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Study on the collaborative integration of ecosystem health and tourism resource

development and its zonal management in Nanshan National Park
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Abstract: Zoning management serves as a critical pathway for achieving synergistic integration between ecological
conservation and tourism utilization in national parks. It holds significant implications for advancing regional ecological
civilization and sustainable development. This study employed the entropy weight method, coupling coordination model, and
Markov chain analysis to investigate the spatiotemporal differentiation characteristics and synergistic relationships between
ecosystem health and tourism resource development in Nanshan National Park from 2012 to 2022, subsequently proposed
zoning management strategies. The results indicated that; (1) The ecosystem health index demonstrated sustained growth
and exhibited a spatial pattern of ‘ western high, eastern low’. Tourism resource development showed overall improvement
but remained at relatively low levels, with spatial distribution characterized by low-value patchy diffusion and high-value
point-like clustering’. (2) The synergistic relationship between tourism development and ecosystem health transitioned from
severe to moderate imbalance. Based on coupling coordination evolution pathways, we proposed four functional zones:

Ecological conservation zone, ecological development zone, continuous improvement zone, and coordinated development
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zone. (3) Markov chain limit analysis revealed a convergence trend toward higher synergistic integration values, displaying
club convergence characteristics where townships with distinct neighborhood types exhibited markedly different evolutionary
trajectories in synergistic relationships. This research provided practical references for reconciling ecological preservation and

economic development in national parks, ultimately facilitating harmonious coexistence between humanity and nature.

Key Words: ecosystem health; tourism resource development; collaborative integration; zonal management; Nanshan

National Park
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Fig.1  The location of Nanshan national park
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Table 1 The measurement model of Nanshan national park ecosystem health

g5 R FehR I
Dimension Variable Indicator property
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Table 2 Classification criteria for coupling coordination degree between ecosystem health and tourism resource development
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Fig.2 Spatial distribution of ecosystem health in Nanshan National Park from 2012 to 2022
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Fig.3 Spatial distribution of tourism resources development level in Nanshan National Park from 2012 to 2022
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Fig.4 The relationship between tourism resource development and ecosystem health in Nanshan National Park from 2012 to 2022
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Fig.5 The schematic diagram of the synergistic integration relationship between tourism resource development and ecosystem health
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Table 3 Types of zoning based on the synergistic relationship between tourism resource development and ecosystem health
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Table 4 Probability matrix of traditional Markov transfer of the relationship between tourism resource development and ecosystem health
1+1 4

o 1R ks AR ViR ViIkE YW Numbers
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¢ F e+ 1 53 SR W AR

£S5 ESRGEREREZREFARBEMEAEZEDRBXEBREERE

Table 5 Probability matrix of spatial Markov transfer of the relationship between tourism resource development and ecosystem health

ARt AY . 14

Neighborhood types ' [RE R RS VAR VARZS S Numbers
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Table 6 Prediction of the evolution trend of the shift of the relationship between tourism resource development and ecosystem health

WHIASAPORTS  REIAY

=PI Tnitial or Types of I i m v v
Spatial lag ultimate state states
AN P HH S BIIRES 0.714 0.286 0 0 0
Without considering spatial lag ~ ZHR %S 0 0 0.004 0.078 0.918
F B RN LR I 0 0 1 0 0
Considering spatial lag I 0.101 0.324 0.458 0.110 0.008
I 0 0 0 0 1
I\ 0 0 0.015 0.210 0.775
% 0 0 0 0 1
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(2) R 25 RGeS R B2 IR T & 1 DI ) falil 5 28 DA™ B2 8 380 v B o8 % AR S TG AR R A DR R
Wrde A, B T B SR BT BSWob Wik Ain B WA ka3, 2012—2016 4F 47.62% ™ 5 2% 8 Hi1X
KRR BN 42.85% 3 XHE & UME BE A i BT, {BAE 2016—2022 4E4754 19.05% 1™ 5 2% I8l XK &
AR H 33.33% M X (AR B A S < v BE 2R — = R

(3) MRAEAE 2 RGeS i o U5 T & B [ i O R G AL BR AR p 1 A Tl Rl i AR SR X R
BIFE X FFEess X FEE & R X, 7E 2R R AL R A7 A (AR RIS IR , HLA AR $2 7, AR I Hm 1 4%
iE AN [F] QB BOIR AR S R 3G R A8 ) 52 Ml BAT S o
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JAE = 45 %

2% 3L Hf ( References)

(1]

[2]

(3]

[4]

[5]

(6]

(7]

(8]

(9]

[10]

[11]

[12]
[13]

[14]

[15]

[16]

[17]

[18]
[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

B, S St HER T EERA B —IT(EE AR A RS SO . B EEREE, 2025, 15(1) : 216-217.

IR Wik, XSSO PR AL 5 o R SE AR K P P Ak i) 28 AR R R S AL B0, 2024, 79(4) + 1007-1026.

TN, EERUT, EAME, fRUE, KoK, TAFRG, TWERE, AR, XU, Wik BRSO R ROl SOl s AR 3 1 i i S B
Mg —— AN S BDUR AR RO R GE N . AEAS2E 4, 2024, 44(19) : 8812-8825.

Sharma L K, Raj A. Spatiotemporal forest health assessment for ecosystem management of Sariska National Park (India) under regional climatic

inconstancies. Environment, Development and Sustainability, 2024 10.1007/s10668-024-05100- 8.

%

Peng J, Liu Y X, Wu J S, Lv H L, Hu X X. Linking ecosystem services and landscape patterns to assess urban ecosystem health: a case study in
Shenzhen City, China. Landscape and Urban Planning, 2015, 143, 56-68.

FEdewr, XUk, XIRME, BIESE, mER, EI0F, KB BRIt B R BOc s AR S RGBSR, AR, 2024, 44
(14): 6288-6300.

Shen W, Li Y, Qin Y C. Research on the influencing factors and multi-scale regulatory pathway of ecosystem health: a case study in the Middle
Reaches of the Yellow River, China. Journal of Cleaner Production, 2023, 406: 137038.

ZEWUH, ooy, AR N AR S R G R AN ROk i A ems. BEURERS:, 2011, 33(7) : 1390-1397.

JAM, BSE, Ak, BRI, DGR, AR A A R GRS AR 2T DI A RITAY. AR, 2015, 35(10) : 3437-3446.

Lu F, Ren H G, Zhai X L. Dynamic evolution characteristics and driving factors of tourism ecosystem health in China. Frontiers in Public Health,
2023, 11; 1127980.

EERK, EBL. BRI 25 R G0 S e 23 0] S 00 25 5 - b 7R P e 2R P9 A8 R ) 6 R —— DA 1l X O M. AR 3524l , 2025, 45(4) :
1563-1574.

RN, BRI, WIXK, PR HRWE R R A A8 RGN S5 I (L AN T VLI IR S 3R 858, 2019, 28(3) : 603-613.

Wang B, Hu C G, Li J X. Coupling and coordination relationship between the tourism economy and ecosystem service value in southern Jiangsu,
China. International Journal of Environmental Research and Public Health, 2022, 19(23) . 16136.

He X R, Cai C Y, Tang J X, Shi J Z, Yang R B. Analysis of coupling coordination and obstacle factors between tourism development and
ecosystem services value: a case study of the Yellow River Basin, China. Ecological Indicators, 2023, 157, 111234.

Li J H, Bai Y, Alatalo J M. Impacts of rural tourism-driven land use change on ecosystems services provision in Frhai Lake Basin, China.
Ecosystem Services, 2020, 42; 101081.

LinYY, Jin YD, Lin MS, Wen LS, Lai Q F, Zhang F Z, Ge Y, Li B Y. Exploring the spatial and temporal evolution of landscape ecological
risks under tourism disturbance; a case study of the Min River Basin, China. Ecological Indicators, 2024, 166 112412.

Hu Q, Xiang L Q, Lin A W, Hou Y Y, Dai Y C. Exploring the spatial configuration of tourism resources through ecosystem services and ethnic
minority villages. Ecological Informatics, 2024, 79 102426.

Bebt ) AREUE. RIF T LA S RGN 22, 2019, 39(22) ; 8338-8345.

Iversen E K, Grimsrud K, Lindhjem H, Navrud S. Mountains of trouble: Accounting for environmental costs of land use change from tourism
development. Tourism Management, 2024, 102: 104870.

M, B, SRR, R SURIET & 43 XU K 2 )
40(6) . 887-901.

TligE, IR, B RS A AR S R GRS 0 T B AL 0 52 e B H S RIS, b A 2SR, 2024, 14(1) @ 61-78.

AT, Wty 2T AR A RGNS IRe 5 AR S s (] ol i B S A A A IO XS Al AL SR, R JHAE 52241, 2023, 34(8) : 2237-2248.
/N, MEEE, T8, BBk, AL, BRENAR. ZETHE AR B S0 L AT 9RO FL I AR A IR M. A SR, 2020, 40(13)
4302-4315.

BIEH X AT FE I F IR N A ). Iz 4z, 2022,

Zhao Y L, Han R, Cui N, Yang J B, Guo L. The impact of urbanization on ecosystem health in typical karst areas: a case study of Liupanshui
City, China. International Journal of Environmental Research and Public Health, 2021, 18(1): 93.

Su M R, Xie H, Yue W C, Zhang L. X, Yang Z F, Chen S H. Urban ecosystem health evaluation for typical Chinese cities along the Belt and
Road. Ecological Indicators, 2019, 101, 572-582.

h/Nge | FEARIT, DA, FRVETR, B, SR, R RIS i A 2 AR G R R R A R L IS WEST. A=A, 2024,
44(13) : 5746-5760.

X bhh, AR R, MRk, SRR o R A DR A S A A R SRR M S A S EL AL T E MR 2024, 38(9)
122-134.

http ; //www.ecologica.cn



19 1) JPREEAR A T L G Pl A 25 2R A S U B ST A )l G 28 e 7 XA B 7 11

[28]

[29]
[30]

[31]
[32]

[33]
[34]

[35]

[36]

[37]

[38]
[39]

Wang P J, Zhang ] H, Ma J X, Guo L J, Yang L. J, Ma X B, Sun F, Cao S S. What impacts ecosystem services in tropical coastal tourism cities?
A comparative case study of Haikou and Sanya, China. Journal of Environmental Management, 2023, 342 118227.

AT, EekE, WEB 22 UM X A S R G AR 25 W R MR R R . FRBERR 2024, 45(1) : 218-227.

W, I, BT, XZER, BA5E, A, A, MRFE. N DU 28 38 B RE w1 o [ 3 T e e -G U s RV 7. T M
2021, 41(1); 221-231.

WRRE, JR TR R IR R R ST HbBEAAAR, 2023, 78(10) : 2630-2644.

Chalupa P. Synergetic conception of regional population and social-democratic processes taking place in the Czech Republic. GeoJournal, 1993, 31
(4) . 435-438.

R, A B R AR S R o B AR Rk, 2024, 38(9) : 8-15.

Ariken M, Zhang F, Liu K, Fang C L, Kung H T. Coupling coordination analysis of urbanization and eco-environment in Yanqi Basin based on
multi-source remote sensing data. Ecological Indicators, 2020, 114; 106331.

ZRAEAR, RN, TREbZ. R A RAES RGRS 5 ACBUT AL B 25 B A A AT —— LAAR % LU E KA B o ). A28 2443R , 2024, 44(15) ;
6527-6539.

SR, SRV, FEEE, WA, 25 e T B BRI I 2 AL R E——FE T = B BOB AR AU 4% A AR A, AR AR
2024, 44(15) . 6769-6782.

FAE, A, BRI, BRAA. FE TR SBM R AL (Y o [ 3 T Ak HE T S8 s T AR A R B TR M B4, 2020, 75(6) -
1316-1330.

AER, TR, Xk, RYUE, TBEE. HERMTTHE S RHRMOKFIEE | DX S 25 st i, 22553, 2024, 44(4) : 161-170.
Yang J, Huang X. The 30 m annual land cover dataset and its dynamics in China from 1990 to 2019. Earth System Science Data, 2021, 13(8) :
3907-3925.

http ; //www.ecologica.cn



