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Abstract: Under the influences of global environmental change, the water cycle exhibits a charac-
teristic “natural-social” duality. The theoretical framework of this dualistic water cycle model has
become relatively mature and the frameworks for the natural and social water cycles of the process
description are now relatively clear. Although many studies in this field focus on further improve-
ment of the model, it is difficult to apply it to the multi-scenario regulation of water resources. To
address this gap, based on the comprehensive integrated platform, this paper uses visual knowledge
map technology and component technology to visualize the theoretical framework of the dualistic
water cycle, and establishes a framework system for the visualization of the dualistic water cycle
process. Three different water resource regulation scenarios were established in the system and
example applications of water resources regulation using the system were realized. The simulation
results of the system show that the system intends to assist the business function of water resources
regulation, and it is able to set up a number of dynamic scenarios that can be controlled by users
and assist the application of regional water resources regulation. The system’s regulatory process
is visual, trustworthy, and operational, and it realizes the simulation application of water resources
regulation under the framework of the dualistic water cycle.

Keywords: dualistic water cycle; comprehensive integration platform; system simulation; visual
description; water resources regulation

1. Introduction

The water cycle represents the objective basis of water resource formation and evolu-
tion in the watershed, and is also the leading factor regulating the water environment and
ecosystem evolution [1]. So far, most quantitative research and practice on water resources
in the natural sciences belong to the unitary mode of “measure-restore-model-control”,
which aims to better understand the effects of human activities on the water cycle via “re-
ducing” [2]. However, with the rapid development of society and increases in population,
this static model has been difficult to adapt to the impact of human activities on the natural
water cycle. The water resource problem can either be attributed to the imbalance caused
by the decomposition process of the water cycle in the basin or by the evolution of its
derivative process. To solve this water resources problem, all water activities are essentially
comprehensive control means for the “natural-social” duality in the basin [3]. The introduc-
tion of this dualistic water circulation mode has attracted wide global attention and has
led to the development of new theories and knowledge [4]. Most scholars of the Chinese
Academy of Water Sciences have been studying the concept-theoretical-system-application
of the dualistic water cycle from concept to theory-system, especially in the continuous
improvement of the framework system diagram, relationship, and mathematical expression
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of the dualistic water cycle, which has led to the formation of a more mature theoretical
system. However, although the dualistic water cycle mode can express the process frame-
work of the water cycle more effectively, the application of dualistic water cycle theory to
practice remains difficult, and the degree of coupling between the theoretical basis and
business application is less ideal. Involving the vast complex systems of nature and society,
it is difficult to describe them clearly in a single form of expression. The dualistic water
cycle and the practical application of water resources regulation cannot be well connected,
and the changes in the natural environment in water resources regulation have a certain
randomness, and there are many uncertain factors in human society. At present, most of the
research on dynamic water resources regulation focuses on the use of static water resources
regulation scenario sets to reflect the dynamics, and the static scenario sets cannot quickly
and accurately respond to various dynamic uncertain factors in water resources regulation,
and cannot adapt to changes in the actual situation, which puts forward new challenges for
the application of dynamic water resources regulation [5-7].

To this end, many scholars in recent years have been committed to studying the
practical application of the dualistic water cycle, applying it to river runoff change analy-
sis [8], water quality and water efficiency joint control [9], basin ecological protection [10],
urban water consumption [11], river health assessment [12], water consumption and
water efficiency [13], river ecological water demand and water quality evaluation [14],
with the purpose of strengthening the dualistic water cycle theory system awareness
and practical application through these methods, so as to establish a resource-saving and
environmentally-friendly society [15]. However, as most of these studies were conducted
for a certain research area, the application of a dualistic water circulation framework in part
of the water cycle link for model optimization is compromised. Specifically, if the input con-
ditions or study area are changed, the adaptability of the model must be re-examined, and
may need to be potentially remodeled, as generalizability in these cases is not strong [16,17].
When encountering water resource management problems, water conservancy workers
focus on how to apply models to solve practical problems, and prefer models with high
reusability and with the ability to be adjusted dynamically [18-20]. Therefore, if the in-
formation used can encapsulate the model into a system, new solutions may arise. The
transformation of the conceptual framework into a system application framework is a new
way of describing the theory, but the dualistic water cycle theory can guide the application,
with the expansion of the system, refinement, and deepening, and can gradually improve
the processing capacity, adaptations to the dynamic changes of the actual situation, and
reflect the dynamic and real-time nature of the application.

Presently, knowledge maps and visualization technology are widely used in various
fields, the purpose of which is to enhance people’s awareness of abstract information and
to express abstract information concretely through human-computer interactions [21]. As
early as 1989, Ronald A. Howard proposed the idea of building Knowledge maps, with the
aim of storing human cognitive experience in computer systems and making inferential
calculations in scenarios [22]. In recent years, with the application of geographic informa-
tion systems, knowledge graph technology combined with GIS has developed rapidly [23].
Similarly, the area of water conservancy is often reflected in the popularized concept of
a “water conservancy map” (geography, space, remote sensing, and operation) [24]. Its
essence is to integrate multi-source data, including basic geographic data, water conser-
vancy basic space data, water remote sensing image data, and water conservancy business
thematic data, to provide users with an all-encompassing overview of water conservancy
services. In the top-level design, Cai suggested the idea of a “water conservancy map”
construction with unified planning of data resources along with unified development of
information services as the main line [25]. In application construction, Zhang describes the
purpose and significance of building a “water conservancy map” of watershed institutions
through the integration and sharing of spatial information resources of watershed insti-
tutions [26]. At the specific application level, Zhou used big data technology to integrate
river and lake management business information and built a “water conservancy map”
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service platform in Sichuan Province [27]. Similarly, Zhu utilized GIS and multi-source
data fusion technology to realize the management and analysis of water conservancy data
to build a visual bottom platform for water conservancy business [28].

Whether it is the description of the theoretical framework of the dualistic water cycle
or the visual application of ideas such as the “water conservancy map”, there still remains
a gap with the docking application of the actual business. On the one hand, it is difficult
to visualize the logical process of unstructured model calculations and the topological
relationship of water resources. On the other hand, in the application of the water con-
servancy business, most of the applications can only utilize information services, and few
systems can connect business personnel and address business applications. From data to
information, from information to knowledge, and from knowledge to wisdom, business
applications should be put first, from the application theme to find relevant knowledge,
information, and data through continuous accumulation, to constantly strengthen the
quality and degree of support applications, and to find the best and most adaptable goals
to promote the development and progress of the water conservancy industry [29].

The dualistic water cycle framework is a broad theoretical model, and the mathe-
matical expression of the dualistic water cycle framework constitutes a significant system
engineering, and as such, it is often too difficult to mathematically model the entire circu-
latory system, resulting in the current research results that the model can be applied to
water resource management. Therefore, if the dualistic water cycle model can be visually
described in computer language, the calculation components can be adjusted according to
the actual changes for each cycle process without affecting the entire model framework,
which is an important direction for the future development of the dualistic water cycle.

Based on the theoretical framework of the binary water cycle, this paper gradually
generalizes the natural water cycle and the social water cycle process, decomposing the
complex and huge framework into independent subsystems. On this basis, knowledge
graph technology and component technology are used to visualize each individual water
cycle process. In this way, a system application of multi-scenario regulation of quasi-water
resources is constructed.

The approach to research presented in this paper not only provides reference for
practical applications, but also explores the management methods of efficient uses of water
resources through a multi-scenario simulation, which can promote the development of the
water conservancy industry.

2. Theory and Methodology
2.1. Dualistic Water Cycle Framework

The dualistic water cycle is a fixed theoretical framework, which includes precipitation,
evaporation, production and convergence, surface runoff, underground runoff, seepage,
groundwater recharge, and other components of the natural water cycle system, to factors
such as water supply, water use, drainage, recycled water utilization and other processes in
the social water cycle system. The natural and social water cycles are known to interact, in
which the social water cycle removes water from the natural water cycle system, and in the
process, a portion of these water resources are lost in the form of evaporation, leakage, and
other forms back to the natural water circulation system. In this way, the two systems are
closely related.

2.1.1. Natural Water Cycle

The natural water cycle is a process of water phase transformation and repeated
horizontal and vertical movement through mechanisms such as evaporation, transpiration,
water vapor transport, precipitation, condensation, vegetation interception, soil infiltration,
and surface and underground runoff under the action of solar radiation and gravity. It is
also called the unitary water cycle [30]. The natural water cycle is the objective basis for
the formation and evolution of water resources, connecting the atmosphere, hydrosphere,
lithosphere, and biosphere, by exchanging water, energy, and material among them. It
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plays the most important role in the cycling of materials in the natural environment. The
natural water system includes large cycle (horizontal) and small cycle (vertical) water
exchange processes between the ocean and the atmosphere or between the land and the
atmosphere. The internal processes of the water cycle subsystem can also be divided into
four basic processes: atmosphere, ground, soil, and underground. The diagram of the
natural water cycle system is shown in Figure 1.
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Figure 1. Schematic diagram of the natural water circulation system.

2.1.2. Social Water Cycle

Modern human activities cause interactions between both social and natural systems,
which are often linked by water. Human development and natural water utilization have
altered the original natural water balance system, leading to the emergence of the social
water circulation system. The social water cycle is a natural water cycle mixed with human
activities, which has a profound impact on natural water circulation. Therefore, human
activities are the main driving factors of the social water cycle. The social water cycle is
defined as the “artificial collateral water cycle” within the natural water cycle, and includes
four basic links: water supply, water distribution, water utilization, and water drainage [31].
The theoretical framework of the social water cycle provides an effective tool for rational
utilization and management of water resources. The study of the social water cycle is an
interdisciplinary subject, characterized by many influencing factors, complex mechanisms,
and prominent regional characteristics, encompassing the process, structure, flux, and
regulation of the social water cycle [32]. This article mainly focuses on the water cycle
path under the framework of the social water cycle. It should be noted that for different
industries, the micro water cycle process in the industry has its own characteristics, and
when it is applied to specific industries, we should continue to make meticulous divisions
and classifications under this framework, such as industrial water use and collection [33,34].
The diagram of the social water cycle system is shown in Figure 2.
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Figure 2. Schematic diagram of the social water circulation system.

2.1.3. Dualistic Water Cycle

With the aggravated impact of human activities and the rapid development of the
social economy, the original balance of the natural water cycle system has been irreversibly
altered, and the water cycle processes such as precipitation, evaporation, infiltration, runoff
generation, and confluence have been changed to a great extent. Whereas the original
water cycle was dominated exclusively by natural factors, the water cycle system is now
influenced by the dualistic mechanisms of nature and society. This new water cycle system
dominated by joint action is called a “natural artificial” or “natural social” dualistic water
cycle system [35]. The dualistic water cycle is a new theoretical system employed to solve
complex problems by combining both the natural and social water cycles. The natural
water cycle supports the social water cycle, and the social water cycle is nested within the
natural water cycle. Both cycles exhibit strong interactions with one another. In this way,
the dualistic water cycle provides the key technology for the cognition, quantification, and
regulation of water resources [36]. It not only reflects the actual situation, but may also
provide better services for solving the problem associated with water shortage and water
resources allocation, as well as provide a theoretical basis and consideration of factors for
the study of water resources uncertainty. The structure of the dualistic water circulation
system is shown in Figure 3.
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Figure 3. Schematic diagram of the dualistic water circulation system.
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2.2. Visual Description

The implementation of the visualization system is based on a comprehensive inte-
gration platform. This platform is designed under the service-oriented architecture, with
the specific business applications based on the personality characteristics of the business
in the form of knowledge graphs, components to achieve the implementation, and then
through the Web service to achieve external provision of the corresponding services. At the
same time, multiple business service combinations can be used to build a specific business
application system. This provides a flexible and rapid basis for the visual description
of the dualistic water cycle framework and the construction of water resource regula-
tion applications, and is the foundation for the realization of dynamic water resources
regulation and applications based on the visual description of the dualistic water cycle.
According to the visual description of the dualistic water cycle framework and the demand
for water resource regulation, the knowledge map is built using visualization tools, and
the middleware (component) technology is used to build a library of different methods
and components to realize specific business applications. According to the changes in the
application business, the platform can modify the knowledge graph and add or delete
the business components under the knowledge graph node to achieve “human-computer
interaction” to meet the response to the dynamic water resources regulation application.

2.2.1. Description Tool

(1) Integrated platform. The integrated platform is designed on the basis of a service-
oriented architecture. This platform can provide corresponding services through web
services [37]. At the same time, a specific business application system can be built by
combining multiple business services. It provides a flexible and fast foundation for the
visual description of the dualistic water cycle framework and the construction of water
resources regulation application, and is the foundation for the realization of dynamic water
resources regulation application based on the visual description of the dualistic water cycle.

(2) Component technology. In the business application, the components related to the
application are integrated, which gives freedom to the independent development and oper-
ation of component technology and results in high reusability. This consideration mitigates
the issue of the specific application of the water resource control application. Components
can be large or small, including data processing using complex mathematical models and
algorithms, to solve specific water resources control applications. Each component is de-
signed to conform to the IPO (Input Processing Output) model and be described using
XML (Extensible Markup Language) standards. The input and output information flow of
the business components is described using XML Schema documentation standards [38].

(3) Knowledge map technology. Knowledge maps are generally divided into two
types; logical flowcharts and topology diagrams. The logic flowchart is a method used
to express the process of thinking or model calculation with a logic relation flowchart. In
the visual description of the framework of the dualistic water cycle, the calculation model
can be abstracted into the form of a logical flowchart, and the parameters, key nodes, and
final results in the calculation process can be clearly defined. These can then be connected
according to the logical relationship to realize the visual description. A topological relation
graph refers to the graph elements connected by the combination of digital points, lines,
and surfaces to describe the relationship between spatial data. In the detailed description
of the dualistic water cycle, nodes, icons, and text labels can be used to describe the water
sources, water conservancy facilities, and users, while lines can be used to indicate the
logical relationship between them, so as to realize the visual description. The meanings of
the topology diagram generalization elements are shown in Table 1.
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Table 1. Meaning of generalized elements in topological relation diagram.

Element Type Representative Meaning Content Included

Surface reservoir water source, groundwater
well water source, water diversion project,
reclaimed water source water diversion

spot project, etc.

Water source node

Domestic water users, agricultural water
User node users, industrial water users, ecological
water users, etc.

Water supply system Channel, pipe network, tunnel, etc.

Line
Drainage system Drainage pipe network, channel, tunnel, etc.

2.2.2. Description Method

The visual description is divided into three steps: first, the subject of the visual
description, as well as the information to be described under the subject, are made clear;
second, the appropriate description method according to the actual situation on the basis of
the subject and information are chosen; finally, the visual description knowledge diagram
is drawn on the comprehensive integration platform. The visual description process is
shown in Figure 4.
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Figure 4. Visual description process.
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3. Case Study
3.1. Study Area and Data

Xiong’an New Area is located in Beijing, Tianjin, Baoding hinterland. The geographical
coordinates of Xiong’an New Area are 38°43’' N-39°10' N, 115°38' E-116°20" E, and its area
is approximately 1770 square kilometers. The territory and its surrounding areas are located
within the plains area east of Taihang Mountain, with a gradually reduced slope from the
northwest to the southeast. The ground elevation is consistently between 5 to 26 m, and
the ground slope is less than 2%o. The area is characterized by a warm temperate monsoon
continental semi-humid and semi-arid climate. According to the meteorological data of
Rongcheng county from 1968 to 2016, the mean annual temperature was reported as 12.4 °C,
the extreme maximum temperature was 41.2 °C, the extreme minimum temperature was
—22.2 °C, the annual sunshine was 2298.4 h, and the average annual frost-free period was
204 d. Additionally, the average annual precipitation is 495.1 mm, the extreme maximum
annual precipitation is 931.8 mm, and the extreme minimum rainfall is 207.3 mm. The
average evaporation over many years was 1661.1 mm. The overview of the study area is
shown in Figure 5.
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Figure 5. Overview of the study area.

Xiong’an New Area is a state-level economic development zone approved by the
Chinese government, and its hydrological, meteorological, and geographic information
along with its economic and social development data are derived from the statistical
yearbooks of Xiong, Anxin and Rongcheng counties. The purpose of this study is to
visualize the dualistic water cycle framework, and using reference statistical yearbook data,
randomly generate test data in the simulation experimental database for the calculation
and presentation of simulated results. For future practical applications, these data may be
replaced with measured data for analysis and calculation.
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3.2. Visual Environment Construction

The description of the dualistic water cycle framework is divided into three parts,
namely, the natural water cycle, the social water cycle, and the intermediate cross-cycle.
The intermediate cross-cycle represents the process of returning water from the social
water cycle to the natural water cycle under the influence of human activities. This cross-
cycle includes mechanisms such as water collection, rainwater utilization, direct entry,
evaporation, leakage, drainage, and other links. Icons and text are used to describe the
logical relationships between water sources, water conservancy facilities, and users, so as
to achieve the topological expression of the various processes of the water cycle. Functional
components may also be added to implement business functions on the process nodes
of the natural and social water cycles. The visual description of the dualistic water cycle
framework and the main interface of the water resources control system are shown in
Figure 6.

# Knowledge visualization integrated platform - a X

MANEGMENT  SET  HELP
gl S a « & » O
[ p—

% VISUAL

QA4 50E
Watter Reseurces Visualizatien Regulatien Syst
sed en Bmarfy/ Water Cyecle ' r;amjevwerl,(
Natural water cycle Social water cycle

[Tenperature, precipitation, radiation, wind speed and other factors]

2
——— e
[ s T
Prec:.pnanon Evaporn:'lm] Water intake ['atoz intak }E" -u...]-)[rn« =en\1y‘m:l] ‘
t =——>Rainwater utilization == ‘

Enmff pzm‘lm:no{Stnro =l rl‘ulltc] [Cﬁﬂuﬂn] P
l______’ ‘Mﬁ e

| -_|<— st GONS |
|Enfiltratioa[5twe i wegalace | Ippes uﬁH lipere s P ‘ [Discharsep{ cottect Joo{ Handte | |

___T . Drainage ‘—gzﬁ::

| Undergromd process | ‘ eclaimsd water utilization proces%

L2

Underlying surface change
Land use and water conservancy projects] =
< DN

Figure 6. Main visualization interface of the dualistic water cycle framework.

3.2.1. Visual Description of the Natural Water Cycle

The visualization description of the natural water cycle mainly includes four sub-cycle
systems and six basic exchange processes. Specifically, these include the atmospheric
circulation system (rainfall, evaporation), surface circulation system (production flow,
confluence), soil circulation system (infiltration), and underground circulation system
(replenishment). Here, water is continuously alternating, migrating, and transforming in
vertical and transverse directions, and is accompanied by conversion between three-phase
states (solid, liquid, and gas) and energy exchanges. The natural water cycle is a nested
cycle, and the global scale water cycle includes the marine and land surface water cycles.
The visualization description of the natural water cycle here is mainly for the land surface
at the regional scale. The visual description of the natural water cycle is shown in Figure 7.
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interface. (e) Soil water and infiltration interface. (f) Groundwater recharge interface.
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(a) Precipitation includes the precipitation statistical distribution of rainfall stations,
regional precipitation, multi-year average precipitation information, and rainfall compari-
son information of each period. The upper part is the information node, and the lower part
is the basic map. The information is added to the corresponding knowledge map and can
be queried.

(b) Evaporation can be divided into three layers according to the calculation logic
of the evaporation mode. The parameters and results used in the evaporation mode are
represented by nodes and described by a logical relationship.

(c) The production flow mainly includes the storage capacity curve method of the full
storage and production flow model, the seepage curve method of the super permeable
production model, and the method of the loss after the initial loss to calculate the flow rate,
which is described according to the logic flow chart.

(d) The Muskingum method is used to calculate the confluence process, and the visual
knowledge diagram of confluence is described by the logic flow chart [39].

(e) Four varieties of empirical formulae of infiltration (Kostiakov, Horton, Holtan, and
Smith) are used to describe the infiltration visualization [40—43].

(f) By calling the GMS groundwater numerical model to obtain groundwater recharge
and groundwater discharge, the results are used for balanced analysis.

3.2.2. Visual Description of the Social Water Cycle

The social water cycle is a new water cycle system generated by the continuous
development of human activities and economic and social renewal, which leads to a
reduction in both surface and underground runoff in the natural environment. The visual
description of the social water cycle mainly includes four components: water supply
processes (from atmospheric processes), water use processes (from surface processes and
water supply processes), drainage processes (from water use processes and soil processes),
and reclaimed water use processes (from drainage processes). The visual description of the
social water cycle is shown in Figure 8.

(1) Water supply mainly includes the processes of water intake, water production, and
water delivery. The visual description of the water supply process represents surface water,
groundwater, unconventional water, and water transferred from outside through water pro-
duction, and then transmits them to each user through the topological relationship diagram.

(2) Water consumption includes three links, specifically water distribution, water
consumption, and circulating water. Water distribution is used to establish water supply,
water demand, and the supply-demand balance through the topological relationship dia-
gram, and describes it with the information node and digital water network. The topology
diagram is used to describe the water use situation of various users in the visualization of
circulating water, and its nodes represent the water use information and circulating water
use information.

(3) Drainage includes factors such as discharge, collection, and treatment. The vi-
sual description of the drainage process is based on the topological diagram and digital
water network used to establish the drainage information of each user, sewage treatment
processes, as well as collected, discharged, and treated water information. Each node
represents its corresponding water information.

(4) The reclaimed water use includes three links: water collection, regeneration, and
water conveyance. The upper part is the information node and the lower part is the basic
map of the study. The visualization description describes the information and relationships
between the collected water, the amount of reclaimed water, and the water conveyance
volume through the topological relationship and the digital water network.
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Figure 8. Visual description of the social water cycle. (a) Water supply process interface. (b) Water
consumption process interface. (c) Drainage process interface. (d) Reclaimed water utilization
process interface.

3.2.3. Validation of the System

The effectiveness of system functions is underpinned by component technology and
knowledge graph techniques. Every process of the natural-social cycle is complex. The
advantage and effectiveness of the system lie in the fact that complex processes are split
layer by layer and divided into specific processes for calculation. Taking the precipitation
link in the atmospheric process as an example, precipitation refers to the phenomenon
of liquid or solid water vapor condensate falling from the air to the ground. Common
examples for calculating the average precipitation of regional polygons are the arithmetic
mean method and the Thiessen polygon method. Each method is calculated differently.
We compile the calculation process into components, and when applying, we only need to
select a component from the component library to implement the functions it represents,
without remodeling or programming. This is shown in Table 2.
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Table 2. Core components of precipitation.

Serial Number Component Name The Component Class Name
1 Rain gauge basic information component Action_RainfallStationInfo_Response
2 Precipitation statistical component of rainfall station Action_RainfallStationRain_Response
3 Regional precipitation volume component Action_RainfallArea_Response
4 Multi-year mean rainfall component Action_RainfallYearsAverage_Response
5 Rainfall comparison module Action_RainfallCompare_Response
n

In the application process, depending on the study area, we can select different
components by editing the knowledge graph, such as the A region using the arithmetic
mean method to calculate the average precipitation of the area surface, and the B region
using the Thiessen polygon method [44]. This allows us to quickly calculate the results
of the system. The data calculated by each icon and node can be transmitted through the
linear elements on the knowledge graph, and the dynamic and rapidly adjusted properties
of the system are reflected.

Compared with traditional distributed hydrological models, our effectiveness lies
in the fact that we can quickly calculate new results based on changes in the scenario.
The traditional distributed hydrological model selects the watershed or research area,
generalizes and models the regional meteorological and hydrological elements, and then
analyzes their applicability. In this paper, it is proposed that the visual simulation system
can quickly adapt to the simulation of the multi-scenario sewer cycle process, and the
adaptability of the system is reflected here.

3.3. Visual Simulation of Multi-Scenario Control

Based on the water resources allocation of Xiong’an New District, and following the
framework of the dualistic water cycle, the processes related to water resources allocation
are regulated in the process of the dualistic water cycle, which can provide the application
of water resources regulation on the visual description knowledge map of water resources
allocation. According to the impact of the different scenarios on the results of water
resources regulation, the dynamic adjustment is carried out to realize the dynamic adaptive
regulation of water resources.

3.3.1. Time Scale

For water resources regulation and control in a time scale scenario, the time scale
of calculation can be selected as year or month by clicking the time selection button on
the knowledge map of water resources regulation and control to open the time setting
window. After setting the calculation time and clicking OK, the system will automatically
analyze the supply and demand balance, and the result of the supply and demand balance
calculation will change accordingly. The dynamic regulation process of water resources in
the time scale scenario is shown in Figure 9.

3.3.2. Increased Water Demand

With increased economic development and the intensification of human activities,
when a user’s water demand increases, there will be a scenario where there is a water supply
available to meet the increase in water demand. In the knowledge map of water resources
regulation, it is assumed that the water demand of industrial water users in Rongcheng
county increases. Business personnel can click on the Rongcheng Industrial “Water User”
icon to adjust this setting. In the pop-up Rongcheng industrial user adjustment interface,
the business personnel manually enter the water demand of Rongcheng Industrial users,
and when the “OK” button is clicked, the system will automatically perform a supply and
demand balance analysis, and the results of the supply and demand balance calculation will
update accordingly. If the water demand of the industrial users of Rongcheng is adjusted
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to make the water supply and demand balance calculation unbalanced, we can choose the
water supply for the industrial users of Rongcheng, and adjust the water supply of the
water source in the same way until the results of the water supply and demand balance
calculation indicate that balance has been achieved. The dynamic regulation process of

water resources in this scenario is shown in Figure 10.

# Knowledge visualization integrated platform

- o X
MANEGMENT  SET  HELP.
dEASd % & s 8
Eovomeoce |
& VATER RESOURCES RECULATION | 9 supply—demend balance snalysis—
453

HOB =&

) Water Reseourees Regulation

®

inwater utilization Micro_ salty yagg,eﬁesurgent water

1% I

Sea wator desal fnamm®
Ra.

—

@ Sea water desal

o¥% Rainwater util

@ Micro salty wa

Adninistrative Ares

Time

Baount of Fater Requirs:

subscriber nusber

~ ‘. AlEavergiRsservoll [ n | ) Yiong an Nev Ares-Supply and Demend Amalysis-2018.07
e - N Bag Resurrent waif N
Middle Route —— = ' ml
PR ey R ~ A Reservoir Xiong'an New Area.-Supply and Demand
- N water \ / Analysis-2018.07
diversion - . .
: O Viater diversion
+t Underground wat
e A ; ﬁ Live
iater suppiy from =1\
Ilow river
yol RIIRITE e } * Aarioultur 3899.23
/ Angezhuale Reservoir
f Industrial
Water supply from yellow river to Tianjin == Ecology Somitibe ook e powm /
— Feed pipin A A oo M
S
w=== Water traced p| | v
0 7~ el < >
# Knowledge visualization integrated platform o
SET  HELP
s HSa % & » @
[ owomence |,
& vaTER mESOVECES AEOULATION T P s
QI x B EEEET
£ ST e e
.
V.\V/E B |
Water Resources Regulation .
@ settime.. X # Industrial user para... X
surmsce | [:uppl!—del:nd balance analysis ] © LEGEND
user ID 13000000
@ sca vater desal ination R Rongthent
Py — I o :
A > i - X R = Frmis v i x| RongChe:
Sea water desa!inatr'an@ = W oM~ Rainwater wtilization sirative fres oeCheng
Rainwater utilization Wicro salty water esurgent water Time 201807
@ Micro salty water Amount of Vater Required 422.3
subseriber mmber
Middle Route P
Project of § A Reservoir » e S —
= N water / A
diversion 2y A
- OB Viater diversion project Xiong'an New Area-Supply and Demand
Analysis-2018.08
:tt Underground water Wells
gﬂ,‘% Live
Water supply from s = -
;:;;".m river: tz — _,“..C_‘; N foie -7 _a—
+ h@ Industrial
3928.9:
Water supply from yellow river to Tianjin == Ecology —
— Feed piping
wm Water traced pipeline Avallsble Water Supply  Water Requirement  Potentialof Area Water v
4 il ¢ >

Figure 9. Example of dynamic regulation of water resources in the time scale scenario.
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Figure 10. Example of dynamic regulation of water resources under the situation of increasing

water demand.

3.3.3. Increased Water Users

As socio-economic development progresses, a scenario becomes apparent where as a
new water user appears and the number of water users increases where there is available
water supply. Here, it is necessary to regulate under the editing state of water resources
regulation knowledge map. Suppose an industrial water user is added in Rongcheng
county, the editing state of the water resources regulation knowledge map is opened, an
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icon node of an industrial water user in the editing state is added, and a connection from
the “Time” node and the “Water Source” node (assuming the Western Ocean reservoir is
the water source of the water user) to the increased industrial water user is generated, and
the “Model Computing” nodes are connected to realize the data flow between time, water
source, user and model calculation. After realizing the data flow, the user may open the
component library to find the water demand components of industrial water users, select
the industrial water users of Rongcheng county and add the water demand “.info” file of
industrial water users in Rongcheng county. After saving the knowledge map, the user can
click on the “Supply and Demand Balance Analysis” node to show the impact of increasing
the number of water users on the regional water supply and demand balance. If the result
of the water supply and demand balance is unbalanced at this time, we can refer to the
regulatory mode of the previous scenario to adjust until balance is achieved. The dynamic
regulation process of water resources in this scenario is shown in Figure 11.
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Figure 11. Example of dynamic regulation of water resources under the situation of increasing
water users.

The sustainable development and utilization of water resources aims to control and
regulate the links between the natural and social water cycles, so as to realize sustainable
coordination between them. The integrated platform can regulate and control the water
supply and consumption, water consumption and drainage, surface water and groundwa-
ter, or water consumption and water use efficiency (or benefit) of the dualistic water cycle,
which offers significant insight for water use evaluation. On the basis of visualization of
the dualistic water cycle framework, from the perspective of the regional system, based
on national economic water use and ecological water use, the optimal regulation of water
supply and demand can be determined, which can realize the dynamic and real-time appli-
cation of water resources regulation in dynamic scenarios. The results of the multi-scenario
regulation of water resources are shown in Figure 12.
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Figure 12. Some results of the visual knowledge map of water resources regulation.

4. Discussion

Relative to the natural water cycle, the water use impact of human activities is in-
creasing, and the water cycle is no longer characterized by a “natural” monistic model, but
a “natural-social” dualistic model. Moreover, water problems, security, and crises affect
the quality of social and economic development to varying degrees. For these reasons,
the regulation and control of water resources have attracted great attention. For exam-
ple, Zuhao Zhou et al. applied a dualistic water cycle model in the Haihe River Basin to
analyze the impact of social water use on natural hydrological processes [45]. However,
in terms of the social water cycle, this study only used statistical data as external inputs,
and the coupling of the model was insufficient in the case of alternative scenarios. The
visual system of the dualistic water cycle framework built in this paper can improve the
dynamic adaptability by componentizing the calculation links in the natural-social water
cycle process. Hao Wang et al. established a comprehensive simulation platform for the
dualistic water cycle process in the Haihe River Basin (NADUWAS3E) [46], which evaluated
water resources, ecology, and water environment by setting scenarios, but it is worth noting
that the coupling mechanism of the natural-social dualistic water cycle and its related
processes is complex, and the study is based on the current conditions to predict the future,
while the future scenario changes cannot be dynamically changed.

Comparing the relevant research in the field of water resource regulation and applica-
tion, we found that most scholars used specific algorithms and constraint models to analyze
the water resources use in the study area and obtained optimization suggestions [47-49].
This traditional approach requires a lot of accuracy and adaptability of the model, and once
the study area is replaced, there may be cases where the model is not suitable.

Compared with the research on water regulation software development, we find
that scholars mostly develop specific application software for specific problems [50-52].
The disadvantage of this method is that once it needs to be modified, it needs to be
reprogrammed or re-developed, the workload is huge, and the degree of reuse is too low.

The visualization system built in this paper is not sufficiently thorough in the re-
finement of the model, but it can quickly update the model through componentization
according to the needs of specific scenarios, and can dynamically update the new calcu-
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lation process and results, which can increase the applicability and generalizability of
the model.

Our visualization system has been piloted in the study area. In order to verify the
effectiveness of the system, we have uploaded an installation package for the visualization
system on our research homepage, which can be downloaded by users to use locally. http:
/ /www.yungishui.com/pages/g/gamePost.shtml?view=true&postld=298&u=99999 (Chi-
nese version) (accessed on 30 January 2022)

Considering the difficulty in describing the social aspects involved in the dualistic
water cycle by a single expression, the natural huge system, the dualistic water cycle,
and the application of water resource regulation can not be well-docked. Here, the water
resources regulation can not adapt to the changing environment and the needs of different
situations, nor to economic development changes and poor operability, and while the
commercialization of information technology is not sufficient. The current study designates
Xiong’an New Area as the research area, on the basis of the visual description of the
dualistic water cycle framework, the content of the problem treatment is componentized,
and the support business application is selected. The preliminary application of water
resources regulation under dynamic scenarios is realized, and the commercial application
of the dualistic water cycle theory and the support of information services, computing
services, and decision-making services are illustrated, which provides support for the
subsequent application of the dualistic water cycle theory.

Based on the calculation of water balance and specific link information in the dual-
istic water cycle, this paper highlights the visual description of the dualistic water cycle
framework and the content componentization of business processing, and on this basis,
the practical application of dynamic water resources regulation is realized by taking water
resource allocation as an example. For the refined simulation of various microscopic links
in the natural water cycle and the social water cycle, we have not yet realized it. The
starting point of this paper is the combination of information technology and hydrological
framework model based on the macro framework, which is an active and feasible research
direction. Simulation is realized under the macro framework, and in the follow-up research
work, we will go deep into each micro link to visualize the simulation to achieve the
coupling of macro and micro.

5. Conclusions

At present, the dualistic water cycle, water resources regulation, and control applica-
tions are not well-connected; water resources regulation is difficult to adapt to the changing
environment and different situations of needs, and water conservancy business system
interaction is poor. To propose solutions to these difficult problems, firstly this paper
proposed the use of information visualization technology to realize the application of the
dualistic water circulation framework. Secondly, the knowledge graph technology was
used to visualize the dualistic water cycle framework, and finally, the dualistic water cycle
visualization system was built based on the comprehensive integration platform, and the
pilot application of water resource regulation was selected in the research area.

(1) Based on the integrated platform, visual knowledge map technology, and com-
ponent development technology are used to describe the dualistic water cycle, business
application, and modern management. This platform not only connects the theory of the
dualistic water circulation application by providing a tool to solve practical problems, but
also provides fast and convenient solutions for the efficient use of water resources.

(2) As the carrier and support of modern water resources evaluation, the theory of
dualistic water circulation can solve the contradiction of water resources more effectively.
However, with the intensification of human activities and the evolution of natural systems,
the water circulation system may need to be adjusted in the future. For this reason, the
integrated platform is designed to be adapted to new theories and models, including
optimizations of existing components, updating databases, rewriting calculation methods,
and so on. By creating a new knowledge map, the results can be optimized.
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(3) This paper focuses on the visual expression of the dualistic water cycle and the
dynamic adjustment of the system application model, where the advantage of this model is
its dynamic adjustability. In this way, when the calculation method changes, the regulatory
results will also change. Therefore, this paper does not elaborate on the process calculation
of each link. This model can also be applied to water conservancy business applications
such as water rights distribution and transactions, integrated water resources management,
efficient utilization of water resources, water resources protection or ecological restoration,
and water resources evaluation index management.
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