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a b s t r a c t

Land use change and land-cover can influence ecological functions and ecosystem services. Based on
Xie’s coefficient of ecosystem service value, land use change in Ganjing upstream watershed from the
year 1990 to 2010 and the ecosystem service value caused by the land use change were quantitatively
analyzed. Based on the statistical data and relevant research results, a gray correlation degree analysis was
done between ecosystem services value (ESV) and its seven potential impact factors, i.e. Grain for Green
program, population, gross domestic product (GDP), urbanization level, investment in fixed assets, the
proportion of secondary industry and tertiary industry proportion. The boosted regression tree method
was used to identify the driving factors for the changes of ESV during 1990–2010, 1990–1995, 1995–2000,
anjiang upstream watershed 2000–2005 and 2005–2010 periods. The results showed that: (1) all seven indexes can affect the changes
of ESV in Ganjiang upstream watershed during the study periods, (2) during 1990–2010 and from 2000
to 2005, the Grain for Green program is the most important factor influencing the ESV. The proportions
of tertiary industry and GDP are the main factors influencing the ESV, whereas from 2000 to 2005 the
main influential factor is GDP.

© 2015 Elsevier Ltd. All rights reserved.
ntroduction

Ecosystem services represent the benefits of living organisms
eriving from ecosystem functions that maintain the earth’s life
upport system (Xie et al., 2003; Boyd and Banzhaf, 2007; Fisher
t al., 2009; O’Farrell et al., 2011; Liu et al., 2012). Land use is closely
inked to humans and nature. Land use change can directly impact
iotic diversity worldwide, contributing to climate change, which

s the primary source of soil degradation. And by altering ecosys-
em service, land use change may affect the ability of biological
ystems to support human needs. Land use and cover changes alter
he structure and function of ecosystem (Lambin et al., 1999). Thus,
he study of ecosystem service value changes caused by the change
f land use and land cover has important implications.
The chief form of ecosystem alteration is land use change that
as been highlighted as a key human-induced effect on ecosystems
Lambin et al., 2001, 2003). Various kinds of social and economic
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factors can cause changes in ecosystem service value (ESV) (Ma
et al., 2010). Land use change is the locally pervasive and globally
significant ecological trend (Geist et al., 2006). However, because of
the difference in the ecological environment of the regional natural
resources, there exist considerable differences in the driving abil-
ity of social and economic factors (Wei et al., 2005). Costanza et al.
(1998) conducted an evaluation on the global main types of ecologi-
cal system service value, causing many scholars at home and abroad
to study the theory, evaluation and accounting methods of ESV, the
changes in driving force and application of ESV (Liu et al., 2003;
Huang et al., 2007; Priess et al., 2007; Ricketts et al., 2008). There
are many studies on the driving factors of ESV changes. However,
studies are scarce on quantitative analysis of ESV changes espe-
cially on the driver at different stages of economic development
and social and economic factors.

Ganjiang upstream watershed is the most important ecological
barrier for Poyang lake watershed, in which the ESV is crucial for the
regional sustainable development, related to the whole ecosystem
health along the Poyang lake watershed. With the rapid develop-

ment of economy, great changes have taken place in the land use
and cover change of the region. Overall, the aim of the present study
was to investigate the main driving factors of the ESV change in the
Ganjiang river upstream watershed from the year 1990–2010.
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ethods

he study area

Gnajiang upstream watershed is located in the south of Jiangxi
rovince in east China, and it occupies an area of about 35,699 km2,
f which 27,095 km2 is the watershed area and the total length of
ivers is 312 km. The watershed, lying on 113◦54′–116◦38′ E and
4◦29′–27◦09′ N, is in the transition zone between southeastern
oast of China and central China, and is also one of the important
hannels to the southeast coast of the mainland. The watershed is
haracterized by a complex topography, and proximately 80% of
he territory is occupied by hills and mountains. Annual rainfall in
he watershed area varies between 1400 and 1800 mm. Ganjiang
pstream watershed is rich in biological and mining resources,
nd it is one of many nonferrous metals bases in China. In this
tudy, the scope of the study area straddles 16 counties, includ-
ng Ruijing city, Zhanggong and Nankang districts, counties of Gan,
infeng, Dayu, Shangyou, Chongyi, Anyuan, Longnan, Quannan,
ingdu, Yudu, Xingguo, Huichang, and Shicheng. The location map
f the study area is presented in Fig. 1.

ata sets

This study selected the following indicators for reflecting the
evelopment degree of social economy in Ganjiang upstream
atershed, such as population, gross domestic product (GDP),
rbanization level, investment in fixed assets, and the propor-
ion of secondary and tertiary industries. In addition, Ganjiang
pstream watershed began to carry out Grain for Green policy in
999. Through the interpretation of remote sensing data analysis,

t showed that the forest land area increased drastically after the
rain for Green project. Thus, the policy of Grain for Green exerted
great influence on the regional ESV. Thus, the Grain for Green pol-

cy has taken into account analyzing the driving factors of ESV. This
tudy adopted gray correlation analysis and boosted regression tree
BRT) model to assess the drivers of ESV.

ray correlation analysis

Gray relational analysis is an impacting measurement method
n gray system theory that analyzes uncertain relations between
ne main factor and all the other factors in a given system. In the
ase when experiments are ambiguous or when the experimental
ethod cannot be carried out exactly, gray analysis helps to com-

ensate for the shortcomings in statistical regression (Ho and Lin,
003). Gray relational analysis is actually a measurement of the
bsolute value of data difference between sequences, and it can be
sed to measure the approximate correlation between sequences
Fung, 2003).

The gray correlation analysis can complement the defects of
athematic statistic analysis methods. The gray approach can work
ith small amounts of irregular data. In addition, the inconsistency

etween quantitative and qualitative results would not happen.
he basic concept of gray correlation analysis judges whether the
elationship among data series sets is closely related to the simi-
ar degree of geometric shape of the data series curve. The closer
he curves are, the greater the correlation among the relative data
eries (Yeh and Chen, 2004).

oosted regression trees
We selected the BRT method to examine driving factors affect-
ng the ESV, and then partitioned independent influences of driving
actors. BRT is a multivariate technique based on binary deci-
ions. BRT is one of several techniques that aim to improve the
cy 47 (2015) 247–252

performance of a single model by fitting many models and com-
bining them for prediction. BRT uses two algorithms: “regression
tees” is from the classification and regression tree (“decision tree”)
group of models, and “boosting” builds and combines a collection of
models (Elith et al., 2008). This method has powerful capacities for
handling different classes of predictor variables (categorical, nom-
inal and continuous) and distributions (Gaussian, Posson, binomial
and others), for accommodating missing data and outliers, and for
automatically handling interaction effects between predictor vari-
ables (De’ath, 2007; Elith et al., 2008). Furthermore, this method
has no prior assumptions about the independence of predictor vari-
ables. BRT can fit complex nonlinear relationships, and it is highly
resistant to inclusion of large numbers of irrelevant predictor vari-
ables. More detailed description of the BRT method can be found
in Hastie et al. (2009), and working guides in Ridgeway (2007) and
Elith et al. (2008).

Parameter setting is a preliminary step in BRT modeling. The five
parameters involved are determined-loss function (for minimizing
squared error), learning rate, tree complexity, bagging fraction and
k-fold cross-validation (Ridgeway, 2007; Elith et al., 2008; Zhang
et al., 2012). The learning rate is a constant value applied to each
individual regression tree for determining their contribution to the
final model. Tree complexity gives the size of simple regression
trees and maximum depth of variable interactions. The bag fraction
introduces randomness into a model to reduce overfitting by ran-
dom selection of a data portion for model training and validation.
The cross-validation specifies the number of times to randomly
divide the data for model fitting and validation. All BRT analyses
were conducted by R software version 2.15.1 (R Development Core
Team, 2012), using the “gbm” package (Ridgeway, 2012).

Results

Table 1 lists variables used to model ESV change in the Ganjiang
river upstream watershed.

Analysis of ESV change

Combined with the ESV of Ganjiang upstream watershed from
1990 to 2005 (Chen et al., 2013), we calculated the ESV of Ganjiang
upstream watershed in 2010 and the change value of ESV from 1990
to 2010, as shown in Table 2.

In various regions from 1990 to 2010, Shicheng county has
the highest ESV change with 4.5 × 103 RMB hm−2, followed by
Shangyou county and Chongyi county with 4.1 × 103 RMB hm−2,
followed by Ruijin, Gan county, Dayu county, Nankang district,
Huichang county, Yudu county, Quannan county, Xingguo county,
Xingfeng county, Ningdu county, Anyuan county, Longnan county
and Zhanggong district. The ESV of Shicheng county, Shangyou
county and Chongyi county increased apparently. It showed that
the ecological system of Ganjiang river source was continuously
improved. The three counties are the largest area for conducting
the Grain to Green policy.

Gray correlation coefficients of influential factor on ESV change

Gray correlation coefficients of influential factor on ESV change
are listed in Table 3. It can be seen that all the gray correlation
coefficients are greater than 0.5, indicating that the seven parame-
ters are the driving factors affecting the ESV change of 16 counties
of Ganjiang upstream watershed.
BRT analysis of ESV change driving factors

The influence of Grain to Green project, total population, GDP,
urbanization level, fixed assets investment, and the proportion of
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Fig. 1. The sketch map of location in the study area.

Table 1
Variables used to model ESV change in the Ganjiang river upstream watershed.

Category Variable Description Source Mean, Range

Population
P The general population change Jiangxi province bureau of

statistics
46.6, −1 to 283.9 thousand

UL Urbanization level change Jiangxi province bureau of
statistics

2.89, −5.09 to 16.26 percent

Economic

SP The second industry proportion
change

Jiangxi province bureau of
statistics

9.83, −12.24 to 41.89 percent

TP The tertiary industry proportion of
change

Jiangxi province bureau of
statistics

−8.64, 8.92–42.56 percent

GDP Gross domestic product change Jiangxi province bureau of
statistics

23.28, 1.24–130.78 billion RMB

IF Investment in fixed assets change Jiangxi province bureau of
statistics

10.83, −28.197 to
51.337 billion RMB

Policy GG Grain for green (the cultivated land
into forest land area) change

China center for resources
satellite data and application

11,862.65,
362.16–29,078.37 hm2

Table 2
ESV in 2010 and changes of the Ganjiang upstream watershed from1990 to 2010.

Site ESV in 2010 (109 RMB) Mean (103 RMB hm−2) Changes between 1990 and 2010 (103 RMB hm−2)

Zhanggong 0.472 10 0.3
Gan 4.454 14 3.4
Nankang 2.378 12.9 3.3
Xinfeng 3.88 13.5 2.9
Longnan 2.295 14 2.5
Quannan 2.223 14.7 3
Ningdu 5.586 13.8 2.8
Yudu 3.827 13.2 3.1
Dayu 1.95 14.3 3.3
Shangyou 2.348 15.3 4.1
Chongyi 3.535 16.1 4.1
Anyuan 3.428 14.5 2.5
Xingguo 4.573 14.2 3
Ruijin 3.508 14.4 3.6
Huichang 4.023 14.8 3.2
Shicheng 2.307 14.6 4.5

Table 3
Gray correlation coefficients of influential factor on ESV change.

Driving forces Gray correlation coefficient (R)

1990–2010 1990–1995 1995–2000 2000–2005 2005–2010

P 0.8220 0.7715 0.7972 0.7736 0.7400
SP 0.7749 0.7586 0.7363 0.7723 0.7107
UL 0.7818 0.7419 0.7252 0.7896 0.7795
IF 0.7262 0.7611 0.7767 0.7216 0.7534
GDP 0.7573 0.8203 0.7765 0.7552 0.7328
TP 0.6944 0.7003 0.8228 0.7155 0.8180
GG 0.8984 – – 0.8590 0.7620
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Fig. 2. Partial dependence plots for the seven most influential variables in the model for ESV change in the Ganjiang river upstream watershed from 1990–2010. For
explanation of variables and their units see Table 1. Y-axes are on the logit scale and are centered to have zero mean over the data distribution. Rug plots on inside top of
plots show distribution of sites across that variable, in deciles.

Fig. 3. Partial dependence plots for the seven most influential variables in the model for ESV change in the Ganjiang river upstream watershed from 1990 to 1995. For
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econdary and tertiary industries on the regional ESV change were
nalyzed by using boosted regression trees. Results are shown in
igs. 2–6.

It shows that the relative importance of influential factors
n ESV change from 1990 to 2010 was as follows: Grain to
reen project > the proportion of tertiary industry > urbanization

evel > fixed assets investment > GDP > the proportion of secondary
ndustry > population. 51% of ESV changes are determined by Grain
o Green project (Fig. 2).

From 1990 to 1995, the relative importance of influential fac-
ors on ESV change was as follows: GDP > population > fixed assets
nvestment > urbanization level > the proportion of tertiary indus-
ry > the proportion of the secondary industry. 26.6% of ESV changes
re determined by GDP (Fig. 3).

From 1995 to 2000, the relative importance of influential fac-
ors on ESV change was as follows: population > the proportion of
ertiary industry > GDP > urbanization level > the proportion of sec-
ndary industry > fixed assets investment. 38.1% of ESV changes are
etermined by population (Fig. 4).

From 2000 to 2005, the relative importance of influential factors
n ESV change was as follows: Grain to Green project > fixed assets

nvestment > urbanization level > population > the proportion of
econdary industry > the proportion of tertiary industry > GDP.
2.5% of ESV changes are determined by Grain to Green project
Fig. 5).
centered to have zero mean over the data distribution. Rug plots on inside top of

From 2005 to 2010, the relative importance of influential
factors on ESV change was as follows: fixed assets invest-
ment > urbanization level > Grain to Green project > the proportion
of secondary industry > GDP > the proportion of tertiary indus-
try > population. 26.4% of ESV changes are determined by fixed
assets investment (Fig. 6).

Discussions

From 1990 to 2010, the total ESV of Ganjiang upstream water-
shed increased by 11.348 billion RMB, increased by 28.78%. During
this period, ESV first increased and then decreased. Specifically, ESV
increased from 39.437 billion RMB in 1990 to 41.958 billion RMB
in 1995, 43.731 billion RMB in 2000, 511.64 billion RMB in 2005,
and then decreased to 50.785 billion RMB in 2010. The maximum
change occurred between 2005 and 2010, up to 7.433 billion RMB.
The changes of the specific ecosystem functions agreed with the
total ESV variation in Ganjiang upstream watershed.

From the driving force analysis, the relative importance of
influential factors on ESV changes from 1990 to 2010 could be
obtained as follows: Grain to Green > the proportion of tertiary

industry > urbanization level > fixed assets investment > GDP > the
proportion of secondary industry > population. The contribution
rate of Grain to Green project was 51%. The leading driving forces
were also variable in different periods. The most important factor
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Fig. 4. Partial dependence plots for the seven most influential variables in the model for ESV change in the Ganjiang river upstream watershed from 1995 to 2000. For
explanation of variables and their units see Table 1. Y-axes are on the logit scale and are centered to have zero mean over the data distribution. Rug plots on inside top of
plots show distribution of sites across that variable, in deciles.

Fig. 5. Partial dependence plots for the seven most influential variables in the model for ESV change in the Ganjiang river upstream watershed from 2000 to 2005. For
explanation of variables and their units see Table 1. Y-axes are on the logit scale and are centered to have zero mean over the data distribution. Rug plots on inside top of
plots show distribution of sites across that variable, in deciles.

F odel f
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1
b
a

ig. 6. Partial dependence plots for the seven most influential variables in the m
xplanation of variables and their units see Table 1. Y-axes are on the logit scale an
lots show distribution of sites across that variable, in deciles.
ffecting the regional variation of ESV was GDP between 1990 and
995, population between 1995 and 2000, Grain to Green project
etween 2000 and 2005, and fixed assets investment between 2005
nd 2010, respectively.
or ESV change in the Ganjiang river upstream watershed from 2005 to 2010. For
centered to have zero mean over the data distribution. Rug plots on inside top of
Conclusion

According to the results of previous studies, combined with
the actual situation of the Ganjiang upstream watershed, the ESV



2 se Poli

o
s
f

u
l
b
t
a

R
a
o
w
t
m
i
m
n
i
s
o
m
e
i
s
t
m
o
i

A

F
t
v

R

B

C

C

D

52 M. Chen et al. / Land U

f Ganjiang upstream watershed was determined in this study. It
howed that the ESV change research method based on LUCC is a
easible research paradigm.

From the change trend of total ESV variation in Ganjiang
pstream watershed, it is not optimistic about the trend of eco-

ogical environmental protection. Although the total ESV increased
y 11.348 billion RMB between 1990 and 2010, 51% of its came from
he policy of Grain to Green. The policy of Grain to Green was only
pplicable to slopes greater than 25◦.

Policy can play an important role in maintaining regional ESV.
esults showed that, the policy of Grain to Green and natural source
rea protection played an important role in the total ESV increment
f Ganjiang upstream watershed. At present, Ganjiang upstream
atershed has entered the rapid development period of the indus-

rialization and urbanization like other parts of China. We need to
ake corresponding policy, to make full use of the advantage of pol-

cy guidance, to coordinate social and economic development and
aintaining regional ESV. The first is to further strengthen the eco-

omic support of the source of Gongjiang and Zhangjiang, through
mproving the ecological mechanism and motivating people of the
ource area to maintain a good ecological environment. The sec-
nd is to optimize urbanization, industrialization of land allocation
echanism, through changing emphasized from the extensional of

xpansion to the internal potential, improving the level of econom-
cal and intensive use of construction land, strictly controlling the
cale of agricultural land into land for construction purposes. The
hird is to encourage advocating ecological construction, to mini-

ize the damage to the surface vegetation and the negative impact
f the construction on ESV in the construction of urbanization and
ndustrialization.

cknowledgments

This work has been funded by the National Natural Science
oundation of China (No. 71163022). We thank all experts who con-
ributed through technical background papers, insights and data at
arious stages.

eferences

oyd, J., Banzhaf, S., 2007. What are ecosystem services? The need for standardized
environmental accounting units. Ecol. Econ. 63 (2–3), 616–626.

hen, M.Q., Zhao, B.P., Luo, Z.J., Huang, H.S., Wei, X.H., Lv, T.G., Xu, L., 2013. The
ecosystem services value change in the upper reaches of Ganjiang River Based
on RS and GIS. Acta Ecol. Sin. 33 (9), 2761–2767 (in Chinese).

ostanza, R., d’Arge, R., de Groot, R., Farber, S., Grasso, M., Hannon, B., Limburg, K.,

Naeem, S., O’Neill, R.V., Paruelo, J., Raskin, R.G., Sutton, P., van den Belt, M., 1998.
The value of the world’s ecosystem services and natural capital. Ecol. Econ. 25
(1), 3–15.

e’ath, G., 2007. Boosted trees for ecological modeling and prediction. Ecology 88
(1), 243–251.
cy 47 (2015) 247–252

Elith, J., Leathwick, J.R., Hastie, T., 2008. A working guide to boosted regression trees.
J. Anim. Ecol. 77 (4), 802–813.

Fisher, B., Turner, R.K., Morling, P., 2009. Defining and classifying ecosystem services
for decision making. Ecol. Econ. 68 (3), 643–653.

Fung, C.P., 2003. Manufacturing process optimization for wear property of fiber-
reinforced polybutylene terephthalate composites with grey relational analysis.
Wear 254 (3), 298–306.

Geist, H., McConnell, W., Lambin, E.F., Moran, E., Alves, D., Rudel, T. (Eds.), 2006.
Causes and Trajectories of Land-Use/Cover Change. Springer, Berlin, Heidelberg,
pp. 41–70.

Hastie, T., Tibshirani, R., Friedman, J., Hastie, T., Friedman, J., Tibshirani, R., 2009. The
Elements of Statistical Learning, Vol. 2 (No. 1). Springer, New York.

Ho, C.Y., Lin, Z.C., 2003. Analysis and application of grey relation and ANOVA in
chemical–mechanical polishing process parameters. Int. J. Adv. Manuf. Technol.
21 (1), 10–14.

Huang, Q., Sun, H.B., Wang, R.H., Zhang, H.Z., 2007. Effect of Oasis land-use and land-
cover change on ecosystem service values in typical mountain-Oasis-desert
system in Arid region. J. Desert Res. 27 (1), 76–81 (in Chinese).

Lambin, E.F., Baulies, X., Bockstael, N., Fischer, G., Krug, T., 1999. Land-Use and Land
Cover Change (LUCC): Implementation Strategy. IGBP Rep. 48, IHDP Rep. 10, Int.
Geosph. -Biosph. Program, Int. Hum. Dimens. Glob. Environ. Change Program,
Stockholm/Bonn.

Lambin, E.F., Turner, B.L., Geist, H.J., Agbola, S.B., Angelsen, A., Bruce, J.W., Coomes,
O.T., Dirzo, R., Fischer, G., Folke, C., George, P.S., Homewood, K., Imbernon, J.,
Leemans, R., Li, X., Moran, E.F., Mortimore, M., Ramakrishnan, P.S., Richards, J.F.,
Skanes, H., Steffen, W., Stone, G.D., Svedin, U., Veldkamp, T.A., Vogel, C., Xu, J.,
2001. The causes of land-use and land-cover change: moving beyond the myths.
Global Environ. Change 11 (4), 261–269.

Lambin, E.F., Geist, H.J., Lepers, E., 2003. Dynamics of land-use and land-cover change
in tropical regions. Annu. Rev. Environ. Resour. 13, 255–267.

Liu, J.Y., Zhang, Z.X., Zhuang, D.F., 2003. A study on the spatial–temporal dynamic
changes of land-use and driving forces analyses of China in the 1990s. Geogr.
Res. 22 (1), 1–12 (in Chinese).

Liu, Y., Li, J.C., Zhang, H., 2012. An ecosystem service valuation of land use change in
Taiyuan City, China. Ecol. Model. 225, 127–132.

Ma, L., Guo, W.C., Li, M., 2010. The study on the change of ecosystem service
value in Guyuan County. J. Cap. Norm. Univ. (Nat. Sci. Ed.) 31 (3), 53–60
(in Chinese).

O’Farrell, P.J., De Lange, W.J., Le Maitre, D.C., Reyers, B., Blignaut, J.N., Milton, S.J.,
Cowling, R.M., 2011. The possibilities and pitfalls presented by a pragmatic
approach to ecosystem service valuation in an arid biodiversity hotspot. J. Arid
Environ. 75 (6), 612–623.

Priess, J.A., Mimler, M., Klein, A.M., Schwarze, S., Tscharntke, T., Steffan-Dewenter,
I., 2007. Linking deforestation scenarios to pollination services and economic
returns in coffee agroforestry systems. Ecol. Appl. 17 (2), 407–417.

R Development Core Team, 2012. R: A Language and Environment for Statistical
Computing. R Foundation for Statistical Computing, Vienna, Austria.

Ricketts, T.H., Regetz, J., Steffan-Dewenter, I., Cunningham, S.A., Kremen, C., Bogdan-
ski, A., Viana, B.F., 2008. Landscape effects on crop pollination services: are there
general patterns? Ecol. Lett. 11 (5), 499–515.

Ridgeway, G., 2007. Generalized Boosted Models: A Guide to The gbm Package,
Update, 2007, 1: 1, http://cran.cnr.berkeley.edu/web/packages/gbm/gbm.pdf
(accessed May 2013).

Ridgeway, G., 2012. R Package “gbm”: Generalized Boosted Regression Mod-
els, Version 1.6–3.2, http://cran.cnr.berkeley.edu/web/packages/gbm/gbm.pdf
(accessed May 2012).

Wei, Y.M., Fu, X.F., Chen, C.J., 2005. Chinese Management Theory and Practice of
Sustainable Development. Science Press, Beijing (in Chinese).

Xie, G.D., Lu, C.X., Leng, Y.F., Zheng, D., Li, S.C., 2003. Ecological assets valuation of

the Tibetan plateau. J. Nat. Resour. 18 (2), 189–219 (in Chinese).

Yeh, Y.L., Chen, T.C., 2004. Application of grey correlation analysis for evaluating the
artificial lake site in Pingtung Plain, Taiwan. Can. J. Civil Eng. 31 (1), 56–64.

Zhang, Y., Chen, H.Y.H., Reich, P.B., 2012. Forest productivity increases with evenness,
species richness and trait variation: a global meta-analysis. J. Ecol. 100, 742–749.

http://cran.cnr.berkeley.edu/web/packages/gbm/gbm.pdf
http://cran.cnr.berkeley.edu/web/packages/gbm/gbm.pdf
http://cran.cnr.berkeley.edu/web/packages/gbm/gbm.pdf
http://cran.cnr.berkeley.edu/web/packages/gbm/gbm.pdf
http://cran.cnr.berkeley.edu/web/packages/gbm/gbm.pdf
http://cran.cnr.berkeley.edu/web/packages/gbm/gbm.pdf
http://cran.cnr.berkeley.edu/web/packages/gbm/gbm.pdf
http://cran.cnr.berkeley.edu/web/packages/gbm/gbm.pdf
http://cran.cnr.berkeley.edu/web/packages/gbm/gbm.pdf
http://cran.cnr.berkeley.edu/web/packages/gbm/gbm.pdf
http://cran.cnr.berkeley.edu/web/packages/gbm/gbm.pdf
http://cran.cnr.berkeley.edu/web/packages/gbm/gbm.pdf
http://cran.cnr.berkeley.edu/web/packages/gbm/gbm.pdf
http://cran.cnr.berkeley.edu/web/packages/gbm/gbm.pdf
http://cran.cnr.berkeley.edu/web/packages/gbm/gbm.pdf
http://cran.cnr.berkeley.edu/web/packages/gbm/gbm.pdf
http://cran.cnr.berkeley.edu/web/packages/gbm/gbm.pdf
http://cran.cnr.berkeley.edu/web/packages/gbm/gbm.pdf
http://cran.cnr.berkeley.edu/web/packages/gbm/gbm.pdf
http://cran.cnr.berkeley.edu/web/packages/gbm/gbm.pdf

	Drivers of changes in ecosystem service values in Ganjiang upstream watershed
	Introduction
	Methods
	The study area
	Data sets
	Gray correlation analysis
	Boosted regression trees

	Results
	Analysis of ESV change
	Gray correlation coefficients of influential factor on ESV change
	BRT analysis of ESV change driving factors

	Discussions
	Conclusion
	Acknowledgments
	References


