39 5 Vol. 39,No. 5
2020 10 MARINE SCIENCE BULLETIN Oct. 2020

Doi 10.11840/j.issn.1001-6392.2020.05.001

123 123 1 1 1
1. 315211 2. 315211
3. 315211
2006—2016
, 1 .
1.295 o> 0.233 hm?- ! .
. .2
. U
.3 . .
. N N
F205 A 1001-6932 2020 05-0521-09

Spatial and temporal evolution of natural capital in typical island
cities and driving force
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Abstract: Ecological environment is the material basis and spatial carrier of regional social and economic development. Its
research is helpful to the coordinated development of human society and ecosystem. Based on the social and economic data
from 2006 to 2016, the three—dimensional ecological footprint model was used to explore the utilization of natural capital in
Zhoushan city, and the driving mechanism of the dynamic change of natural capital was revealed with the help of geographical
detectors. The findings are as follows: (1) During the study period, the demand for natural capital in Zhoushan is greater than
the supply. The per capita ecological footprint increased by 1.295 hm?+ man™, while the per capita ecological carrying capac-
ity increased by 0.233 hm?- man™, indicating that the demand for natural capital in Zhoushan city was rising, while the supply
capacity of natural capital was also increasing. There are differences in natural capital supply and demand in different coun-
ties. The natural capital supply in Dinghai is greater than the demand, while the natural capital demand in Putuo, Daishan

and Shengsi is greater than the supply. (2) The consumption of natural capital stock in Zhoushan city is increasing slowly,
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while the occupation of natural capital flow is decreasing in a fluctuating trend thus resulting unsustainable development. The

consumption of natural capital stock in all counties and districts shows an increasing trend, while the occupancy of natural

capital flow in Shengsi decreases year by year. (3) Factor detection results show that the number of permanent residents and

the discharge of waste water are the leading factors for the evolution of natural capital in Zhoushan city. The results of interac-

tion detection show that the interaction of factors is stronger than that of any single factor. Among them, the interaction be-

tween the permanent population N the total wast ewater discharge and the permanent population N the amount of industrial

waste gas production has the greatest impact on the evolution of natural capital. In the future, Zhoushan city should strengthen

the ecological carrying capacity of unit land and improve the supply capacity of natural capital. In addition, measures on rea-

sonably controlling the population, promoting technological innovation should be taken to improve the utilization efficiency of

resources and energy, actively developing the environmental protection industry, reducing the demand for natural capital, and

realizing sustainable regional development.

Key words: natural capital; three—dimensional ecological footprint; geographic detector; Zhoushan

2019 .
William E. Rees 1992
1996 Wackernagel
Mancini et al 2017 2000
Niccolucei 2009
Benjamin et al 2012 .
2013
2016 2017 2019
2017 N N
N Y PLS
. DEA . LMDI

http://hytb.nmdis.org.cn

2001

1999

o

20 800 km?

2018 N
222
2011
2018
2006—2015

22 000 km?

1814

1952—2019

2017



5 523

o 3 1
2006—2016
1
= +
= +
1
1.1 o
1.1.1 1.1.2
2000 2012
EF: N[€f= 2 aa; = 2 ci/Pi ] 1 2017
EF N of "
wa ; zmax EF. - EC; O
' . EElepll\ region — 1 + : n 3
o b YEC,
i o i L
EF4. ym= O, min EF, - EC, 4
2016 EF3D :EFdepth region X EFLm-: region 5
[ & | E F'depth region hm2 1
EC=Nxec=| Y axrxy ) 2
xee ‘_;“fxrf"yf EF, i EC, i
EC N ec EF,,. wion hm?
@ Jj 1.1.3
T Yi °

http://hytb.nmdis.org.cn



524 39
2
2018
o = = = B s X "
stock X2
flow ED X3
EF>EC, X4
1.2 X5
1.2.1 X6 km
X7
X8
2017 . X9
X10
E X11
| 0 1 q=0 <2
q=1
o X1. X2 1.3
q X1 . q X2 2006—2016
q X1NX2 o o 1
1 N
1 q XINX2 <Min q XI q X2 N o
) Min ¢ XI q X2 <q XINX2 < o 2
Max q XI q X2
3 Maxq Xl ¢X2 <qXINX2 ,
4 G XINX2 =g X1 +q X2 www.footprintnetwork.org
5 q X1 +q X2 <q XINX2 2009
2015
1.2.2 2.8, 1.1, 0.5.
2017 0.2, 0,
N N 1.66. 1. 0.91
0.19, 3
2019 o
2019
. . p)
N N 2.1
N N N 2.1.1
N N N 1 2 2006—2016
9 N N N
3 2. 3
2 5 o

http://hytb.nmdis.org.cn


User
高亮

User
高亮


5 525
1 2006 N
2.521 hm?- ! 2016 3.816 hm?s N
4.67 %, 96.58 o
97.33 335 3 2006 1.404 hm?>. !
1241 2016 2465 hm? 6.87 %,
) 2006—2016
2 2006—2009
1.117 hm?- -1 1.265 hm? - -! o
2009—2016 1.265 hm?+ !
1.350 hm?- ! 1.90 %,
4 1333 3558 3816 50
3044
3 asp1 2558 2589 o559 2661 2847 2928
16
’ L26s 1277 1288 1299 1311 1322 13371350
1 1.117 1139 1.201 12
0
2006 2007 2008 2009 2010 201l 2012 2013 2014 2015 2006
T » Ao 1285 i s A N |
D LI e i S - R
201 5 4 04
-3 -2.465
A
4 0
2 20062016 hm?e -
. 9
8
1 2 :
3— 5 6
5
1 4
3
° 2
2006 1.161 hm?>- ! 1
_ 0
2016 1.216 hm*- . . 2006 2008 2010 2012 2014 2016
2006—
2016 3 hm?- ! 4.67 % 3 2006—2016
8.04 % - 3 hm?s -
N 90 % 1.5
13
GDP 60 %. »
2
0.9
2006—2009 3%
2009—2016 07
05
1 %, 3 > 2006 2008 2010 2012 2014 2016
35.62 %
1632% 47.10% . 4 20062016
hm'l -1

http://hytb.nmdis.org.cn



526 39
1 Y
0
_ 2006 2008 2010 2012 2014 2016 °
) 3
-3 5
-4
-5
-6
-7
5 2006—2016 hm?- ! o
3 2006 2016 hm?e -
2006 2016 2006 2016
0.140  0.058 0.080 0.019 0.091 0038 0054 0022 059 0310 0360 0439 03590 0319 0391 0476
0011 0.035 0051 0055 0005 0028 0035 0049 0001 0007 0001 0003 0001 0007 0000 0.003
0.002 0.007 0011 0012 0001 0007 0010 0013 0236 0.196 0239 0.133 0221 0.189 0244 0.136
0257 0348 0214 0.107 0331 0465 0301 0.51 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.001 0.001 0001 0.000 0535 0335 0497 0482 0755 0489 0765 0.742
0750 2439 3545 3.865 0.787 4275 5487 7.591 0.001 0.002 0002 0000 0010 0025 029 0010
2.1.2 2009 2009
3 — 6 0.01 hm? 2009—2016
5. 6 . °
3 2006—2016
1 2006—2016 7.695 7.867
8.695 ~ o
8.867 hm?
o]
2 2006— o
9.0 0605 8720 8733 8735 8753 8776 8795 8814 8834 8853 8867 0.5
85 0.4
8.0 .
03 £
75 3 7776 7795 7814 1.834 7.853 7807
15 g605 7720 7733 7735 71753 T :
E 0.2
= 70
6.5 0.1
T 0102 0101 0101 0.112 0105 0103 0099 0095 0090 008  0.088
6.0 0
2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016
6 2006—2016 .

http://hytb.nmdis.org.cn



5 527
7
1.72 %, U
1 2006—2009 20.73 % 0.45 %
- 2009—2016 o
1 % o
0.01 hm?, 2006—2009
2 2006—2016 N o
92 0.16
9.1 0.14
o w012
g0 £ 0.10
8.9 :
0.08
88 0.06
87 0.04
8.6 0.02
8.5 0
2006 2008 2010 2012 2014 2016 2006 2008 2010 2012 2014 2016
7 2006—2016
2.2 >X11 > X3 >
X4 > X6 > X10
N N > X1 > X8
> X7
o 1
Y 12 X N
55 % o
“ b2 2 .
o 40 % 50 %
2.2.1
30 %
GeoDetector o
4, p 3 g 60 %
X5 . X9
. X12
p 0.05 , 9 .
q X2
4
X1 X2 X3 X4 X5 X6 X7 X8 X9 X10 Xi1 X12
q 0.463 0.763 0.575 0.563 0.025 0.561 0.263 0.450 0.263 0.500 0.613 0313
p 0.015 0.000 0.000  0.002 0.515 0.006 0.040  0.021 0.129 0.008 0.000 0.850

http://hytb.nmdis.org.cn


User
高亮


528 39
0.8
80 %,
2.2.2
o
GeoDetector 3 0.6 0.7 34
5, N N
1 36
o
o
2 N
XiNX; Xi Xj  q XiNX; XiNX; Xi Xj  q XiNX;

X1NX2 0.463 0.763 0.784 X3NX10 0.575 0.400 0.687

X1NX3 0.463 0.575 0.705 X3NX11 0.575 0.500 0.628

X1NX4 0.463 0.563 0.737 X3NX12 0.575 0.613 0.749

X1NX7 0.463 0.475 0.640 X4NX7 0.563 0.475 0.749

X1NX8 0.463 0.263 0.756 X4NX8 0.563 0.263 0.749

X1NX10 0.463 0.400 0.725 X4NX10 0.563 0.400 0.745

X1NX11 0.463 0.500 0.658 X4NX11 0.563 0.500 0.772

X1NX12 0.463 0.613 0.772 X4NX12 0.563 0.613 0.754

X2NX3 0.763 0.575 0.766 X7MNX8 0.475 0.263 0.693

X2 N X4 0.763 0.563 0.776 X7MNX10 0.475 0.400 0.725

X2NX7 0.763 0.475 0.772 X7NX11 0.475 0.500 0.606

X2NX8 0.763 0.263 0.791 X7NX12 0.475 0.613 0.721

X2NX10 0.763 0.400 0.815 X8NX10 0.263 0.400 0.772

X2NX11 0.763 0.500 0.800 X8NX11 0.263 0.500 0.781

X2MNX12 0.763 0.613 0.776 X8MNX12 0.263 0.613 0.788

X3NX4 0.575 0.563 0.745 X10NX11 0.400 0.500 0.723

X3NX7 0.575 0.475 0.673 X10NX12 0.400 0.613 0.756

X3NX8 0.575 0.263 0.725 X11NX12 0.500 0.613 0.760
3 .

Hein et al 2020 o
o
o 1 o

N

http://hytb.nmdis.org.cn


User
高亮


529

2015

2006—2016

0.233 hm*-

1.295 hm**

-1

o]

2006—2016
o
,2017. [D].
, , ,2019.
1. ,29(4): 127-136.
, . .2015. [l
,34(1): 1-6.
, , ,2019.
[J]. , 38(10): 3075-3085.
,2013. [J]-
,33(1): 267-274.
, ,2012.
[J]. ,27(12): 1995-2005.
. ., .2016.
[J]. ,44(15): 194-196+201.
-1 s ,2017.
— L 37(9): 2982-2993.
, . . .2019.
,39(2): 199-206.
. ,2019. [D].
,2018. [D].
, ,2016.
[J1. ,32(5): 5-21.
, ,2017. 1.
L 37(21): 7048-7060.
, , . .2018.
1. , 37(6): 695-706.
, 2009. 1.
, 18(10): 896-902.
, ,2017. : 1. L 72(1):
116-134.
, , . .2013.
[J]- , 32(05): 540-547+552.
. .. L2011 ).
A ,31(3): 849-857.
? . ) . 2001.
° 1. ,42(6): 5-9.
N 626

http://hytb.nmdis.org.cn


User
高亮


626

39

Temperate Zone water of the Zhalong Wetland, in China[J]. Ecotoxi—
cology, 23(4): 618.

PIELOU E, 1966. The measurement of diversity in different types of
biological collections|]]. Journal of theoretical biology, 13: 131-144.

REYNOLDS C S, 1996. The plant life of the pelagic[J]. Verhandlungen—
Internationale  Vereinigung fiir theoretische und angewandte
Limnologie, 26: 97-113.

SHANNON C E, 1948. A mathematical theory of communication|J]. Bell
System Technical Journal, 27(3): 379-423.

THIEBAUT G, TIXIER G, GUEROLD F, et al, 2006. Comparison of

different biological indices for the assessment of river quality:
application to the upper river Moselle (France)[J]. Hydrobiologia,
570(1): 159-164.

ZHANG Z, TANG X, TANG H, et al, 2017. Seasonal variations in the
phytoplankton community and the relationship between environmen—
tal factors of the sea around Xiaoheishan Island in China[J]. Chi-

nese Journal of Oceanology and Limnology, 35(1): 163-173.

( 542 )
. , . ,2018. TOPSIS
— N [JI-
,37(1): 9-16.
, ,2018.
[J]. . 33(7): 1204-1217.
, ,2015. 21 [J].
. 35(24): 7987-7997.
, . ,2016.
— [J]. . 36(6): 155-160+167.
, ,2017.
[J]. ,37(02): 771-778.
, , ,2000. 1.

, 15(10): 8-10.

http://hytb.nmdis.org.cn

HEIN L, BAGSTAD J, OBST C.et al, 2020. Progress in natural capital ac—
counting for ecosystems|J|. Science,367(6477): 514-515.

MANCINI M S, GALLI A, NICCOLUCCI V, et al, 2017. Stocks and flows
of natural capital: Implications for Ecological Footprint [J]. Ecologi—
cal Indicators, 77:123-128.

NICCOLUCCI V, BASTIANONI S, TIEZZIE.B.P, et al, 2009. How deep is
the footprint? A 3D representation[J]. Ecological Modelling, 220(20):
2819-2823.

BENJAMIN B, FRANZISKA K, STOYAN N, et al, 2012. Mapping ecosys—
tem service supply, demand and budgets|J]. Ecological Indicators,

21(1):17-29.



