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Effects of ecosystem services on regional sustainable development in the
Danxiashan world natural heritage site

Tang Hui, Guo Yi, Chen Mengyue

(School of Forestry and Landscape Architecture, South China Agricultural University, Guangzhou 510642, Guangdong, China)

Abstract: [Objective] To reveal the effects and heterogeneity of ecosystem services (ES) on regional sustainable development (RSD)
in world natural heritage sites, address the challenges of coordinating heritage conservation and regional high-quality development, and
to provide a scientific basis for sustainable management. [ Method] Taking the core zone of the Danxiashan world natural heritage
site (a component of the China Danxia world heritage site) and its hosting Renhua County and Zhenjiang district as study units, this
research utilized multi-source data across five key time points from 2000 to 2020. The InVEST model was employed to quantify four
types of regulating and supporting services. Furthermore, an assessment framework for long-term time-series potential supply of
recreational services and a five-dimensional comprehensive RSD index were constructed. Spearman correlation analysis, multivariate
controlled regression models, and robustness tests were applied to identify the effects of different types of ES on RSD at different spatial
scales. [Result] 1) The ES performance of the Danxiashan core zone is generally better than the county-level average. Regulating
and supporting services remain stable, while recreational service potential increases by 10.89% in the core zone, higher than the
8.53% at the county scale. Declines in carbon storage and habitat quality are also lower in the core zone; 2) The RSD level increases
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significantly, with the composite index rising from 0.093 (Year 2000) to 0.903 (Year 2020), an absolute increase of 0.810. After the
2010 world heritage inscription, the region enters a rapid growth stage, and the increase from 2010 to 2015 is 3.7 times that of the

previous decade; 3) The effects of different ES on RSD are significantly heterogeneous. Recreational services show a robust positive

effect, while regulating services show a significant negative constraining effect. The effects of water yield and soil conservation show no

stable statistical significance on RSD; 4) Pronounced spatial scale differences exist in the effects of ES on RSD, and the world heritage

inscription policy plays a significant moderating role in the coupling relationship between ES and RSD. [ Conclusion] The effects of

ES on RSD in world natural heritage sites are characterized by significant type-specific heterogeneity and spatial scale dependencies.

Differentiated management strategies should be formulated according to different service types and spatial units. Improving the

transformation mechanism from ecological value to RSD is essential to promote the synergistic enhancement of heritage protection and

regional sustainable development.

Keywords: ecosystem services; world natural heritage site; sustainable development; InVEST model; Danxiashan
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Table 1 Data source and description
Hda ) B ARHHE T 117 BRI
Data categories Specific data items Spatial resolution Source
R R World Database on Protected and Conserved Areas (WDPA)
T 5 X SR B FHRUETI PG BT (https: //www.protectedplanet.net/en)
Basic data of the study area J ] o7 B Al b (S B O AT X R AT AR
y FER R [ R R A S AT BUX R T4

(https: //cloudcenter.tianditu.gov.cn/administrativeDivision)

+THEH (CLCD) 30 m IRSIP Chttps: //irsip.whu.edu.cn/resv2/CLCD.php#)
W FE Z R R SR 2 H s bl
A=Y R ;
By AR (SRTMD 30m (https: //www.geodata.cn/main/)
EERGRS A oh E AR B BHEA R S5 o
Ecosystem services supply-side RHWE (PRE. EVP) 1000'm Chttp://www.resdc.cn/)
data T3 (Ofc. Owp. 250m. 100m  1SRIC-World Soil Information Chttps: //soilgrids.org) At
DTB) ’ 4R (http: //globalchange.bnu.edu.cn/research/cdtb.jsp)
e 4 31 9 2
BRI ) 500 m NASA (https:/search.earthdata.nasa.gov/)

(MODI17A3HGF V6.1)
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Regional sustainable
development proxy data
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Table 2 Five-dimensional indicator system and indicator-level weights of regional sustainable development
sk 5 ik RIS
Indicator Factor Calculation method tyi)eo Weight
24 Security BRI ARFIOTR I AR R 5K/ TN HFIARAL S + HEEAL X10 000 + 0.179
SRR R Hu XA B HIk GDP+ AR B A + 0.105
Basic material need oV T T B eE e T E LA - AN + 0.166
(@5 Health BT AR R A7 B ik /TN DES7IRALEE -+ H AT X110 000 + 0.165
BT 2L W P A S NITIN b2 fe e A + R E X110 000 + 0.083
Good social relation NEAER AR NITIN  NFAEREEAERE + HAE AT X 10 000 + 0.091
I ST AN A AR Gt AT I AT SR v o2m

Freedom of choice and action

TS FORIEFTRRR, REARMEBOR, IR R R A .

“+” indicates a positive indicator, that is, the higher the indicator value, the better the level of regional sustainable development.
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SRR, AR SRR BT BT AR L
2000, 2005 2010 2015 12020 4 5 AN [a] 4] [
X AT RE S R e sr G 4a 2 (K 4. BI3) &R,
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2020 ik F] 0.903, FHIXEEATRFEER R CH “P
IR Fw Rk .

=3 2000—2020 FESRERSHFHFTL

Table 3 Temporal changes of ecosystem services from 2000 to 2020

A P R E Tt A7 K E IR A 558 I T SR T
Year Evaluation scale CS /(107 t) WY /(10° m’) SC /(107 t) HQ GPP /(10° g)

2000 FHEZOX 4.068 0.965 2.024 0.862 3.685
FLigg 57.695 17.076 27.453 0.881 61.767
2005 FHEZOX 4.069 1.251 2.146 0.863 3.492
B 57.613 19.695 29.297 0.883 58313
5010 FHEZOIX 4.068 1.346 2.117 0.862 3.346
FLigg 57.055 20.907 27.860 0.881 58.154
2015 FHEZOIX 4.054 1.794 2.137 0.860 3.837
5% 55.898 30.123 28.286 0.879 62.734
2020 FHEZOX 4.049 1.287 2.005 0.857 4.086
i 55.689 22.330 27.756 0.876 67.038
Ak % FHERZOLIX -0.470 33.370 -0.960 -0.480 10.890
Changing rate /% B -3.480 30.770 1.100 -0.570 8.530
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2005 \;g;,
|210 00 J 210.00 J 1 56240 1 54944 J 492.57 [ 47691 | 100 100 J 6 55340] 5 78110
2150 | 21.50 17743 40536 059 072 0.00 000 26230 109930
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J 21000 210.00 J 1 76004 1'576.69 J 100 100 J 6 553409 5 775.10
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2150 2150 41359 46901 063 067 000 ' 0.00 666.00 128110
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|6 553.40] 5 829.50

Fig.2 Spatial distribution of ecosystem services from 2000 to 2020

F4 20002020 FXBAFELREEEREEER

Table 4 Regional sustainable development by dimension and composite index from 2000 to 2020

x N N ; - X, ] Rt
) N SAMATR RIFMAXE  mRSTAEE
Ty A . . B . ) RIRG AT
X Basic material Good social Freedom of choice .
Year Security Health . . Regional sustainable
need relation and action
development
2000 0.268 0 0.003 0.410 0 0.093
2005 0.101 0.159 0.104 0.620 0.049 0.158
2010 0.000 0.422 0.292 0.266 0.252 0.199
2015 0.826 0.731 0.585 0.273 0.602 0.590
2020 1.000 0.960 1.000 0.500 1.000 0.903
Yt Ha
AT 0.732 0.960 0.997 0.090 1.000 0.810

Absolute increase

MYEFER B, AR 2 E 4 TH R 2 5 5 2%

FTHH FEEORIE. e s g S, T

FAEZE S MG REESITAIMBE B LAY 2015 St AW & ETHEE A BB =K. M
R RS TH B N 2, bR 0.003 ETFE S 2R, RAFIHS G RBEIE X BN, K

1.000, EFESATEN B i 28 R AR T 22 1.000,
FEARW) i 75 K B R KA TR = & 0.960, FJAK RSD

HEHELE 0.266 ~ 0.620, IR FaE M



46 3%

A2 S A s AN e O

147

1.0 |

0.8 |

06|

04}

02}

F4EF %L Five dimension index

11.0

108

1 0.6

104

102

AIRREL R B4 & F5 5 RSD index

2000 2005

2010

2015 2020

FA4Y Year
—o— EARYIFRFR —— —— A - REFMSRFR
- EFRESTHNESH XKW Fra K R 4F A TR %

&3 2000—2020 EXEFAIFEA R TEESEEIRHMFELTSEE

Fig. 3 Temporal evolution trends of regional sustainable development by dimension and composite index from 2000 to 2020
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Fig. 5 Forest plot of standardized regression coefficients
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