
AI translation ・View original & related papers at
chinarxiv.org/items/chinaxiv-201703.00036

Soil Environment Big Data: Development and
Application Postprint
Authors: Guo Shuhai, Wu Bo, Zhang Lingyan, Luo Ming

Date: 2017-03-08T00:00:00+00:00

Abstract
Beginning with an analysis of big data characteristics, this article examines the
development status of big data in the environmental field both domestically
and internationally, clarifies the data foundation and bottleneck issues in the
development of China’s soil environmental big data, and proposes construction
methods and technical processes for soil environmental big data systems. Based
on the national big data development strategy and industry demands in the soil
environmental field, it recommends establishing in a coordinated manner soil
environmental big data cloud platforms, management platforms, and thematic
application platforms to provide public services and innovative application prod-
ucts oriented toward regional-scale soil environmental management, multi-agent
cross-media collaborative governance, and agricultural product safety assurance.
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Abstract
This paper begins with an analysis of big data characteristics and examines the
development status of big data in the environmental field both domestically and
internationally. It clarifies the data foundation and bottleneck issues in China’
s soil environmental big data development, proposes construction methods and
technical processes for soil environmental big data systems, and recommends
establishing a unified soil environmental big data cloud platform, management

chinarxiv.org/items/chinaxiv-201703.00036 Machine Translation

https://chinarxiv.org/items/chinaxiv-201703.00036
https://chinarxiv.org/items/chinaxiv-201703.00036


platform, and thematic application platform based on national big data devel-
opment strategies and industry demands in the soil environment sector. These
platforms would provide public services and innovative application products for
regional-scale soil environmental management, multi-entity cross-media collab-
orative governance, and agricultural product safety assurance.

Keywords: soil environment, big data, digital management, multi-media syn-
ergetic remediation, agricultural product quality safety
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1.1 Characteristics of Big Data
Big data refers to massive data collections whose scale in acquisition, storage,
management, and analysis far exceeds the capacity of traditional database soft-
ware tools. It features huge data volume, rapid data flow, and diverse data
types, requiring new processing modes with stronger decision-making, insight
discovery, and process optimization capabilities to be effectively utilized as an
information asset [1,2]. Due to its enormous scale, big data exhibits two distinct
characteristics compared to traditional data: (1) Diverse data attributes,
including structured, semi-structured, and unstructured data [3,4]. Big data
encompasses not only numbers but also text, images, audio, video, and other
formats, covering rich content with strong mining potential and greater appli-
cation value. (2) Frequent data interaction, with large-scale data analysis
proceeding in parallel with real-time data mining [5]. In data analysis, struc-
tured data can follow established patterns [3], while analysis of semi-structured
and unstructured data in big data follows unknown patterns that can only be ex-
plored through comprehensive simulation and hypothetical response approaches
to calculate the credibility of various possibilities [3].

Big data acquisition primarily occurs in three forms: (1) collecting public infor-
mation for trend judgment and customized services; (2) collecting sensor data
for professional predictive analysis; and (3) collecting and integrating compre-
hensive data for correlation comparisons.

2 Development Status of Environmental Big Data
Environmental big data is currently in a vigorous development stage, demon-
strating broad application prospects. Big data technology primarily encom-
passes data management, computational processing, and data analysis, with
data analysis being the core. Data analysis has evolved through several his-
torical stages: the first stage involved naive data analysis such as divination
and agricultural calculations; the second stage featured mathematics-based data
analysis using probability theory and statistics with computer technology; the
third stage, following the information technology revolution, involved struc-
tured and digital data processing for integrated analysis based on computers
and mathematics; and the fourth stage—current big data analysis—represents a
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fusion of internet, automation, computer, and mathematical technologies. Thus,
data analysis in big data technology is a broad concept that includes not only
narrow-sense data analysis but also deep mining of massive datasets.

2.1 Rapid Development of Environmental Big Data in Europe and
America

Due to higher informatization levels and better big data infrastructure, Eu-
ropean and American countries have developed environmental big data more
rapidly. The U.S. Environmental Protection Agency (EPA) has particularly
applied environmental big data services to monitoring networks, data sharing,
and public services [7,8]. In monitoring network construction, the EPA regis-
ters facilities with pollution discharge rights—including enterprises, wastewater
treatment plants, civil facilities, and mining operations—building a discharge
facility registration database through unique “facility identification codes”to
enable cross-system and cross-database retrieval [8]. For data sharing, the EPA
implements rapid, effective, secure, and accurate real-time environmental data
exchange through the Central Data Exchange, connecting U.S. federal and lo-
cal governments, enterprises, and EPA branches [9]. In public services, the
EPA’s Envirofacts database [8] systematically opens air, water, waste, toxic
substances, radiation, and soil environmental data to the public through map-
based visualization, allowing searches for information on exhaust emissions, dis-
charge permits, hazardous waste treatment processes, toxic chemical releases,
and Superfund site status.

2.2 China’s Atmospheric Environment Management Leads in Big
Data Adoption

Atmospheric environmental data is relatively easy to collect and analyze, and
China’s urgent need for haze control has accelerated big data development in
this sector. The Beijing Municipal Environmental Protection Bureau collabo-
rated with IBM to develop an air quality prediction and modeling system based
on cognitive computing, big data analytics, and IoT technology. By analyzing
real-time data streams from air monitoring stations and meteorological satel-
lites, and leveraging self-learning capabilities and supercomputing power, the
system provides high-precision 72-hour air quality forecasts for the Beijing area,
enabling real-time monitoring of pollution sources and distribution—known as
the “Green Horizon”project [9]. This initiative uses big data and artificial in-
telligence to predict air pollution conditions up to 10 days in advance, allowing
urban managers to take targeted measures such as adjusting traffic patterns
and controlling industrial emissions in advance. With accurate predictions, the
system can further collect unstructured data through apps, including weather
patterns, scientific journal content, and government reports, evolving into cog-
nitive technology.

Due to differences in environmental media, pollutant characteristics, monitor-
ing methods, and historical accumulation, big data applications and prospects
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vary across environmental sectors (Table 2 ). Atmospheric, water, and soil en-
vironmental big data each have distinct development characteristics, requiring
targeted research on system construction and applications.

3 Development Status of Soil Environmental Big Data
3.1 Characteristics of Soil Environmental Big Data

Environmental research objects have different attributes, resulting in significant
variations in available data types. Atmospheric environmental data can be col-
lected at high frequencies through sensors, and the public has direct, sensitive
perception of air quality. In contrast, soil environmental quality changes slowly
with minimal fluctuations, and pollution exhibits cumulative and lagged char-
acteristics. The public lacks direct sensory judgment capability, and automatic
online monitoring is difficult, with higher costs for manual sampling and moni-
toring, making forecasting and early warning more challenging. However, these
characteristics also provide an advantage for big data development: exploring
causal relationships between soil environmental quality and various influencing
factors based on the “source-sink”nature of soil environments. Through di-
versified data integration—such as spatial distribution data of pollution sources,
pollutant emission categories and totals, multi-dimensional pollution pathways,
environmental carrying capacity and spatial variations, and background value
atlases and remote sensing images—multi-dimensional spatiotemporal big data
models can be established.

3.2 Foundation for Soil Environmental Big Data Development

Since the 1980s, China has conducted multiple national-scale soil environmental
surveys, including national background value investigations [10], soil pollution
status surveys [11], multi-purpose geochemical surveys [12], and agricultural
product origin environment surveys [13], generating over two million research
papers and reports. These efforts have established soil environmental foundation
databases and derivative databases focusing on agricultural land, contaminated
sites, and drinking water source areas, involving local agricultural product and
population health information (Table 3 ). In terms of data volume, these have
essentially reached big data scales, though effective data extraction and deep
mining are still required. The State Council’s Soil Pollution Prevention and
Control Action Plan issued in 2016 [14] prioritizes soil pollution investigation
and monitoring, establishing a system for regular soil environmental quality
surveys every 10 years and building a soil environmental quality monitoring
network to achieve full county-, city-, and district-level coverage by 2020. This
provides nationwide foundational data sources for soil environmental big data,
laying the groundwork for systems with massive sample sizes, multi-source data,
and dynamic indicators. Building on this foundation, utilizing“Internet+”infor-
mation exchange models for soil environmental data ingestion and supplemen-
tation through self-comparison, self-updating, and self-improvement will enable
the construction of a distinctive Chinese soil environmental big data system.

chinarxiv.org/items/chinaxiv-201703.00036 Machine Translation

https://chinarxiv.org/items/chinaxiv-201703.00036


This will achieve digital soil environment management and provide “targeted”
decision-making solutions for regional and national-scale soil environmental pro-
tection and risk control.

3.3 Bottlenecks in Soil Environmental Big Data Development

Several problems hinder soil environmental big data development: (1) High
costs and long cycles for soil environmental quality monitoring result in in-
sufficient data accumulation; (2) China’s environmental monitoring system is
still under construction with relatively single data types and elementary anal-
ysis methods, lacking data fusion and deep mining approaches and urgently
needing mathematical models for correlation analysis; (3) Soil environmental
quality management must be based on Geographic Information Systems (GIS),
but limited extension capabilities of GIS tools and relational database manage-
ment systems, constrained by data storage patterns, result in low efficiency in
GIS spatial data automatic synthesis; and (4) The client-server architecture of
GIS leads to weak capabilities in data sharing, storage, synchronous updating,
and update efficiency. Therefore, technical integration should establish a data-
driven, multi-industry, multi-disciplinary cross-fusion system for mutual benefit,
forming an intelligent soil environmental management data support system.

4 Construction of Soil Environmental Big Data Systems
Big data features massive volume, diversity, and rapid change, while also having
low value density, requiring data aggregation and extraction preprocessing for
specific problems to reduce computational costs. Big data analysis project ex-
perience indicates that highly available, scalable data storage architectures and
flexible, efficient data analysis frameworks are fundamental to building robust
big data analysis systems. Due to diverse soil environmental big data acquisition
channels and wide-ranging data sources, data blending must first be performed
before integrated analysis. Data blending aims for intelligent decision-making
by extracting, fusing, and integrating relevant data from multiple sources into
an analytic dataset [15]. This analytic dataset is an independent and flexible
entity that can be reorganized, adjusted, and updated as data sources change.

Multi-source data in the blending process [15] comes from three aspects: (1)
Primary data, mainly internal data directly collected and controlled by project
organizers; (2) Secondary data, mainly external data collected, organized, and
provided by third parties; and (3) Scientific data, mainly obtained through
scientific research, formula calculations, and model estimations. These three
data types provide different information for system establishment. In big data
analysis projects, data scientists need to collect, organize, and fuse relevant data
from these three categories for specific problems.

Big data blending and system construction involve five basic steps: (1) extract-
ing data from multiple heterogeneous sources; (2) organizing and classifying
data; (3) cleaning data; (4) combining multi-source data, transforming it, and es-
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tablishing datasets; and (5) building data analysis models for specific problems.
According to the characteristics of soil environmental big data, the technical
route for establishing a big data system centered on soil environmental quality
should follow the process shown in Figure 1 [Figure 1: see original paper].

In this system, direct data refers to data that directly characterizes soil environ-
mental quality, such as pollutant types, total amounts, and available content.
Relevant data refers to data that influences soil environmental quality, including
soil physicochemical properties, spatial distribution and emission characteristics
of pollution sources, pollutant diffusion pathways, self-purification capacity of
soil environments, and environmental quality characteristics of related media
such as water and air, as well as meteorological data, hydrogeological data,
environmental imagery, and remote sensing data in other formats.

5 Development Directions and Applications of Soil Envi-
ronmental Big Data
Through digital soil environmental big data collections, thematic platforms for
protection and prevention can be built to provide public services based on soil
environmental big data. Using deep mining and knowledge discovery from big
data, quantitative soil environmental management and multi-entity cross-media
collaborative governance can be achieved. Targeted remediation and safe uti-
lization of contaminated soil can establish digital traceability networks for agri-
cultural product quality safety, thereby ensuring regional agricultural product
quality and safety (Figure 2 [Figure 2: see original paper]).

5.1 Providing Digital Public Services Based on Soil Environmental
Big Data

The State Council’s Outline for Promoting Big Data Development [16] calls for
developing big data applications in industries such as manufacturing, emerging
industries, and agriculture and rural areas to form a big data product system
and improve the big data industry chain. The Soil Pollution Prevention and
Control Action Plan [14] also requires using data from environmental protection,
land resources, agriculture, and other departments to establish a soil environ-
mental foundation database and build a national soil environmental information
management platform. By leveraging mobile internet and IoT technologies, data
acquisition channels should be broadened to enable dynamic updates. Accord-
ingly, multi-source data fusion and digital characterization should be conducted
to explore soil environmental quality databases and multi-assessment methods,
regional analysis and target control models for soil environmental quality, and
scenario analysis and decision-making technologies for contaminated soil reme-
diation. A panoramic soil environmental quality analysis model should be es-
tablished, and based on the needs of the soil environmental big data system,
a unified soil environmental big data cloud platform and thematic application
platform should be built to provide various digital public services based on soil
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environmental data.

5.2 Conducting Multi-entity Cross-media Collaborative Governance
at Regional Scales

Cross-media environmental pollution research represents the most active fron-
tier field internationally, making it crucial to understand the sources, causes,
impacts, and control of multi-media environmental pollution. Focusing solely on
soil pollution prevention, risk control, and remediation is no longer sufficient to
meet societal needs. There is an urgent need to strengthen correlation analysis of
diversified data on pollution sources, pathways, and environmental carrying ca-
pacity for comprehensive assessment, forming national or cross-regional manage-
ment platforms across ministries and industries. Therefore, based on traditional
environmental management, data resources including economic and social devel-
opment, basic geography, meteorology, and hydrology should be integrated to
build a soil environmental big data system based on spatial geographic informa-
tion systems to serve regional cross-media collaborative governance. For urban
“brownfields”(abandoned land), cloud service platforms integrating basic data
and information should be established for historical investigation of suspected
contaminated sites, industrial analysis, multi-media interactions, and environ-
mental countermeasures. For large-scale soil environmental management, infor-
mation on water-soil-atmosphere environmental monitoring, mineral resource
surveys, environmental capacity analysis, regional social development status,
and industrial structure should be integrated to implement zoned, classified,
and graded protection and governance [17].

5.3 Establishing Digital Traceability Networks for Agricultural Prod-
uct Quality Safety

Soil environmental quality at agricultural product origins directly affects
food safety. In China, soil pollution is severe in mid-south and southwest
high-background-value regions, non-ferrous metal mining areas, large northern
sewage irrigation districts, and urban suburbs of the Yangtze River Delta,
Pearl River Delta, and Beijing-Tianjin-Hebei region, seriously threatening
grain and vegetable quality safety. Therefore, establishing a precise plot-level
agricultural product origin management platform through coding systems
for risk early warning is an inevitable trend for future agricultural land
soil environmental management. This platform would provide services for
value-added sales of high-quality agricultural products and safety risk control
of ordinary products. Current agricultural product traceability methods only
allow post-event processing and will gradually be replaced by or integrated
with pre-event intervention models. Thus, deep mining of existing soil environ-
mental and agricultural product quality survey data to develop forecasting and
decision-making technologies centered on collaborative control of heavy metal
exceedance risks in agricultural products will become a major foundational
task in the coming decade.
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6 Recommendations
1. Promote comprehensive integration and sharing of soil environmental data

resources, coordinate information technology project management, and
establish free foundational state-managed information databases and fee-
based commercial enterprise databases to eliminate data silos.

2. Establish an environmental information resource center to achieve data
interconnection, forming a data sharing mechanism primarily based on
direct platform acquisition and supplemented by inter-departmental data
exchange.

3. Develop soil environmental big data analysis technologies to provide public
services and commercial products, offering data and decision-making sup-
port for regional-scale soil environmental management, multi-entity cross-
media collaborative governance, and agricultural product quality safety
assurance.
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