2004 12 5 546 -552

Biodiversity Science

1995

100085

n Nash n
Shapley Nucleolus

Q16 A 1005 - 0094 2004 05 -0546 —07

Protected area management based on game theory
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Abstract Protected areas PAs are the cornerstones of ecological conservation globally. Therefore the
effectiveness and sustainability of PA management has always been the focus of concern. PA manage-
ment involving physical environmental systems and socioeconomic systems is full of complexity. In or-
der to probe into this complexity PA management can be considered as a game. Accordingly game theo-
ry can be used as a powerful tool in resolving conflicts and harmonizing the relationships among various
interest groups to improve the effectiveness and sustainability of PA management. Generally PA manage-
ment can be represented as n-person cooperative games with several resolution methods including Nash e-
quilibrium  Shapley value and Nucleolus. Typical cases in PA management in China namely natural for-
est protection the switching from fuelwood to electricity and moderate development such as ecotour-
ism are analyzed under game theoretic framework. Based on these cases a general operational frame-
work of PA management based on game theory is established. It is suggested that the integration of fair-
ness efficiency and sustainability in PA management can only be realized through the innovation of poli-
cies institutions and mechanisms to foster a wide participation and close cooperation of stakeholders.
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Fig.1 The area and payment ratios % of natural forest protection in Wolong Nature Reserve in 2002



550 Biodiversity Science 12
n
An et al. 2002
Nel-
son 1994 Bookbinder et al. 1998 1
2
3
4 5 6 7
8
p U Vincent & Thompson 2002 Hearne &
D A Salinas 2002 Haroon 2002 Ogutu
C / 2002 Wight 2002 Bar-
2 = P D kin & Bouchez 2002
¢c PDI PAC P AT UDC U
DI UAC U Al g Eagles et al. 2002
u -1 - A Uu - ¢C
u 14 1U C
AP pP
P D
NP RM
I > PDC > PAC PDC P A
c NR TP
1 L E
0 C N
P DI 34 g1
AP RM
10
4.3 1
Ghimire & Pimbert 1997
Mehta & Heinen 2001 2
3
McNeely 1990 Raval 1994 4



551

http //

www. protected-landscapes. org/protarea. html

2004

An, L., Lupi, F., Liu, J., Linderman, M. A. and Huang, J.
2002. Modeling the choice to switch from fuelwood to elec-

tricity implications for Giant Panda habitat conservation.
Ecological Economics, 42: 445 —457.

Barkin, D. and Bouchez, C. P. 2002. NGO-community collab-
oration for ecotourism: a strategy for sustainable regional
development. Current Issues in Tourism, 5: 245.

Bavington, D. and Bondrup-Nielsen, S. 1996. The dilemma of
conservation biology: domination vs. respect for nature.
Ambio, 25: 532 -533.

Bookbinder, M. P., Dinerstein, E., Rijal, A., Cauley, H.
and Rajouria, A. 1998. Ecotourism’s support of biodiversi-
ty conservation. Conservation Biology, 12: 1399 —1404.

Bruner, A. G., Gullison, R. E., Rice, R. E. and Fonseca,
G. A. B. 2001. Effectiveness of parks in protecting tropi-
cal biodiversity. Science, 291: 125 —127.

Eagles, P.F.]J., McCool, S.F. and Haynes, C.D. 2002. Sus-
tainable Tourism in Protected Areas: Guidelines for Planning
and Management. IUCN, Gland, Switzerland and Cam-
bridge, UK.

Fuentes-Quezada, E. R., Sekhran, N. and Kunte-Pant, A.
2000. Nesting biodiversity conservation into landscape
management. Natural Resources Forum, 24: 83 —95.

Ghimire, K. B. and Pimbert, M. P. 1997. Social change and
conservation: an overview of issues and concepts. In:
Ghimire, K. B. and Pimbert, M. P. (eds.), Social
Change and Conservation: Environmental Politics and Im-
pacts of National Parks and Protected Areas. Earthscan
Publications Limited, London.

Gowdy, J. M. and McDaniel, C. N. 1995. One world, one ex-
periment: addressing the biodiversity-economics conflict.
Ecological Economics, 15: 181 —192.

Han, N. Y. ( ). 2000. A policy study on sustainable
management for China's nature reserves. Journal of Natural
Resources( ), 15: 201 - 207. (in Chinese
with English abstract)

Haroon, A. 1. 2002. Ecotourism in Pakistan: a myth? Moun-
tain Research and Development, 22: 110 - 112.

Hearne, R. and Salinas, Z. 2002. The use of choice experi-
ments in the analysis of tourist preferences for ecotourism
development in Costa Rica. Jowrnal of Environmental
Management, 65: 153 —163.

Hockings, M. 1998. Evaluating management of protected areas:
integrating planning and evaluation. Environmental Man-
agement, 22: 337 —345.

TUCN. 2003. The Durban Action Plan. 5™ TUCN World Park
Congress. September 2003, Durban, South Africa, 8 —17.

Jia, N. X. and Yokoyama, R. 2003. Profit allocation of inde-
pendent power producers based on cooperative game theory.
Electrical Power and Energy Systems, 25: 633 —641.

Lejano, R. P. and Davos, C. A. 1999. Cooperative solutions
for sustainable resource management. Environmental Man-
agement, 24: 167 —175.

Liu, J., Ouyang, Z., Taylor, W. W., Group, R., Tan, Y.
and Zhang, H.
effects of human factors on wildlife habitat: the case of Gi-

ant Pandas. Conservation Biology, 13: 1360 - 1370.

1999. A framework for evaluating the



552

Biodiversity Science 12

Liu, J., Linderman, M., Ouyang, Z., An, L., Yang, J. and
Zhang, H. 2001. Ecological degradation in protected are-
as: the case of Wolong Nature Reserve for Giant Pandas.
Science, 292: 98 —101.

Li, Y.H.( ), Fu, B.J.( ) and Chen, L.D.(

). 2001. Biodiversity resources: utilization, conser-
vation and management. Biodiversity Science (

)., 9: 422 —-429. (in Chinese with English abstract)

Lii, Y.H.( ). Fu, B.J.( ), Liu, S.L.(

) and Chen, L.D. ( ). 2003. Comprehensive e-
valuation of the functions of Wolong Nature Reserve. Acta
Ecologica Sinica( ), 23: 571 -579. (in Chinese
with English abstract)

Li, Y., Chen, L., Fu, B. and Liu, S. 2003. A framework
for evaluating the effectiveness of protected areas: the case
of Wolong Biosphere Reserve. Landscape and Urban Plan-
ning, 63: 213 -223.

Li, Y. H. ( ), Fu, B. J. ( ) and Chen, L. D.
( ). 2004. Biodiversity conservation and sustainable
utilization: the ways from dilemmas to win-win situations.
In: Chen, Y. Y. ( ) (ed.), Advances in Biodiver-
sity Conservation and Research in China—Proceedings of the
Fifth National Symposium on the Conservation and Sustain-

able Use of Biodiversity in China (

). China Meteorological Press, Beijing, 55 — 62.
(in Chinese with English abstract)

McNeely, J. A. 1990. The future of national parks. The Envi-
ronmentalist, 32: 16 =20, 36 —41.

Mehta, J. N. and Heinen, J. T. 2001. Does community-based
conservation shape favorable attitudes among locals? An
empirical study from Nepal. Environmental Management,
28: 165 -177.

Nelson, J. G. 1994. The spread of ecotourism: some planning
implications. Environmental Conservation, 21: 248 —255.

Nepal, S.K. 2002. Linking parks and people: Nepal's experi-
ence in resolving conflicts in parks and protected areas. In-
ternational Journal of Sustainable Development and World
Ecology, 9: 75 -90.

Ogutu, Z. A. 2002. The impact of ecotourism on livelihood and
natural resource management in Eselenkei, Amboseli Eco-
system, Kenya. Land Degradation & Development, 13:
251 -256.

Rao, M., Rabinowitz, A. and Khaing, S.T. 2002. Status re-
view of the protected-area system in Myanmar, with recom-
mendations for conservation planning. Conservation Biolo-
gy, 16: 360 —368.

Raval, S.R. 1994. Wheel of life: perceptions and concerns of
the resident peoples for Gir National Park in India. Society

and Natural Resources, 7: 305 —320.

Schneider, 1. E. and Burnett, G. W. 2000. Protected area
management in Jordan. Environmental Management, 25:
241 -246.

Shields, D. J., Tolwinski, B. and Kent, B. M. 1999. Models
for conflict resolution in ecosystem management. Socio-Eco-
nomic Planning Science, 33: 61 —84.

Thackway, R. and Olsson, K. 1999. Public/private parterner-
ships and protected areas: selected Australian case studies.
Landscape and Urban Planning, 44: 87 -97.

Vincent, V. C. and Thompson, W. 2002. Assessing community
support and sustainability for ecotourism development.
Journal of Travel Research, 41: 153 —160.

Wight, P. A. 2002. Supporting the principles of sustainable de-
Velopment in tourism and ecotourism: government's poten-

tial role. Current Issues in Tourism, 5: 222.

Xie, S. Y. ( ). 1997. Economic Game Theory (
). Fudan University Press, Shanghai, 1 - 36. (in
Chinese)
Xu, Q.Y.( ), Hu, W.Q.( ) and Wang, X.R.
( ). 2001. An approach to sustainable management

pattern of China’s nature reserves—taking management pat-

tern of London’s nature reserves for reference. Urban Envi-

ronment & Urban Ecology ( ), 14
(5): 20 —=22. (in Chinese with English abstract)
Xue, D.Y. ( ) and Zheng, Y. W. ( ). 1994. A

study on evaluation criteria for effective management of the

nature reserves in China. Rural Eco-Environment(

), 10(2): 6 —9. (in Chinese with English ab-

stract)
Yang, Z.F. ( ), Feng, Y.( ), Wang, X.( )
and Zhang, W. G. ( ). 2003. Safeguarding System

of Sustainable Water Resources Utilization: Theories and Ap-
plications ( :
). Chemical Industry Press, Beijing, 91 —115. (in Chi-
nese)
Yen, J., Yan, Y., Contreras, J., Ma, P. and Wu, F. F.
2000. Multi-agent approach to the planning of power trans-

mission expansion. Decision Support Systems, 28: 279 —

290.

Yue, C. Y. ( ). 2003. Theories and Methods for Decision
Making ( ). Science Press, Beijing, 383
—-417. (in Chinese)

Zhuge, R. ( ) and Chen, T.F. ( ). 2000. An

approach to involving local communities into participatory
management of natural resources in Wuyishan National Na-
ture Reserve in Fujian. Rural Eco-Environment(

), 16(1): 47 —52. (in Chinese with English ab-

stract)



