way in
many parts of Iran, increased water
extraction for agriculture has led to
increased pressure on water resources and
environmental degradation. The issue of
drying up Tashk and Bakhtegan lakes is an
obvious example of this environmental
degradation in the country. In this study,
socio-hydrology modeling approach is
applied for investigation the change of the
inhabitants’ priority of different areas of the
basin over time. The purpose of this
modeling is to examine the impact of
changes in the values and priorities of
society as a stimulus for policy changes in
water allocation.

Materials and Methods

The socio-hydrology framework consists of
six sections: hydrology of the basin,
economic benefits of agriculture,
environmental conditions, population,
community sensitivity and behavioral
response. In this study we try to evaluate the
behavior of farmers, their decisions and
their interactions on basin water resources.
In social submodel, there are two main
feedback loops, including the economic-
demographic loop and the sensitivity loop.

In fact, the community sensitivity variable
has been used to balance the perception of
environmental degradation with the
climatic, economic and social conditions of
the region. The community sensitivity and
the demand for development of water
extraction and land use (due to population
growth and economic needs, etc.) are in
opposition to each other and the behavioral
response indicates that a society according
to its climatic, socio-economic and political
conditions, how will the society react to this
confrontation?

In this modeling framework, it is assumed
that by increasing sensitivity, behavioral and
managerial decisions reduce the impact of
society on the hydrological conditions of the
basin (ie moving towards a more natural
environment). In contrast, low sensitivity
will be associated with more aggressive
behavioral responses to manipulate
available water resources to meet society
needs (footprint of  anthropogenic
activities).

The hydrology sub-model has been
developed based on the Jazim model (2006),
which is a water balance model that uses two
soil layers, each of which has a different
capacity to maintain its moisture. The upper
layer of soil moisture storage provides
subsurface flow and the lower layer, in
addition to connecting to groundwater, also
provides the baseflow. The model input data,
precipitation and pan evaporation and the
outputs are the time series of simulated
streamflow. The time range of this research
is from 1996 to 2013.

Findings and Discussion

In the hydrology submodel, 7 parameters
are optimized based on error maximization
NSE index of computational and
observational streamflow values, and in the
social submodel, 4 parameters are optimized
based on error minimization RMSE index of
computational and observational cultivation
area using genetic algorithm. Better results
are obtained for zones 1, 2 and 5, while
maximum values of cultivated area are not
well simulated in zones 3 and 4. RMSE values
(on average about 10% error in simulation
of wheat crop area) indicate the appropriate
accuracy of the simulation model
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Considering the characteristics of the basin,
such as rainfall conditions and proper water
resources in upstream, it is expected that
when we move toward the downstream of
the basin, the community sensitivity
increase and the more people understand
the threat to their quality of life. This issue is
quite obvious according to the model results.
In Zone 1, there is no priority in the farming
society over restricting the use of water
resources for allocation to lakes, and the
simulation results of this variable show that
the perception of people in that area has not
reached the threshold required to change
behavior. In zone 2, there are not many
changes in the community sensitivity
variable; this means that changes in this area
are either very small or there is a balance
between the agricultural economic benefits
and their views on the health of the basin
ecosystem. The results are in line with the
reality of what happened in the basin; As in
zones 4 and 5, which are located
downstream of the basin and are more
affected by drought and the consequences of
drying lakes, the community sensitivity is
higher than other zones. Also, zones 4 and 5
are more sensitive than zone 3 at the end of
the modeling period compared to the
beginning of the modeling period. Therefore,
it is possible that the residents of these two
zones have changed their priority to less use
of water and land resources.

Streamflow simulation results were better
for zones 1 and 2 and for zones 3 and 4 in the
recent years of the study differed from the
actual values. In general, in all study areas,
the minimum NSE index for streamflow
simulation is 0.65. Streamflow reduction has
occurred due to droughts in the basin as well
as increased consumption in all sub-basins,
which the developed model has been able to
simulate this reduction well.

Conclusion

The results showed that in the basin
upstream areas, which has more rainfall and
water resources, the community's
perception of the threat to their quality of
life is low and the priority of its residents is
tendency to use more water and land

resources. But in the downstream areas,
with environmental issues and scarcity of
water resources, people with a high sense of
threat to their quality of life have shifted
their priority to less use of water and land
resources. Overall, it can be concluded that
in all areas except zone 1, the inclusive
behavior of society tends towards long-term
collective benefit rather than short-term
individual benefit.
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