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Abstract

Surface water-ground water interaction plays a crucial role in hydrological systems, influencing water
availability, quality and ecosystem sustainability. To maintain drinking water resources and ecosystem health,
a mechanistic understanding of the underlying processes controlling the spatial patterns and temporal
dynamics of groundwater—surface water interactions is crucial. Understanding these interactions requires a
multidisciplinary approach that integrates insights from hydrology, geology, ecology, and geochemistry.
Several software applications are available to model and analyze these interactions. This abstract presents
the framework and key findings of a comprehensive study aimed at elucidating the complex dynamics of
surface water-groundwater interactions through different software. Key finding highlights the significance of
spatial and temporal variability in surface water-groundwater interactions, emphasizing the need for
comprehensive monitoring networks and advanced modeling tools. It underscores the interconnected nature
of surface water and groundwater resources, emphasizing the importance of integrated management
strategies for sustainable water resource utilization and ecosystem health. It provides an overview of current
research advances and innovative approaches in the broad field of surface water-ground water interactions.
By adopting a multidisciplinary approach, we can understand the complex interactions shaping the surface
water-groundwater systems, facilitating informed decision-making and effective resource management in a
dynamic environment.
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1. Introduction

Understanding the interaction between surface water
and groundwater is essential for managing water
resources and protecting ecosystems. Surface water
refers to water bodies like rivers, lakes, and streams,
while groundwater is found beneath the Earth's
surface in aquifers. These two systems are
interconnected through processes such as infiltration,
recharge and discharge. This interaction plays a
crucial role in influencing water availability, quality
and flow patterns. The mechanism and significance
of surface water and ground water interaction
highlights its importance for stakeholders from water
managers to environmental scientists. Overall
recognizing and managing the complex interactions
between surface water and groundwater is essential

for sustaining water resources, ecosystems, and
human activities now and in the future. Knowledge
of surface and groundwater interactions is essential
for policymakers and planners to make informed
decisions regarding water allocation, land use
planning, and environmental protection measures. [1]
Surface water bodies can serve as recharge areas for
groundwater aquifers. By understanding how surface
water infiltrates the ground and recharges aquifers,
water managers can better plan for sustainable
groundwater use. [1, 2] Linked modeling approach
can be adopted to simulate the interaction between
surface water and groundwater. This involved
integrating a surface model (Dynamic Agricultural
Non-point Source Assessment Tool - DANSAT) with
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existing groundwater models (MODFLOW and
MT3D) to capture the dynamic interactions between
the two systems [2]. The developed modeling system
was applied to evaluate the impacts of land use
changes, agricultural activities, and best management
practices on surface water and groundwater
interactions at a watershed scale. Overall, the
application of the modeling system for surface and
groundwater interaction in this study aimed to
provide insights into the effects of land use practices
on water resources and to support decision-making
for sustainable water management practices [3].
Efforts to manage surface water and groundwater
interaction require a holistic approach that considers
both natural processes and human interventions.
Strategies such as  groundwater  recharge
enhancement, integrated water resources
management and sustainable land use practices aim
to optimize water availability and quality while
safeguarding aquatic ecosystems and human well-
being. The intricate interplay between surface water
and groundwater is essential for maintaining
hydrological balance, supporting ecosystems and
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sustainable water resource management in a changing
world [3]. Software applications play a vital role in
studying surface water-groundwater interactions by
facilitating data analysis, modeling, visualization,
and decision support. The surface water -
groundwater interactions are not stationary and have
been changing through time with many reaches
having changed direction from gaining to losing,
highlighting a deficiency in hydrological models that
cannot replicate the change in flux direction and
therefore leading to errors in predicting low flows [4].
This study aims at understanding the complex
interactions between surface water and groundwater
systems through multidisciplinary Approach and to
facilitate the knowledge transfer and capacity-
building activities to enhance understanding and
awareness of surface water-groundwater interactions
and their implications. However, to advance
conceptual and other modeling of GW-SW systems,
a broader perspective of such interactions across and
between surface-water bodies is needed, including
multidimensional analyses, interface hydraulic
characterization and spatial variability, site-to-region

meeting human water needs. Understanding and regionalization approaches, as well as cross-
effectively managing this interaction is crucial for disciplinary collaborations.
2. Comparative Analysis
Table 1 Software’s Interactions and Data Requirements
Software’s Application in SW-GW
Interactions Data Requirement Output of Analysis
To create hydrological e Existing ArcGIS software offers a range of
models, map watershed e hard-copy maps capabilities for analyzing surface
boundaries, track water e aerial photographs | Water and groundwater
GIS [5] flow, analyze water (physical interactions. The specific outputs
quality, and visualize the paper documents) | of such analyses depend on the
relationship between type of analysis conducted and the

surface water bodies and
underground aquifers.
It's a powerful tool for
understanding the
complex dynamics of
water resources.

data inputs used. ArcGIS can
integrate groundwater monitoring
data, such as well levels or
groundwater quality
measurements, with spatial data
layers to visualize and analyze
temporal trends, spatial patterns,
and potential interactions with
surface water bodies.
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MODFLOW (MODular
Finite-difference

To identify the

MODFLOW, which stands for
Modular Finite Difference

Groundwater flow stress period, | Groundwater Flow Model, is a
model) is widely used for hydraulic widely used software package for
simulating groundwater conductivity simulating groundwater flow.
flow and interactions While MODFLOW primarily
MODFLOW |6] with surface water. e Defining the | focuses on groundwater flow, it
It 18 useful for specified head | can also be employed to study
understanding how boundaries surface water and groundwater
groundwater levels and interactions. MODFLOW can
flow paths respond to simulate heat transport processes
changes in surface water in groundwater systems, allowing
bodies, such as rivers, for the study of thermal plumes,
lakes, or reservoirs. With temperature  distributions, and
MODFLOW, you can heat exchange between
simulate aquifer groundwater and surface water
behavior, analyze bodies.
groundwater-surface
water interactions and
evaluate the impact of
various scenarios on
water resources
management and
sustainability.
OpenDA (Open Source OpenDA (OpenDA Data
Data Assimilation) is a e Observational Assimilation) 1is a software
software framework used Data framework primarily designed for
Open-DA [7] for integrating e Hydrological data assimilation, which is the
observational data into Model Output process of incorporating
numerical models, e Meteorological observational data into numerical
including those related to Data models to improve model
surface ~ water  and e Remote Sensing | Predictions and reduce
groundwater data uncertainties.
interactions. e Water Quality While OpenDA itself does not
While it's not specifically Data directly simulate surface water
designed for e Model and groundwater interactions like
hydrologlcal modeling Configuration and MODFLQW or FEFLOW, it can
like MODFLOW or Parameters be used in conjunction with such
HydroGeoSphere, models to  enhance their

OpenDA can be applied
to improve the accuracy
of such models by
assimilating  real-time
data  from  various
sources, such as stream

performance through data
assimilation techniques.
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gauges, groundwater
monitoring wells, and
remote sensing
observations.

By combining modeling
and observational data,
OpenDA enhances the
predictive capabilities of

hydrological models,

leading to better-

informed decisions in

water resources

management.

FEFLOW is a finite e Topographic Data | FEFLOW is a powerful software

element modeling e Hydrological Data tool for simulating groundwater

software widely used for e Groundwater Data | flow, solute transport, and heat
Fe-flow [8, 12] simulating groundwater e Geological Data transport processes in porous and

flow, solute and heat e Climate Data fractured media. FEFLOW can

transport, and e Land Use/Land | generate visualizations of

groundw‘ater-sur‘face Cover Data groundwater flow patterns,

wfeJlfter 1nteract1cc)lns. I(‘it e Soil Data $clu41ng filow . Veloc1‘t1£:'s,

capabilities for modeling | * BOUndary the squiforsystem,

complex Conditions '

hydrogeological systems, * Water Quality

including the interaction Data )

between surface water * Pumping and

bodies (such as rivers,
lakes, or oceans) and
groundwater  aquifers.
With FEFLOW, you can
simulate flow exchanges,
infiltration, and seepage
between surface water
and groundwater,
enabling detailed
analysis of  water
resources, contamination

transport, and  the
impacts  of  human
activities or climate
change on  aquatic

environments.

Extraction Data
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It is particularly useful e Digital Elevation | HydroGeoSphere is a numerical
for studying interactions Models (DEMs) model that simulates fully-
between surface water e Groundwater level | integrated surface water and
bodies and subsurface data, aquifer | groundwater  flow  processes.
aquifers, including properties. When used to analyze surface
Hydro Geosphere | groundwater-surface e precipitation, water and groundwater
[9, 13] water exchanges, temperature, interactions,  HydroGeoSphere
groundwater  recharge humidity, and | can produce a range of outputs to
from precipitation, and evapotranspiration | understand  the  behavior — of
the influence of surface e Hydraulic hydrological systems.
water features on conductivity, HydroGeoSphere outputs flow
groundwater flow porosity, and soil | velocities, water depths, and
patterns. moisture hydraulic head distributions in
With HydroGeoSphere, characteristics. rivers, lakes, and other surface
you can model complex e pH, dissolved | Water bodies. These outputs help
hydrological systems to oxygen, nutrients, visualize surface water flow
better understand and and contaminants | dynamics and interactions with
manage water resources, groundwater.
assess the impacts of
climate change, and
develop effective water
management strategies.
The  Surface = Water e Topographic Data | The Surface Water Modeling
Modeling System (SMS) e Hydrological Data System (SMS) 1S a
is a comprehensive e Streamflow Data | comprehensive software package
software package for e Groundwater Data | for modeling surface water
hydrological modeling, e Boundary processes, including river
including surface water Conditions hydraulics, flood forecasting,
and groundwater e Time Series Data | S¢diment transport, and water
Surface water | interactions. e Model Parameters quality analysis. While SMS
Modeling While SMS  doesn't primarily focuses on surface
System(SMS) [10] | directly simulate water modeling, it can also be
groundwater flow like used to study interactions
MODFLOW or between surface water and
FEFLOW, it provides groundwater in certain
tools for integrating applications. SMS can simulate

groundwater models with
surface water models to
analyze interactions
between these systems.
With SMS, you can
create and  visualize
surface water networks,
import groundwater data,
simulate ~ hydrological

groundwater-surface water
interactions by incorporating
groundwater flow data into
surface water models. Outputs
may include exchange fluxes
between surface water bodies and
groundwater, as well as water
level changes in rivers influenced
by groundwater.

processes, and assess the
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impacts of surface water-
groundwater interactions
on water resources,
floodplain  inundation,
and water quality. It's a
valuable tool for
understanding and
managing the complex
dynamics of hydrological
systems.

Hydro Desktop [11]

HydroDesktop is an
open-source GIS-based
software tool specifically
designed for hydrology
and water resources
management. While it
doesn't directly simulate
surface ~ water  and
groundwater interactions
like MODFLOW or
HydroGeoSphere,

HydroDesktop provides
a comprehensive
platform for accessing,
visualizing, and
analyzing hydrological
data  from  various
sources, including stream
gauges, weather stations,
and hydrological models.
It can be used to support
research, decision-
making, and policy
development related to
surface water-
groundwater interactions

by facilitating  data
management,
exploration, and

integration within a user-
friendly interface.

Hydrological Data
Spatial Data
Time-Series Data
Metadata
Geospatial
Services

HydroDesktop is a free and open-
source software tool designed for
hydrological data  discovery,
visualization, and analysis. While
HydroDesktop itself does not
directly simulate surface water
and groundwater interactions like

modeling software such as
MODFLOW or
HydroGeoSphere, it provides

functionalities for managing and
analyzing hydrological data,
which can be used in conjunction
with modeling tools to study
surface water-groundwater
interactions.

While HydroDesktop itself does
not perform surface water and
groundwater interaction
modeling, it serves as a valuable
tool for managing hydrological
data and conducting preliminary
analyses to support integrated
water resources management
efforts. Outputs from
HydroDesktop analyses provide
essential inputs and insights for
further modeling studies focusing
on surface water-groundwater
interactions.

3. Role of Statistics Tools sed in Surface Water
and Ground Water Interaction
Statistical tools also play a crucial role in the study of

surface water and groundwater

interaction by

providing quantitative analysis, data interpretation
and model validation. The Gibbs tool helps in
understanding how surface water and groundwater
interact, including processes such as infiltration,
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recharge and discharge. It also provides insights into
the influence of geological formations, land use
activities and hydrological conditions on water
quality. Overall, the Gibbs tool is a valuable tool for
assessing water quality, understanding hydrological
processes, and making informed decisions regarding
water resource management and environmental
protection. The trilinear Piper plot is another
graphical method used in hydrogeology to analyze
the interaction between surface water and
groundwater. Similar to the Gibbs diagram, it helps
in understanding mixing processes and identifying
sources of water in a particular location [14]. Tracers
are used to study the Surface water - groundwater
interactions that exhibits a complex spatial and
temporal pattern. However natural and artificial
tracers have limitations particularly if no significant
contrasts in concentrations between Surface Water
and Groundwater exist or can be maintained for long
durations. [15]

Conclusion

Interactions between surface water and groundwater
can influence the quality of both water sources.
Contaminants present in surface water can infiltrate
into groundwater, affecting its quality. Conversely,
polluted groundwater can discharge into surface
water bodies, impacting their water quality.
Understanding groundwater-surface water
interactions is essential for effective water resource
management. Proper management strategies need to
consider the interconnected nature of these systems
to ensure sustainable water use and quality the use of
software in studying surface water and groundwater
interaction enhances data analysis, modeling
capabilities, visualization and integration of data
sources, efficiency, accuracy, scenario testing and
decision support. These benefits contribute to a better
understanding of hydrological processes and support

informed decision-making in water resource

management.
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