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A B S T R A C T

Urban development based on the “carrying capacity” of its resources and environment is a key principle for
China’s green development stated in its 13th Five-Year Plan (2016–2020). It is, however, difficult to understand
the carrying capacity especially in coastal and marine areas. A Pressure–Support (PS) framework was designed to
illustrate the relationships of pressures and support and the integrated carrying capacity of a given coastal and
marine area. A PS index was then developed based on the framework to apply to a case study in the coastal and
marine areas of Guangxi Province, China. The evaluation results showed a decreasing marine carrying capacity
trend and indicate major pressures from land reclamation, fishing, coastal industry, port construction and
tourism activities. This case study demonstrates a practical approach to disentangling complex information
around the carrying capacity of coastal areas, which could be an effective tool for facilitating related policy
making in sustainable coastal and marine development.

1. Introduction

For the last decade, China’s economy has developed with an average
annual GDP growth rate of over 7%, which is more than twice of the
global economic growth rate. The marine economy in China has even
higher growth potential with an average growth rate of 8.1% between
2011 and 2015. Such fast economic development brings about pres-
sures on resource availability and environmental integrity especially in
the more developed coastal areas. Extensive development may cause
the spillover on local carrying capacity [1,2]. China’s 13th Five-Year
Plan states explicitly that overall development should be based on the
“carrying capacity” of its resources and environment [3]. The marine
“carrying capacity” here refers to the ability that coastal zone eco-
system can support population, social and economic development by
self-regulation and self-sustaining, without significant adverse impacts
to sustainable use of nature resources and environment in a certain
period of time. Measuring and understanding the carrying capacity of a
given area is a fundamental step to guide the local planning and de-
velopment in a sustainable way [4].

Existing quantitative assessment methods of carrying capacity ty-
pically include natural vegetation net primary productivity estimation
analysis [5], state space method [6], ecological footprint analysis [7],

and emergy analysis [8,9]. These methods use specific indices to con-
vert different variables into the same accounting unit, e.g. emergy. Yet,
it may only convert part of the variables and usually requires high
quality of data due to the limitations of the index conversion methods
[10,11]. These approaches also struggle to detect the relationship be-
tween human activities and pressures on the natural environment as the
evaluation results only reflect how much of the carrying capacity has
been consumed [12]. Therefore, several conceptual frameworks have
been proposed to link the various environmental and socioeconomic
factors by illustrating causal relationships, such as PSR (Pressure-State-
Response) framework [13] or the DPSIR (Driver-Pressure-State-Impact-
Response) framework [14–16]. These frameworks, however, are usually
applied in qualitative evaluation due to the difficulties in data collec-
tion and weight determination [17].

To address these shortcomings, this paper develops a Pressure and
Support (PS) framework based on the PSR framework to assess the
carrying capacity of a given coastal area in the context of its social-
economic-environmental system, which could illustrate the relation-
ships of pressures and supporting parameters to the integrated carrying
capacity. This novel framework was applied in a case study in coastal
China, Guangxi Province, for validation. To quantitatively assess the
carrying capacity of Guangxi Province, ten years of data were collected
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and two weighting methods were combined: both subjective and ob-
jective weighting methods for weight determination. The carrying ca-
pacity variations of Guangxi Province in this period were analyzed
quantitatively, which provide scientific references for its sustainable
coastal planning and management. Both the methods and the discus-
sions presented in this study provide important implications for car-
rying capacity studies in other coastal areas.

2. Study site

Guangxi Province lies in the north of the Gulf of Beibu, next to the
provinces of Guangdong and Hainan. Guangxi Province is the least
developed coastal province in China but has very rich marine resources
including ports, fisheries, oil and minerals, as well as three typical
marine ecosystems, seagrass,mangrove and coral reef. The Beibu Gulf
Economic Zone of Guangxi is the key area for the development of
western China and is a demonstration area of cooperation between
China and countries in the Association of Southeast Asian Nations
(ASEAN).

The study area covers Guangxi Province’s three coastal cities
(Fangchengang, Qinzhou and Beihai) and its coastal area of five major
bays, including a land area of 20,470 km2 and sea area of 1005 km2,
with coast line of 1628.6 km (Fig. 1). Although Guangxi’s coastal line
accounts for nearly 10% of China’s mainland coastline, its marine GDP
only accounts for 1.6% of the total marine GDP, which is the lowest
among all the coastal provinces in China. Its marine and coastal in-
dustry mainly includes marine fisheries, ports and shipping, coastal and
marine engineering, tourism. In 2015, the region's GDP was 1680 bil-
lion yuan (about 254 U.S. billion dollar), and its marine GDP was 110

billion yuan (16.6 U.S. billion dollar) with an annual increase rate of
7.5% during the last decade. It could be seen that although the marine
economy in Guangxi is least developed, it shows a rapid increasing
trend, which has generated high environmental pressures, e.g. marine
pollution and coastal reclamation.

3. PS framework

To assess the carrying capacity of a given coastal area, a Pressure
and Support (PS) framework was developed based on the PSR con-
ceptual model proposed by the OECD and UNEP in 1994 [18]. This
framework (Fig. 2) integrates both the pressure and support factors for
the coastal carrying capacity and provides a logical relationship

Fig. 1. Sketch map of Guangxi coastal area.
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Fig. 2. PS evaluation framework.
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