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Abstract To protect biodiversity and improve environ-

mental conditions, China has invested billions of dollars in

reforestation and payments for ecosystem service programs.

Here, we examine the Sloping Land Conversion Program, the

largest such program in theworld and found that after 13 years

of implementation at our study site, it has had negative

impacts on natural tropical forests. GIS and remote sensing

techniques revealed that both natural forests and natural shrub

and grasslands were replaced by non-native monocultural

plantations on Hainan Island, China, a key tropical biodiver-

sity hotspot. Under current Chinese policy, these plantations

are classified simply as “forests”, with the assumption that

they are equivalent to natural forests. This lack of a distinction

in forest quality has led to substantial deforestation and

plantation expansion, including encroachment into protected

areas on Hainan. Additional social and economic drivers of

these changeswere identified by examining the participants in

this program and their actions. Without a new ecologically

based definition of forests and new goals for reforestation,

such programs designed to improve ecosystem services, and

forest quality may actually threaten remaining natural forests

and other vegetation types in Hainan and in other areas of

mainland China.
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Introduction

China has undergone a forest transition from net forest loss

to net gain primarily due to reforestation programs (Mey-

froidt and Lambin 2009). However, China’s tropical areas

still suffer from deforestation and plantation expansion (Li

et al. 2009; Zhai et al. 2012). Since 1999, the central

government has invested more than 298 billion RMB (USD

47.82 billion) (The Central People’s Government of the

People’s Republic of China 2012) in a payments-for-eco-

system services and restoration program called the Sloping

Land Conversion Program (SLCP) (Groom et al. 2010; Li

et al. 2011). Largely initiated as a response to the 1998

floods in the Yangtze River watershed, the SLCP has

restored marginal cultivated lands (on slopes [25°) to

forests or grasslands and has led to increased forest cover

and generally improved ecosystem services (Liu et al.

2008; Chen et al. 2009a).
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Hainan Island’s forests have also undergone a transition

in land-use change from previous deforestation to net

reforestation (Zhang et al. 2007). The history of the

island’s tropical forests in the last 100 years has been a

history of deforestation, degradation, and recent regrowth.

Forest cover had decreased to 50 % at the beginning of the

1930s, and then fell to 15 % by the end of the 1970s (Zhang

et al. 2000). The trend was then reversed due to decades of

forest conservation and reforestation/afforestation, and by

the 1990s, it was estimated that more than 20,000 ha of

land had been reforested (Zhang et al. 2000). However, by

the 1990s, deforestation, driven largely by plantation

expansion, had again increased (Zhang et al. 2010; Zhai

et al. 2012). Through the SLCP about 170,000 ha of forest

had been replanted by the end of 2008, increasing Hainan’s

forest cover by 5.2 % (Hao et al. 2009). However, a recent

Greenpeace report found that during this period, a quarter

(72,000 ha) of Hainan’s natural tropical rainforest had been

destroyed (Greenpeace 2011).

To investigate these conflicting claims between

increasing forest area and loss of natural forest on Hainan

Island, we used remote sensing and GIS data to investigate

changes in different land-use types in the upper Changhua

watershed. The results from this analysis would allow us to

distinguish between the conversion of natural forests into

plantations and the reforestation of degraded areas into

production forests. If the SLCP is actually driving local

smallholders to replace natural forests with monoculture

plantations, instead of restoring degraded areas into forests,

then the policy is not serving its purpose of improving the

ecosystem function of the landscape. Therefore, we asked a

simple question: did plantations replace degraded or natu-

ral areas? Finally, we attempted to identify underlying

factors that may impact Hainan’s remaining tropical rain-

forest in the future.

Materials and methods

Study area

Hainan Island (18°10´–20°10´N and 108°37´–111°03´E,
Fig. 1a), the largest tropical island in China with an area of

33,920 km2 and is also the largest island in the Indo-Burma

biodiversity hotspot (Francisco-Ortega et al. 2010). The

island’s tropical rainforests are located at the northern

margin of Tropical Asia (Zhu and Zhou 2002) and are

known for their high biodiversity (Zheng et al. 2002). This

research was conducted in the upper Changhua Watershed

(Fig. 1b), south of the Hainan Island, which is one of eight

plant conservation hotspots in China (Zhang and Ma 2008).

Hainan’s Changhua River (Fig. 1c) has been identified as a

center of endemism for plants and birds (Chen 2008).

Data sources and methods

Land-cover classification was performed using three land-

sat thematic mapper (TM) images and six Satellite Pour

l’Observation de la Terre 5 (SPOT5) images for three

separate years: 1988, 1995, and 2005 (Table S1). The TM

and SPOT images of 1995 and 2005 were purchased from

Beijing Spot Image Co., Ltd. and were corrected for

atmospheric and radiometric distortions. The Landsat

TM image for the year 1988 was downloaded from

Earth Explorer (http://edcsns17.cr.usgs.gov/EarthExplorer/),

which has been pre-processed according to a standardized

set of parameters and has been orthorectified using geodetic

and elevation control data to correct for positional accuracy

and relief displacement. The data were topographically

corrected to a digital elevation model (DEM) (Ekstrand

1996). The DEM was derived from topographic maps

(scale= 1:50,000) that were provided by the State Bureau of

Surveying and Mapping. The TM images were rectified to

Pulkovo_1942_Transverse_Mercator projection system, and

then, an image-to-image registration was used to register the

TM images to another TM image in 2000, with the rectifi-

cation RMS error less than one pixel. To enhance image

resolution, image fusion was made between multispectral

TM and the SPOT panchromatic band to get a 10-m-reso-

lution multispectral image. This was done by principal

component analysis (PCA) on PCI software (Chavez and

Kwarteng 1989; Antunes 2000).

Final images for each year were classified into six land-

cover types: (1) natural forests; (2) natural shrub and

grasslands; (3) tropical crops; (4) rubber plantations; (5)

pulp plantations; and (6) open areas. “Natural forests”

included primary forests and naturally regenerating sec-

ondary forests, characterized by closed canopy structure.

“Natural shrub and grasslands” represent a transition

between abandoned agricultural land and forest after the

removal of natural forest. A data layer for this land-cover

type was provided by Hainan Environmental Science

Institute and was used in initial classification efforts.

“Tropical crops” consisted primarily of Cocos nucifera,
Areca catechu, Anacardium occidentale, Litchi chinensis
plantations, and Camellia sinensis gardens. “Rubber (He-
vea brasiliensis) plantations” were identified by their

characteristic image texture, land form and landscape ter-

racing. These areas were mostly confined to State Farms.

“Pulp plantations” were distinguished by their special

image color in combination with a reference data layer

provided by Jinhua Forestry Co., Ltd. (Jinhua Company).

“Open areas” included shifting cultivation, paddy rice,

cultivated lands, rivers, pools, cities, villages, and indus-

trial lands.

All the non-thermal channels of the fused images were

used in further classification efforts. The classification of

612 D.-L. Zhai et al.

123

http://edcsns17.cr.usgs.gov/EarthExplorer/


the land-cover classes was performed through a super-

vised maximum likelihood classification method (Jensen

and Lulla 1987) on ERDAS 9.0. The classification results

were converted into vector for later further editing in

ArcGIS. The results were manually edited in ArcGIS

(Version 9.3.1, Environmental System Research Institute,

USA) by visual interpretation when necessary (e.g., areas

of new clearings for pulp plantation, and areas covered by

cloud). Interpretation was aided by a farm layer, pulp

plantation plan layer, residential area layer and Hainan

grass distribution layer, as well as expert local knowledge.

To minimize classification errors caused by difference in

the resolution of the three satellite images, we continued

to do clump and elimination after classification; polygons

\900 m2 equal to 1 cell were eliminated (Li et al. 2007).

Training areas for the TM were generated by the Hainan

Environmental Science Institute in 2005 and 2006. Large

homogeneous areas were selected as training areas

(Schowengerdt 2007). For each land-cover class, at least

10 training areas (Li et al. 2007; Schowengerdt 2007)

were selected to reflect variation due to topography and

growing conditions.

Fig. 1 The Changhua watershed on the island of Hainan, China: a
image of China showing the position of tropical areas (black areas)
and their locations in the biodiversity hotspots (thick black lines)

according to Mittermeier et al. (2004); b Hainan with the location of

the study area indicated by black; c the upper reaches of Changhua

watershed with the Nature Reserves
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Classification accuracy was evaluated in terms of pro-

ducer’s accuracy, user’s accuracy, and overall accuracy,

which is commonly calculated by an error matrix (or

confusion matrix) (Congalton and Green 1999; Foody

2010). For accuracy assessment, six hundred points were

randomly sampled during field surveys in 2006 and 2007.

The 2005 land-cover map was found to be generally reli-

able (overall classification accuracy and Overall Kappa

Statistics were 83.5 and 80.8 %, respectively, Table S2).

The classification accuracy assessment of 1995 was based

on the assumption that the same resolution satellite images’

processing can achieve the same accuracy. While the

absence of accuracy assessment of the 1988 classification

was for no higher resolution images, ground truth data and

other reference data are available. But since multiple kinds

of ancillary data were used after supervised classification

by visual interpretation to achieve a confidential classifi-

cation map, we assumed that this achieved a level of

accuracy similar to 2005. We did not update the thematic

maps by buying the SPOT images from more recent years,

because first, we wanted to test the SLCP’s impacts on

natural forests, and second, more than 96 % of the areas

reforested by the SLCP in Hainan (Table 2) were planted

between 2002 and 2005.

The association of the different land-use classes with

slope was examined for each year, using random per-

mutation tests (Webb 2000). For the slope tests, we used

four different classes to consider soil erosion and law:

0°–10°; 11°–25°; 26°–40°; and [40° (Wang and Jiao

1996). To remove any possible effects of spatial auto-

correlation in the association between land use and the

environmental factor, we performed permutation tests on

a 15 % random subsample of the image. We performed

250 permutations to generate distributions for the

observed and expected values. We then compared the

mean values for these two distributions to determine

whether the observed values were significantly different

from the expected values, given a random spatial distri-

bution of land-use types.

To compare the changes in different land-use types

between different time periods, we calculated the area of

each land-use type for each time, along with changes in

area during the study period, change ranges, and R-index

(Liu et al. 2006).

We also collected official decrees, local government

reports and documents, and socioeconomic data on the

agents implementing and managing the SLCP projects on

Hainan to assess the potential drivers for their actions. The

socioeconomic data included individual and company

names, location of the SLCP projects and species planted

on both area and on annual basis. Informal field interviews

were undertaken in September–October, 2011, to “ground

truth” the above information. These data would improve

our insight into the relationships between state policy

through the SLCP, the agents who were managing the

projects, and the economic cost and benefits experienced

by these actual agents performing the reforestation.

Results

Plantations have replaced natural vegetation

Both natural forests and natural shrub and grasslands

decreased greatly during 1988–2005, with natural shrub

and grasslands losing a larger percentage (65 %) and nat-

ural forests losing a larger amount (21,603 ha). During the

study period, natural forest loss corresponded to 22 % of

natural forest cover in 1988. Of all land-use types, natural

shrub and grasslands conversion into pulp plantation was

more than 70 % of all the areas converted from natural

shrub and grasslands. The R-index of natural shrub and

grasslands (−0.48) was larger than that of natural forests,

indicating that natural shrub and grasslands lost a larger

Table 1 Land-use/land-cover distribution (1988, 1995, and 2005) and the absolute and relative area of each category

Land-use/land-cover

categories

1988 1995 2005 1988–2005

Area (ha) Area (%) Area (ha) Area (%) Area (ha) Area (%) Area changes (ha) Change ranges (%) R-index

NF 97,909 66.37 104,023 70.51 76,306 51.7 −21,603 −0.22 −0.12

NS&G 18,895 12.81 13,345 9.05 6,579 4.5 −12,316 −0.65 −0.48

TC 3,155 2.14 4,035 2.74 9,112 6.2 5,957 1.89 0.49

RP 8,329 5.65 12,926 8.76 26,776 18.2 18,447 2.21 0.53

OA 19,236 13.04 13,177 8.93 13,455 9.1 −5,781 −0.3 −0.18

PP 5 0.003 22 0.015 15,301 10.4 15,296 3,059.2 0.999

Total 147,528 100 147,528 100 147,528 100 0 – –

NF natural forest, NS&G natural shrub and grasslands, TC tropical crops, RP rubber plantation, OA open area, PP pulp plantation
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amount of land compared to 1988. Natural forests had a

slight increase during 1988–1995 with larger amounts of

natural shrub and grasslands converted to natural forests,

but this was followed by a sharp decrease from 1995 to

2005 with substantial conversion of natural forests into

rubber and pulp plantations and tropical croplands

(Table 1; Fig. 2).

Rubber plantation displaced natural forests on slopes of

\25°, while pulp plantation displaced natural forests and

natural shrub and grasslands on slopes of 11°–40° (Figs. 2, 3c,
d). Pulp plantation showed the highest R-index (proximity to

1.0) (Table 1); this indicates a sharp increase in pulp plan-

tations from 1988 to 2005. Rubber plantation and tropical

croplands also significantly increased during the study period

with indices of 0.53 and 0.49, respectively, mainly on flatter

(\25°) slopes (Fig. 3c, e). Additionally, the expansion of

pulp plantation showed the highest index due to its limited

presence before 1995 (Fig. 3d) with more than 60 % of this

land-use type replacing natural forest (Fig. 2).

Plantations expanded faster on slopes steeper than 25°,
and natural regeneration of forest was slower

in 1995–2005

Between 1988 and 1995, natural forests regenerated mainly

from natural shrub and grasslands and open areas (Table 1;

Fig. 2 Land-cover change in the Changhua watershed from 1988 to

2005. Maps shown in the left column illustrate the distribution of land-
use classes: a 1988; b 1995; and c 2005. Pie-charts in right column
indicate the relative proportion of each land-use class for each time

period. Transition matrices separating each pie-chart indicate the

change between land-use types, with the thickness of the arrows

indicating the relative amount of change. The histogram at the right of
the pie-charts indicate the area converted from natural forests, natural

shrub and grasslands, and open areas to other land-use types, and the

number on the arrow means the area being converted. Color-coding
follows the labels on the first transition matrix (color figure online)
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Fig. 2). Natural regeneration continued in some areas in

1995–2005, but only 2 % of natural shrub and grasslands’

area in 1995 were converted to natural forests, while an

equal proportion of these land-cover types were also con-

verted to plantations (Fig. 2).

During 1995–2005, only 214 ha (1.6 % of open area in

1995) of open area was converted to both rubber and pulp

plantations. One quarter of natural forests in 1995 were

converted into pulp plantations, tropical croplands, and

rubber plantation by 2005 (Table 2; Fig. 2). By 2005, 65 %

of the area of pulp plantation, 48 % of tropical croplands,

and 44 % of rubber plantation were converted from natural

forests. No conversion from rubber to pulp plantations took

place. As of 2005, very little natural vegetation remained

on flat areas (Fig. 3a, b). This was due in large part to the

predominance of tropical crops, rubber plantations and

open area in low elevation flat areas. Rubber plantations,

open areas, and tropical crops were almost non-existent on

the steepest slopes (Fig. 3c, e, f). Pulp plantation mainly

occurred on steeper slopes (Fig. 3d). The appearance of

pulp plantations between 1995 and 2005 did not displace

rubber plantations in the lowlands.

No open areas were restored to natural vegetation

during 1995–2005

Between 1988 and 1995, 3,166 ha of open areas were

converted into natural forest, representing more than 50 %

of this land-use type (Fig. 2) but that trend changed

between 1995 and 2005 during which no open areas were

converted into either natural forests or natural shrub and

grasslands (Fig. 2). During this period, more than 2.4 % of

natural shrub and grasslands were converted into open

areas. Open areas were replaced mainly by rubber planta-

tion, tropical croplands, and pulp plantation on less steep

slopes (\25°) (Fig. 2, 3f).

Fig. 3 Changes in area for each land-use type according to slope in

the Changhua watershed. a natural forests; b natural shrub and

grasslands; c rubber plantations; d pulp plantations; e tropical crops;

and f open area. Observed (Obs) and Expected (Exp) values for each
slope class represent means, 1 standard deviation and 95 %

confidence limits for 250 randomizations given a 15 % sub-sampling

rate. Values for each year are color-coded as labeled. For the slope

tests, we used four different classes: 0°–10°; 11°–25°; 26°–40°; and
[40° (color figure online)
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Four different groups of agents participated in the

SLCP

From our limited data set, we discovered that four different

groups of agents were involved in the SLCP (with percentage

of total SLCP lands in parentheses): 6,266 smallholders

(31 %); five private companies (28 %); the Jinhua Company

(24 %); and 30 private investors (17 %) (Fig. 4). The Jinhua

Company is separated fromother agents as it is only involved

in pulp plantation. The five private companies are mainly

involved with high value economic species (Fig. 4). The

smallholders directly control the lands they manage under

the SLCP while the private investors must rent lands under

the SLCP. Each group is subject to different management

incentives and also has a distinct relationship with the local

government, but more detailed analyses of these relation-

ships go beyond the current study.

Discussion

The Sloping Land Conversion Program promotes

expansion of plantations on marginal lands

The SLCP is implemented through multiple government

quota systems from the central government down to the

village level. These quotas promote legal reforestation

activities on marginal slopes (25°–40°), including the

planting of monoculture tree crops, but these lands would be

better restored following ecologically sound principles

(Zhang et al. 2000; Xu et al. 2009; Zhai et al. 2012).

Coinciding with the initiation of the SLCP in Hainan, Zhai

et al. (2012) found that plantation expansion was the main

cause of deforestation in the upper Changhua watershed.

Another study found that local villagers, through the SLCP,

replaced previous swidden lands and natural shrub and

Table 2 Reforestation areas allocated to Wuzhishan County in the Sloping Land Conversion Program during 2002–2008, and the actually

reforested areas

Years Reforested area

allocated (ha)

Sloping land

reforestation (ha)

Bare land

reforestation (ha)

Hainan Government’s

documents

Actually planted

forestlands (ha)

2002 966.7 286.7 680 QJNJ [2003] 107 969.3

2003 3,866.7 2,133.3 1,733.3 QFNJ [2003] 647 3,876.1

2004 666.7 0 666.7 QFGNJ [2004] 481 666.7

2005 1,333.3 0 1,333.3 QFGNJ [2005] 889 1,333.3

2007 133.3 0 133.3 QFGNJ [2007] 1,369 133.3

2008 133.3 0 133.3 QFGNJ [2008] 1,310 133.3

Total 7,100 2,420 4,680 – 7,112

Fig. 4 a Reforested area of different species during the SLCP by each

agent. Eucalyptus and Acacia includes Eucalyptus grandis 9 Eucalyp-
tus urophylla, E. urophylla 9 E. grandis, Eucalyptus 12ABL, Acacia
mangium, and Acacia crassicarpa. Rubber indicates H. brasiliensis.
Fruit trees refer coconut (C. nucifera), areca (A. catechu), mango

(Mangifera indica), longan (Euphoria longana), litchi (L. chinensis)
and so on. The high valued trees are largely well-known species with

high timber values, which includes PNG basswood (Eudospermum

chinese), redwoods (Dalbergia odorifera and Dalbergia hainanensis),
Chinese eaglewood (Aquilaria sinensis), Yellow cheesewood (Nauc-
lea sp.), and rattan (Daemonorops margaritae, Calamus
simplicifolius). Pine plantation refers as Pinus caribaea in the study

area. b Percentage of each agent’s management of the SLCP lands.

Four agents are involved in the SLCP: Jinhua Co., Ltd., other five

companies, thirty private investors, and 6,266 smallholders
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grasslands with rubber plantation and tropical crops (Ume-

zaki and Jiang 2009). Swidden agricultural activity has been

one of the most important traditional land-use systems in

Southeast Asia (Mertz et al. 2009) and has been blamed as

the main historical cause of deforestation in Hainan (Zhou

1995). In Xishuangbanna, another tropical area of China,

local villagers also replaced their swidden lands, secondary

forest, and natural forests with monocultural rubber plan-

tation during the implementation of the SLCP (Li et al.

2007; Xu et al. 2009; Fu et al. 2010). The SLCP program

seems to be changing this dynamic, replacing the relatively

diverse and ecologically balanced swidden systems with

plantations, particularly on marginal lands (Umezaki and

Jiang 2009; Xu et al. 2009). In this study, we found that

rubber, pulp and tropical croplands expanded significantly

faster on slopes steeper than 25° in 1995–2005, compared to

1988–1995. Natural regeneration of forests was also slower

in 1995–2005 compared to 1988–1995 (Fig. 2), providing

further indirect evidence of the undesirable effects of the

SLCP on natural forests (Xu 2011; Zhai et al. 2012). There

should be concern when a national program designed to

improve ecosystem services and stabilize marginal lands

contributes to the replacement of natural forests with

monoculture pulp and rubber plantations.

Large-scale monoculture plantations have also devel-

oped in other Chinese regions during the SLCP with

serious ecological consequences (Cao 2008a, b; Gao et al.

2011). Some researchers in these areas of China posit that

low precipitation caused problems with species suitability

and poor survival rates (Liu 2008; Cao et al. 2011).

However, in Hainan, even with higher precipitation and

better survival rates, there were still serious ecological

consequences as a result of this program (Cai et al. 2009).

A broad definition of “forests” can lead to the

replacement of natural forests with plantations

The Chinese government defines rubber and pulp planta-

tion as forests; from a policy perspective, this makes them

equivalent to natural forests. But this definition is not based

on ecological principles and has contributed to the expan-

sion of plantations at the expense of natural forests (Xu

2011; Zhai et al. 2012). Official definitions of “ecological”

forests combined with government planting programs that

provide subsidies for participants to plant rubber, pine,

Eucalyptus spp. and Acacia spp., leads to the expansion of

plantations (Chen et al. 2009b; Xu 2011).

This is the government policy driver of the land-use

conversions that our work revealed, but other factors also

play a role. Survey data found that 69 % of the SLCP lands

were controlled by companies and other private investors

instead of smallholders (Fig. 4). In Hainan, the agents

implementing (and benefitting from) the SLCP policy are

more often companies than villagers. In addition, unlike

swidden agriculture lands and natural shrub and grasslands,

plantations are assumed to have positive economic and

ecological benefits (McElwee 2009; Xu et al. 2009). This

may be true for both profit-seeking companies and small-

holders seeking higher incomes. However, there are no

cost/benefit analyses available on Hainan to test these

assumptions and the limited data we collected were not

sufficient to explore this further. The government policy

definition of natural shrub and grasslands as “bare hills” is

also ecologically problematic (Xu 2011). Equating plan-

tations with natural forests in forest management policies

has also contributed to the conversion of nature reserves,

national protected areas, and important reservoir areas into

monoculture plantations, causing serious environmental

problems (Li et al. 2007; Xu et al. 2009; Greenpeace 2011;

Zhai et al. 2012). The problem of equating natural forest

with plantations is not unique to China and has affected

forest dynamics and land-use change in tropical areas

worldwide (Aziz et al. 2010; Putz and Redford 2010). To

properly conserve and protect natural forests on Hainan,

the next generation of studies should explore and link

together three areas-policy, agents, and economic incen-

tives. In policy, clear distinctions must be made between

“production forests” and “ecological forests”, particularly

for monoculture plantations comprised of exotic species.

For agents, there should be better understanding of who

specifically benefits from policies and how state policies

help and/or hinder these agents. Third, the benefits and

costs of policies should be calculated more carefully for

both commercial agents and smallholders.

Reforestation programs on Hainan may continue

to impact remaining natural forests

In Hainan, there are multiple ongoing reforestation projects

with the purpose of increasing forest cover by 2015. These

include the 100,000 ha Greening Hainan Island (Haikou

Land Resources government web 2012) program, and the

more than 100,000 ha “Pulp Plantation Base Project” (Zhai

et al. 2012). Based on our research results in Hainan, we

expect that about half of these new plantations will likely

replace natural forests. In addition, production overcapac-

ity of the pulp mill on Hainan Island with its shortage of

raw material from local sources combined with growing

Chinese demand for rubber (Li et al. 2007; Zhai et al. 2012)

also adds conversion pressure on Hainan’s remaining nat-

ural forests. By 2016, the Hainan government plans to

increase the island’s forest cover from 60.3 to 62 % (Ha-

inan Government 2010). But this may well lead to more

natural forest reduction since ongoing policies include

rubber and pulp plantations in the definition of “forest” (Li

et al. 2007; Viswanathan 2008).
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Conclusion

To adequately protect Hainan’s natural forests and to create

ecologically sound reforestation policies, several issues

need to be addressed. First, a more scientific definition of

“forest” must be created to distinguish between profoundly

different types of forest based on species composition and

ecosystem function, including contributions to the conser-

vation of biodiversity. This change should be a priority in

the development of future forest policies in China. Con-

tinued use of the current definition will likely jeopardize

tropical natural forests and their associated biodiversity

functions (Xu 2011). Again, this issue affects tropical

forests globally, given that a similar definition of forest is

used by the United Nations Framework Convention on

Climate Change, the Clean Development Mechanism of the

Kyoto Protocol, and the FAO (Sasaki and Putz 2009).

China could become a global leader in forest policy by

creating ecologically meaningful definitions; in turn, these

improvements could affect policy development in numer-

ous types of forest in and beyond China.

Second, since 2000, the Hainan government has inves-

ted 57.28 million RMB (USD 9.19 million) to protect its

natural forests and develop the island’s nature reserves

(State Bureau of Forestry Protection Division 2011). Cur-

rently, protected areas cover 7.1 % of the province’s

terrestrial area (Zhang et al. 2011) but if forest policies

create conflicting incentives for different groups of agents,

“reforestation” may cause declines in natural forests even

while protected areas increase. Certainly, changing the

current “forest” definition will help the efforts of the local

government to protect natural forests and support natural

regeneration. But it is also important to look more closely

at which groups benefit from state policies and how this

may contribute to loss of natural forests, and our study is

limited in this regard.

Third,while the SLCPwas designed to restore ecosystems

and reduce poverty, regionalmarket trends in Southeast Asia

will continue to place major conversion pressure on natural

forests in Hainan (Rudel et al. 2009). Rubber plantations are

likely continued to expand as smallholders gain more eco-

nomic benefits and commercial demand for rubber grows (Li

et al. 2007;Manivong andCramb 2008). There are alsomany

government subsidies available for rubber and pulp plantings

(e.g., the SLCP and Greening Hainan Island). In Xishu-

angbanna, China’s other tropical forest region, demand,

price, and government policies have also driven the expan-

sion of rubber plantations and replacement of natural forests

(Li et al. 2007; Liang et al. 2010; Xu et al. 2013). Our study

area in Hainan has been identified as a priority protection

area due to its high biodiversity, water and soil, and threa-

tened species conservation values (Xiao et al. 2011; Zhang

et al. 2011). However, Xishuangbanna also has high

conservation value, but this did not help to protect its natural

forests. On the positive side, the Hainan government has

recently passed the Hainan Non-commercial Forest Devel-

opment Program (2010–2020), which aims to increase the

area of non-commercial natural forest (The Central People’s

Government of the People’s Republic of China 2012). This

may lead to all current natural forests being protected and

much of the remaining natural shrub and grasslands being

restored or regenerated. Both rubber and pulp plantations as

well as natural shrub and grasslands could also be managed

as potential carbon sinks (Cao et al. 2011; Gao et al. 2011).

The value of these lands should not be discounted and more

concern should be paid to their regeneration and ecosystem-

service benefits.

Last, the economic costs and benefits of spending bil-

lions of dollars on reforestation using non-native species in

monocultural plantation should be more carefully explored.

Hainan’s reforestation and plans for payments for ecosys-

tem services have major implications for future tropical

rainforest conservation in both China and the world.
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