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Abstract. Accelerating the construction of smart water conservancy is one of the six
implementation paths for the high-quality development of water conservancy in the new
stage, and also a significant sign of the high-quality development of water conservancy in
the new stage. Water conservancy data baseboard is the "calculation data" of intelligent
water conservancy construction and the foundation of digital twin water conservancy
construction. It is necessary to strengthen the data construction standard, mine the data
value, enhance the data service value, consolidate the water conservancy data baseboard,
and support the research and development of the "four pre-stages" function of water
conservancy business. On the basis of analyzing the requirements of national
informatization construction and the objectives of digital twin water conservancy
construction of the Ministry of Water Resources, this paper expounds the positioning of
the water conservancy digital backboard, puts forward the framework and path of
building the water conservancy digital backboard, and carries out relevant research on
key technologies, in order to guide data collection, aggregation, management, storage
and service, and effectively support the construction of digital twin water conservancy. It
provides reference for water conservancy information technology research and digital
baseboard construction practice.
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1. Introduction

Since the 18th National Congress of the CPC, China has attached great importance to the
development of informatization. In 2016, at the National Network security and Informatization
Work Conference, it was proposed to emphasize that we should grasp the historical
opportunity of informatization development, promote the construction of a network power
through independent innovation, there is no modernization without informatization, and to
build a network power, we must have our own technology and excellent technology. China's
14th Five-Year Plan and 2035 Vision Outline emphasize that digital transformation should
drive the overall transformation of production, lifestyle and governance, and create new
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advantages of the digital economy. Give full play to the advantages of massive data and rich
application scenarios, and promote the deep integration of digital technology and the real
economy. Therefore, digital transformation, digital and intelligent construction is very
necessary and urgent.

On June 28, 2021, Minister Li Guoying of the Ministry of Water Resources clearly proposed at
the "Three pairs of benchmarks and one Plan" special action summary conference that in order
to accelerate the construction of smart water conservancy, digitalization, networking and
intelligence should be the main line in accordance with the requirements of "demand driving,
application first, digital empowerment and capacity enhancement", and digital scenarios,
intelligent simulation and precise decision-making should be the path. Comprehensively
promote the construction of data, algorithms and computing power, and accelerate the
construction of a smart water conservancy system with the functions of "four pre-forecasts"
(forecast, early warning, rehearsal and pre-plan)!l. In order to implement Minister Li
Guoying's strategic deployment on the construction of smart water conservancy, The Ministry
of Water Resources has issued a series of top-level design, technical guidance and technical
requirements, such as the "Top-level design of Smart Water Conservancy Construction", the
"14th Five-Year Plan" Implementation Plan for Smart Water Conservancy Construction, the
"Technical Outline for Digital Twin Basin Construction", the "Technical Guidelines for Digital
Twin Water Conservancy Project Construction", and the "Basic Technical requirements for
four pre-construction functions of water conservancy business". These documents also make it
clear that the data baseboard is one of the key tasks of the construction of the digital twin
basin.

In recent years, with the rapid development and evolution of remote sensing satellites, iot
sensing, data mining, data governance and other technologies, there are more and more means
of data acquisition, and the update frequency is higher and higher, and data has become an
essential and important part of intelligent construction. Data board, data base and other
concepts are also emerging in an endless stream!®), such as the "spatial data base" and
"three-dimensional data base" of smart city, the "data baseboard" of smart water conservancy
construction, the "digital base" of communication industry, and the "data base" proposed by
Huawei and other IT technology companies. The construction of tamping data base or data
baseboard is of great significance.

Water conservancy data has the characteristics of multi-source (air, sky and earth), multi-scale
(multi-level watershed) and multi-dimension (time and space), etc. The construction content
involves data collection, data governance, data storage, data management, data display, data
application and other linksP®#, and there are many problems to be solved such as
spatio-temporal consistency, logical consistency, topological consistency and attribute
consistency. A complete theoretical system of data baseboard has not yet been formed>#!, and
the construction of water conservancy data baseboard is faced with new opportunities and
challenges. It is necessary to establish a set of unified data baseboard construction standards to
strengthen the effectiveness and reliability of data in the application process, effectively
manage water conservancy data, comprehensively mine water conservancy data, and enhance
the service value of water conservancy data. Support the research and development of the
"four pre-stages" function of water conservancy business!”.



2. Construction Ideas

The digital twin water conservancy is based on the physical basin as the unit, the
spatiotemporal data as the base, the water conservancy model as the core, and the water
conservancy knowledge as the driving force. The digital mapping, intelligent simulation, and
multi-scheme optimization of all elements of the physical basin and the whole process of
water conservancy management activities are implemented to realize synchronous simulation
operation with the physical basin, virtual-real interaction, and iterative optimization, and
support accurate decision-making. Data baseboard is the "calculation data" of smart water
conservancy construction. Through water conservancy perception network and water
conservancy information network, it gathers multi-source massive heterogeneous data sources,
provides data services, supports data engine monitoring, and provides a solid "data base" for
simulation engine, knowledge engine, and intelligent business application. The positioning
and function of water conservancy data baseboard in digital twin water conservancy
construction are shown in Figure 1.
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Fig.1 Location of water data baseboard

The construction of water conservancy data baseboard can make full use of the existing data
and sharing system, collect water conservancy basic data, business management data, dynamic
monitoring data, geospatial data and cross-industry sharing data within the basin or project
scope, and form a unified data and two-three-dimensional integrated data baseboard with data
model as the core and data engine as the driving force. Realize the digital mapping of all
elements, and then integrate with the model platform and knowledge platform to achieve the
standardization of business data, forming a data support system with continuous updating
ability. The overall architecture of water conservancy data baseboard is shown in Figure 2.



Data Data Data Data Data Data
Collection gregation overnam:e stora ge serwce plication
2= = A allocatlon

Data Sevice

basic service

Fig.2 The overall architecture of building water baseboard

3. Construction Path

As can be seen from Figure 2, the construction of water conservancy data baseboard can be
realized through steps such as data collection, data aggregation, data storage, data governance,
and data service. This series of processes can also be classified as data collection - aggregation
- storage - governance - use, so as to build a unified and standard data resource pool, solve the
problem of "one-stop" aggregation, retrieval and acquisition of global data resources?],
construct multi-level integrated water conservancy data baseboard.

3.1 Data Collection

Focusing on the construction of water conservancy digital twins or service objects, combined
with the data sources collected by the water conservancy perception network, five types of
data such as water conservancy basic data, dynamic monitoring data, business management
data, geospatial data, and cross-industry sharing data are collected and integrated. The specific
contents are as follows:

(1) Water conservancy basic data: including the two-dimensional and three-dimensional data
of rivers (river channels, water flows), lakes, reservoirs, embankments, hydrogeology, flood
storage areas and other water systems and water conservancy projects within the scope of
construction.

(2) Dynamic monitoring data: including water situation, rain situation, industrial situation,
water quality, sediment, disaster situation, groundwater level, water access, moisture content,
water conservancy project safety operation monitoring data, video, network public opinion
and so on.

(3) Business management data: including intelligent business application data and the data
generated during its operation.

(4) Geospatial data: including administrative divisions, landforms, land cover, digital
orthophoto, digital elevation model, digital surface model, oblique photographic image/laser



point cloud, underwater terrain, building information model (BIM), etc. According to the data
accuracy and construction scope is divided into L1, L2, L3 three levels of management.

(5) Cross-industry sharing data: including data sources that need to be shared from the
Ministry of Industry and Information Technology, the Ministry of Natural Resources, the
Ministry of Ecology and Environment, the Ministry of Housing and Urban-Rural
Development, the Ministry of Agriculture and Rural Affairs, the National Bureau of Statistics,
the China Meteorological Administration and other relevant departments.

3.2 Data Aggregation

According to the principle of "one data one source", the data convergence standard is clearly
defined, and the collected data sources are fully stored into the data lake in the original format.
In the process of data entering the lake, it is necessary to determine the aggregation means.
Various types of data can be aggregated through data extraction, shared access, network
transmission, network download, file collection, and real-time data service. Data aggregation
engine can also be developed, and various aggregation means can be encapsulated by
workflow mechanism to realize automatic data entering the lake.

(1) Aggregation of basic data and business data. For the data of the established reservoir
business (including hydrological information system data, reservoir information management
data, etc.) or the shared service platform (reservoir management information release, etc.), the
method of "data extraction" can be used to enter the lake.

(2) Monitoring data aggregation. Real-time monitoring data such as rain, video, and work
conditions of existing and new monitoring systems (dam monitoring systems, video
monitoring systems, etc.) are entered into the lake by "shared access" and the metadata is
synchronously entered into the lake.

(3) Geospatial data aggregation. The newly created image map, elevation map,
two-three-dimensional model, etc. are collected into the lake in "file form", and the
corresponding metadata are input at the same time.

(4) Cross-industry data aggregation. External data such as meteorological data and land use
data of socio-economic basin can be imported into the lake by means of "network
transmission", "network download", or access to "data service", and the metadata can be
imported into the lake simultaneously.

3.3 Data Governance

The data lake formed through data aggregation has problems such as inconsistent standard
scales, abnormal data redundancy, and poor quality, and cannot be used directly. Therefore,
data governance needs to be carried out to improve data quality, achieve data standardization,
consistency, integrity, legitimacy, and availability, and avoid data redundancy and conflicts.

(1) Standardization construction. According to the "SL T 801-2020 Water Conservancy map
Spatial Information Service Code", "SL T 701-2021 Water Conservancy Information
Classification and Coding General Rules", "SL T 809-2021 Water Conservancy object basic
database table structure and identifier" and other norms and standards, the data are



standardized processing. The processing contents include the unification of coordinate system,
format, field attribute, service meaning and expression rules.

(2) Data cleaning and transformation. To solve the problems of data errors, duplication,
conflict, etc., the cleaning and conversion content includes topological processing, merging
and splitting, compressed texture, smoothing, resampling, clipping, spatial connection,
integration, etc.

(3) Data fusion processing. According to the data scale, it is divided into L1, L2, L3, L3+ and
other levels to realize the spatial superposition and rule association of multi-source (air, sky
and ground), multi-scale (multi-level watershed), and multi-dimensional (time and space) data,
forming a digital twin space that integrates macro and micro, above-ground, indoor and
outdoor, water and underwater, and two and three dimensions.

3.4 Data Storage

After data governance, according to the types and characteristics of data, relational database,
spatial database, distributed database and distributed file system are used to store and manage
structured, geospatial, semi-structured and unstructured data in a unified manner.

3.5 Data Services

Provide diversified data service capabilities, including resource catalog services, data
visualization services, data sharing services, etc.

(1) Resource catalog service: sorting, encoding and describing stored information resources to
facilitate retrieval, location and access to information resources.

(2) Data visual services: provide an intuitive and three-dimensional perspective, display data
information in an immersive interactive way, so that users can have a glimpse of water
information knowledge, so as to effectively assist intelligent management and
decision-making, such as three-dimensional map services.

(3) Data sharing service: Using service encapsulation and combination technology to publish
data access functions into data services, build a water conservancy data resource service
system, and provide users with multi-mode data sharing services such as service aggregation,
publication and subscription, and portal access through API interface sharing and front-end
sharing.

4. Research on key technologies

The construction of water conservancy data baseboard not only uses a lot of computer science
and technology, but also needs multi-disciplinary technology integration and innovation.
Through the key technology research, solve the application difficulties and pain points,
optimize and accelerate the data baseboard construction speed, improve the data baseboard
construction efficiency.



4.1 Deep integration of GIS and BIM

GIS focuses on the data management and display of macro and large scenes, while BIM can
better describe the local fine structure. Compared with GIS, BIM has a higher data density
within a unit. In order to better support digital twin water conservancy construction, GIS+BIM
data integration with macro and micro integration should be realized to build a unified digital
scene.

(1) BIM lightweight

On the premise of ensuring that the accuracy of BIM geometric model and texture is not lost
and the attribute information is complete!'%), a multi-level level of detail (LOD) system in line
with the principle of scene proximity is constructed to achieve efficient hierarchical
compression of the original BIM model and generate a multi-level LOD 3D model for
dynamic scheduling of the simulation engine.

(2) Integration of GIS and BIM scenarios

First of all, a unified geo-spatial reference is established to ensure that BIM model and GIS
data are in a set of geo-spatial scenes. Then, GIS data is clipped and filled based on the spatial
shape of BIM model to achieve one-click, automatic and seamless integration of BIM and GIS
data, thus forming a complete three-dimensional spatial scenel'"). Figure 3 shows the effect of
intelligent integration of Catia BIM data and real 3D scenes. In addition, in the scene
simulation, combined with 3D space occlusion, instantiation and other technologies!'?!, users
can naturally and smoothly complete the transition from macro to micro when observing the
GIS+BIM model, and improve the data loading speed and rendering efficiency.

Fig.3 GIS+BIM Scenario fusion

(3) Integration of GIS and BIM functions

BIM software and GIS software respectively provide rich data management and operation
calculation functions, such as BIM calculation, BIM cutting operation, GIS data management,
GIS spatial analysis, etc. Compared with BIM software, GIS software provides perfect
geospatial reference, has better data management capabilities and secondary development
interfaces, and is more in line with the business application requirements of digital twins!'3-14],
Therefore, in general, GIS software is selected as the platform for the integration and fusion of
GIS+BIM functions, and then relevant BIM functions are accessed through the interface of
BIM software, or GIS+BIM functions are targeted to achieve function-level integration.



Figure 4 shows the cutting analysis and component decomposition effects of the BIM model
on the GIS+BIM platform.

Fig.4 GIS+BIM Function fusion

4.2 Integrated data visualization service

In order to realize synchronous simulation operation and virtual-real interaction with physical
water network, river basin and water conservancy project, digital twin water conservancy
should provide immersive simulation scenes to meet multi-level and multi-granularity data
display and expression. Therefore, after realizing the fusion and management of multi-source
massive heterogeneous data, the water conservancy data base should fully consider the
resolution scale, information granularity and hierarchical relationship of various data, and
establish a technical system for full-space data roaming and visualization">1% to meet the
requirements of integrated data visualization and twin simulation. The integration of
macroscopic and microscopic, above-ground and underground, indoor and outdoor, water
surface and underwater, and three-dimensional expression of water conservancy objects in
twin scenes is realized, as shown in Figure 5, thus better supporting the multi-dimensional
management of water conservancy business.

Fig.5 Full spatial visualization



5. Conclusion

Data is the foundation of digitization, informatization and intelligent construction, and the
construction of rich, reasonable, solid and reliable data sources and the construction of flexible
and scalable data framework system will effectively support the construction of digital twin
water conservancy and smart water conservancy. This paper puts forward the construction
framework and implementation path of water conservancy digital twin data baseboard,
including data collection, data aggregation, data governance, data storage, data service, etc.,
and carries out related key technology research. The relevant ideas and schemes can provide
reference for the data construction and system research and development of digital twin water
networks, river basins and water conservancy projects.

With the rapid development and evolution of the new generation of information technology,
the deep integration of water science and computer science, geography, environmental science,
mathematics and sociology has been promoted, and the iteration of new data governance and
service solutions has accelerated. We should embrace changes and adhere to technological
innovation. The construction and development ideas of data baseboard with data information
as fuel and digital technology as engine are established to further drive water conservancy
elements, achieve optimal configuration, the most precise reorganization, and the most
efficient operation, and cast the soul for the digital twin water conservancy construction,
effectively promoting the development and progress of China's smart water conservancy.
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