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Objective: The purpose of this study was to comprehensively review the studies
conducted on surface water and groundwater resources modeling using SWAT,
MODFLOW, and SWAT-MODFLOW models and analyze their limitations and
capabilities.

Method: The research team was built by publishing an online environment among
colleagues. The project was described in the online environment and the work steps were
explained. The sample of articles included 235 articles from SID, Magiran, Scopus and
ScinceDirect databases with keywords "SWAT", "MODFLOW", "SWAT-MODFLOW"
until 1403. The titles of the articles, abstracts and, if necessary, parts of the articles were
studied in order to answer the main question of the study, which is to investigate the
limitations and capabilities of surface water and groundwater resource modeling.

Results: Investigations have shown that the uncertainty in determining recharge
parameter will have a significant effect on the results of the simulation of the underground
water flow and the estimation of the water balance components. Various methods and
models have been used to determine the amount of groundwater recharge caused by deep
infiltration and irrigation return flows, such as SWAT, WATLAC, HEC HMS,
HYDRUS, MOBIDIC, etc. These models are often used in combination with the
MODFLOW groundwater model to increase the accuracy in the simulation of the
groundwater level and the effectiveness of different scenarios of combined extraction
from surface and groundwater sources on the components of the water balance. In general,
the studies have shown that the SWAT model is a comprehensive surface water simulation
model for estimating recharge and evapotranspiration at the watershed scale; So that the
effect of recharge values obtained from SWAT model as one of the most important input
components of groundwater models in the simulation of water level and groundwater
balance components using MODFLOW model as a comprehensive and integrated model
of surface water and groundwater resources (SWAT-MODFLOW) has been approved in
most studies. In total, the results of the research show that SWAT-MODFLOW integrated
model can be used as a practical tool in explaining the appropriate exploitation pattern of
integrated surface and underground water resources under the influence of different
management scenarios.

Conclusions: This study provides an in-depth understanding of the use of surface water
and groundwater models to researchers and managers, so that they can use the best tools
based on available data and tools, and appropriate to the objectives of the studies. The use
of these models can be used as a guide for the optimal and sustainable allocation of surface
water and groundwater resources in competitive and highly fragile basins.
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Introduction

The requirement for planning and managing water resources, especially in critical situations,
is a comprehensive understanding of its ambiguous and complex situation. Obviously, the
requirement of this knowledge is to have a tool that does not have a general and brief view of
these conditions, so that it can take into account all the ongoing processes in the surface and
subsurface systems. The components of the surface water and groundwater balance must be
determined with proper accuracy. Considering the expansion of numerical models over the past
two decades, there is still a lack of comprehensive models for integrated management of surface
water and groundwater resources. Especially, the connection of surface water and ground water
models; So not only do the results of the surface water models affect the inputs of the
groundwater system, but also consider the effect of the groundwater system in the unsaturated
zone and especially the root development zone. On the other hand, in recent decades, supplying
the required water from groundwater sources has led to the development of management
strategies for exploiting surface water and groundwater resources. These models can be used to
optimize water consumption according to the pattern of supplying irrigation needs of
agricultural lands from consolidated sources

Method

Many studies of SWAT, MODFLOW, and combined SWAT-MODFLOW models have been
used in small or large watersheds to estimate water balance components (runoff, recharge,
exchange rate, and interaction between surface water and groundwater resources). In this study,
a comprehensive review of the use of these models has been done so that the capabilities and
limitations of each model have been explained and finally summarized. This work is an effort
of Iranian researchers. The research team was built organically by circulating an open invitation
for coauthors among colleagues. The invitation described the project, explained the online work
environment, listed requirements for coauthorship, and generally followed recommendations
for conducting an open, online paper. The sample of papers included 235 articles from the SID,
Magiran, Scopus, and ScienceDirect databases with the keywords SWAT, MODFLOW, and
SWAT-MODFLOW up through 2024.

Results

Surveys show that groundwater models such as MODFLOW have been accepted as a standard
groundwater flow simulation model; however, in this model, the amounts of recharge caused
by rainfall and return flows of irrigation water are defined, as one of the most important input
components of groundwater models, as a percentage of rainfall and total irrigation water.
Investigations have shown that the uncertainty in determining this parameter will have a
significant effect on the results of the simulation of the underground water flow and the
estimation of the water balance components. Various methods and models have been used to
determine the amount of groundwater recharge due to deep percolation and irrigation return
flows. These models are often used in combination with the MODFLOW groundwater model
to increase the accuracy in the simulation of the groundwater level and the effectiveness of
different scenarios of combined extraction from surface water and groundwater sources on the
components of the water balance. Investigations have shown that the SWAT model is a
comprehensive surface water simulation model for estimating recharge and evapotranspiration
at the watershed scale (Aloui et al., 2023). Therefore, the effect of recharge values obtained
from the SWAT model as one of the most important input components of groundwater models
in the simulation of water table and groundwater balance components using the MODFLOW
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model as a comprehensive and integrated model of surface water and groundwater
resources has been confirmed in most studies. In other studies, other models of simulating
surface runoff, recharge and groundwater were used with the approach of simulating and
optimizing the hydrological components of the catchment basin, and finally evaluating the state
of combined exploitation of surfacewater and groundwater resources. The effect of water saving
solutions and climate changes, in most of them the MODFLOW model has been used, on the
groundwater level and water balance components have been investigated.

Conclusions
The use of comprehensive and integrated models of surface and underground water resources

such as SWAT-MODFLOW can be a good tool in examining the water balance components
and evaluating the implementation of different management and exploitation scenarios; But due
to the large volume of information in modeling, the data must have sufficient temporal and
spatial distribution and they must have proper accuracy. Because the uncertainty in the use of
the data will be effective in achieving the desired results and estimating the components of the
water balance. Overall, these models can be used as a guide for optimal allocation and a
practical tool in explaining the pattern of sustainable and appropriate exploitation of
consolidated surface water and groundwater resources under the influence of different
management scenarios in competitive and very fragile basins. This study provides an in-depth
understanding of the use of surface water and groundwater models to researchers and managers,
so that they can use the best tools based on available data and tools, and appropriate to the
objectives of the studies
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