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Ecosystem health assessment and its scale dependence in the coastal region of the

East China Sea

LIU Yiming, XU Nuanyin, ZENG Hui "
School of Urban Planning and Design, Peking University, Shenzhen 518055, China

Abstract: As ecosystems provide multiple supports for human life, maintaining ecosystem health is imperative to achieving
sustainable socio-economic development. Although the current ecosystem health assessment method has undergone many
improvements and revisions, it still needs to be improved in terms of scientificity. At the same time, it is not clear what the
appropriate scale for assessing ecosystem health is. To some extent, these issues have led to barriers between theoretical
research and practical planning applications of ecosystem health. In order to explore the above questions, this paper further
revised the ecosystem health assessment method. The proven and reasonable vitality-organization-resilient-service model was
revised by considering the neighborhood variability and anthropogenic disturbance as factors affecting the evaluation. In
order to explore the differences in ecosystem health assessment results at different scales, this paper set up 8 assessment
scale units from 5 km to prefecture-level city to quantitatively assess the coastal region of the East China Sea (including
Shanghai, Jiaxing, Ningbo, Wenzhou, Taizhou, Ningde, Fuzhou, Putian, Quanzhou, Xiamen and Zhangzhou) ecosystem

health status from 1990 to 2015. The time-series variation characteristics and spatial divergence patterns of ecosystem health
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in the study area were analyzed, and the scale-dependent effects of ecosystem health were also explored. The following
conclusions were obtained: (1) the level of ecosystem health in the study area declined and then increased at the node of
2000 over the study time but showed an overall decreasing trend. The distribution of ecosystem health values has become
more discrete since 2000, meaning that healthy ecosystems have become healthier and poor ecosystems have deteriorated.
(2) Ecosystem health was highly heterogeneous in spatial distribution. Ecosystem health values were relatively low in the
coastal areas, north of Ningbo, and relatively high in the hilly mountainous areas, away from the ocean. The ecological
health of Shanghai city center was the poorest at small scale, and Jiaxing was the poorest at prefecture-level city scale. (3)
Ecosystem health assessment work is somewhat spatial scale-dependent. The larger the study scale, the more the distribution
of ecosystem health tends to average out, and the easier it is to obtain a spatial pattern distribution of change trends. The
results of small-scale assessments can better explain details such as the distribution of high and low clusters of ecosystem
health. As a result, there is no optimal scale of study for the assessment of ecosystem health. A multiscale set-up helps to

assess ecosystem health in a comprehensive and detailed way.

Key Words: ecosystem health; scale dependence; neighborhood variability ; coastal region of the East China Sea
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Table 1 Ecosystem resilience coefficient and ecosystem service coefficient
FHiE 7K H ity o L B R 5
Land use/land cover Paddy field Dry land Meadow Scrub—grass Steppe
ERC 0.350 0.300 0.800 0.700 0.600
ESC 0.520 0.410 0.850 0.820 0.730
HH T At pIEN i HE RA
Land use/land cover Forestland Water land Wetland Construction land Unused land
ERC 0.900 0.800 0.900 0.200 0.100
ESC 1.000 0.932 0.982 0.015 0.035

ERC . ARG R EL Ecosystem resilience coefficient ; ESC : A2 2 R G R 55 R L Ecosystem service coefficient
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Table 2 Correction factor for spatial proximity of ecosystem services

JHHb Y Mt THEA 1o 78 i i {17 7 R
Land use/land cover Forestland Tidal marsh Meadow Scrub-grass Steppe
SNEs 5 4 3 3 3
SNEd 4 3 2 2 2
JH 27 1 JKH Bl U A b
Land use/land cover Wetland Paddy field Dry land Construction land Unused land
SNEs 5 3 4 3 3
SNEd 4 -2 -2 -4 -4

SNEs : 25 [A] 41 42k 5% 0 4 4% J& ] 4 AH [7) 2% B JH b Spatial neighboring effect same; SNEd ; 23 8] 45 58 5 i Al 4% J& [l S 7 /) 25 250 FH b Spatial
neighboring effect different
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A 25 R G HE VT, LA 25 S P W A 25 TR DA T4 EL AT 28 1) ROBEAR ), SR BT R/ IV X 437 45
TR — g s R T 2 ) RBE MO 1 [ B AR 5 il B e i ), 25 SR B AR R R G R AN S B 5
WL YE A AR B 7 55 S HR AT, SRAEEROTAN Bt /)N, A5 W DPAS 45 SRb N B e AR MR e . PR, 7R 58
KA 5 kmx5 km.7.5 kmx7.5 km .10 kmx 10 km,12.5 kmx12.5 km 15 kmx15 km 17.5 kmx17.5 km
20 kmx20 km HBZATEL X 33t 8 AN RUEE B RAE B ITHFA T H R AR 15 3 2 R AR R RS Ad BRI 25 0 A 45 2R

3 RS9

31 AR A AR R
H AR K 1946 ROBEXSBIFE X 1990—2015 4F 7S 1 AR 25 ZR G e 45 4 BE 8 A B3l i LA 2 Hr (323

http ; //www.ecologica.cn



9918 24

K 3), AEBRGENIRBEER R BT RS, L 2000 4 03T 85, S RGN 8B RIZN T B IE sh BTt
£ 2000 AEEHAE FARA . ARG LURHEEARE I LI EHE UL 1995 4F 71 S8 NS LT, 78 1995 4FR
T IARE, B REETRBORNE S RGE RSB 5 N, DL 1995 42 0318, 2B e BT A
ENCTOF RN

3 HIREX 1990—2015 FASREBREIERNZENH

Fig.3 Spatio-temporal distribution of each indicator of ecosystem health in the study area during 1990—2015
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£3 HREX 19902015 FETRFEREEHELER
Table 3 Mean results of ecosystem health in study area during 1990—2015

BRLEED

Evaluation indices 1990 4 1995 4F 2000 4 2005 4F 2010 4 2015 4
RGN Vigor 0.455 0.398 0.245 0.402 0.372 0.448
B RGH S Organization 0.697 0.680 0.690 0.704 0.710 0.715
B R G E Resilience 0.715 0.720 0.716 0.711 0.708 0.705
BRGNS Services 0.757 0.761 0.756 0.742 0.737 0.732
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Fig.4 Results of changes in multi-scale ecosystem health statistics in study area from 1990 to 2015
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RUEE 535 Lh 1995 4F K 2005 AR Bl o, R S E IS TR, trfE2Egeit45 38 DL 2000 45 A i
[ A5, BRI SE TS TR MBI X P AR 2 2R G il 3 S B0 — A B s ) S s i ) 1
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A5 4, 0T LI 25 4R (8], B gl s RUBEAN AR R DX I i A b i A S 0 T A, fde e DXl v AR
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Table 4 Distribution weight of multi-scale ecosystem health in the study area from 1990 to 2015

FLBE/kem BRI X 1990 4% 1995 4F 2000 4F 2005 4F 2010 4F 2015 4F

Scale Health level

5 AR X 3, 5.38 6.13 7.59 6.57 9.01 8.37

i R DX Ak 20.15 20.26 18.99 19.48 18.07 17.54

e i 5 IX 3, 74.47 73.61 73.42 73.95 72.92 74.09

7.5 AR X 3, 5.57 6.33 7.38 6.68 8.67 8.38

R R IX 3 20.86 21.27 19.74 20.27 19.04 18.16

A DX 45k 73.58 72.41 72.88 73.05 72.29 73.46

10 T B IX 3, 4.93 6.50 7.19 6.60 8.47 7.88

A R DX 4k 21.38 21.28 20.59 20.99 20.20 19.70

A e DX 45k 73.69 72.22 72.22 72.41 71.33 72.41

12.5 AN R X 35, 5.52 7.11 7.84 6.97 8.85 8.42

i R DX Ak 23.22 22.79 21.48 21.77 20.75 19.88

A e DX 45k 71.26 70.10 70.68 71.26 70.39 71.70

15 i 1X 3, 6.15 7.54 7.14 5.75 8.93 8.33

AR IX 3R 22.22 22.02 21.83 22.82 20.63 20.04

A DX 45k 71.63 70.44 71.03 71.43 70.44 71.63

17.5 AN R X 35, 6.53 8.09 7.57 7.05 9.40 9.40

A R DX Ak 24.28 23.24 22.72 22.45 20.89 20.37

e A 5 X 5k 69.19 68.67 69.71 70.50 69.71 70.24

20 i I 1X 3, 6.02 6.69 8.03 6.69 8.03 7.36

A R X 23.75 22.41 20.74 21.40 21.74 21.07

A 5 X 45k 70.23 70.90 71.24 71.91 70.23 71.57

g T AN R DX 5, 18.18 9.09 18.18 18.18 18.18 18.18

AR IX 3R 63.64 81.82 81.82 72.73 72.73 63.64

A e DX 45k 18.18 9.09 0.00 9.09 9.09 18.18

Z3 6] b R XA S RGBT AR e (K5 81 6) o B 524 T AL n A 8 R el R
AREHEZE  FRE L X A 25 R G FEEAR A, FARE X By, 7 I A LA B X5, 90% L I X
BN RGA TREFERA OCHE G RN FE S BT AT I DA A /N R B N R X, AN
DL RUEE, Mg i ROBE S5 SR b X4 AR 28 R GE R fe 22, g IR (EUR7E 1995 4R J5 ANWREAL, IRIH Y
HERRGARFR B RN AR R RGERAL T OGE AR . A XA S R G R R AR
3.3 ARG RO

T 5 /AR R 23T ( Getis-Ord G ) W, Z A543 A XA KT 2,58, BV E (G KT 99% ., Bl o8 ]
MRS R Z A5 Ws/IN (R 5) £ 5 7 1550 45 BB AR A — 30, RIIAEDE 58 B, i RUBE BN, AR 2
R G B 1) 25 [ 4 TR iR | 25 [B) S o b I &
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Fig.5 Spatial distribution of ecosystem health in the study area 1990—2015
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Fig.6 Spatial distribution of ecosystem health in the study area 1990—2015
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x5 MIREX 19902015 FEREASRERES/RERES T ZENER

Table 5 Z-scores of multi-scale ecosystem health high/low value clustering distributions in the study area from 1990 to 2015

RUJE Scale/km 1990 4 1995 4 2000 4 2005 4 2010 4% 2015 4F

5 28.35 41.62 26.88 28.18 28.97 30.15

7.5 30.21 29.40 24.77 27.85 28.53 29.78
10 15.35 16.23 12.83 13.52 13.93 14.51
12.5 572 5.83 3.83 451 4.45 4.88
15 6.25 5.13 5.56 5.77 6.62 6.97
17.5 4.05 3.90 2.65 3.53 3.75 4.35
20 5.46 5.86 5.14 5.21 5.24 5.68
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Fig.7 The spatial distribution of ecosystem health Getis-Ord G, in the study area in 1990, 2000 and 2015 ( This analysis was not possible at

the prefecture-level city scale due to the number of sampling units being less than 30)
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