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Abstract

Introduction: The aim of this research is to predict the effects of
cropping pattern changes on the water table level and electrical
conductivity of an unconfined aquifer in the Ali-Abad region using a
Bayesian Decision Network (BDN) as an integrated approach.
Methods: A conceptual model framework illustrating the
relationship among variables in the system was developed and
three management scenarios of crop pattern (current condition,
high water demand crops, and low water demand crops) were
considered for the study area. Marginal probability, Conditional
Probability Tables (CPTs) and total probabilities were characterized
using observed data, results of CROPWAT model simulation, and
expert knowledge. The Netica software was used to run the
Bayesian model and to analyze the sensitivity of the model with two
criteria namely reduction of variance and belief variance.

Findings: The analysis shows that the probability of groundwater
depletion occurring for low water requirement crops will be about
five per cent less than that in the current condition. The probability
of improvement in electrical conductivity for low water
requirement crops will be about two per cent greater than that for
the current crop pattern. The sensitivity analysis of the Bayesian
model shows that the water requirement of crops plays an
important role in unconfined aquifer's characteristics. The results
demonstrate that the BDNs are capable to help planners for
improved management of groundwater resources by predicting and
displaying the effects of crop pattern changes on the quantitative
and qualitative characteristics of unconfined aquifers in a
probabilistic context.
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Extended Abstract

Introduction

The groundwater resources play a key role
for human life, particularly in arid and semi-
arid regions such as many places across the
country of Iran. Due to the inherent water
shortage from one hand, and the population
growth and socio-economic development on
the other hand, the prolonged
overextraction of groundwater resources
has led to many economic, social, and
environmental challenges. To this end,
policy-makers and decision-making
authorities are seeking solutions to improve
the land and water quality. There are a
variety of solutions, most of them with
considerable uncertainty in their
effectiveness resulting in difficulty in
decision-making. The Bayesian Decision
Networks (BDNs) provide a useful tool to
support the decision-makers by predicting
the effects of many solutions (options) while
computing the related uncertainties. The
aim of this research is to predict the effects
of cropping pattern changes on the water
table level and electrical conductivity of an
unconfined aquifer in the Ali-Abad region
using a BDN as an integrated approach.

Materials and Methods

The study area in this research is Aliabad
plain in the Golestan province in northeast of
Iran. This plain, with an area of about 37000
ha, is under intensive irrigated agriculture
through digging many shallow wells and
over-extracting the unconfined aquifers
resulting in groundwater depletion and
emergence of groundwater salinization due
to likely intrusion of brackish groundwaters.
This can turn into a severe crisis if suitable
land and water management policies,
strategies, and actions are not implemented
by the authorities and local farmers. Due to
the complexity of land and water
management systems and uncertainties in
decisions, a BDN was designed and

implemented. To this end, a conceptual
model  framework  illustrating  the
relationship among variables in the system
was developed and three management
scenarios of crop pattern (current condition,
high water demand crops, and low water
demand crops) were considered for the
study area. The current condition was
considered as the mean area of the
cultivated crops during the last five years.
For the high-water demand scenario, the
area of rice cultivation in paddy fields and
rapeseed cultivation has been increased, and
for the low water demand scenario, the area
of soybean and wheat cultivation has been
increased. The water requirement for all
crops and scenarios has been estimated
using the CROPWAT model. Marginal
probability, Conditional Probability Tables
(CPTs) and total probabilities were
characterized using observed data, results of
CROPWAT model simulation, and expert
knowledge. The Netica software was used to
run the Bayesian model and to analyze the
sensitivity of the model with two criteria
namely reduction of variance and belief
variance. Moreover, the groundwater table
and the electric conductivity fluctuation for
the unconfined aquifers were estimated
according to each scenario.

Findings

The results of water demand calculation
show that the least water demand has been
occurred in water year 1992 and the most
demand has been occurred in water year
1996. The trend analysis of groundwater
table recorded in the piezometric wells of
the study area during 1992-2013 indicates
that the aquifer depletion has been occurred
across whole the studied plain. However, the
rate of depletion has high variation ranging
between -0.02 and -16.72 m, with an area
average of -4.42 m. The diurnal fluctuation is
more pronounced in the southern part of the
study area. The largest rise in the water table
occurs at beginning of spring and the largest
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fall in the water table occurs at the beginning
of autumn. Consequently, the lowest EC
occurs in April and the highest EC occurs in
November.

The results of the BDN analysis show that the
probability of groundwater depletion
occurring for low water requirement crops
will be about five per cent less than that in
the current condition. The probability of
improvement in electrical conductivity for
low water requirement crops will be about
two per cent greater than that for the current
crop pattern. The sensitivity analysis of the
Bayesian model shows that the water
requirement of crops plays an important
role in unconfined aquifer's characteristics.
The results demonstrate that the BDNs are
capable to help planners for improved
management of groundwater resources by
predicting and displaying the effects of crop
pattern changes on the quantitative and
qualitative characteristics of unconfined
aquifers in a probabilistic context.

Discussion

Comparing the results of three water
demand indicated that
implementation of the low water demand
crops across the study area will improve the
physical and chemical condition of the
groundwater resources. While sticking to
the business-as-usual strategy (the current
scenario) will deteriorate the groundwater
resources condition in future. Of course,
intending to shift towards the cultivation of
the high-water demand crops will worsen
the condition. In fact, by increasing the
cultivated area of the wheat and soybean
and decreasing the cultivated area of the rice
and rapeseed, the groundwater pumping

scenarios

will decline. This will lead to decline in
groundwater withdrawal and the rate of
water table drawdown, which consequently
will result in improvement of the physical
and chemical properties of the shallow
unconfined aquifers. Therefore, the local

authorities and farmers, by implementing an
appropriate cultivation approach, can play
an important role in improving and
sustaining of the very vital groundwater
resources which are currently experiencing
threatening and glooming condition. To this
end, using efficient technical analysis tools
such as BDNs can be of prominent support
for decision makers.

Conclusion

The main conclusions of this study are:

- Keeping on the current condition of
crop cultivation or increasing the
area of high-water demand crops
will deteriorate the physical and
chemical properties of the shallow
unconfined aquifers of the study
area.

- Increasing the cultivated area of low
water demands such as wheat and
soybean will result in improvement
of the physical and chemical
properties of the groundwater
resources.

- BDN provides an appropriate
analysis tool to soil and water
related authorities.
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