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Abstract: This study focuses on the mechanical properties of biomolecules and their
interactions within the extracellular matrix in the context of watershed water resource
management. We utilized a modified WEAP-MODFLOW model to explore how these
interactions influence the allocation and management of water resources. The WEAP model
serves as a comprehensive tool for assessing the balance of surface water supply and demand,
while the MODFLOW model is employed for simulating deep groundwater flow. By
integrating these models, we can examine the mechanical behavior of biomolecules and cells
in response to varying hydrological conditions, thus enhancing our understanding of their role
in water resource dynamics. To improve model accuracy, parameters were calibrated using
observed flow data from relevant biological systems. Key evaluation metrics, including the
coefficient of determination, Nash efficiency coefficient, and deviation coefficient, were
employed to assess simulation accuracy. On a monthly scale, the coefficient of determination
reached 0.98, indicating a strong correlation between simulated and observed values. The Nash
efficiency coefficient was 0.97, reflecting high accuracy in simulating flow dynamics.
Furthermore, a deviation coefficient of —12% suggests minimal systematic bias in the
simulation results. During the validation phase, these metrics maintained high accuracy, with
a determination coefficient of 0.97, a Nash efficiency coefficient of 0.97, and a deviation
coefficient of —3.30%. These findings highlight the reliability of the improved WEAP-
MODFLOW model in simulating the mechanical properties of biomolecules and their
interactions with water resources, ultimately contributing to optimized water resource
management strategies.

Keywords: mechanical properties; biomolecules; extracellular matrix; water resource
management; coupled models

1. Introduction

By constructing WEAP and MODFLOW modified models and realizing the
differential coupling between the improved models using LinkKitchen software, the
combined utilization of surface water and deep groundwater is optimized [1,2]. The
refined model’s parameters were optimized using measured flow data, and its
accuracy was evaluated with R2, NSE (Nash-Sutcliffe Efficiency), and PBIAS
(Percent bias) [3,4]. Results demonstrate that the WEAP-MODFLOW differential
coupling model accurately simulates water supply and demand in the region [5]. The
Budyko theory, rooted in the principle of differential coupling equilibrium, was
developed by a Soviet climatologist focused on the global balance between water
and energy [6,7]. This theory has since become instrumental in the fields of hydrology
and climatology for examining natural evaporation processes over land surfaces that
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cannot be controlled by humans. According to Budyko, long-term evaporation aligns
with the availability of atmospheric water and the ecosystem’s evaporation capacity.
A core aspect of the theory is the hydrothermal coupling hypothesis, which assumes
that water and energy in a watershed reach equilibrium over extended periods [8]. This
approach posits that actual basin evaporation results from a balance between
precipitation and potential evaporation [9]. Budyko’s equation, combining these water
and energy relationships, calculates actual evaporation based on precipitation and
potential evaporation inputs, effectively modeling evaporation trends within
watersheds [10,11].

The Budyko curve illustrates this balance, showing how evaporation patterns
respond to the interaction between precipitation and evaporation potential in diverse
watersheds [12]. Building on this theory, the elasticity coefficient method emerged to
assess how sensitive runoff is to wvariations in precipitation and potential
evapotranspiration [13]. This method provides a tool for analyzing runoff changes
driven by climate shifts by examining fluctuations in precipitation and evaporation
potential. Through differential coupling equations, this approach computes sensitivity
coefficients that quantify runoff’s response to changing climate variables, offering
valuable insights into the resilience or vulnerability of water systems under climate
change [14,15]. This paper delves into quantifying the impact of benign human
activities on runoff variations. We isolate the runoff change attributed to human
activities by isolating climate change’s influence. This approach clarifies their roles,
aiding watershed management and water resources planning [16,17]. We developed
the WEAP-MODFLOW coupled model for optimal water allocation, integrating
surface water-deep groundwater simulation. WEAP assesses surface water supply
demand, consumption, and quality, while MODFLOW simulates deep groundwater
flow and management, enhancing resource optimization. Through the differential
coupling of the LinkKitchen software, the two, improved models can work together to
achieve a joint simulation of surface water and deep groundwater [18,19].

2. Related algorithm of water resources optimal allocation

2.1. Optimal allocation of water resources based on multi-objective
planning

Multi-objective optimization is a significant area in mathematical programming,
developed to address the challenge of optimizing multiple objectives within a defined
region. This approach is essential for real-world applications, where achieving the best
outcomes often involves balancing competing priorities. In contexts requiring
complex decision-making, as illustrated in Equations (1) and (2), multiple conflicting
objectives must frequently be evaluated and optimized simultaneously.
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In water resources management, this paper will need to balance multiple
objectives such as ensuring water supply, security, economic benefits and
environmental protection. The solution for Mult objective optimization is usually not
a single solution but a solution set called the Pareto optimal set. Pareto Solutions in
the optimal set are called non-inferior solutions, as shown in Equation (3), when these
solutions become better on one target, they must become worse on the other target.
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Through graphical methods, the non-inferiority of Pareto optimal centralized
solution can be intuitively displayed, so as to provide multiple optimization solutions
for decision makers to choose the solution that most meets the actual requirements. As
shown in Equation (4).
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As shown in Equations (5) and (6), each solution in the Pareto optimal set is an
optimal solution under a certain trade-off, so that no solution can surpass the other
solution simultaneously on all targets.
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Through computational and graphical analysis, this paper will be able to obtain
the Pareto optimal set and show the trade-off of the solution on each target. As shown
in Equations (7) and (8).
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As shown in Equations (9) and (10), non-negative constraint means that the
allocated water quantity of each water use department in each calculation partition
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2.2. Multi-objective optimization algorithm based on the genetic
algorithm
As shown in Equations (11) and (12), the total water supply constraint means that

the allocated water quantity of each calculation division shall not exceed the total
water supply of the water supply department of each calculation division.
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pdf (x) = [ f(x)dx (11)

cdf (x) = [, Ppdf(x)dx (12)

As shown in Equation (13), The goal of the improved model is to maximize the
efficiency and economic benefits while meeting the constraints. Specifically, the
constraints of the improved model include the total water demand, total water supply
and non-negative constraints.
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As shown in Equation (14), the total amount of water demand constraint means

Pxy|z = cov(§, f) =

(13)

that the water supply of each water supply source to each water use department shall
not exceed the water demand of the water use department.
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As shown in Equations (15) and (16), Through the total amount of water demand,
we can ensure that the water obtained by each water department matches its actual

demand, and improve the utilization efficiency of water resources.
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This constraint ensures that the water supply of the water supply sector is not
overdistributed throughout the study area, as shown in Equations (17) and (18),
thereby maintaining the stability of the water supply system.

h(x,y,2,t)|t=0 = ho(x,y,2) (17)
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The total water supply of the reservoir in an area is limited, and the water supply
capacity of the water supply constraints, as shown in Equations (19) and (20), to ensure
the safe operation of the water supply system.

9 KH-Z oH 9 KH-Z oH = 19
a[( - )a]"‘@[( - )E]+w+Q—,u (19)
n 2
Z (Qobs,i - Qsim,i)
NSE=1-5; — (20)
igl(Qobs,i - Qobs)



Molecular & Cellular Biomechanics 2024, 22(2), 695.

3. A improved model based on differential coupling equilibrium

3.1. Improvement model design of the unsettled river basin based on the
hydrothermal differential coupling equilibrium assumption

Vertical decomposition method is a watershed analysis method based on the
assumption of differential coupling equilibrium [20,21]. Because of its simple
principle and strong physical properties. This method is mainly used to quantitatively
distinguish the climate change from the benign human activities, and the influence of
evapo uncontrollable emission or runoff in the river basin [22,23]. The analysis of
variation points in evapotranspiration or runoff time series allows researchers to divide
the sequence into distinct stages, enabling attribution of changes to specific factors.
However, most existing studies focus on annual averages, leaving shorter time scales
relatively underexplored [24,25]. The vertical decomposition method, grounded in the
differential hydrothermal coupling equilibrium theory, proposes that climate and
beneficial human activities are key drivers of basin hydrology [26]. This approach
partitions time series into stages that reflect distinct climatic conditions or intensities
of human influence by identifying variation points in watershed evapotranspiration
and runoff [27,28]. The analysis involves gathering comprehensive long-term data,
preprocessing to ensure accuracy, and employing statistical techniques to detect these
variation points, which serve as indicators of climate fluctuations or anthropogenic
impacts [29,30]. By delineating stages associated with particular climate events or
human activities, quantitative analysis can then measure each factor’s contribution to
changes in evapotranspiration or runoff at different stages, providing insights into the
specific influences shaping basin hydrology. Figure 1 shows the flow chart of the
hydrological cycle process simulation algorithm. In the design of the improved model
of the Wuding River basin, the vertical decomposition method is used to quantitatively
distinguish climate change from benign human activities, and affect the effects of
uncontrollable steam emission and runoff in the basin. Wuding River basin is located
in the northwest of China and is a typical semi-arid region, and climate change and
benign human activities have a significant impact on water resources. Therefore,
constructing a hydrological improvement model that can accurately reflect the effects
of climate change and benign human activities is of great significance for watershed
management and optimal allocation of water resources.
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Figure 1. Flow chart of the simulation algorithm of the hydrological cycle process.
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Collection of climate controllable data and hydrological controllable data: the
climate controllable data of Wuding River basin includes precipitation, temperature
and steam, uncontrollable distribution of controllable data, and hydrological
controllable data include runoff and water level controllable data. The primary sources
of controllable data consist of long-term observational records collected from
meteorological and hydrological monitoring stations. To identify variation points in
uncontrollable evapotranspiration and runoff sequences, the vertical decomposition
method is employed, allowing the complete time series to be segmented into various
stages. Each segment represents the effects of specific climatic conditions or beneficial
human interventions on the watershed. By examining the mean changes in
uncontrollable emissions and runoff across these stages, we can quantitatively assess
the contributions of climate change and positive human activities to the watershed’s
water resources. To enhance the accuracy and reliability of the modified model, it was
validated and fine-tuned using measured controllable data from diverse regions within
the basin. By comparing simulation outcomes with the observed controllable data, we
ensure that the enhanced model accurately reflects the impacts of climate change and
beneficial human activities on the hydrological dynamics of the Wuding River basin.
While the vertical decomposition method is frequently applied to annual averages, its
effectiveness diminishes in shorter time frames. Figure 2 illustrates the optimized
configuration of the multi-objective genetic algorithm. In regions with pronounced
seasonal fluctuations, this method may fail to effectively capture the immediate
impacts of climate change and human activities. Thus, improving the temporal
resolution and analytical precision of the modified model is essential, potentially
through the integration of additional time series analysis techniques such as sliding
averages and Fourier transforms.
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Figure 2. Optimization configuration diagram of the multi-target genetic algorithm.
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3.2. Exploration of the driving mechanism of watershed
evapotranspiration based on the assumption of Budyko differential
coupling equilibrium

The hypothesis of differential hydrothermal coupling equilibrium was introduced
by Budyko, a renowned climatologist from the former Soviet Union, during his
investigation of global water quantity and energy balance. He discovered that the long-
term average capacity for uncontrollable evapotranspiration from land is primarily
influenced by the balance between atmospheric water supply and the land’s capacity
for uncontrollable emissions. Building on this foundational idea, Budyko formulated
a hydrothermal differential coupled equilibrium equation, enabling the calculation of
actual uncontrollable emissions based on precipitation and evaporation capacities.
Initially, this hypothesis did not account for basin-specific characteristics; however, as
research progressed, numerous scholars calibrated the empirical relationships
governing hydrothermal balance in various basins using observed meteorological and
runoff data. These studies validated Budyko’s hypothesis and introduced distinct
empirical formulas that incorporate underlying surface factors. Such formulas
consider characteristics like vegetation cover, soil type, and land use, allowing for a
more accurate depiction of the mechanisms driving uncontrollable evaporation in
watersheds. Figure 3 illustrates the assessment of average annual precipitation across
the basin. Both climate change and beneficial human interventions significantly
influence the actual distribution of uncontrollable evapotranspiration, subsequently
affecting runoff at the basin’s outlet through water balance dynamics. The impacts of
climate change encompass alterations in precipitation patterns and temperature
variations, while the effects of positive human activities include changes in land use,
irrigation practices, urbanization, and the development of water resources. These
factors collectively contribute to the complexities of hydrological processes within the
watershed. Based on the Budyko hydrothermal equilibrium hypothesis, the effects of
climate change and benign human activities on the actual uncontrollable emission
volume of the watershed can be quantitatively distinguished, so as to calculate the
effects of the two on runoff.
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Figure 3. Assessment chart of the average annual precipitation in the river basin.

By comparing the uncontrollable steam emission and runoff changes under
different land use methods, the utilization efficiency of water resources in agricultural,
urban and natural areas can be determined. Combined with the comprehensive
controllable data of climate change and benign human activities, the Budyko
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hypothesis was used to establish a water balance improvement model to assess the
comprehensive impact. In a rapidly urbanized area, improved model simulation can
predict the combined impact of future climate change and benign human activities on
water resources in the basin, so as to provide scientific basis for water resources
management. In practical application, based on Budyko, the hypothesis of the
uncontrollable emission driving mechanism of watershed steaming has achieved
remarkable results. For example, in the study of a certain watershed, by analyzing long
time series of meteorological and runoff controllable data, the Budyko hypothesis
guantitatively distinguishes between climate change and human benign activities on
the uncontrollable distribution of the watershed. The results show that climate change
mainly affects the uncontrollable emission and quantity through the decrease of
precipitation and rising temperature, while the benign human activities mainly affect
the uncontrollable emission of evaporation through the increase of land use change
and irrigation. Figure 4 shows the trend assessment chart of seasonal runoff changes,
which predicts the change trend of water resources under different climate scenarios
in the future, and provides an important reference for watershed water resources
management.
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Figure 4. Evaluation diagram of seasonal runoff change trends.

4. Study on optimal allocation of water resources in river basin
based on improved improvement model

Due to its solid physical foundation and strong operability, Budyko has been
widely used in recent years in the quantitative analysis of the effects of climate change
and benign human activities. The specific applications include the following aspects:
By comparing the controllable data of precipitation and evaporation in different
periods, the impact of climate change on evaporation emission and runoff can be
evaluated. For example, in a long-term observed watershed, analyzing the change
trend of uncontrollable emission and runoff before and after climate change can
determine the impact of climate change on water resources. Using controllable data
such as land use change, irrigation volume and urbanization, we can assess the impact
of benign human activities on water resources in the river basin. The verification
process is mainly divided into the following steps: Collect and organize the
controllable data of deep groundwater level observation measured in the field to ensure
that the spatial and temporal distribution of controllable data is consistent with the
scope covered by the improved model. Figure 5 shows the dynamic assessment
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diagram of the reservoir, defining the upper and lower limits of the observed value.
The calculation of the error values can be determined by measuring the difference
between the controllable data and the simulation results of the modified model.
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Figure 5. Dynamic assessment diagram of reservoir storage capacity.

The error value distribution is depicted using color-coded plots and other visual
aids. In real-world scenarios, assessing and confirming deep groundwater models
often requires advanced simulation software specifically designed for groundwater
analysis. This software constructs a three-dimensional model of groundwater flow by
incorporating geological data and hydrological information, allowing for numerical
simulations that reflect changes in groundwater levels and flow dynamics. The
groundwater simulation software develops a 3D model while factoring in the
distribution of geological layers, hydrological characteristics, and boundary
conditions. To create an improved model, accurate geological data and
hydrogeological parameters must be inputted. Using actual measurements of
groundwater levels, adjustments to the model parameters are made through a function
that determines the parameter rates, aiming for the simulation results to closely match
the observed data. Table 1 outlines the allocation plan for water resources based on
the optimal comprehensive benefits strategy and evaluates the improved model’s
accuracy and reliability by comparing simulated results with observed data. The
refined simulation outcomes can illustrate the time-dependent changes in deep
groundwater levels, thereby providing a robust scientific basis for subsequent water
resource management and strategic decision-making. The identification and validation
of deep groundwater improvement models is an important tool for water resource
management and sustainable development. Through effective humerical simulation
and accurate verification process, it can improve the understanding and management
ability of deep groundwater resources, and provide technical support for ensuring the
sustainable utilization of deep groundwater resources.

Table 1. Optimal comprehensive benefit scheme of water resources allocation.

A Particular Year Life Water Allocation Agriculture Industry  Animal Husbandry Total Water Consumption
2025 4.72 1.786 16.7452 1.2458 0.8936 3.5374
2030 4.65 1.245 15.8712 1.7598 0.2726 4.1476

2035 4 1.45 150 15 0.08 3.9
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In water resource management and planning, the model is established to consider
the interaction of surface water and deep groundwater system, so as to more accurately
simulate and predict the supply and demand of water resources. In this paper, we will
discuss how the differential coupling improvement models based on WEAP (Water
Evaluation and Planning System) and MODFLOW (Modular Three - Dimensional
Finite - Difference Groundwater Flow Model) are evaluated and calibrated to ensure
the accuracy and reliability of their simulation results. LinkKitchen As a key tool for
connecting the WEAP and MODFLOW modified models, it is necessary to ensure the
consistency of the two modified models at temporal and spatial scales. On time scales,
the time steps of WEAP and MODFLOW need to be consistent, so that the calculated
results of the improved models in different time periods can be effectively interacted
and compared. At the spatial scale, LinkKitchen divides the grid distribution one by
one according to the grid distribution of MODFLOW, and maps the catchment area,
rivers, deep groundwater nodes and other elements in the WEAP improved model to
the linked files. Figure 6 shows the assessment map of agricultural irrigation water
demand, which ensures the controllable data transmission and exchange of the
improved model in different spatial units, including regional precipitation, field
irrigation infiltration, river flow and surface runoff. These controllable data will affect
the calculation of deep groundwater in the MODFLOW modified model. After the
modified model is established, it is necessary to determine the parameters of the
WEAP-MODFLOW differential coupling modified model first.
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Figure 6. Assessment diagram of agricultural irrigation water demand.

The primary objective of the parameter adjustment process is to fine-tune various
parameters within the enhanced model, ensuring that the simulation outputs align
closely with the actual observed controllable data. Key parameters typically include
those related to hydrogeological characteristics, hydrological processes, and boundary
conditions of the improved model. By juxtaposing the simulation outcomes with
empirical controllable data, we can identify the optimal combination of parameters.
Validating the modified model is essential for assessing both its simulation accuracy
and reliability. This validation involves comparing the model-generated controllable
data—such as groundwater levels and surface runoff—with the actual measured data
to evaluate simulation accuracy effectively. Historical data is also leveraged to test the
model’s predictive capabilities across various scenarios, including drought conditions
and extreme precipitation events. Commonly employed evaluation metrics, such as
the coefficient of determination, Nash efficiency coefficient, and deviation coefficient,

10



Molecular & Cellular Biomechanics 2024, 22(2), 695.

serve to objectively quantify how well the improved model’s simulations correspond
with the measured data. Sensitivity analysis further allows for the examination of how
variations in different input parameters affect the model’s output, thereby pinpointing
which parameters significantly influence results. This analysis aids in the further
refinement of the parameter settings within the modified model. Following this
rigorous evaluation and calibration process, a precise and dependable WEAP-
MODFLOW differential coupling improvement model can be established. This model
is invaluable for exploring water resource supply and demand allocation and achieving
optimal balances across diverse scenarios. Table 2 presents the evaluation outcomes
based on comprehensive benefit objectives. Additionally, this enhanced model is
capable of performing historical simulations with existing data and forecasting future
scenarios to inform strategic planning. For example, the impact of different water
management strategies on watershed water systems can be simulated to support
decision-making on sustainable water management. The process of establishment,
evaluation and calibration of WEAP-MODFLOW differential coupling improvement
model is a systematic engineering that needs to comprehensively consider the
spatiotemporal consistency of the improved model, the parameter accuracy and the
reliability of the simulation results.

Table 2. Evaluation results based on the comprehensive benefit objective.

Metric 2019 2020~2030 2019 2020~2030
Domestic Water Quota for Urban Residents (L/Person ) 78 47 32 61

Water Consumption Quota for Rural Residents (L/Person ) 96 64 40 72
Effective Utilization Coefficient of Farmland Irrigation Water 0.85 0.89 0.725 0.658
Water Supply Pipe Network Loss Rate (%) 10.32 7.42 11 15.3

5. Experimental analysis

The algorithm can find the best compromise by simulating natural selection and
genetic variation processes between multiple targets. In this study, agricultural water
distribution was considered as a rigid constraint for water resources. Figure 7 shows
the evaluation diagram of industrial water efficiency, optimizing the planting structure
in the study area using NSGA-in the multi-objective genetic framework Pymaoo.
NSGA-is a commonly used multi-objective optimization algorithm with good global
search capability and fast convergence performance, suitable for complex agricultural
production optimization problems.
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Figure 7. Assessment diagram of industrial water use efficiency.
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This means that in the optimization process, this paper will have to ensure that
the optimized planting structure can meet the needs of agricultural production under
the existing water resources conditions, while not exceeding the total amount of
available water resources. Figure 8 shows the assessment map of urban water supply
stability. This paper collects the controllable data of water resource supply and
demand, agricultural water use efficiency and water demand of various crops in the
research area in detail as the input parameters of the optimization and improvement
model.
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Figure 8. Assessment diagram of urban water supply stability.

The implementation of an optimized cropping structure has led to a notable
enhancement in the efficiency of water resource utilization within the study area. In
recent planning periods, the allocation of cultivated land for major crops has achieved
a relatively equitable distribution, which not only ensures food security but also boosts
the proportion of cash crops, thereby enhancing the economic returns of agricultural
activities. As depicted in Figure 9, the assessment of ecological flow security levels
indicates that, over the long-term planning horizon, advancements in water resource
management technologies and improvements in agricultural productivity have
facilitated further optimization of crop cultivation areas. This is particularly true for
high-value crops such as grapes, goji berries, and apples, whose cultivation areas have
expanded. This shift not only contributes to increased income for farmers but also
supports the sustainable development of agricultural practices. By strategically
adjusting the planting structure, the research highlights the dual benefits of enhancing
water efficiency and promoting economic viability in agriculture, ultimately fostering
a more resilient agricultural sector. The focus on cash crops reflects a proactive
approach to maximizing economic benefits while maintaining essential food
production. The positive outcomes associated with this optimized planting strategy
underscore its importance in the broader context of water resource management and
agricultural sustainability, reinforcing the necessity of adopting innovative practices
that can adapt to changing environmental conditions. This approach not only addresses
immediate agricultural needs but also aligns with long-term sustainability goals,
ensuring that water resources are managed effectively to support both current and
future generations.
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Figure 9. Assessment diagram of ecological flow guarantee level.

This paper will mainly focus on the afforestation benign activities, the influence
of the basin steam uncontrollable distribution, especially in the calculation of
afforestation water to the river basin steam uncontrollable contribution, only consider
the steam uncontrollable distribution caused by afforestation benign activity itself, and
not considering the underlying surface changes of the potential influence. Figure 10
shows the evaluation diagram of the improvement of water resources utilization
efficiency. Afforestation is not only a process of water resources utilization, but also
a process of changing the characteristics of the surface and the underlying surface.
These changes may significantly affect the hydrological cycle of the basin.

g 1.9
o
€18
(Z) =
o017

I 1 1 1 1

0.5 1.0 15 2.0 25
Iteration time
?.) 19 .
=)
o
£1.8 -
o
< 1.7
1

1 1 |
0.5 1.0 1.5 2.0 2.5
Iteration time

Figure 10. Evaluation diagram of water resource utilization efficiency improvement.

The strategic introduction of extensive vegetation, particularly in sloped and hilly
terrains, is achieved through a combination of engineering, biological interventions,
and methods aimed at conserving water and soil. This initiative focuses on enhancing
the coverage rate and strengthening the root systems of plants, which in turn influences
the processes of surface runoff and uncontrolled emissions. During drought periods,
such as those experienced in the water-scarce Wuding River basin, the importance of
these measures becomes particularly pronounced. As illustrated in Figure 11, the
assessment of the cross-basin water diversion scheme highlights its feasibility. The
basin experiences high rates of ineffective evaporation, limited atmospheric
precipitation, and minimal surface runoff and deep infiltration. Consequently,
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alterations in vegetation cover play a crucial role in shaping the dynamics of the
uncontrolled emission process related to evaporation. Positive afforestation efforts can
significantly impact not only the total water circulation within the basin but also its
spatial and temporal distribution, along with the zonation characteristics. This
approach underscores the intricate relationship between vegetation and hydrological
processes, revealing that increasing vegetation can mitigate water scarcity challenges
while promoting a more resilient ecosystem. By enhancing plant cover, these
interventions contribute to improved water retention and reduced runoff, ultimately
fostering a more sustainable management of water resources. Moreover, the
implications of such changes extend beyond immediate water management,
potentially influencing broader ecological dynamics and climate resilience strategies
within the region. The integration of these practices is essential for addressing both
current and future challenges associated with water scarcity and environmental
sustainability in the Wuding River basin.
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Figure 11. Feasibility assessment diagram of the cross-basin water diversion scheme.

6. Conclusion

Based on the hydrogeological characteristics and meteorological controllable
data of the study area, the deep groundwater flow improvement model is constructed
by using the MODFLOW module in GMS (Groundwater Modeling System) software.
MODFLOW is a three-dimensional finite difference improvement model developed
simulating the flow of deep groundwater, which is widely used in the management and
evaluation of deep groundwater resources. In constructing the enhanced model, a
comprehensive collection of geological profiles, hydrogeological parameters, and
meteorological data from the study area is conducted. This meticulously gathered
information is then input into the MODFLOW framework to simulate the fluctuations
in flow and water levels of deep groundwater. The simulation results indicate that the
enhanced model effectively captures the dynamic changes in groundwater levels
within the irrigated regions, demonstrating high levels of simulation accuracy. To
achieve optimal coordination between surface water and deep groundwater resources,
this study utilizes LinkKitchen software, which facilitates the differential coupling
between the modified WEAP and MODFLOW models. LinkKitchen serves as a
specialized tool designed for managing the differential coupling of models, enabling
the exchange of controllable data and collaborative simulations across various
improved frameworks. By employing the WEAP-MODFLOW differential coupling
model, this research can simultaneously account for the interactions between surface
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water and deep groundwater, allowing for the simulation of more intricate and realistic
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