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Abstract: As the economy develops rapidly and the population grows in the coastal areas of China,the region’s water and
energy demand has surged sharply,and the coastal areas are facing severe water and energy shortages. Considering water and
energy as a intergrated system, it is of great significance to study the coupling of water and energy systems to formulate water-
energy co-management policies and achieve regional sustainable development. At present, the research of water-energy
system is becoming more comprehensive,but there are few researches on water-energy system coupling from the perspective

of virtual water and embodied energy flow,combined with input-output analysis and coupling coordination degree model. In
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this paper, the flow of virtual water and embodied energy ,the utilization efficiency of water and energy, and the pulling effect
of water use and energy consumption are calculated with the help of input-output analysis. Next,water-energy system nexus
is studied from the aspects of the relative coefficient and relative multiplier of water use and energy consumption, and
analyzes the intensity of water-energy nexus of each sector relative to the overall level of coastal areas. Finally, considering
the virtual water and embodied energy flow characteristics of each province and department in the coupling network, the
coupling coordination degree model is used to measure the coupling coordination state of the water-energy system. The
results show that; (1) The five provinces and cities with virtual water net inflow are also net inflow provinces with embodied
energy , including Guangdong, Zhejiang, Tianjin, Shandong and Fujian, and Hainan is also a net inflow province with
embodied energy. Agriculture and construction are the key sector of virtual water flow, and the construction industry is the
key sector of embodied energy flow. Among the major energy sectors, coking ( petroleum processing and coking) is a key
area closely related to water use,according to the differences in energy consumption of water sector in different provinces,
the government should take different measures. (2) The water production and supply sector in all provinces exhibits HwHe
traits, indicating that conservation efforts for water and energy should be pursued concurrently during production.
Meanwhile , sectors identified as HwLe and LwHe should prioritize water and energy conservation to mitigate resource strain.
(3) The construction industry (SwSe) ,which has a much higher relative water and energy consumption multiplier than the
average in coastal areas, shows strong water-energy nexus with other sectors, and is a key sector for water and energy
conservation. (4) The coupling and coordination level of water-energy systems in various sectors in coastal areas is in a state
of coordinated development,but there are certain differences in the coupling and coordinated development level of various
sectors in combination with the division of water-energy use efficiency and pulling effect,and targeted measures need to be
taken to coordinate the relationship between water and energy use,the pulling effect between sectors and the flow of virtual
water and embodied energy. This paper aims to provide a reference for the formulation of water-energy co-management

policies in coastal areas.

Key Words: input-output analysis; water-energy nexus; coupling coordination degree; coastal areas
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Fig.3 Water use coefficient and energy consumption coefficient and pull coefficient of coastal areas
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Fig.4 Water use coefficients, energy consumption coefficients and pull coefficients of various sectors in coastal areas
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Table 2 Relative water use,energy consumption coefficients of various sectors in coastal areas
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Table 3 Relative water use,energy consumption multipliers of various sectors in coastal areas
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Table 4 Degree of water-energy coupling coordination of various sectors in coastal areas

whil

Sector PN GE]4 Ly it 1LIh WL Lipa IR IR S 1
01 0.798 0.658 0.773 0.810 0.686 0.829 0.843 0.783 0.911 0.752 0.772
02 0.843 0.826 0.837 0.843 0.831 0.810 0.842 0.834 0.803 0.837 0.843
03 0.839 0.827 0.822 0.843 0.839 0.843 0.843 0.832 0.839 0.843 0.843
04 0.840 0.837 0.832 0.843 0.836 0.833 0.842 0.841 0.841 0.839 0.832
05 0.841 0.840 0.841 0.843 0.839 0.841 0.843 0.842 0.842 0.843 0.835
06 0.831 0.827 0.851 0.837 0.829 0.877 0.848 0.837 0.829 0.812 0.840
07 0.841 0.836 0.842 0.839 0.822 0.838 0.835 0.833 0.838 0.840 0.839
08 0.844 0.839 0.856 0.843 0.830 0.853 0.827 0.843 0.825 0.848 0.841
09 0.844 0.844 0.842 0.841 0.834 0.849 0.842 0.841 0.842 0.838 0.841
10 0.838 0.841 0.841 0.840 0.835 0.841 0.836 0.837 0.832 0.839 0.813
11 0.836 0.841 0.834 0.841 0.843 0.841 0.839 0.838 0.841 0.843 0.837
12 0.824 0.832 0.838 0.801 0.803 0.831 0.828 0.830 0.829 0.834 0.689
13 0.833 0.834 0.831 0.832 0.831 0.831 0.813 0.831 0.829 0.825 0.825
14 0.809 0.808 0.812 0.795 0.818 0.838 0.820 0.826 0.830 0.799 0.760
15 0.834 0.838 0.840 0.831 0.834 0.845 0.841 0.841 0.834 0.843 0.837
16 0.842 0.841 0.842 0.831 0.828 0.840 0.841 0.839 0.842 0.846 0.829
17 0.842 0.840 0.845 0.837 0.824 0.855 0.842 0.838 0.841 0.844 0.843
18 0.836 0.843 0.840 0.831 0.833 0.839 0.846 0.847 0.837 0.847 0.841
19 0.847 0.842 0.845 0.839 0.804 0.849 0.842 0.844 0.837 0.846 0.843
20 0.840 0.845 0.844 0.833 0.807 0.857 0.839 0.843 0.819 0.844 0.838
21 0.843 0.844 0.843 0.842 0.834 0.847 0.843 0.843 0.842 0.843 0.843
22 0.842 0.843 0.842 0.834 0.842 0.842 0.838 0.840 0.841 0.843 0.844
23 0.828 0.826 0.820 0.833 0.810 0.809 0.818 0.829 0.808 0.827 0.763
24 0.843 0.843 0.835 0.842 0.843 0.843 0.843 0.841 0.841 0.843 0.840
25 0.826 0.836 0.823 0.717 0.835 0.833 0.827 0.836 0.837 0.830 0.835
26 0.836 0.879 0.753 0.795 0.848 0.835 0.841 0.846 0.989 0.757 0.837
27 0.832 0.836 0.832 0.815 0.837 0.837 0.835 0.838 0.833 0.834 0.826
28 0.828 0.833 0.839 0.817 0.840 0.830 0.838 0.842 0.837 0.840 0.826
29 0.829 0.829 0.855 0.796 0.841 0.834 0.827 0.844 0.806 0.834 0.823
30 0.820 0.811 0.829 0.808 0.822 0.819 0.817 0.831 0.808 0.815 0.813
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Table 5 Classification system and criterion of water-energy coupling coordination degree of various sectors in coastal areas

[REV A S AR HAIH Basic type
Coordinated development Coupling coordination LEOY IR I RCR o RIL A
class degree Combined with resource efficiency ~ Combined with the pulling effect
RN EY SN 0.900—1.000 B H HwHe % et SwSe A
High quality coordinated P A Hwle % e SwWe
development class DL LwHe 78 R WwSe #
B A Lwle M WwWe %
B P EhE R R 0.800—0.899 KLAF I8 HwHe B RAF P SwSe 2
Good coordinated R 47 P HwLe %! RAFHMH SwWe %!
development class R4 LwHe % R A WwSe #
R IFWH Lwle B RFEME WwWe 7Y
LN LY AN 0.700—0.799 tH R P E HwHe A TP SwSe #
Intermediate level coordinated 2% 395 HwLe % PR B IE SwWe #
development class PR ME LwHe % H R PME WwSe 7
TP pH LwLe %! PR EME WwWe £
IS 0.600—0.699 WK HwHe % WP SwSe A
Primary coordinated WK Hwle WK SwWe K
development class VI H LwHe %I W IIIH WwSe #I
PN Lwle B WL E WwWe %

3 e
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