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Decoupling analysis shows emissions have a dissociating
trend from aquaculture’s economic growth, with large
regional di�erences
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With the world’s largest aquaculture area and production, aquaculture in China is increasingly
becoming an important part of the marine economy. The decoupling of carbon emissions and the
economy is fundamental to the sustainable development of marine aquaculture. Unplanned offshore
aquaculture not only exceeds the carrying capacity of marine ecosystems, but also leads to high
carbon emissions caused by the diesel combustion and electricity consumption of �shing vessels in
the process of marine aquaculture (https://doi.org/10.1021/acs.est.7b04002), which puts pressure on
the marine environment and climate change (https://doi.org/10.3390/su14052977). Therefore,
measuring whether economic growth occurs at the expense of environmental damage and judging
whether there is a decoupling of economic growth and the carbon emissions of marine aquaculture are
urgent issues that need to be solved for sustainable economic development.

On the other hand, more scholars are recognizing the “blue carbon” value (including the economic value
and ecological value generated by the carbon sink (https://doi.org/10.1016/j.techfore.2022.121601) of
marine aquaculture, as this industry has increasingly become a “carbon sink ground.” The
comprehensive aquaculture of shell�sh, algae and marine pasture is also the process of the absorption,
collection, storage and buffering of carbon dioxide (CO ). It has the function of carbon sequestration
and is an important part of the carbon cycle (https://doi.org/10.1016/j.ocecoaman.2022.106123).
Therefore, in the marine aquaculture industry, the decoupling analysis of carbon emissions and
economic growth should consider net carbon emissions instead of the traditional carbon emissions
generated by human activities.

This decoupling analysis of the net carbon emissions and economic
growth of marine aquaculture in China shows emissions have a
dissociating trend from aquaculture’s economic growth, with large
regional differences. These results will help enhance the ecological
value of the marine aquaculture carbon sink and provide a better
“decarbonization space” for sustainable development of the marine
aquaculture industry. Photo by Chong Fat, via Wikimedia Commons.
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This also increases the complexity of the analysis of decoupling in�uencing factors. Factors related to
human production activities and biological carbon sequestration characteristics are all involved – such
as the energy intensity, the economic output effect, the size of the aquaculture scale, the reasonability
of the aquaculture structure and the level of aquaculture e�ciency. When we explore the decoupling
relationship between net carbon emissions and economic growth, we should systematically consider
many relevant and in�uencing factors and their contribution degrees. This will help enhance the
ecological value of the marine aquaculture carbon sink and provide a better “decarbonization space”
for the high-quality, sustainable development of the �shery and marine economy.

This article – adapted and summarized from the original publication
(https://doi.org/10.3390/su14105886) (Wang, J., et al. 2022. Decoupling Analysis of Net Carbon
Emissions and Economic Growth of Marine Aquaculture. Sustainability 2022, 14(10), 5886) –
discusses net carbon emissions and explores its decoupling relationship with the economic growth of
marine aquaculture; explores the comprehensive driving effect of carbon emission intensity, economic
structure, aquaculture e�ciency, aquaculture scale and aquaculture structure on net carbon emissions;
and estimates the contributions of aquaculture scale, aquaculture e�ciency, carbon emission intensity
and aquaculture structure to the decoupling of net carbon emissions from economic growth in different
regions of China and provides a basis for further management strategies.

(https://lucentwater.com/)

 

For detailed information on the data collection and literature review; calculations of the carbon
emissions and carbon sequestration in marine aquaculture; and all analyses, refer to the original
publication.

Net carbon emissions and marine aquaculture
Our study reviewed the decoupling characteristics of net carbon emissions and economic growth for
marine aquaculture in China, and estimated the decoupling effort degree in terms of various sea areas,
provinces and factors by using the LMDI (https://doi.org/10.1016/j.enpol.2015.07.007) index
decomposition model and decoupling effort index model, widely adopted in energy and emission
studies. It also explored the causes of the differences through a redundancy e�ciency analysis, which
summarizes the linear relations between multiple dependent variables and multiple independent
variables.

The relationship between the net carbon emissions and the economic growth of marine aquaculture
generally shows a decoupling state (Fig. 1), but the decoupling relationships in different regions are
different, which is similar to the �ndings of Kong, et. al.
(https://doi.org/10.1016/j.ecolind.2021.108271)

In terms of sea areas, the southern ocean economic zone has the most ideal decoupling state, the trend
of eastern ocean economic zone is “decoupling–coupling” while the northern ocean economic zone
has the trend of “negative decoupling–decoupling–negative decoupling.” In terms of provinces,
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Zhejiang, Fujian, Guangdong, and Guangxi are in good decoupling states, while the decoupling status
of Shandong continues to deteriorate.

There is a big difference in the total net carbon emissions effects of marine aquaculture in China. In
terms of sea areas, the total net carbon emissions effect of the northern ocean economic zone is
weaker than those of the eastern and southern ocean economic zones (Fig. 2). In terms of provinces,
Fujian and Guangxi have the best total net carbon emissions effects, while Hainan and Jiangsu have
the worst total effects (Fig. 3).

Fig. 1: Decoupling state of net carbon emissions and economic growth of marine aquaculture in coastal
areas of China from 2010 to 2019.
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Based on the factors driving the net carbon emissions of marine and aquaculture, carbon emission
intensity is the most important driving factor, which is very similar to the results of Wang and Wang
(https://doi.org/10.1016/j.marpol.2021.104831). Speci�c to the coastal areas of China, carbon
emission intensity and aquaculture e�ciency are the most important factors. In terms of sea areas, the
carbon emission intensity and aquaculture e�ciency effect are the main factors, and the aquaculture
scale effect is also obvious in promoting the southern ocean economic zone. In terms of provinces,
carbon emission intensity, aquaculture e�ciency, and aquaculture scale effect are the three most

Fig. 2: Cumulative effect diagram of net carbon emissions from
marine aquaculture in three marine economic zones. Adapted from
the original.

Fig. 3: Cumulative effect diagram of net carbon emissions from
marine aquaculture in nine coastal provinces. Adapted from the
original.

https://doi.org/10.1016/j.marpol.2021.104831
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important driving factors. The carbon emission intensity effect makes the most signi�cant contribution
to the total net carbon emissions effect, and the aquaculture e�ciency effect is better than the
aquaculture scale effect.

As for the degree of efforts to decouple the net carbon emissions from the economic growth of marine
aquaculture, in terms of sea areas, the eastern and southern ocean economic zones make strong
decoupling efforts, while the northern ocean economic zone makes weak decoupling efforts. In terms
of provinces, Fujian, Guangxi, Hainan, Guangdong, and Liaoning make strong decoupling efforts, while
Shandong, Hebei, and Zhejiang make the weakest decoupling efforts. From the decoupling effort index
of the net carbon emissions and economic growth of marine aquaculture, the order of efforts of various
factors in different sea areas is carbon emission intensity > aquaculture scale > aquaculture structure >
aquaculture e�ciency (Fig. 4).

Speci�c strategies proposed to improve marine
aquaculture
Strengthen regional cooperation and explore diversi�ed ways to reduce emissions and increase the
carbon sink. Because of the spatial correlation between regions, regional synergy should be included to
promote an emissions reduction and carbon sink increase in marine aquaculture through diversi�ed
means. On the one hand, we should acknowledge the active and leading role of the government and
other administrative departments in the formulation of relevant policies and regulations

Fig. 4: Decoupling effort index of China’s coastal areas and three marine economic zone from 2010 to
2019. Adapted from the original.

https://doi.org/10.1016/j.resourpol.2020.101741
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(https://doi.org/10.1016/j.resourpol.2020.101741). On the other hand, we can improve the pilot and
market-oriented mechanism of carbon exchange trading in the �shery culture and encourage the
development of carbon sink enhancement projects to promote the healthy development of the blue
carbon industry.

Build a modern three-dimensional aquaculture system and adjust the scale of marine aquaculture
according to local conditions. Based on the decoupling contribution degrees of various factors, the
aquaculture scale plays an extremely important role. A reasonable aquaculture scale will promote the
decoupling of net carbon emissions and economic growth (such as the southern ocean economic
zone). China is rich in marine space resources, but there are still many shallow beaches that have not
been used. Based on the heterogeneity of geographical locations and marine resources in various
provinces, we should combine the local marine ecological-economic-social status, make full use of the
advantages and advanced technologies, implement a scale advantage of marine aquaculture with
regional characteristics by establishing a modern three-dimensional aquaculture system, and maximize
the economic bene�ts of marine aquaculture.

Vigorously develop green ecological aquaculture and continuously optimize the aquaculture structure.
Judging by the contribution degrees of the decoupling efforts in sea areas, the contribution degree of
aquaculture structure is insu�cient or even reversed (such as the northern ocean economic zone),
which may be related to the lack of diversity in marine aquaculture species and the low technical
content of aquaculture methods in China. Therefore, we should focus on new models and the extension
of deep-sea pastures, increasing the proportion of green ecological aquaculture industries such as
leisure �sheries, and continuously optimizing the marine aquaculture structure to promote marine
aquaculture, so as to release more blue carbon space while reducing carbon.

Effects of aquaculture on China’s marine
fisheries over the past 30 years

First evaluation of statistical data on aquaculture development effects on
marine wild fisheries and contributions to their sustainable
management.
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Build a modern marine aquaculture economic system and improve aquaculture e�ciency. According to
the redundancy e�ciency analysis results of various factors, the redundant e�ciency of the
aquaculture area and labor force are the most important factors affecting comprehensive e�ciency
and the rational use of resource endowment is the key to improving the e�ciency of marine
aquaculture. Therefore, we should improve the e�ciency and carbon sink function of marine
aquaculture by building an intelligent marine resource management system and promoting multi-level
integrated aquaculture, so as to lay the foundation for the sustainable development of marine
aquaculture with high quality, high e�ciency and low carbon.

Because of the differences in economic development, technical means, and aquaculture varieties in
different regions, the carbon sink coe�cient of marine aquaculture may not be the same. A more
accurate carbon sink coe�cient estimate method based on the formation mechanism will be developed
in the future. With the development of marine pastures, more typical marine pastures would be
considered to study the green aquaculture model and its environmental and economic effects. These
studies will be explored to improve the e�ciency of marine aquaculture.
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