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In recent years, the Chinese Central Government has put great emphasis on the marine economy, since it has been a new driving
force of the national economic development. Yet, the relationship between marine economic development and energy efficiency
remains unknown. In this paper, we investigate whether marine economic development affected energy efficiency. We focused on
the Zhoushan Archipelago, the first National New Area for marine economic development in China. We applied panel data
approach to construct the counterfactual of Zhoushan Archipelago. We compared Zhoushan and its counterfactual, the
synthetic Zhoushan, and viewed the difference between them, after the Zhoushan Archipelago New Area, as the impact of
marine economic development on energy efficiency. We found that compared with its counterfactual, the real Zhoushan had a
more substantial improvement in energy efficiency after the National New Area construction. We estimated that the
construction of the National New Area for Marine Economy increased energy efficiency by about 10 percentage points. We
also applied the bootstrapping technique to illustrate the significance of the estimated results. The results suggest that the
Zhoushan Archipelago New Area construction had a statistically significant impact on energy efficiency. In addition, we
conducted two tests, including leave-one-out tests and permutation tests, to check the robustness of estimated results, which
also serve as an illustration of significance of the estimated results from an alternative empirical perspective. The results from
these two tests are similar to each other, both indicating that the Zhoushan Archipelago New Area construction had a
statistically significant positive impact on energy efficiency. Overall, our results suggest that marine economic development had
a sizable improvement in energy efficiency.

1. Introduction

The ocean accounts for about 71 percent of earth surface,
which is rich in various kinds of marine resources [1–3].
Therefore, the marine economy is playing a more and more
important role in economic growth [4–8]. On the other
hand, with land resources becoming gradually exhausted
due to the large-scale urban development, a growing number
of countries have been aware of the importance of the ocean

and are taking a series of measures to promote the marine
economy development [9, 10].

China, the largest developing country worldwide, has 65
hundred oceanic islands and 32 thousand kilometers long
coastline [11]. It shares maritime boundaries with North
Korea, South Korea, Japan, Philippines, Brunei, Indonesia,
Malaysia, and Vietnam [12]. The Chinese superior shoreline
helps it to become the second largest economy around the
world, behind the United States [13]. According to some
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estimates, the gross ocean product in China amounted to
more than 9 thousand billion in 2021, a tenth of its gross
domestic product [14, 15].

In order to further promote the marine economic devel-
opment, the Chinese Central Government has chosen some
regions across China to establish the marine economic
development demonstration zones, over the past decade
[16, 17]. These zones could be regarded as regional multi-
function ocean platforms, performing some big tasks,
including attracting marine industries, deepening marine
economic construction, and promoting the coordinated
development of land and sea [18–20].

Zhoushan Archipelago, a Chinese prefectural-level city
grouping more than 4 hundred islands of the northern coast
of Zhejiang Province, is blessed with abundant natural
resources [21]. Lying on the Yangtze River Delta and the
coast of Eastern China Sea, Zhoushan is playing an impor-
tant role in the construction of the New Silk Road on the
sea and the Marine Economic Belt [22]. Approved by the
Central Government of China, it was listed as the first
National New Area for marine economic development in
2011, and it is also expected to fuel the growth of new eco-
nomic drivers for the Yangtze River Delta Urban Agglomer-
ation [23].

A large existing literature were focused on the marine
economic development and its affecting factors. For exam-
ple, Ding et al. proposed an improved cross-efficiency model
and used this new model to measure the marine economic
development efficiency for Chinese 11 coastal provinces
[24]. Li et al. codified the Chinese policies related to marine
economic development, listed the difference across these
policies, summarized the characteristics of policies, and pre-
dicted the direction of the future marine economic policy
[25]. Guo et al. measured the efficiency of marine economic
development for Chinese 11 coastal provinces, using a data
envelopment analysis, and investigated these factors affect-
ing the marine economic development efficiency, using a
spatial econometric model [26].

On the other hand, few studies had explored the interac-
tion between marine economic development and marine
environmental protection. For example, Ye et al. assessed
the impact of government preference and environmental
regulation on marine economic green development [27].
They found that government preference to industries had a
negative impact on marine economic green development,
while environmental regulation had a lag positive impact
on marine economic green development. Qin et al. investi-
gated whether environmental regulation affected marine
economic green total factor productivity [28]. Their results
exhibited that environmental regulation promoted marine
economic green development.

Besides, there are a large number of studies available on
economic growth, energy efficiency, carbon emissions, and
their interaction [29, 30]. For example, Li et al. constructed
a cross-country panel and used a Granger causality test to
investigate the impact of economic, energy, social, and trade
structural changes on carbon emissions [31]. Their results
suggest that these factors had a large impact on carbon emis-
sions. Wang et al. found that urbanization is an important

factor affecting energy consumption, while its impact on
energy consumption would be dependent on the level of
income [32]. Candila et al. explored the relationship between
oil return and exchange rate movement in oil-based coun-
tries during the Great Recession and the pandemic
periods [33].

Finally, in the literature related to regional economic
development, Mutalimov et al. assessed the performance of
small business in the Far Eastern District of Russia, which
helps policy makers to determine the direction of industrial
policies [34]. Varyash et al. focused on Triple Bottom Line
in Russia and investigated the relationship between it and
corporate social responsibility [35]. Moiseev et al. discussed
the association between regional economic growth and cor-
ruption. They thought that the growth of social wealth
would reduce corruption [36]. Saqib et al. estimated the
impact of Pakistani rupee volatility on monthly energy
imports using an autoregressive distributed lag model. The
results showed that the effect of volatility in exchange is sec-
toral specific and asymmetric in Pakistan [37]. Nie et al.
found that the use of modern energy technologies in the pro-
duction processes of public catering enterprises would
reduce total costs and improve the overall environmental
friendliness of the food industry [38].

Quite surprisingly, however, there is no literature avail-
able on the relationship between marine economic develop-
ment and energy efficiency, given an important role that
marine economy is playing in the green, low-carbon, and
sustainable development [39]. In this paper, we filled that
void. We estimated the impact of marine economic develop-
ment on energy efficiency by focusing on Zhoushan, the first
established National New Area for marine economic devel-
opment. We adopted panel data approach to form the coun-
terfactual of Zhoushan, the synthetic Zhoushan. We
compared the real Zhoushan with the synthetic Zhoushan
and referred to the difference in energy efficiency between
them as the impact of marine economic development on
energy efficiency.

Overall, our results exhibit that the Zhoushan Archipel-
ago New Area construction did improved Zhoushan’s
energy efficiency. That is, compared with its counterfactual,
Zhoushan experienced a more substantial improvement in
energy efficiency after the Zhoushan Archipelago New Area
construction. We estimated that the Zhoushan Archipelago
New Area construction improved energy efficiency, on aver-
age, by about 10 percentage points. Our estimate is remark-
ably robust to the exclusion of a certain control city that is
not the National New Area for marine economic develop-
ment. Our estimate also has a statistically significant inter-
pretation standing on an empirical perspective. Of course,
our results suggest that marine economic development had
a sizable improvement in energy efficiency.

Several features of this paper distinguished it from a
large existing literature on marine economic development.
Most significantly, this paper is the first to focus on the rela-
tionship between marine economic development and energy
efficiency. While aforementioned studies point out that
marine economy is playing an important role in the green,
low-carbon, and sustainable development, they do not
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investigate the impact of marine economic development on
energy. From an empirical perspective, this paper also is
the first to quantity the impact of marine economic develop-
ment on energy efficiency by focusing on Zhoushan Archi-
pelago New Area, the first established National New Area
for marine economic development. Besides, this paper is sig-
nificant in that it provides an alternative path to improve
energy efficiency and achieve sustainable development for
policy makers. Our study suggests that marine economic
development is beneficial to improve energy efficiency and
to achieve sustainable development.

The rest of this paper is arranged as follows. Section 2
describes data and model. Section 3 reports results. Section
4 discusses our findings. Section 5 concludes.

2. Methods

2.1. Data. We used the annual panel data on 21 cities in the
Yangtze River Delta Economic Circle over the 1995 to 2014
period. Zhoushan Archipelago was listed as the National
New Area for marine economic development in 2011, giving
a period of 16 years before its establishment. Our sample
period ends in 2014 because a relatively narrow period of 4
years after the Zhoushan Archipelago New Area construc-
tion helps us to remove additional confounding factors, like
the other policies implemented in Zhoushan that might
affect Zhoushan’s energy efficiency.

The outcome variable of our interest is energy efficiency,
which is measured by the ratio of gross regional product to
the total regional energy consumption. Note that we take
the logarithm of energy efficiency in our later analysis, so
that the difference in energy efficiency between Guizhou
and synthetic Guizhou has an interpretation of percentage
change. We obtained the data from the National Bureau of
Statistics of China.

2.2. Model. As we have a treated unit, the Zhoushan Archi-
pelago and a lot of control cities that are not exposed to
the policy, an alternative approach is to perform a
difference-in-differences analysis. However, the difference-
in-differences analysis heavily relies on parallel trends
assumption, which is not testable directly. Thus, we adopted
panel data approach to assess the impact of the Zhoushan
Archipelago New Area construction on energy efficiency.
The panel data approach does not require the parallel trends
assumption. More significantly, it avoids the subject choice
of comparative unit. Besides, the panel data approach allows
us to investigate the dynamic impacts of the Zhoushan
Archipelago New Area construction on energy efficiency.
Next, we describe the approach.

2.2.1. A Motivating Model. Let y1it represents the potential
outcome for a unit i at time t if the unit i receives a treat-
ment. Let y0it represents the potential outcome for the unit
i at time t if the unit i does not receive the treatment. Then,
as we know, the effect of the treatment on the outcome for
the unit i at time t could be simply expressed as follows:

δit = y1it − y0it , ð1Þ

where δit represents the effect of the treatment on the out-
come for the unit i at time t.

However, we cannot observe y1it and y0it at the same time.
The observed data could be expressed by the following:

yit = dit ⋅ y
1
it + 1 − ditð Þ ⋅ y0it , ð2Þ

where dit would take the value of the one if the unit i receives
the treatment at time t, otherwise it takes the value of the
zero.

Let f t be a K × 1 vector of unobserved common shocks,
which would be the main force driving all the yit to vary with
time. Following Hsiao et al., we consider a situation where
the first unit receives a treatment at time T1 + 1, while the
other cities do not receive the treatment throughout the
whole sample period. Let T represents the whole sample
period [40]. Let T1 represents the time prior to the treat-
ment. Thus, we have the following factor model:

y0it = ai + bi′ f t + uit , ð3Þ

where i = 1, 2, 3,⋯,N at time t = 1, 2, 3,⋯, T1, and ai repre-
sents the unit feature. bi is a K × 1 vector of the factor load-
ing. uit represents the error term for the unit i error term at
time t.

Let yt = ðy1t , y2t , y3t ,⋯, yNtÞ′ be an N × 1 vector of the
observed data yit at time t. Since there is no treatment prior
to the time T1 + 1, then the observed data yit could be
expressed as follows:

yt = y0t = a + Bf t + ut , ð4Þ

where time t = 1, 2, 3,⋯, T1, a = ða1, a2, a3,⋯, aNÞ′, B = ðb1
′ , b2′ , b3′ ,⋯, bN′ Þ, and ut = ðu1t , u2t , u3t ⋯ , uNtÞ′.

Since the first unit receives the treatment at time T1 + 1,
we have the following expression for the observed outcome
of the first unit:

y1t = y11t , ð5Þ

where time t = T1 + 1, T1 + 2, T1 + 3,⋯, T .
We further assume that the other cities are not affected

by the treatment that the first unit receives. Thus, we have
the following expression for the other cities:

yit = y0it = ai + bi′ f t + uit , ð6Þ

where i = 2, 3, 4,⋯,N at time t = 1, 2, 3,⋯, T .
Since y01t is not observed at time t = T1 + 1, T1 + 2, T1 +

3,⋯, T , we need to estimate y01t for the first unit at time t
= T1 + 1, T1 + 2, T1 + 3,⋯, T . Hsiao et al. provided a panel
data approach to estimate y01t by exploiting the cross-
sectional dependency across cross-sectional cities [30]. Next,
we describe how the panel data approach works.

2.2.2. Panel Data Approach. Let yt = ðy1t , y2t , y3t ,⋯, yNtÞ′
= ðy1t , Yt′Þ′. y0t prior to the treatment is generated by the
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following factor model:

y0t = a + Bf t + ut , ð7Þ

where time t = 1, 2, 3,⋯, T1, a = ða1, a2, a3,⋯, aNÞ′, B = ðb1
′ , b2′ , b3′ ,⋯, bN′ Þ, and ut = ðu1t , u2t , u3t ⋯ , uNtÞ′.

Let α = ð1,−γ′Þ′ = ð1, γ2, γ3, γ4,⋯, γNÞ′ so that α′B = 0.
Then, we have the equation below:

α′yt = yit − γ′Yt = α′a + α′ut: ð8Þ

Because α′B = 0, we rearrange the above equation, and
obtain the following:

y1t = γ1 + γ′Yt + μit , ð9Þ

where γ1 = α′a and μit = α′ut .
The above equation could be further expressed as fol-

lows:

y1t = γ1 + 〠
N

i=2
γiyit + μit: ð10Þ

Thus, we are able to use the above equation to fit the data
prior to the treatment,and use the data during the posttreat-
ment period and the training model to impute the counter-
factual of the first unit. Following the convention of the
econometric literature related to program evaluation, we
refer to the counterfactual of the real unit, who receives the
treatment, as the synthetic unit.

In practice, we adopt a regression model, where the
dependent variable is the outcome for the first unit who
receives the treatment at a certain time, while the explana-
tory variables are the outcomes for the other cities who do
not receive the treatment throughout the whole sample
period to fit the data during the pretreatment period and
obtain the estimate in y01t and ŷ01t based on the data during
the posttreatment period. Thus, the estimate in the effect
of the treatment on the outcome of our interest would be
as follows:

bδ it = y1it − ŷ0it , ð11Þ

where bδ it represents the estimate in the effect of the treat-
ment on the outcome at time t.

For example, in this paper, we aim to estimate the
impact of the Zhoushan Archipelago New Area construction
on Zhoushan’s energy efficiency. First, we use the panel data
approach to construct a counterfactual, the synthetic Zhou-
shan, for the real Zhoushan, in the absence of the Zhoushan
Archipelago New Area construction. We then compared
Zhoushan and its counterfactual and referred to the differ-
ences between them as the estimates in the impacts of the
Zhoushan Archipelago New Area construction.

3. Results

3.1. The Impact of the Zhoushan Archipelago New Area
Construction on Energy Efficiency. In Figure 1(a), we plot
the trends in energy efficiency for Zhoushan and its counter-
factual, the synthetic Zhoushan that is formed by panel data
approach. In this panel, the dark red line corresponds to the
real Zhoushan, whereas the light red line corresponds to the
synthetic Zhoushan. From this panel, we see that before the
Zhoushan Archipelago New Area construction, the synthetic
Zhoushan almost reproduced the energy efficiency evolution
for Zhoushan. However, after the Zhoushan Archipelago
New Area construction, the evolution of energy efficiency
in Zhoushan and its counterfactual diverged to the end of
our sample period.

In Figure 1(b), we plot the differences in energy effi-
ciency between Zhoushan and its counterfactual, which are
marked with the red line. We referred to these differences,
after the Zhoushan Archipelago New Area construction, as
the dynamic impacts of the New Area construction on
energy efficiency. From this panel, we see that after the
Zhoushan Archipelago New Area construction, its energy
efficiency had a persistent improvement, although there
existed a small dig at the end of our sample period.

Overall, our results suggest that the Zhoushan Archipel-
ago New Area construction had a substantial and persistent
impact on its energy efficiency. In our estimation, the Zhou-
shan Archipelago New Area construction improved energy
efficiency in Zhoushan, on average, by 10 percentage points.

3.2. Inference about the Impact of the Zhoushan Archipelago
New Area Construction on Energy Efficiency. To illustrate the
significance of our estimated results, we adopted the boot-
strapping technique, which helps us to produce an empirical
distribution of the estimate in the Zhoushan Archipelago
New Area construction on energy efficiency. We call the
process of inference, which uses the bootstrapping tech-
nique, the bootstrapping test.

In the bootstrapping test, we first produced a new con-
trol group, each unit of which is randomly drawn with
replacement from the raw control group. The new control
group has the same number to the raw control group. We
then combined the new control group and the treated group,
Zhoushan Archipelago, to form a new sample. Next, we
applied panel data approach to the new sample, and calcu-
lated the average difference in energy efficiency between
Zhoushan and its counterfactual after the Zhoushan Archi-
pelago New Area construction, which is referred to as the
average impact of the Zhoushan Archipelago New Area con-
struction on energy efficiency. Finally, we repeated the above
three steps 1000 times and obtained an empirical distribu-
tion of the average impact on energy efficiency.

Figure 2 depicts the results from the bootstrapping test.
In this figure, the blue shadow corresponds to the empirical
distribution of the average impact on energy efficiency, with
the green line corresponding to the fit line for this empirical
distribution. The red solid line corresponds to the raw esti-
mate in the average impact of the Zhoushan Archipelago
New Area construction on energy efficiency, whereas the
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red dash line corresponds to the mean of this empirical dis-
tribution of the average impact.

From this figure, we see that these two red lines were
very close to each other, and at the same time, both of them
were quite far from the zero, indicating that our estimate in
the average impact of the Zhoushan Archipelago New Area
construction on energy efficiency has a statistically signifi-
cant interpretation. That is, the Zhoushan Archipelago
New Area construction had a statistically significant impact
on energy efficiency.

In our raw estimation, we estimated that the Zhoushan
Archipelago New Area construction improved energy effi-
ciency by about 10 percentage points. In this bootstrapping
test, we estimated that the Zhoushan Archipelago New Area
construction improved energy efficiency by about 12 per-
centage points. Taken together, we think that the Zhoushan
Archipelago New Area construction improved energy effi-
ciency by about 10 to 12 percentage points.

4. Discussion

4.1. Sensitivity Analysis. Here, we explore whether our esti-
mate is robust to a certain control city in our raw sample.
We employed the leave-one-out test to do such an analysis.
In this leave-one-out test, we first discarded a certain control
city in the raw sample to form a new sample. We then
applied panel data approach to the new sample, which pro-
duces the counterfactual of Zhoushan, the synthetic Zhou-
shan. Finally, we repeated the above two steps until all the
control cities in our raw sample were discarded one time.

The leave-one-out test produced an empirical distribution
of the synthetic Zhoushan.

Figure 3 depicts the results from the leave-one-out test.
In this figure, the red line corresponds to the real Zhoushan,
whereas the red shadow corresponds to the empirical distri-
bution of the synthetic Zhoushan, which is formed by panel
data approach for each sample where a certain control city is
discarded. From this figure, we see that before the Zhoushan
Archipelago New Area construction, Zhoushan is quite sim-
ilar to its counterfactual. However, after the Zhoushan
Archipelago New Area construction, they diverged. In detail,
after the Zhoushan Archipelago New Area construction, the
real Zhoushan had a more substantial improvement in
energy efficiency, relate to its counterfactual. The results give
us confidence that our results are not sensitive to a certain
control city. Besides, this result suggests that the Zhoushan
Archipelago New Area construction had a substantial persis-
tent and positive impact on energy efficiency.

4.2. Permutation Tests. In the previous section, we used the
bootstrapping test to illustrate the significance of the esti-
mate in the impact of the Zhoushan Archipelago New Area
construction on energy efficiency. In this subsection, we
apply an alternative test to examine whether our results are
credible. Following Abadie et al., we conducted the permuta-
tion test.

In the permutation test, we first reassign the treatment,
the Zhoushan Archipelago New Area construction, to a cer-
tain control city. We then applied panel data approach to
estimate the impact of the Zhoushan Archipelago New Area
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Figure 2: The results from the leave-one-out test. The dark red line represents the real Zhoushan, while the light red shadow represents the
synthetic Zhoushan formed by panel data approach.
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Figure 1: Zhoushan and its counterfactual, the synthetic Zhoushan. (a) The dark red line represents the real Zhoushan, while the light red
line represents the synthetic Zhoushan. (b) The red line represents the difference between Zhoushan and its counterfactual.
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construction on energy efficiency in that control city. Finally,
we repeated the above two steps until each control city
receives the treatment one time. Using the permutation test,
we obtained an empirical distribution of the estimated faked
impact of the Zhoushan Archipelago New Area construction
on energy efficiency. We could compare the estimated real
impact, obtained for Zhoushan Archipelago, with the empir-
ical distribution. We would deem the impact of the Zhou-
shan Archipelago New Area construction on energy
efficiency mainly significant if the estimated real impact for
Zhoushan Archipelago is extremely large relative to the
empirical distribution.

Figure 4 depicts the results from the permutation test. In
this figure, we report the ratio of mean squared prediction
error in the period after the Zhoushan Archipelago New
Area construction to mean squared prediction error in the
period before the Zhoushan Archipelago New Area con-
struction for each city in our sample.

Recall that mean squared prediction error measures
the magnitude of the difference in energy efficiency
between each city and its counterfactual. Note that, how-
ever, a large mean squared prediction error in the period
after the Zhoushan Archipelago New Area construction
does not indicate a large impact of the Zhoushan Archi-
pelago New Area construction on energy efficiency, as syn-
thetic control might not closely produce the dynamics of
energy efficiency in the period before the Zhoushan Archi-
pelago New Area construction. That is, a large mean
squared prediction error in the pretreatment period is
not indicative of a large impact of the Zhoushan Archipel-
ago New Area construction on energy efficiency, if the
mean squared prediction error in the posttreatment period
is also large. For each city, we divide the posttreatment
mean squared prediction error by its pretreatment mean
squared prediction error.

In Figure 4, each green point corresponds to the ratio of
mean squared prediction error in the period after the Zhou-
shan Archipelago New Area construction to mean squared
prediction error in the period before the Zhoushan Archipel-
ago New Area construction for each city in our sample.
From Figure 4, we see that Zhoushan clearly stood out as
the city, which had the largest mean squared prediction
error ratio among these cities in our sample. For Zhoushan,

the squared prediction error in the period after the Zhou-
shan Archipelago New Area construction is about 5 thou-
sand times larger than the squared prediction error in the
period after the Zhoushan Archipelago New Area construc-
tion. If one was to draw a city at random from the sample,
the possibility that we obtained such a ratio would be less
than 5 percentage points. Thus, we could say that the Zhou-
shan Archipelago New Area construction had a statistically
significant and substantial impact on the improvement in
energy efficiency.
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Figure 3: The results from the bootstrapping test. The blue shadow represents the empirical distribution of the impact of the Zhoushan
Archipelago New Area construction. The green line represents the fitted curve of the empirical distribution. The red solid line represents
the raw estimate, while the red dash line represents the mean of the empirical distribution.
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5. Conclusion

The marine economy has been serving as the blue engine for
Chinese economic growth since the reform and opening-up.
To further promote the marine economic development, the
Central Government of China approved that Zhoushan
Archipelago was listed as the National New Area for marine
economic development in 2011.

In this paper, we consider the Zhoushan Archipelago
New Area construction as a quasinatural experiment to
explore the relationship between marine economic develop-
ment and energy efficiency. We compared Zhoushan and its
counterfactual, the synthetic Zhoushan that is formed by
panel data approach, and referred to the difference in energy
efficiency between the real Zhoushan and the synthetic
Zhoushan as the estimate of the impact of the Zhoushan
Archipelago New Area construction on energy efficiency.

Overall, our results suggest that the Zhoushan Archipel-
ago New Area construction had a substantial impact on
energy efficiency. That is, in comparison with the synthetic
Zhoushan, the energy efficiency in Zhoushan had a larger
improvement after the Zhoushan Archipelago New Area
construction. We estimate that the Zhoushan Archipelago
New Area construction improved energy efficiency, on aver-
age, by about 10 percentage points.

To illustrate the significance of the estimate of the
impact of the Zhoushan Archipelago New Area construction
on energy efficiency, we performed a bootstrapping test,
which produces an empirical distribution of the estimate of
the impact of the Zhoushan Archipelago New Area con-
struction on energy efficiency. The estimated results suggest
that our estimate has a statistically significant interpretation
from an empirical perspective.

We also conducted a leave-one-out test to examine
whether our estimate is sensitive to a certain control city.
We find that Zhoushan had a more substantial improvement
in energy efficiency than its each counterfactual, which is
formed by panel data approach integrating the leave-one-
out technique, after the Zhoushan Archipelago New Area
construction. The results indicate that our estimate of the
impact of the Zhoushan Archipelago New Area construction
on energy efficiency is not sensitive to a certain control city
in our sample.

In addition, we do a permutation test, which allows us to
illustrate the significance of our estimate from an alternative
empirical perspective. Not only are the estimated results
quite similar to those from the bootstrapping test but it is
also very close to the results obtained from the leave-one-
out test, indicating that the Zhoushan Archipelago New
Area construction has a statistically significant impact on
energy efficiency from an empirical perspective.

Our study contributes to the investigation into the rela-
tionship between marine economic development and energy
efficiency by focusing on Zhoushan Archipelago New Area,
the first National New Area for marine economic develop-
ment. Our results suggest that marine economic development
had a substantial improvement in energy efficiency. That is,
the Zhoushan Archipelago New Area construction improved
energy efficiency in Zhoushan. Of course, our work is the first

one to estimate the impact of the Zhoushan Archipelago New
Area construction on energy efficiency in Zhoushan. Its results
have some policy-related implications. For example, the local
government of Zhoushan should deepen the Zhoushan Archi-
pelago New Area construction, and the Central Government
of China should expand the range of the construction of the
National New Area for marine economic development, in
order to increase the local energy efficiency and promote the
general substantial development.

Our study has limitations. Its ecological nature means that
our analysis is based on a single case, the Zhoushan Archipel-
ago New Area construction, and put a strict limit on generaliz-
ing our conclusion to other cities that are little similar to
Zhoushan. If, however, the cities are very similar to Zhoushan,
then we have a large confidence that developing marine econ-
omy in these cities could substantially improve local energy
efficiency. Besides, we do not explore the mechanisms, through
which the Zhoushan Archipelago New Area construction
affected energy efficiency. Future inquiry should carry out an
exploration of the mechanisms. Of course, future research,
assessing the impact of marine economic development on
energy efficiency by focusing on other National New Areas
for marine economic development, is needed to confirm our
findings in this paper. That is, marine economic development
had a substantial improvement in energy efficiency.

Data Availability

Data are available from corresponding author upon reason-
able request.

Disclosure

This paper does not reflect an official statement or opinion
from the organizations.

Conflicts of Interest

The authors declare no competing interests.

Authors’ Contributions

All the authors equally contributed to this paper. Tian Tang
and Jiayang Kong conceptualized the study and provided
supervision. Fei Cheng and Cong Wei collected the data.
Tian Tang and Jiayang Kong conducted the statistical analy-
sis and drafted the manuscript. Fei Cheng, Cong Wei, and
Jiayang Kong contributed to the interpretation of the results.
All the authors provided critical feedback on drafts and
approved the final manuscript.

Acknowledgments

We acknowledge funding from the Science and Technology
Project of State Grid Corporation of China (Grant no.
B311JH21000D, B311UZ21000D). We thank Lang Cheng,
Wei Wei, and Yihui Li for their helpful comments on an ear-
lier version of this paper. In addition, Jiayang Kong wants to
thank, in particular, the patience, care, and support from Jia-
qian Hu over the years.

7International Journal of Energy Research



References

[1] H. Pettersson, “Exploring the bed of the ocean,” Nature,
vol. 164, no. 4168, pp. 468–470, 1949.

[2] J. Fernández-Macho, P. González, and J. Virto, “An index to
assess maritime importance in the European Atlantic econ-
omy,” Marine Policy, vol. 64, pp. 72–81, 2016.

[3] Y. Wang and N. Wang, “The role of the marine industry in
China's national economy: an input-output analysis,” Marine
Policy, vol. 99, pp. 42–49, 2019.

[4] M. J. Newton, T. A. Farrelly, and J. Sinner, “Discourse, agency,
and social license to operate in New Zealand’s marine econ-
omy,” Ecology and Society, vol. 25, no. 1, 2020.

[5] P. Karani and P. Failler, “Comparative coastal and marine
tourism, climate change, and the blue economy in African
large marine ecosystems,” Environmental Development,
vol. 36, article 100572, 2020.

[6] W. Wang and C. Shan, “Sustainable development of basin
economy and marine economy,” Journal of Coastal Research,
vol. 115, no. sp1, pp. 602–605, 2020.

[7] E. Stebbings, E. Papathanasopoulou, T. Hooper, M. C. Austen,
and X. Yan, “The marine economy of the United Kingdom,”
Marine Policy, vol. 116, article 103905, 2020.

[8] A. B. Carvalho and G. Inácio de Moraes, “The Brazilian coastal
and marine economies: quantifying and measuring marine
economic flow by input-output matrix analysis,” Ocean &
Coastal Management, vol. 213, article 105885, 2021.

[9] X.-Z. Jiang, T.-Y. Liu, and C.-W. Su, “China׳s marine economy
and regional development,” Marine Policy, vol. 50, pp. 227–
237, 2014.

[10] M. Su and Y. Yang, “Evolution of district marine policies in
China: the case of Shandong Province,” Marine Policy,
vol. 89, pp. 124–131, 2018.

[11] Q. Cao, C. Sun, L. Zhao,W. Cao, and X. Yan, “Marine resource
congestion in China: identifying, measuring, and assessing its
impact on sustainable development of the marine economy,”
PLoS One, vol. 15, no. 1, article e0227211, 2020.

[12] Y. Lin, “Coupling analysis of marine ecology and economy:
case study of Shanghai, China,” Ocean & Coastal Manage-
ment, vol. 195, article 105278, 2020.

[13] S. Wang, S. Chen, H. Zhang, and M. Song, “The model of early
warning for China's marine ecology-economy symbiosis secu-
rity,” Marine Policy, vol. 128, article 104476, 2021.

[14] J. Sun, J. Miao, H. Mu, J. Xu, and N. Zhai, “Sustainable devel-
opment in marine economy: assessing carrying capacity of
Shandong Province in China,” Ocean & Coastal Management,
vol. 216, article 105981, 2022.

[15] J. Wu and B. Li, “Spatio-temporal evolutionary characteristics
and type classification of marine economy resilience in China,”
Ocean & Coastal Management, vol. 217, article 106016, 2022.

[16] R. Liu, Y. Wang, and Z. Qian, “Hybrid SWOT-AHP analysis of
strategic decisions of coastal tourism: a case study of Shandong
Peninsula Blue Economic Zone,” Journal of Coastal Research,
vol. 94, no. sp1, pp. 671–676, 2019.

[17] D. Wu, “Study on the construction of new port area under the
background of national marine economic development dem-
onstration zone,” Journal of Coastal Research, vol. 98, no. sp1,
pp. 159–162, 2019.

[18] X. Xu, X. Li, M. Chen et al., “Land-ocean-human interactions
in intensively developing coastal zone: demonstration of case

studies,” Ocean & Coastal Management, vol. 133, pp. 28–36,
2016.

[19] R. Carver, “Lessons for blue degrowth from Namibia’s emerg-
ing blue economy,” Sustainability Science, vol. 15, no. 1,
pp. 131–143, 2020.

[20] V. Markantonatou, S. Giakoumi, N. Koukourouvli et al.,
“Marine spatial plans focusing on biodiversity conservation:
the case of the Aegean Sea,” Aquatic Conservation: Marine
and Freshwater Ecosystems, vol. 31, no. 8, pp. 2278–2292, 2021.

[21] H. Tang and D. Li, “Spatial distribution characteristics of fringe
villages of archipelagic city: a case study of Zhoushan,” Journal
of Coastal Research, vol. 103, no. sp1, pp. 469–473, 2020.

[22] L. Wang, C. Chen, F. Xie et al., “Estimation of the value of
regional ecosystem services of an archipelago using satellite
remote sensing technology: a case study of Zhoushan archipel-
ago, China,” International Journal of Applied Earth Observa-
tion and Geoinformation, vol. 105, article 102616, 2021.

[23] X. Yu and Y. Dong, “Local practice of marine protected areas
legislation in China: the case of Zhoushan,” Marine Policy,
vol. 141, article 105084, 2022.

[24] L. Ding, Y. Yang, L. Wang, and A. C. Calin, “Cross efficiency
assessment of China's marine economy under environmental
governance,” Ocean & Coastal Management, vol. 193, article
105245, 2020.

[25] F. Li, W. Xing, M. Su, and J. Xu, “The evolution of China's
marine economic policy and the labor productivity growth
momentum of marine economy and its three economic indus-
tries,” Marine Policy, vol. 134, article 104777, 2021.

[26] J. Guo, X. Yuan, and W. Song, “Driving forces on the develop-
ment of China's marine economy: efficiency and spatial per-
spective,” Ocean & Coastal Management, vol. 224, article
106192, 2022.

[27] F. Ye, Y. Quan, Y. He, and X. Lin, “The impact of government
preferences and environmental regulations on green develop-
ment of China's marine economy,” Environmental Impact
Assessment Review, vol. 87, article 106522, 2021.

[28] Q. Lingui, M. Xu, T. Juan, and L. Shuaishuai, “Environmental
regulation and green total factor productivity: evidence from
China's marine economy,” Polish Journal of Environmental
Studies, vol. 30, no. 6, pp. 5117–5131, 2021.

[29] R. Li, L. Li, and Q. Wang, “The impact of energy efficiency on
carbon emissions: evidence from the transportation sector in
Chinese 30 provinces,” Sustainable Cities and Society, vol. 82,
article 103880, 2022.

[30] R. Li, X. Wang, and Q. Wang, “Does renewable energy reduce
ecological footprint at the expense of economic growth? An
empirical analysis of 120 countries,” Journal of Cleaner Pro-
duction, vol. 346, article 131207, 2022.

[31] R. Li, Q. Wang, Y. Liu, and R. Jiang, “Per-capita carbon emis-
sions in 147 countries: the effect of economic, energy, social,
and trade structural changes,” Sustainable Production and
Consumption, vol. 27, pp. 1149–1164, 2021.

[32] Q. Wang, M. Su, R. Li, and P. Ponce, “The effects of energy
prices, urbanization and economic growth on energy con-
sumption per capita in 186 countries,” Journal of Cleaner Pro-
duction, vol. 225, pp. 1017–1032, 2019.

[33] V. Candila, D. Maximov, A. Mikhaylov, N. Moiseev, T. Senjyu,
and N. Tryndina, “On the relationship between oil and
exchange rates of oil-exporting and oil-importing countries:
from the great recession period to the COVID-19 era,” Ener-
gies, vol. 14, no. 23, p. 8046, 2021.

8 International Journal of Energy Research



[34] V. Mutalimov, I. Kovaleva, A. Mikhaylov, and D. Stepanova,
“Assessing regional growth of small business in Russia,” Entre-
preneurial Business & Economics Review, vol. 9, no. 3, pp. 119–
133, 2021.

[35] I. Varyash, A. Y. Mikhaylov, N. A. Moiseev, and K. Aleshin,
“Triple bottom line and corporate social responsibility perfor-
mance indicators for Russian companies,” Entrepreneurship
and Sustainability Issues, vol. 8, no. 1, pp. 313–329, 2020.

[36] N. A. Moiseev, A. Y. Mikhaylov, I. Varyash, and A. H. Saqib,
“Investigating the relation of GDP per capita and corruption
index,” Entrepreneurship and Sustainability Issues, vol. 8,
no. 1, pp. 780–794, 2020.

[37] A. Saqib, T.-H. Chan, A. Mikhaylov, and H. H. Lean, “Are the
responses of sectoral energy imports asymmetric to exchange
rate volatilities in Pakistan? Evidence from recent foreign
exchange regime,” Frontiers in Energy Research, vol. 9, 2021.

[38] N. Dayong, A. Mikhaylov, S. Bratanovsky, Z. A. Shaikh, and
D. Stepanova, “Mathematical modeling of the technological
processes of catering products production,” Journal of Food
Process Engineering, vol. 43, no. 2, article e13340, 2020.

[39] N. V. Veríssimo, C. U. Mussagy, A. A. Oshiro et al., “From
green to blue economy: marine biorefineries for a sustainable
ocean-based economy,” Green Chemistry, vol. 23, no. 23,
pp. 9377–9400, 2021.

[40] C. Hsiao, H. Steve Ching, and S. Ki Wan, “A panel data
approach for program evaluation: measuring the benefits of
political and economic integration of Hong Kong with Main-
land China,” Journal of Applied Econometrics, vol. 27, no. 5,
pp. 705–740, 2012.

9International Journal of Energy Research


	The Impact of Marine Economic Development on Energy Efficiency: The Case of Zhoushan Archipelago New Area in China
	1. Introduction
	2. Methods
	2.1. Data
	2.2. Model
	2.2.1. A Motivating Model
	2.2.2. Panel Data Approach


	3. Results
	3.1. The Impact of the Zhoushan Archipelago New Area Construction on Energy Efficiency
	3.2. Inference about the Impact of the Zhoushan Archipelago New Area Construction on Energy Efficiency

	4. Discussion
	4.1. Sensitivity Analysis
	4.2. Permutation Tests

	5. Conclusion
	Data Availability
	Disclosure
	Conflicts of Interest
	Authors’ Contributions
	Acknowledgments



