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Abstract: The study of natural resources and ecosystem service value assessments is crucial for un-
derstanding the direct economic benefits and potential ecological, environmental, and social benefits
of these resources. Existing research lacks a comprehensive information management framework
design and application exploration for the practice process, and a unified and standardized technical
framework has not been established, which makes it difficult to expand the functions in the future.
This study uses data from various aspects such as statistical yearbooks, remote sensing satellites,
and field studies, and adopts the market value method and alternative cost method to construct a
natural resources and ecosystem service value indicator system and a comprehensive evaluation
information system, taking Shaanxi Province as an example. The total value of natural resources and
ecosystem services in Shaanxi Province is CNY 107.67 trillion, of which the value of natural resources
is CNY 105.11 trillion and the value of ecosystem services is CNY 2.56 trillion. This study makes up
for the deficiencies in the realization path of the existing natural resources and ecosystem service
value accounting studies, solves the problems of a large number of data collection sources, integra-
tion of accession criteria, integrated assessment methods, and synchronized assessment updates in
natural resources management in Shaanxi Province, and realizes the visualization and information
management of natural resources and ecosystem service value accounting.

Keywords: comprehensive evaluation; natural resources value; ecosystem services value; information
system; integrated assessment

1. Introduction

Natural resources are the aggregate of natural materials and natural energy avail-
able for human use, such as land resources, water resources, forest resources, grassland
resources, mineral resources, energy resources, etc. Natural resources are distinguished
by their finiteness, regionality, completeness, and versatility [1-3]. Ecosystem services
are life support products and services obtained directly or indirectly through the struc-
ture, processes, and functions of ecosystems, including direct economic values (such as
ecological product supply services) and environmental and social values that indirectly
generate welfare utility, such as regulating services and cultural services [4—6]. Therefore,
ecosystem service valuation partially compensates for the shortcomings of conventional
natural resources value assessment, which emphasizes economic value while ignoring
environmental and social values.
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The 2022 UN e-Government Survey Report [7], published in September 2022, exam-
ined international e-Government development practices and summarized international
e-Government development trends from a global perspective and global worldview. The
report’s theme was the future of digital government and focused on using e-Government
to help achieve the 17 Sustainable Development Goals by 2030 [8,9]. Governments have
increasingly turned to natural resources information building in order to combat climate
change, increase the efficacy of natural resources management and environmental protec-
tion, and accomplish unified management [10-12]. For instance, in 2001, Carvalho applied
natural resources data to data models and visualization models in order to advance the
science of natural resources management and predict or simulate the real world [13]. Twery
introduced a decision support system for integrated forest ecosystem management in 2005
with the goal of providing natural resources managers with valuable and scientifically
sound information for treating forest health and simulating forest growth [14]. In 2018,
Wang utilized MySQL to construct a big data platform, visualized current data using
Echarts, and proposed a multifaceted water resources information management system
in the grassland basin based on big data, in response to the water shortage and inefficient
water resources management in the Xilin River basin [15]. Baroni presented the active
role of irrigation scheduling systems used in the German irrigation sector in supporting
adaptation to rapid changes in agricultural environmental conditions in 2019 to resolve
seasonal irrigation differences [16].

As a consequence of the widespread adoption and rapid development of next-generation
information technology, China’s natural resources informatization is confronted with new
circumstances and requirements. The Chinese Ministry of Natural Resources issued a
document titled “General Program of Informatization Construction of Ministry of Natural
Resources” on 1 November 2019 in an effort to promote the construction of natural re-
sources informatization and substantially increase the level of natural resources intelligence
and modernization [17,18]. The Ministry of Natural Resources (MORN) has proposed
constructing “one network,” “one map,” and “one platform” for natural resources, as well
as an application system for natural resources investigation, monitoring, and evaluation,
and an application system for natural resources supervision and decision making. In
addition to “one network,” “one map,” and “one platform” for natural resources, it is
proposed to construct an application system for “Internet Plus government services for
natural resources.”

Deng used Fujian Province as an example and constructed a natural resources assess-
ment simulation system based on the “General Program of Information Construction of
Ministry of Natural Resources” [19]. This system provides comprehensive information on
the spatial distribution status and change trends of various types of resources, effectively
assists the province in conducting the third national land survey, addresses the issue of
inconsistent standards for various types of natural resources surveys, and contributes to
the establishment of a unified survey and evaluation of all times, all areas, and all elements.
Xue established a natural resources assessment simulation system to construct a “one map”
of national land resources, which provides services for comprehensive supervision and
business topics of national land and better realizes national land spatial planning through
the deep integration of big data and planning [20]. The integration of enormous data and in-
frastructure was discussed as an example in a county in Zhejiang Province. Lin Shuzhe used
Guangdong Province as an example to examine the enhancement of statistical indicators of
natural resources assets based on natural resources data such as land, minerals, marine,
and forests [21]. They also constructed a natural resources assessment simulation system
and implemented real-time calculations with the updating statistical indicators, which
spatially spanned the administrative divisions of provinces, municipalities, and counties
and temporally included natural resources assets accounting results from multiple years.
This contributed to the transition of natural resources management in Guangdong Province,
where empirical decision making has been replaced by data-driven decision making.
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In general, China’s natural resources informatization is still in the exploratory stage.
Existing studies have been made on the theoretical basis of natural resources and ecosystem
services value assessment, such as selecting indicators and methods, setting assumptions
and parameters, the key subjects and elements and their systematic relationships, and so
on. These progresses have provided many references for policy goals and governance,
but there is still a lack of integrated information management framework design and
application exploration for the practice process. Natural resources are plentiful in both
quantity and variety. As the reform of the administration of natural resources assets
progresses, the creation of an information support system is imminent. Therefore, this
study identifies the needs of Chinese management practice, identifies relevant management
obstacles and technical problems, and explores the design and application of a unified,
complete, standardized, and scalable comprehensive evaluation indicator system. This
study is an innovation of integrated management of natural resources and ecosystem
services information for policy practice needs and improving government governance.

2. Requirements Analysis
2.1. Unified Technical Framework

There are substantial disparities in the processing standards and construction mecha-
nisms of structured data and spatial data across departments, as well as the contradictions
and conflicts between data. In light of the fact that natural resources and ecosystem service
value accounting domestically and internationally is gradually shifting from theoretical
method discussion to field case studies, but has not yet been extended to form a compre-
hensive assessment method of natural resources and ecosystem service values applicable
to China’s national conditions, the system needs to establish a unified, standardized, and
comprehensive assessment method applicable to China’s national conditions.

2.2. Data Update

During the construction process, the system established a unified indicator system,
assessment methods, etc., in response to existing issues such as a low degree of database
interconnection and information sharing among various departments and insufficient data
correlation among internal business systems. Using the unified technical framework, each
natural resources department in the province of Shaanxi assumes distinct data updating
responsibilities. Data collection, data pre-processing, data storage, and data updating
are primarily the responsibility of the natural resources bureaus in each city, district, and
county. Distribution of data collection tasks, evaluation and storage of updated data, etc.,
are primarily the province’s Department of Natural Resources’ responsibility.

2.3. Visualization of Assessment Results

Under the premise of fully considering the data characteristics of natural resources and
ecosystem service values, the system selects data visualization methods that are conducive
to showing data characteristics, and displays the results through line graphs, maps, pie
charts, radar charts, bar charts, and other styles, and provides graphic display modules,
time and date modules, graphic download modules, data view modules, data reset modules,
and so on. Through the assessment results displayed, each natural resources department
has a general understanding of the province’s natural resources and ecosystem service
values. The assessment results exhibit provides decision support for each department of
natural resources, simplifies managers’ access to natural resources-related information
services, and enhances the quality of information services.

3. System Design
3.1. System Design Rules

The server of the system is located within the provincial department of natural re-
sources and is linked to provincial, municipal, and county entities [22]. The natural
characteristics of ecosystems, the optimal allocation of natural resources, the efficiency of
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natural resources, and the value of ecological products are unified and combined with
the requirements of natural resources and ecological environment in the construction of
the indicator system, which is based on the rule of comprehensive value assessment and
adheres to the principle of “physical quantity before value quantity, stock before flow,
and classification before synthesis”. We propose a framework and indicator system for
evaluating the value of natural resources and ecosystem services, both of which are based
on the existing ecosystem services value accounting system [23-26]. At the data level, the
system is unified at the prefecture-level municipal scale. Each urban natural resources
bureau collects and pre-processes pertinent data in a systematic manner. They are then
saved on the unit’s database server. The district natural resources bureau submits them to
the municipal natural resources bureau, which then submits them to the provincial natural
resources department via the government intranet. The front-end utilizes the Vue frame-
work and front-end engineering principles, focusing primarily on the View and ViewModel
layers. The back-end uses the Express framework, which predominantly manages the
Model layer.

3.2. System Technical Route

This system primarily utilizes HTML technology, CSS technology, Sass pre-processor [27,28],
JavaScript technology, Vue framework, Echarts technology, etc., on the front-end, and MySQL
technology, Node js technology, and Express framework, etc., on the back-end. Vue is a JavaScript
framework for creating user interfaces. It is based on HTML, CSS, and JavaScript standards
and provides a declarative and component-based programming model that can facilitate the
efficient development of user interfaces [29,30]. ECharts is a JavaScript-implemented open-
source visualization library that covers a variety of industry charts to meet a variety of
requirements [31,32]. The underlying reliance on the lightweight Canvas library ZRender
provides ECharts with intuition. MySQL is a free and open-source small- and medium-sized
database that supports a variety of data types (integer, character, string date, timestamp,
JSON, XML, and text) to facilitate the storage and processing of data in various formats [33].
Express is built on the Node.js platform, which is a lightweight, open, and rapid Web
development framework [34,35].

3.3. System Framework Design

The system uses a “four horizontal and two vertical” framework. The “four horizontal”
layers are the foundation layer, data layer, platform layer, and application layer. The “two vertical”
are the management system and the security system. Figure 1 depicts the intricacies.

The basic layer provides the most fundamental facilities for the overall construction of
the product display system. This includes infrastructures such as computers, operating
systems, GIS software, database systems, networks, and servers, as well as data collection
facilities such as laptops, tablets, cell phones, and collection vehicles.

The data layer is primarily concerned with data construction. Natural resources data,
economic and social data based on statistics and field surveys, site monitoring data based
on rainfall and wind speed data, and resource management data based on raster data are
all included. Following the establishment of various assessment indicator system, natural
resources data, site monitoring data, resource management data, and economic and social
data are pre-processed and stored in the MySQL database.

The platform layer is primarily responsible for implementing various service functions
of the application system in order to provide technical support tools. It primarily consists of
the assessment indicator system and accounting technical framework, as well as functional
services, graphical types, and technologies. It extends and integrates the technical frame-
work of natural resources and ecosystem services value accounting, using Node.js (Express
framework) to create an internal data processing module to complete the sub-calculation of
the value of water resources, land resources, forest resources, energy and mineral resources,
ecological products supply, ecological regulation services, and ecological and social services
indicators for each prefecture-level city in Shaanxi Province. The calculation is carried out



Sustainability 2023, 15, 5247 50f 16

with the help of the Vue progressive JavaScript framework. To visualize the accounting
results, the Vue progressive JavaScript framework, Sass (CSS pre-processor), and ECharts
plug-in (data visualization chart library) are used, along with rich and diverse charts and
basic functions such as graph display, graph download, data view, and data reset.
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Figure 1. System architecture diagram.

The application layer faces the end-users directly, primarily through the multi-device
end, including large-screen monitors, computers, tablets and cell phones, etc. It has an impact
on the public, businesses, scientific research institutions, and government departments.

3.4. Integrated Assessment Indicator System

The natural resources and ecosystem services value indicator system incorporates the
value of water resources, land resources, forest resources, energy and mineral resources, and
ecosystem services function. This system considers not only the direct economic benefits
of natural resources and ecosystems, but also the potential ecological, environmental, and
social benefits [36-38].

The complete assessment indicator system consists of 7 tier 1 indications and
22 tier 2 indicators (Table 1). In addition, only one value indicator and no secondary
accounting items are established under tier 1 indicators of natural resources, as some
physical indicators need to be integrated with other physical indicators and apply related
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procedures to compute the value of natural resources [39-41]. There are six, nine, and
three secondary accounting items under the tier 1 indicators of ecosystem supply services,
regulating services, and cultural services [42—44]. Several methodologies are employed
to monetize the social, environmental, and economic advantages of ecosystem services,
allowing for the comparability of the values of various ecosystem services.

Table 1. Indicator system table.

Tier 1 Indicators Tier 2 Indicators
Value of water resources Value of water resources assets
Value of land resources Value of land resource assets
Value of forest resources Value of forest resources assets
Value of energy and mineral resources Value of energy and mineral resources assets

Value of agricultural products supply
Value of forestry products supply
Value of livestock products supply
Value of fishery products supply
Value of biomass energy supply
Value of water supply

Value of ecological products supply

Water conservation value
Soil conservation value
Flood regulation and storage value
Value of wind protection and sand fixation
Value of ecological regulation services Carbon sequestration and oxygen release value
Atmospheric purification value
Value of water purification
Value of climate regulation
Value of pest control

Value of natural landscape
Value of ecological and cultural services Value of sightseeing agricultural landscape
Value of urban green space landscape

3.5. Database Design

This system combines traditional structured data such as statistical yearbooks and
resource census with big data derived from satellite images, remote sensing monitoring,
and ground station sensor monitoring of natural resources.

Due to the uniformity of the assessment results’ data types, the prefecture-level city
scale (key-value type) is chosen for system development and implementation. This is
chosen in comparison with the natural resources big data, which consist primarily of vector
and raster data, and traditional structured data, which consist primarily of city scales at the
prefecture level.

The system employs the MySQL database because the data are of the key-value type
and lack spatial information such as vector data and raster data. The database contains
tables such as “tier 1 indicators,” “tier 2 indicators,” “physical indicators,” “unit value,”
“provincial-city correspondence,” “tier 1 indicators-tier 2 indicators correspondence,” “tier
2 indicators-unit value correspondence,” “tier 2 indicators-physical indicators correspon-
dence,” etc. Figure 2 depicts the physical design of the database’s physical structure.

i s

3.6. Deployment Architecture Design

According to the organizational structure of each urban natural resources bureau, the
system is implemented in the Shaanxi Province Department of Natural Resources with a
centralized architecture (Figure 3). The district natural resources bureau transmits pertinent
information to the city natural resources bureau via the government intranet, and the city
natural resources bureau transmits pertinent information to the provincial natural resources



Sustainability 2023, 15, 5247

7 of 16

department via the government intranet (Figure 4). Each urban natural resources bureau

then systematically collects and pre-processes the pertinent data (Figure 4).
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Figure 2. Database EER diagram.
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Figure 4. Deployment architecture of provincial-municipal-county linkage.

4. System Implementation
4.1. Data Integration and Accessioning

Natural resources big data are collected from satellite photos, remote sensing moni-
toring, and sensor monitoring from ground stations, and traditional structured data are
derived from resource censuses and statistical yearbooks. All data are standardized to
unify the accounting scope, statistical units, etc., because the data come from many sources
and are spatially scaled differently (Table 2). The statistical unit of value accounting in this
system is set to the prefecture-level city size because remote sensing images are raster-scale
data and the prefecture-level city is the smallest statistical unit of traditional statistics such
as energy, mineral, and water resource reserves. The GIS spatial statistics approach is
used to compute the total ecosystem services value of the raster unit within the associated
prefecture-level city for the raster-scale ecosystem services value acquired from remote
sensing pictures.

In order to maintain the greatest possible data quality, the Urban Natural Resources
Bureau executes necessary data pre-processing and assures data integrity, consistency,
accuracy, and completeness throughout data entry. If the data being unified are statistical
data, data comparison and screening are required; GIS kriging interpolation is required
to process vector data if the data are vectors; GIS spatial statistics are used to weight the
total value of the raster cell; and raster data cropping is performed if the data are raster
data. If none of the aforementioned data kinds are accessible, the data are returned to the
respective departments. After the data types have been standardized, they are examined
for completeness, consistency, accuracy, and integrity. If all of these conditions are met, the
data are imported into the proper database tables depending on the data’s information
content (Figure 5).
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Table 2. Data sources and pre-processing methods.

Data Name

Data Type

Data Source

Data Pre-Processing Method

Mineral resources
reserve data

Forest area and forest
coverage data

Water resources
reserve data

Ecological product
output data

Net income data of
natural resources
development and

utilization industry

Land use and ecosystem
type data

Rainfall data

Wind speed data

Evapotranspiration data

Normalized vegetation
index data

Soil texture data

Data on net primary
productivity of plants

Elevation data

Statistical data

Statistical data

Statistical data

Statistical data

Statistical data

Raster data

Vector data

Vector data

Raster data

Raster data

Raster data

Raster data

Raster data

Statistical Yearbook of Shaanxi
Province, Statistical Yearbook of
cities at Prefecture level and Local
Natural Resources Bureau
The Ninth National Forest
Resources inventory and Statistical
Yearbook of cities at all
prefecture levels
Statistical Yearbook of Shaanxi
Province, Statistical Yearbook of
cities at Prefecture level and Local
Natural Resources Bureau
Statistical Yearbook of
Shaanxi Province

Statistical Yearbook of Shaanxi
Province and input-output Table of
Shaanxi Province

Resource and Environmental
Science and data Center: remote
Sensing Monitoring data of Land

use in China

National Meteorological Science
data Center

National Meteorological Science
data Center

MODIS MOD16
evapotranspiration data

Resource and Environmental
Science and data Center: spatial
Distribution data set of Annual 1

km vegetation Index (NDVI)

in China

National Qinghai-Tibet Plateau
Science data Center: Chinese soil

data set based on World soil

Database (HWSD) (v1.1)
Resource and Environmental
Science and data Center: NPP data
set of Plant net
Primary Productivity

Space shuttle Endeavour Radar
Topographic Mapping (SRTM) data

Data comparison and screening

Data comparison and screening

Data Comparison and screening

Calculation of potential
biomass energy
The added value of each industry is
determined according to the
statistical yearbook data, and the
proportion of net income in the
added value is determined based
on the input-output table, so as to
calculate the net income of natural
resources development and
utilization industry.

Use GIS to vectorize raster data and
determine ecosystem types
according to land use types.

The GIS kriging interpolation tool is
used to interpolate according to the
data of meteorological stations to
form spatially continuous rainfall
raster data of Shaanxi Province.
The GIS kriging interpolation tool is
used to interpolate according to the
data of meteorological stations to
form spatially continuous rainfall
raster data of Shaanxi Province.
The 8-day evapotranspiration data
are summed up by GIS, and the
annual evapotranspiration data
are obtained.

Raster data clipping;
Calculation of vegetation
cover factor

Raster data clipping;
Calculation of soil erodibility factor

Raster data clipping

Raster data clipping;
Calculation of slope length and
slope factor
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Figure 5. Flow chart of data entry.

4.2. Integrated Assessment Methodology

The integrated evaluation procedure is established at the system’s back end. The
study of theoretical methods and models of natural resources value assessment at home
and abroad is based on theoretical models in resource environment and economics, such
as resource environment externality, resource environment accounting, comprehensive
environmental-economic accounting, net present value theory, rent theory, marginal cost
theory, etc. The details of the accounting technical framework are shown in Table 3.

Table 3. Accounting technical framework.

Accounting Items

Physical Indicators Value Indicators

Method of Value Accounting

Value of water
resources assets

River Basin Area
Surface Water Resources Value of water assets
Groundwater Resources

Income reduction method

Value of land resource assets

Arable land area
Garden area
Woodland area
Grassland area
Water area
Urban, village, industrial, and
mining land
Land area for transportation
Other land area

Value of land assets

Income reduction method

Value of forest resources assets

Forest area

Forest stock Value of forest assets

Market value method and
income reduction method

Value of energy and mineral
resources assets

Raw coal reserves
Crude oil reserves holdings
Natural gas reserves
Rock salt reserves
Bauxite reserves

Value of energy and
mineral assets

Market value method
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Table 3. Cont.

Accounting Items

Physical Indicators

Value Indicators

Method of Value Accounting

Value of agricultural
products supply
Value of forestry
products supply
Value of livestock
products supply

Value of fishery
products supply
Value of biomass

energy supply
Value of water supply

Output of
agricultural products

Output of forestry products
Output of livestock products
Output of fishery products

Total biomass energy

Water supply capacity

Output value of
agricultural products
Output value of
forestry products
Output value of
livestock products
Output value of
fishery products
Output value
of biomass energy
Output value of water supply

Market value method

Water conservation value

Water conservation capacity

Water conservation value

Shadow engineering method
(construction cost of water
conservancy project),
market value method (market
water price)

Soil conservation value

Soil conservation capacity

Reduce silt deposition value
Reduce the value of non-point
source pollution

Alternative cost method

Flood regulation and
storage value

Lake: adjustable water storage
Reservoir: flood
control capacity

Swamp: stagnant water

Flood regulation and
storage value

Shadow engineering method
(construction cost of water
conservancy project)

Value of wind protection and
sand fixation

Sand fixation capacity

Sand fixation value

Alternative cost method (sand
fixation cost method)

Carbon sequestration and
oxygen release value

Fixed amount of
carbon dioxide

Oxygen production

Value of annual fixed
carbon dioxide

Oxygen generation value

Alternative cost method
(afforestation cost, industrial
emission reduction cost),
market value method (carbon
market price)
Alternative cost method
(afforestation cost), market
value method (price of
industrial oxygen production)

Atmospheric
purification value

Amount of purified
sulfur dioxide

Amount of purified
nitrogen oxides

Amount of purified dust

Value of purified
sulfur dioxide

Value of purified
nitrogen oxides

Value of purified dust

Alternative cost method
(sulfur dioxide treatment cost)
Alternative cost method
(nitrogen oxide
treatment cost)
Alternative cost method (dust
treatment cost)

Value of water purification

Total amount of purified COD

Total amount of
purified nitrogen
Total amount of
purified phosphorus

Value of purified COD

Total value of
purified nitrogen
Total value
of purified phosphorus

Alternative cost method (COD
treatment cost)
Alternative cost method (total
nitrogen treatment cost)
Alternative cost method (total
phosphorus treatment cost)

Value of climate regulation

Energy consumed by
plant transpiration
Energy consumed by water
surface evaporation

Value of plant
transpiration consumption
Value of water surface
evaporation consumption

Alternative cost method
(artificial dehumidification
and humidification cost)

Value of pest control

Area of pests and diseases

Value of pest control

Protection cost method (Labor
prevention cost)
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Table 3. Cont.

Accounting Items

Physical Indicators Value Indicators Method of Value Accounting

Value of natural landscape

Travel cost method,

Total f i E i 1 .
otal number of tourists cotourism Value conditional value method

Value of sightseeing
agricultural landscape

Number of resident

populations Agro-tourism value Willingness to pay method

Value of urban green
space landscape

Number of resident

populations Green space landscape value Willingness to pay method

5. Results and Discussion

This study is an innovation of integrated management of natural resources and ecolog-
ical services information for policy practice needs and to improve government governance.

Forestry data [45], automotive exhaust data [46], chart sales data [47], water resources
data [48], instructional data [49], geographic information data [50], and other facets of
the application have all been used as the foundation for prior research in the assessment
systems. The bulk of studies merely offer and analyze data such as real-time data or
statistical data and have not yet accounted for environmental elements such as market value,
policy incentives, and limits, making it difficult to meet the ever-increasingly complicated
management requirements. To address these problems, the proposed information system
uploads and saves the physical quantity data of natural resources and ecosystem services
indicators and completes the display of natural resources and ecosystem services value
assessment results in various forms, such as graphs, tables, and maps.

A case application of this information system has shown practicability and robustness
in Shaanxi, China. As is shown in Figure 6, users can access the platform through appro-
priate servers, upload natural resources and ecosystem raw data, examine the relevant
physical quantity and value quantity data of natural resources and ecosystem services, and
construct a business system of natural resources and ecosystem data collecting, processing,
assessment, updating, and sharing linked by province and urban areas, which provides a
real-time and searchable information channel for natural resources and ecosystem man-
agement. The processing results could be timely presented in the graphical user interface,
serving as the knowledge foundation for resource management policy-making procedure.
For example, in the case of Shaanxi province, the value of natural resources and ecosys-
tem services was visualized at the spatial scale of each prefectural city. It could be seen
that the total value of natural resources and ecosystem services is CNY 107.67 trillion, of
which the value of natural resources is CNY 105.11 trillion and the value of ecosystem
services is CNY 2.56 trillion. Prefectural cities of Yulin and Yanan in northern Shaanxi have
relatively higher natural resources values compared with prefectural cities in southern
Shaanxi, which could be attributed to the abundance of fossil energy resources. However,
the ecosystem in northern Shaanxi is vulnerable and provides lower ecosystem values due
to the semi-arid climate conditions, thus the resource management in northern Shaanxi
should be more focused on ecological protection during resource utilization. Generally, this
system improves the level of informatization of natural resources and ecosystem manage-
ment in each prefectural city of the province, offers a timely, scientific, and correct basis for
natural ecology development and protection, provides an information guarantee for the
business management of various departments, and realizes the transformation from rough
to fine, from relying on experience and fuzzy management to relying on enormous data
and accurate analysis.

The system’s application innovation primarily consists of the following elements:

(1) A unified technical framework. The system unifies the natural attributes of ecosystems,
the optimal allocation of natural resources, the efficiency of natural resources, and the
value of ecological products, and combines the requirements of natural resources and
ecological environment refinement management with the principle “physical quantity
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before value quantity, stock before flow, and classification before synthesis.” Based on
the existing ecosystem service value assessment system, the system integrates and
sorts all indicators of natural resources and ecosystem service values to form a set of
technical frameworks covering governance and supervision, thereby resolving the
issue of inconsistent data collection, processing, and assessment standards.
Improving monitoring and supervision. The system uses modern data gathering tech-
nologies such as collection vehicles, drones, satellite remote sensing, and observation
stations, integrates monitoring data from multiple natural resources departments,
and creates an integrated operating environment for provinces, cities, and counties.
The system accelerates the rapid aggregation of natural resources business data in
the province and realizes the monitoring and supervision of natural resources and
ecosystem services work in the province. The system also provides a single and stan-
dardized technological framework for cities, counties, and districts, and aids natural
resources departments in Shaanxi Province in the remittance of various inventory
and accounting results, thereby lowering the cost issue associated with updating and
exchanging information in the databases of various natural resources departments.
Supporting decision making. There is a combination of assessment results and features
such as line graph visualization, pie chart visualization, scatter chart visualization,
radar chart visualization, bar graph visualization, geospatial visualization, etc. More-
over, the multi-directional integrated display and the provision of graphic download,
data view, data reset, and other functions provide a timely, scientific, and accurate
basis for natural resources supervision, which realize the change of natural resources
and ecosystem management from local experience-based and fuzzy presumption to
massive data-based and accurate analysis. And thus, the reliability of decision making
has been improved with the higher level of informatization of natural resources and
ecosystem management.
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Figure 6. Integrated Assessment Information System interface.

6. Conclusions

This study extends and integrates the value indicator system for natural resources

and ecosystem services, unifies the accounting technical framework, and merges several
advanced open-source architectures. This integrated natural resources and ecosystem
value assessment information system is implemented in Shaanxi Province, taking into
consideration environmental aspects such as market value, regulatory incentives, and
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limits. The system improves the accuracy of natural resources and ecosystem services value
assessment, facilitates the transition of natural resources management from empirical deci-
sion making to data decision making, and actively promotes the development of natural
resources informatization and ecological civilization. It also resolves the issues of enormous
data collection sources, integrated inclusion criteria, comprehensive assessment techniques,
and synchronized assessment updates in Shaanxi Province’s natural resources manage-
ment. The system also accomplishes the standardization, visualization, and information
management of natural resources and ecosystem service value evaluation.
Future research work:

(1) Several of the indicator items of ecosystem service value in the indicator system are
exploratory and contentious and can be upgraded in the future based on relevant
research results and China’s national circumstances.

(2) The system is based on the natural resources department of Shaanxi Province, and in
the future, it will vertically connect the natural resources departments at provincial,
municipal, and district and county levels into four natural resources departments at
the ministry, provincial, municipal, and district and county levels, and will horizon-
tally connect to agricultural and rural departments, ecological and environmental
departments, water conservancy departments, etc., to further improve the level of
data interconnection.

(38) With reform, China’s departments of natural resources are assuming new functions
and businesses. The business coverage of the current system is insufficient; therefore, it
is necessary to expand the business coverage of natural resources informatization, con-
tinue to establish a unified natural resources database, enhance the efficiency of natural
resources management, and strive to integrate natural resources government services.
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