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Abstract: The ecological functions of natural forests are quite different from the functions of rubber and pulpwood
plantations. The change from natural forest to plantations is the main form of human-driven landscape change on Hainan
Island. The development of Hainan Island has undergone a series of phases which have included the common environmental
stresses caused by the expansion of industry and agriculture. These include the expansion of agricultural cultivation,
enlargement of rubber plantations and efforts to develop the landscape in harmony with ecological needs; as well as phases of
exploration, experimentation and the implementation of untested land management methods. In the current efforts to develop
the land using ecologically sound techniques, the local people and government are paying more attention to various human

impacts on ecosystems. Research is very important in these efforts to use ecologically sound construction and development
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techniques designed to limit human impacts on the natural environment. Therefore, it is necessary to study the key factors
and dynamic characteristics of both natural forest and rubber and pulpwood plantations to produce needed social and
economic development in an ecological sustainable manner. We analyzed the spatial and temporal dynamics and the forces
driving landscape scale change during the last two decades. This study is based on the spatial distribution of natural forests
as well as rubber and pulpwood plantations along with other types of land use using data from 1988 ( when Hainan Province
was formally established) , 1998 (when the Province was first promoted as an ecological province) and 2008. The results
provided four findings. First, from 1988 to 1998 the total area of natural forest on the island increased significantly from
78.37x10* hm’ to 89. 14x10* hm’; but, from 1998 to 2008 , this figure decreased to 69. 11x10* hm*. The area of natural
forest initially gained from 1988 to 1998 was more than offset by losses from 1998 to 2008. The land area used for rubber
plantations decreased slightly, by 1. 9% , during 1988—1998; but the extent of this land use increased rapidly during
1998—2008 (10.19% ). The extent of the area used for pulpwood plantations increased steadily. Second, annual dynamic
variation rate of three vegetation types was 1.335% from 1998 to 2008, 0.965% from 1988 to 2008 and 0.490% during
the years 1988—1998, respectively. Third, from 1988 to 1998, natural forests were allowed to grow and expand as rubber
plantations and other land types reverted to natural forest. From 1998 to 2008, human activities began to cause a decrease
in the extent of natural forest as external pressures caused natural forests to shrink in size and some natural forest was
replaced during the expansion of rubber and pulpwood plantations. The most obvious feature was the transformation in land
use was the transition from natural forest to pulpwood and rubber plantations although some natural forests were modified into
other land use types. Fourth, from 1988 to 1998, the change of forested area was driven mainly by extrinsic factors such as
government policy, changes in the local human population and associated land development efforts. From 1998 to 2008
forests were primarily affected by combined actions of ecological policies and economic interests. The effects of these
changes are discussed and some mitigation measures and other suggestions are put forward related to forest management and
oversight. These include an evaluation of the ecological services forests provide, ecological mitigation and compensation
measures, and the implementation of methods to develop the local economy and provide employment, as well as market

regulation, and ways of increasing the effectiveness of law enforcement as it relates to Hainan Island forest protection.
Key Words: development and protection; dynamic mechanism; Hainan Island ecosystem; forestland change
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Fig.1 Spatial distribution of natural forest, rubber plantation and pulpwoods
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Table 2 Area ratio changes of natural forest, rubber plantation and pulpwoods/ %

A4 Year FARHK Natural forest AR Rubber plantation LA Pulpwoods
1988 23.05 14.16 *
1998 26.22 12.06 0.34
2008 20.33 22.25 5.71
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R3 RAW, BB R KIS ERE/10'hm?
Table 3 Transfer matrix of natural forest, rubber plantation and pulpwoods /10*hm?
A ES PN AR LN FoAth
1988—1998 RIRIR 74.743 0.371 3.083 0.290
R 95.364 0.472 3.933 0.370
R L E 84.025 0.417 3.466 0.326
B 2.85 35.831 0.02 9.48
HRR 5.921 74.445 0.042 19. 696
HeRg i L 6.956 87.453 0.0488 23.122
LN — — — —
AR — — — —
R R L — — — —
HAte 11.41 4.77 0.83 196. 482
R 5.344 2.234 0.389 92.033
HeRg i L 5.459 2.282 0.397 93.996
1998—2008 KIRMR 63.553 11.901 5.058 9.452
HBR 71.296 13.356 5.674 10.62
MR L 84.777 15.872 6.746 12. 607
B 1.201 35.777 3.127 0.904
R 2.929 87.274 7.627 2.205
R LE 1.455 47.713 3.777 1.212
WAL — — 1.142 —
HR AR — — 100 —
HeRg L E — — 5.642 —
HoAtb 10.224 35. 646 13.158 149.711
HBR 4.898 17.078 6.304 71.723
HRR L 6.300 21.966 8.108 92.257
1988—2008 KM 28.958 9.682 3.834 35.922
AR 36.949 12.352 4.891 45.828
R ILE 62.992 21.062 8.341 78. 146
B 2.922 29. 684 11.163 4.372
R 6.070 61.676 23.256 9.083
R E 3.992 40.559 15.251 5.973
E &N — — — —
R — — — —
HRoR — — — —
HAly 14.092 33.534 14.25 151. 661
HR R 12.425 29.551 12.557 1.043
R IE 7.344 17. 466 7.422 79.016
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Table 4 Natural forest, rubber plantation, pulpwoods and other types of land use changes in the intrinsic factor stepwise regression analysis in

1988—2008

1 1988 4E& R I 2
The nearest distance from each element in 1988
RIK i , - KER X . .
L L7 1 1 S A " 1"
Natural Rubber River Protected

. . Pulpwoods ~ Others Farmland Road Altitude Slope
forest plantation system area

1988—  RKAR-IRIBHR — - — — — — — — — —
1998 RAR-JRALHR — — — — — — — — — —
KIR-HoAb — - - — — — — — — -
BRE-RKBH 0193 — — — — — — 0.201 0.198 0.279
LS R — - — - - — — — — —
-y — - — — — — — — - -
HAb-KH  0.312 — — — -0.299 — — — 0.357 —
FoA -3 ek — — — — — 0.19 — — — —
oAt 4Rk - — — - — — — — — —
1998— RIR-BRIEHK — 0.366 — — 0.217 0.512 0.318 — -0.231 —
2008 RAR-HATH - - - - - 0.314 - - -0.418 -
RIR-FiAt - - — 0.323 — - — — — —
WRBE-R IR - - - - — - — - - -
PR S 4Rk - - - — - - - - - -
M- oA — - — — — — — — — -
Hoflh-R AR - — — — — — — - — —
FHoA-3 ek — — — — 0.412 0.337 0.456 — — —
oAt - 4Tk - - — — — — — — - -
TP IBCE N A R B IR B 5% B KT

FAIFAL
Transfer of type
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