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A B S T R A C T

Evaluations of resources and environmental carrying capacities (GRECC) are the premise of land space
planning and use control. Resource allocations and environmental capacity are the basic conditions that
restrict development in a region. In this paper, based on a systematic review of China's geological
environment, groundwater resources, mineral resources, other geological resources and the environmental
carrying capacity research status, the relationship between the natural resource environmental system and
the socio-economic system is studied. Then a “coordination theory of resources and environmental
carrying” is proposed. Next, on the basis of an evaluation experiment performed at different scales and for
different types of regions, the technical methods for an evaluation of the geological resources and
environmental carrying capacity at the regional (inter-provincial) and provincial scales in China are
established for the first time. This paper presents a standardized method based on technical ideas,
evaluation methods, and index systems for geological resource and environmental carrying capacity
evaluation. Finally, an evaluation of the groundwater resource carrying capacity in China is used as an
example for the demonstration of the groundwater resource background and use of state evaluation
methods.
©2018 China Geology Editorial Office.

1. Introduction
The book, “On the Principles of Population”, published by
Malthus in 1798 (Maltus TR, 1798) proposed a theory of
limited resources and the effects of this limitation on
population growth. This birth is considered to be the origin of
a concept called carrying capacity. Since then, Verhulst PF
(1838) proposed the famous logistic equation. Park PF et al.
(1921) and Hawden IA et al. (1922) successively extended the
concept of carrying capacity to the field of human ecology,
with more of an emphasis on the restrictive effect of carrying
capacity of the resource environment on the population. The
"Economic Growth, Carrying Capacity, and the Environment"
was published by Arrow K et al. (1995), and this book
triggered a wave of research interest on resources and
environmental carrying capacity. In the 20th century, Running
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SW (2012) proposed that various resources available to
humans would reach an “ecological boundary” in the coming
decades. In the late 20th century, with the increasing problems
of population growth, resource development, and environment
degradation on a global scale, the research focused on
carrying capacity began to shift to examine the limits that the
environment could withstand due to human economic and
social activities. Studies that have investigated the theory and
methods used to study resource management and
environmental carrying capacities have primarily been
concentrated on connotation and methods (Gao XY et al.,
2012). From the beginning to the present, studies regarding
the carrying capacity of resources and the environment have
moved from theory to practice and from the study of a single
factor to comprehensive evaluations. This focus on
cumulative and comprehensive evaluations has become an
important criterion for the measurement of regional
sustainable development (Feng ZM et al., 2017). Evaluation
results of carrying capacity can provide an important
scientific basis for post-disaster reconstruction planning in the
Wenchuan, Yushu, Lushan, and Ludian earthquake areas (Fan
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J et al., 2009, 2010, 2014). National territory planning,
principal function regionalization, monitoring, and the early
detection of approaching the environmental carrying capacity
are of great significance (Fan J, 2013; Fan J et al., 2017).
The research theme of resource and environmental
carrying capacity in regional development planning has been
restricted by a primary focus on natural resources. However,
the natural resource and environment carrying capacity are
closely related to geological factors, such as groundwater
resources, oil and gas resources, and the geological
environment. Based on a review of the geological
environment, groundwater resources, and oil and gas
resources, this study will systematically analyze the research
progress of China's geological resources and carrying capacity
to better promote standardized resource and environmental
carrying capacity evaluations.
2. Overview of the GRECC evaluation
2.1. Summary of foreign GRECC
Since the 1960s, in the background of the global resource
and environmental crisis, the carrying capacity concept has
been applied to solve urgent resource and environmental
problems faced by society. Based on the research objects,
research content, and application fields, many branches have
been derived that have focused on carrying capacity at both
the resource and environmental levels, such as the of study
land resource carrying capacity (Sara J et al., 2011; Enrico
BM et al., 2014), water resource carrying capacity (O'Reilly
AM, 1986; Daily GC et al., 1992; Saveriades A, 2000; Richter
BD et al., 2003; Bernhardt E et al., 2006), ecological resource
carrying capacity (Carrie B et al., 2011; David GS et al.,
2015), and overall environmental carrying capacity (Liu RZ et
al., 2011). Before the 1990s, carrying capacity investigations
worldwide were dominated by land resources. In the late
1990s, environmental and water resource carrying capacities
became the focus of research. After the 21st century, studies of
ecological carrying capacity, urban carrying capacity, and
tourism traffic carrying capacity have gradually emerged.
More scholars have begun to study the theory and methods of
comprehensive carrying capacity investigations and apply
them to various fields such as land, minerals, energy, and
environmental protection. For example, the “Limits of
Growth ” book published by the Club of Rome in 1972 paid
great attention to the carrying capacity of resources and the
environment (Meadows DH, 1972). Albert D (1993) explored
the overpopulation of Europe, nature and social conditions,
and multiple environmental issues from the perspective of
regional geography.
2.2. Summary of the GRECC in China
China's resource and environmental carrying capacity
research (GRECC) began in the 1960s, and its development
history is relatively short. So far, a complete theory has not
formed (Feng ZM et al., 2017), and a national-regional-
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provincial-county (city) scale evaluation method has not yet
been established. Hence, evaluation results are still
qualitative, and research results are still far from being able to
be used in practical applications.
In 2013, the Chinese government proposed “establishing a
monitoring and early warning mechanism of resource and
environmental carrying capacity, and implementing restrictive
measures for water and soil resources, environmental
capacity, and marine resource overloaded areas.” In 2017, the
General Office of the CPC Central Committee and the
General Office of the State Council issued “several
regulations on establishing a long-term mechanism for
monitoring and early warning of resource and environmental
carrying capacity”, which was to promote the standardization,
normalization, and institutionalization of monitoring and early
warning of resource and environmental carrying capacity.
After the establishment of the Ministry of Natural Resources
in 2018, the reconstruction of the national territory planning
system required the evaluation results of the geological
resources and environmental carrying capacity as a support. It
is evident that China has paid increasing attention to the
evaluation of resources and environmental carrying capacity.
The 2008 Chinese Wenchuan earthquake was a turning
point in the application and study of resources and
environmental carrying capacity. Since then, China has
conducted studies on land suitability and soil and water
security in several earthquake zones such as Yushu, Lushan,
and Ludian. The results of these studies have provided
technical support for post-earthquake reconstruction planning.
As the country strengthens population and economic planning
regulations, the carrying capacity of resources and the
environment plays an increasingly important role. There has
been more attention paid to the coordinated development of
resources and environmental systems and the socio-economic
system. For example, Gao JX (2001, 2018) developed a
theory and method for ecological carrying capacity practices.
2.3. Research progress on the carrying capacity of typical
geological resources and environment
2.3.1. Research progress on the geological environmental
carrying capacity
The geological environmental carrying capacity reflects
geological environmental safety and quality as related to the
suitability of these factors for construction and development.
Geological environmental carrying capacity studies began in
the 1990s. During that period, most of the research focused on
the coordinated development of a “natural-economic-society”
from the perspective of sustainable development. This
research area mainly focused on ecologically fragile areas,
urban areas, and river basins (Wang JJ et al., 2000; Dai FQ et
al., 2012; Zhou K et al., 2015). The research methods
primarily included index system methods and the system
model method (Hong Y et al., 1998). For example, Ma Z et al.
(2017) and Jiang YH et al. (2017) analyzed the land
environmental and resource conditions and major geological
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problems in the Beijing-Tianjin-Hebei region and the Yangtze
River economic belts, the major strategic regions of China.
Zhang MS et al. (2018) carried out a risk-based assessment of
the geological environmental carrying capacity and proposed
the concept of allowable carrying capacity and ultimate
carrying capacity of the geological environment based on risk.
They identified three grades of carrying capacity: safe
carrying, allowable overload, and the unacceptable overload
status. These grades had important reference values for the
red line delineation of geological disasters. Meng H et al.
(2018) evaluated the geological environmental carrying
capacity background of China. The results showed that higher
levels of geological environmental carrying background in
China accounted for a total of 11.26% of the country ’s land
area. The high-level areas accounted for 19.84% of the
country’s land area, the middle level accounted for 20.95% of
the country’s land area, the low level accounted for 10.90% of
the country ’s land area, and the lower level accounted for
37.04% of the country ’s land area. In an analysis of the
distribution of these areas, it could be seen that the lower and
low levels were primarily distributed in the first-level terrain
of the Qinghai-Tibet Plateau and in the Tarim Basin, the
Qaidam Basin, the Sichuan-Yunnan mountain areas, the
Yunnan-Guizhou Plateau areas, the Qinba mountain areas, the
Longnan mountain areas, the Taihang mountain areas, the
southeastern hilly area, and the north Daxinganling mountain
areas. The later areas are all located in the second-level terrain
of China. From the previous geological environmental
carrying capacity study, it could be seen that the country had
made progress, but the evaluation methods used to conduct
carrying capacity evaluations at different scales had still not
been unified.
2.3.2. Research progress on groundwater resource carrying
capacities
Water resources are an important factor that needs to be
considered for sustainable development.
“Sustainable
utilization of water resources”, “the ecological limit of water
resources”, “the limit of the water resources system” and “the
scarcity degree of water resources” have been topics that have
been investigated by many scientists. Many foreign
researchers have primarily viewed the water resource carrying
capacity from the perspective of the available amount of water
resources (O'Reilly AM, 1986; Daily GC et al., 1992;
Saveriades A, 2000). These researchers have used evaluation
index such as the water stress index (Falkenmark M et al.,
1989), the water scarcity index, the ecologically sustainable
water resource (Richter et al., 2003; Bernhardt E et al., 2006),
and other similar indices.
Groundwater resources are an important portion of the
total water resources in China, and they have been developed
on the basis of the water resource carrying capacity in China.
For the past 30 years, concepts have been progressively
developed to define the water resource carrying capacity and
have included basic connotations, concepts, and research
methods. With the development of interdisciplinary sciences,

such as earth system science, mathematics, and physics, the
study of the water resource carrying capacity has gradually
moved from single index and static analyses to systematic
multi-objective and dynamic comprehensive analyses. At
present, the main research methods used for groundwater
resource carrying capacity are the principal component
analysis (Xu L et al., 2011; Ren YZ et al., 2012; Wang CJ,
2012), the fuzzy comprehensive evaluation method (Wang RJ
et al., 2009; He ZH et al., 2010), the matter-element analysis
method (Tian JY et al., 2013), the set pair analysis method
(He JS, 2011), and other comprehensive evaluation methods.
These methods have combined each evaluation index to
obtain more comprehensive evaluation. Li RM et al. (2017,
2018) and Wang Y et al. (2018) studied the background
evaluation of groundwater resource carrying capacity in China
and showed that areas with a higher background carrying
capacity are mainly distributed in the Huang-huai-hai plain,
the Dongting plain, the lower reaches of the Yangtze River,
the Songliao plain, the Sanjiang plain of northeast China, the
Chengdu plain, the Fenwei basin, the southeastern hilly area,
and similar geographical areas. The groundwater resource
limit amount was found to be 376.7 × 109 m3 in China (Hao
AB et al., 2018).
2.3.3. Research progress on the mineral resource carrying
capacity
At present, there have been relatively few studies
performed that have investigated the carrying capacity of
mineral resources. Published articles show that a small
number of scholars have conducted research work in this area,
such as Xu Q (1996), Wang YP (1998), Wang AJ et al.
(2002), Wei JM (2006), Wang R et al. (2017), and Wang WF
et al. (2018). For example, Xu Q (1996) studied the carrying
capacity of mineral resources, and he defined the carrying
capacity of mineral resources as the mineral resources that can
directly or indirectly support the number of populations
continuously according to material living conditions that
guarantee normal social and cultural norms for a foreseeable
period. He also discussed the concept, connotation, and
characteristics of regional mineral resource carrying
capacities. Wang YP (1998) constructed an evaluation index
system and calculation model for mineral resources carrying
capacities. In addition, he established a mineral resource
population carrying capacity index system. He then
quantitatively calculated and analyzed the population carrying
capacity of existing resources and forecasted resources. Wang
AJ et al. (2002) conducted research on mineral resources and
national economic development. They thoroughly analyzed
the relationship between national economic development and
mineral resource consumption at different levels of
development and different stages of development. These
researchers also predicted China's metal mineral resources by
using the “S” type prediction model. Wei JM (2006) used the
multi-level fuzzy comprehensive evaluation method to
evaluate the carrying capacity, competitiveness, and
sustainability of major mineral resources in the Heilongjiang
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Province. Wang R et al. (2017) conducted an evaluation of the
resource and environmental carrying capacity of China's
mining economic zone. Wang WF et al. (2018) conducted
research on energy utilization and ecological environmental
protection of the national oil and gas resources carrying
capacity evaluation, established an evaluation indictor system
for oil and gas resource carrying capacity, and completed a
macroscopic evaluation of the carrying capacity of oil and
natural gas resources in China. From the above published
studies, we can see that there have been many studies
regarding the carrying capacity of traditional energy
resources, and, presently, few studies have been conducted
regarding the carrying capacity of new energy sources, such
as methane and shale gas.
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methods of resource environmental carrying capacity were
developed. In this paper, measures to improve the carrying
capacity of natural resources and environmental systems and
countermeasures to adjust to the socio-economic system are
proposed. Finally, the aim of this paper is to gradually
develop a coordination of the socio-economic system and the
natural resources and environmental system.
The theory developed in this paper aims to coordinate the
socio-economic system and the natural resource
environmental system. The advantages and disadvantages of
natural resource environmental endowment conditions are
used as the basis for the determination of social and economic
development goals. This approach highlights the mutual
influence of the comprehensive and systematic nature of the
resource environment and human activities (Fig. 1).
The theory locates the research object in the natural
resource environmental system and their relationship to the
socio-economic system, which is,
“one system, one
relationship. ” This approach also focuses on the research of
resource and environmental carrying capacity evaluation,
monitoring, and early warning indicators.
A resource and environmental carrying capacity
evaluation indicator system is established that uses field
surveys, statistical data, remote sensing interpretation, and
other ways to obtain data. Then this comprehensive evaluation
of background and current carrying capacity of natural
resource endowments and environment conditions are
implemented at various scales. The evaluation levels can be
divided into a single factor evaluation and a comprehensive
evaluation. The evaluation scale can also be divided into
macro evaluation and meticulous evaluation. Finally, the
evaluation results can be used as the basis for national,
provincial, city, and county territory space planning.
The purpose of monitoring and early warning indicators of
resource and environmental carrying capacity is to establish a
monitoring network and working system for the hierarchical

3. Theory of resource and environmental carrying
coordination
Since 2010, the China Geological Survey has carried out
several programs that survey and evaluate national resource
and environmental carrying capacities with the goal of
supporting the preparation of the “Outline of National
Territorial Planning (2016 –2030) ”. In the latest eight years,
the technical methods used to assess regional geological
resources and environmental carrying capacities have been
improved. In addition, a series of achievements have been
completed in the evaluation of geological resources and
environmental carrying capacities at national, pilot province,
and pilot counties (cities) levels. Additionally, the proposed
“Resource and Environmental Carrying Coordination Theory”
utilizes the natural resource environmental system and its
relationship with the socio-economic system as the main
research object. An evaluation of the relationship between the
natural resource environmental system carrying background
and the socio-economic system was conducted by the authors.
Subsequently, evaluation, monitoring, and early warning
Higher
High
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Low

Lower
Factors
Natural resources
environment system

Groundwater resources,
Geological environment,
Mineral resources

Groundwater
resources

Background
evaluation

Geological
environment

Mineral
resources

Development planning
suggestions
Comprehensive carrying
capacity evaluation
Dynamic
Monitoring

Relationship
Social economic system/
natural resources
environment system

Matching economic and
social activities with
resource endowments or
environmental background

National space
planning proposal

Evolution and
development
trends

Current status
evaluation

Early warning levels

Mild
Surplus
(Better)
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(Worse)
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Research object

Carrying capacity evaluation

Fig. 1. Technical framework of evaluation of GRECC.
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and sub-factors by setting up a monitoring and early warning
indicator system for resource and environmental carrying
capacity. Then, scientifically based recommendations are
proposed as control measures for an ecological civilization
performance appraisal. This will provide a scientific basis for
improving the performance evaluation and accountability
system of an ecological civilization.
Under the guidance of the above theory, the national scale
macro-test evaluation of three single factors, such as
geological environment, groundwater resources, and oil and
gas resources, and a meticulous evaluation at the typical
county (city) scale are conducted. The evaluation results are
optimized for regional functional positioning, adjusted for the
industrial layout, and also to provide a target area for
monitoring and early warning of resource and environmental
carrying capacity.
4. GRECC evaluation method and practice
In an effort to standardize the technical methods for the
evaluation the carrying capacity of the geological
environment that includes groundwater resources and mineral
resources at the national, regional, provincial, and city scales,
this paper proposes technical methods for assessing the
carrying capacity of geological resources and environmental
carrying capacity of regions, cities, and counties. This paper
also explores the technical approach of resource and
environmental carrying capacity evaluation, monitoring, and
early warning systems that are constructed at the nationalprovincial-and city-county scale that promote an evaluation
specification for GRECC that provides technical support at
different scales.
4.1. Regional GRECC evaluation method and index system
The regional technical method system standardizes the
basic requirements, technical ideas, evaluation methods, result
preparation, and submission requirements for resource and
environmental carrying capacity evaluation. The method also
specifies the workflow for the geological environment,
Data
collection
and analysis

Identification
of evaluation
key factors

Established
index
system

groundwater resource, and mineral resource carrying capacity
evaluation (Fig. 2), the evaluation indicator system framework
(Table 1), the evaluation method, and the method of use of the
evaluation results. This is the first technical evaluation
specification in the field of China's GRECC. It is applicable to
regional (inter-provincial) and provincial macroscopicity
GRECC evaluations.
The GRECC evaluation goal is to delineate the spatial
extent of resource endowments and environmental capacity,
provide a basis for regional (trans-provincial) and provincial
land space planning, delineate areas where resources and the
environment are under-coordinating, and provide monitoring
and early warning of resource and environmental carrying
capacity.
The GRECC evaluation target is to investigate and
analyze resource environmental characteristics and the socioeconomic development status, construct a GRECC evaluation
indicator system, evaluate the geological environment,
groundwater resource, and mineral resource carrying
capacities, and build a GRECC evaluation database and
management platform. Finally, a geoscience proposal for the
preparation of land space planning is prepared using these
results.
4.2. GRECC evaluation process and grading
The regional evaluation process mainly includes
evaluation unit selection, data collection and analysis,
identification of key factors pertinent for the evaluation,
establishment of the index system, field investigation and
verification, and single factor evaluation of carrying
background and current status. The single factor evaluation of
carrying background is divided into five levels: higher, high,
middle, low, and lower. The single factor evaluation of
current status is divided into three levels: better, medium, and
worse. Based on the evaluation results of each single factor
carrying capacity, then we obtain comprehensive GRECC of
multi-factors that is divided into five levels: stronger, strong,
middle, weak, and weaker (Table 2). Finally, some
suggestions are provided for population layouts and socioField
investigation
and verification

Single factor
and
comprehensive
evaluation

Countermeasure
proposals

Fig. 2. Flow chart of the GRECC evaluation.
Table 1. GRECC index system framework.
Evaluation type

Evaluation factor

Evaluation index
Background evaluation
Current evaluation
Geological
Landslide and debris flow structural stability
Susceptibility of geological hazards
Geological hazard risk water and
environment
ground collapse land subsidence soil and water Background of soil and water environment
soil environmental quality
environment geological relics
Endowment of geological heritage resources
geological heritage protection status
Groundwater resource Groundwater resource
Advantages and disadvantages endowment of
Utilization of groundwater
groundwater resources
resources.
Mineral resource
Petroleum natural gas coal……
Advantages and disadvantages endowment of
Suitable exploitation of mineral
mineral resources
resources
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Table 2. Comprehensive GRECC evaluation scale.
Comprehensive evaluation grading
Background

Resource-rich and environment stable areas
Resource-poor and environmental stability areas
Resource-rich and environment vulnerable areas
Resources scarity and environmentally vulnerable areas

economic development planning that are compatible with the
carrying capacity of resources and the overall environment.
4.3. GRECC evaluation methods and
groundwater resources as an example

practices--taking

In this section, an evaluation of the Chinese groundwater
resource carrying capacity is used as an example to discuss
the GRECC methods and application practice. To understand
the basic conditions of groundwater resource carrying
capacity in China, the county-level administrative unit is used
as the basic scale. Then, using the statistics of groundwater
resources provided by Li RM et al. (2018) and Wang Y et al.
(2018) and according to the “Technical Requirements for
Regional GRECC ” (trial draft), the groundwater exploitable
resource modulus is developed and used as the background
evaluation index. Also, the degree of groundwater
exploitation is used as the current carrying status evaluation
index. Then, the groundwater resource carrying capacity from
2863 county-level administrative units in China was
evaluated. Among them, the groundwater resource carrying
background reflected the advantages and disadvantages of
groundwater resource endowment itself, and the groundwater
resource current carrying status was used to reflect the current
state of the development and utilization of groundwater
resources (Table 3).
Table 3. Groundwater resources carrying capacity experimental
evaluation index.
Evaluation
factors
Numbers of
groundwater
resources

Evaluation index
Background carrying
Current carrying status
Exploitable groundwater
Degree of groundwater
resource modulus
exploitation

4.3.1. Background evaluation of groundwater resource
carrying capacity
The groundwater resource carrying background was
evaluated using the modulus of groundwater exploitable
resources (Table 4). The results of the classification of the
exploitable resources modulus were then used as the
background evaluation results.
An evaluation of exploitable groundwater resources was
based on the natural unit (i.e., the groundwater resources
division at each level). Next, the area equalization method
was used to decompose the evaluation results of the

Current status
Single-factor overload
Strong
Middle
Weak
Weaker

No overload
Stronger
Strong
Middle
Weak

Multi-factors overload
Middle
Weak
Weaker
Weaker

Table 4. Grading standards for the background evaluation of
groundwater resource carrying capacity.
Levels

Exploitable groundwater resource modulus /(104 m3/km2·a)

Higher
High
Middle
Low
Lower

≥10
[7.5, 10]
[3.5, 7.5]
[2, 3.5]
<2

exploitable resources of the minimum groundwater resource
division. Then, the area weighting method was used for the
merger. Finally, an evaluation of the exploitable resources at
the county level was obtained.
The exploitable resource modulus refers to the number of
groundwater exploitable resources per unit. The formula is as
follows:
M = Q/S

(1)

where
M–Modulus of groundwater exploitable resources
(m3/km2·a).
Q–Numbers of groundwater exploitable resources (m3/a).
S–Area of the evaluation area (km2).
4.3.2. Present status of the evaluation of the groundwater
resource carrying capacity
The groundwater resource carrying status was evaluated
according to the degree of groundwater exploitation (Table 5),
and the results of the classification of groundwater
exploitation were used as the evaluation results. The degree of
groundwater exploitation refers to the ratio of the number of
groundwater developments and utilization to the number of
groundwater resources.
Table 5.
Grading standards of the present status of the
evaluation of groundwater resource carrying capacity.
Levels
Better
Medium
Worse

Degree of groundwater exploitation/%
[0, 70]
[70, 100]
>100

The formula is as follows:
r = U/Q × 100

where
r–Degree of groundwater exploitation (%).

(2)
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Q–Number of groundwater exploitable resources (m3/a).
U–Number of groundwater exploited resources (m3/a).
4.3.3. Evaluation of groundwater resource carrying capacity
According to the current carrying background evaluation
of groundwater resources, it was found that among the 2863
county-level areas in the country, there were 807, 293, 859,
375 and 529 carrying backgrounds categorized as higher,
high, middle, low, and lower, respectively. Among them, the
background areas with higher categorization were
concentrated in the plain and basin areas, such as the Huanghuai-hai Plain, the Dongting Plain, the lower reaches of the
Yangtze River Plain, the Songliao Plain, the Sanjiang Plain,
the Chengdu Plain, the Fenwei Basin, and the Lingnan hilly
areas. The background areas with a lower categorization were
primarily distributed in the arid and semi-arid areas of the
inland northwest, the mountainous hilly areas, and the
southwestern plateau areas. There areas included the northern
Sichuan Plateau, the Inner Mongolia Plateau, the Loess
Plateau, the Tarim Basin, the Qaidam Basin, and similar areas
(Fig. 3).
The current carrying status categories of better, medium,
and worse were 2135, 386, and 342, respectively (Fig. 4).

Among them, the number of counties with a worse carrying
status category accounted for 11.95% of the total number of
counties and 7.03% of the total area of China. These areas
were mainly distributed in the local cities of the Huang-huaihai Plain and the Songliao Plain, the Hexi Corridor, the North
Shaanxi Plateau, the Guanzhong Basin, and similar areas.
This result reflects the current characteristic of the
groundwater resource carrying capacity in China (Fig.5).
5. Conclusions
Based on a literature review and the theoretical practice of
GRECC, this paper systematically reviewed the research
progress of GRECC for the areas of geological environment,
groundwater resources, and mineral resources in China. A
carrying coordination theory for resources and the overall
environment and corresponding evaluation techniques were
proposed. Finally, an evaluation of the national groundwater
resource carrying capacity was used as an example of the
application of this method. The main conclusions are as
follows:
(i) Based on the scientific principles of the earth system,
the relationship between the natural geological environment

Fig. 3. Background evaluation map of the national groundwater resource carrying capacity in China.
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Fig. 4. Current status classification map of national groundwater resource carrying capacity in China.

Fig. 5. Classification map of national groundwater resource carrying capacity evaluation in China.
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system and the socio-economic system was evaluated. Then,
“a carrying coordination theory of resources and the
environment ” was established as a GRECC regional
evaluation method, and pilot demonstrations were conducted.
(ii) The first technical requirements for the field of
regional (inter-provincial) and provincial GRECC evaluation
was proposed, which standardized the basic requirements,
technical ideas, evaluation methods, index systems, and
countermeasures of GRECC.
(iii) Finally, based on an evaluation of the groundwater
resource carrying capacity of China, a demonstration of the
groundwater resources background and current state
evaluation methods were conducted. It is believed that
groundwater resources in China are mainly distributed in the
Huanghuaihai Plain, the Dongting Plain, the lower reaches of
the Yangtze River, the Songliao Plain, the Sanjiang Plain, and
the Chengdu Plain.
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