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Conservation policies are emerging in many places around the world, many of which involve payment
for ecosystem services (PES) schemes. PES schemes provide economic incentives for forgoing land uses
that reduce the provision of ecosystem services. The efficiency of such schemes depends not only on the
ecosystem services provided by an area but also on the willingness of local people to forgo their land
use activities. Targeting land for enrollment in PES schemes on the basis of the potential provision of

Ic(ey "‘;or‘g: ecosystem services and on the willingness to forgo certain economic activities, may therefore improve
F;(r)gssn the efficiency of these schemes. The objective of this study was to develop a targeting approach, based on

three surrogates derived from remotely sensed and ancillary data, for identifying land to be enrolled in one
of the largest PES schemes in the world: China’s Grain-to-Green Program (GTGP). The GTGP encourages
farmers to return steep hillside cropland to forest by providing cash, grain and tree seedlings. The three
surrogates used in the targeting approach were slope index, cropland probability, and GTGP enrollment
probability. Combining these surrogates through Bernoulli trials allows targeting areas under cropland,
with low opportunity costs for farmers and with potentially high soil erosion and landslide susceptibility.
Results of applying the targeting approach in a case study area (Baoxing County, Sichuan Province, China)
show that around half of the land currently enrolled is placed in areas with gentle slopes and tend to be
located distant from forest areas. This reduces the potential benefits obtained from the GTGP. Targeting
land using the proposed approach may double the benefits obtained from the program under the same
budget, thus improving its efficiency. The approach may be applied to the entire GTGP implementation
area in China and with proper modifications it may also be applicable to similar PES programs around
the world.

Grain-to-Green program
Opportunity cost
Payment for ecosystem services
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1. Introduction

The exponential growth of human population and its activities
is threatening many ecosystems worldwide (Leakey and Lewin,
1995). This has prompted the development of a multitude of con-
servation policies and actions (Liu and Raven, 2010). However, one
of the greatest challenges is that many conservation actions affect
the livelihood systems of numerous people. Therefore, programs
of payment for ecosystem services (PES) have emerged in many
places around the world (Ferraro and Kiss, 2002). These programs
provide incentives (usually as economic compensations in the form
of land leases or easements) for forgoing economic activities that
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reduce the provision of ecosystem services (Ferraro, 2001; James
et al.,, 1999).

As conservation resources are limited globally (James et al.,
1999), it is important to improve the efficiency of conservation
investments in PES programs. This requires targeting the land that
provides crucial ecosystem services, while also fully compensating
for the forgone economic activities of the local people managing
such land (i.e., opportunity costs). In developing countries, many
people managing land that provides crucial ecosystem services
tend to be economically and politically marginal. Thus, the success
and long-term sustainability of PES programs also depend on their
contribution to poverty alleviation (Gauvin et al., 2010; Uchida
et al., 2007). As a consequence, the economic incentives provided
through PES programs need to reach the poorest people, while
also fully compensating for their forgone economic activities.
Targeting land parcels for inclusion in PES programs is thus needed
for increasing the overall efficiency of these programs (Babcock
etal.,, 1997). However, due mainly to the lack of information on the
suitability of different land parcels to be enrolled in PES programes,
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targeting has rarely been used (Chen et al., 2010), particularly in
developing nations such as China.

China is not only the most populated nation on earth, but also
has exhibited the fastest economic growth over the last three
decades, has shown drastic environmental degradation during the
same time period (Liu and Diamond, 2008), and has a government
with a demonstrated ability to enact wide-ranging policies with
relative rapidity. For instance, the Grain-to-Green Program (GTGP;
also referred to as the Sloping Land Conversion Program) is one of
the largest forest restoration PES programs in the world (Liu et al.,
2008; Uchida et al., 2005). Providing cash, grain and tree seedlings,
this program encourages farmers to return steep hillside cropland
to forest in order to reduce soil erosion and landslide susceptibility.
By the end of 2005 more than 90 billion Yuan (1 USD to 8.2 Yuan
in 2005) had been invested in the GTGP and by 2006 the net forest
cover had increased ca. 2% within the areas of GTGP implementa-
tion (Liu et al., 2008). Despite the large areas of cropland involved,
it has been shown that the effect of the program on China’s grain
production, food prices or food imports is small (Xu et al., 2006).
While these reports suggest that the program has been successful,
some studies indicate that there is room for improvement, since
many enrolled areas are not necessarily located in steep slopes
(Uchida et al., 2005; Xu et al., 2004). In addition, while the pro-
gram has achieved moderate success in poverty alleviation since it
has been implemented mostly in fairly poor areas of China (Uchida
et al.,, 2007), many farmers complained that they were not con-
sulted prior to their enrollment in the program, and that the actual
payment received did not always compensate their opportunity
costs (Xu et al., 2004). The program therefore needs to account for
opportunity costs (Uchida et al., 2005) to reduce the likelihood of
farmers reconverting the land back to cultivation.

Targeting land parcels for enrollment in the GTGP should then
be based not only on the identification of cropland in the steepest
slopes (i.e., exhibiting higher soil erosion and landslide susceptibil-
ity) but also in areas with the lowest opportunity costs for farmers,
so that more land can be enrolled with the same GTGP budget. How-
ever, knowledge of the opportunity cost is very difficult to acquire,
particularly when the costs to obtain ecosystems services are het-
erogeneous across the landscape (Babcock et al., 1996, 1997; Chan
et al,, 2006; Osborn et al., 1993). In addition, due to a lack of a
robustland marketin China, it is impractical to obtain a true value of
opportunity cost for each parcel to be enrolled, and assigning pay-
ments based on grouping farmers using some pre-defined criteria
can be highly inaccurate (Adams et al., 2010). However, opportu-
nity costs can be correlated with the geographic location and the
biophysical features of each parcel (Alix-Garcia et al., 2008; Cooper
and Osborn, 1998; Ferraro, 2003; Khanna et al., 2003), although this
correlation has seldom included information on land holders (Chen
etal.,, 2010).

The overall objective of this article is to describe a targeting
approach developed for identifying land parcels to be enrolled in
PES programs. This approach overcomes the dearth of informa-
tion on individual land parcels, because it is based on the use of
three surrogates derived from readily available spatial data layers
acquired by space-borne remote sensors, together with ancillary
data. The surrogates are: a slope index (surrogate of soil erosion
and landslide susceptibility), cropland probability (surrogate of
the likelihood of a land parcel to be under cultivation) and the
probability of enrollment in the PES program (surrogate of farm-
ers’ opportunity costs). While these surrogates do not provide a
complete picture of all environmental benefits and opportunity
costs of land parcels enrolled in a PES program, their combination
through the targeting approach can be used to enhance the ben-
efits obtained under the same budget. This improves the overall
efficiency of the PES program. Specific objectives of the study are
to: (1) evaluate the efficiency of currently enrolled GTGP parcels in

Baoxing County, China; and (2) propose the location of additional
land parcels to be included in the program.

2. Study area

With a total area of ca. 3114km?2, Baoxing County is located
at the center of the UNESCO World Heritage Sichuan Giant Panda
Sanctuary, in Sichuan Province, Southwestern China (Fig. 1). This
Sanctuary was established in August 2006 (Li, 2010) mainly to pro-
mote the conservation of the habitat of giant pandas (Ailuropoda
melanoleuca), which are recognized as a ‘national treasure’ of China
and a symbol for global biodiversity conservation efforts (Loucks
et al.,, 2001; Viia et al., 2010). The Sanctuary is home to more than
30% of the wild population of giant pandas (a total of approximately
1600 individuals) (State Forestry Administration, 2006) and com-
prises the largest remaining contiguous area of giant panda habitat
in the world (Li, 2010).

In addition to the giant pandas, Baoxing County has a diverse
floraand fauna, owing toits strong elevational gradient (Fig. 1). Nat-
ural vegetation is dominated by evergreen and deciduous broadleaf
forests at lower elevations (ca. 1500 m) and subalpine coniferous
forests at higher elevations (ca. 2700 m). The dense understory
of these forests is dominated by bamboo species (e.g., Bashania
faberi), which are the staple food of giant pandas (State Forestry
Administration, 2006). Baoxing County was the first place where
the giant panda was discovered scientifically (Hu, 2001), but the
county also supports many other endangered wildlife species (e.g.,
Neofelis nebulosa, Budorcas taxicolor, Rhinopithecus roxellana, Pan-
thera pardus) that are listed as first-class national protected animals
of China (Hu, 2001). In fact, the county is within one of the
world’s hottest biodiversity hotspots, the Southwest China hotspot
(Mittermeier et al., 2004; Myers et al., 2000). By 2008 Baoxing
County had ca. 58,700 people, distributed in ca. 16,000 households.
Among them ca. 82% depend on agricultural activities for their sub-
sistence (Statistics Bureau of Baoxing County, 2007).

3. Materials and methods
3.1. Currently enrolled GTGP parcels

We obtained a dataset with the geographic locations of more
than 28,000 cropland parcels (belonging to ca. 11,600 households)
enrolled in the GTGP between 2001 and 2004. Information on the
year of enrollment and the size of each parcel was also obtained.
Ranging in size from less than 0.01 ha to 2 ha, these parcels account
for ca. 3000 ha of cropland and correspond to ca. 98% of all land
parcels enrolled in the GTGP in Baoxing County. Each GTGP parcel
was planted with up to three tree species, for a total of 48 tree
species planted in all parcels combined. However, Cunninghamia
lanceolata (Lamb.) Hook. (38% of the parcels), Magnolia officinalis
Rehder and Wilson (20% of the parcels), Ligustrum lucidum W.T.
Aiton (4.7% of the parcels), Cryptomeria japonica (L.f.) D. Don (4.4%
of the parcels), Eucommia ulmoides Oliv. (4.1% of the parcels) and
Alnus cremastogyne Burkill (4% of the parcels) were the tree species
used more often.

3.2. Surrogates for GTGP targeting

Slope index. Since the main purpose of the GTGP is to reduce
soil erosion and landslide susceptibility, land with steep slopes
(i.e., >25°) should receive higher priority for enrollment in the
GTGP (Uchida et al, 2007). However, this criterion has not
been completely enforced as a significant amount of parcels
enrolled in the program have lower slopes than the 25° threshold
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Fig. 1. Baoxing County is located at the center of the UNESCO Giant Panda Sanctuary in Sichuan Province, China. The elevation and location of main roads are also shown.

(Gauvin et al., 2010). Therefore targeting land with high slopes is
necessary to improve the benefits obtained from the program.

To identify the land with the highest slopes we calculated a slope
index as:

slope; — slopein )2

Slopeindex; = (slopemax — slopepin

(1
where slope; is the slope of land parcel i, and slope;,;, and slopemax
are the minimum and maximum slopes among all land parcels in
the study area, respectively. This index gives more weight to parcels
with steeper slopes, thus assumes that a higher benefit could be
obtained when cropland located at higher slopes is enrolled in the
GTGP (Chen et al., 2010). A synoptic dataset of slopes in the study
area was obtained from a digital elevation model (DEM) acquired
at a spatial resolution of 90 m/pixel by the Shuttle Radar Topog-
raphy Mission (SRTM) (Berry et al., 2007). The spatial resolution
of these data was increased to 10 m/pixel through the use of the
cubic convolution resampling method (Jensen, 1996). The vertical
(i.e., elevational) accuracy of these resampled SRTM-DEM data was
tested using elevation data collected with a differentially corrected
Global Positioning System (GPS) receiver (i.e., with a sub-meter
horizontal accuracy) in 216 locations throughout the Sichuan Giant
Panda Sanctuary. Within the elevational range assessed in the field
(ca. 1200-3500 m), the resampled SRTM-DEM data provided an
elevational accuracy of 34.7 m (Fig. 2). While resampling the SRTM-
DEM data to 10 m/pixel does not improve its elevation accuracy,
nor the accuracy of the slope derived from these data, the accuracy
obtained seems to be sufficient for developing the slope index used
in the study.

Cropland probability. This surrogate evaluates if a particular area
is under cultivation. We developed a procedure for estimating
the probability of an area to be cropland, using a fuzzy classi-
fication algorithm based on the principle of maximum entropy
(Jaynes, 1957). The algorithm was applied to remotely sensed

multi-spectral data using the software MaxENT (Phillips et al.,
2006). The multi-spectral data consisted of two Landsat Thematic
Mapper (TM) images (28.5 m/pixel) acquired during the winter
(December 9, 1999) and summer (June 13, 2001) seasons. The use
of these two images acquired in different seasons provides valuable
information on cropland phenology which, in addition to the multi-
spectral information, is suitable for accurately separating cropland
from other land cover types.

To calibrate and validate the maximum entropy classification
procedure, we selected (from the parcels described in Section 3.1)
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Fig. 2. Relationship between elevations obtained from a digital elevation model
(DEM) acquired by the Shuttle Radar Topography Mission (SRTM) vs. their respective
elevations obtained in the field (using a differentially corrected Global Positioning
System receiver, DGPS). The root mean squared error (RMSE) was obtained using
the 1-to-1 relationship (i.e., dotted line), while the R? was obtained from the linear
regression (i.e., continuous line).
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9738 parcels that were enrolled in the GTGP between 2003 and
2004. These parcels were selected since they were considered to
have been cropland at the time of Landsat TM imagery acquisition
(between 1999 and 2001). Two-thirds of these cropland parcels
were randomly chosen for calibration, while the rest were used
for validating the output cropland probability map. To reduce the
dependence on a single random partition into calibration and vali-
dation, we generated 20 different random partitions to be used in
20 different cropland classifications that were averaged. Although
the area of many of the calibration/validation parcels is smaller
than the area comprised by a Landsat TM pixel, if at least one par-
cel fell within a Landsat TM pixel, the entire pixel was considered
under cropland. This constitutes an approximation since not nec-
essarily 100% of a Landsat TM pixel is under cropland, however
it is a common procedure in many pixel-based imagery classifica-
tion methods (Lu and Weng, 2007). Using the cubic convolution
method (Jensen, 1996), we then resampled the resolution of the
output cropland probability maps to 10 m/pixel, so that each crop-
land parcel occupied at least one pixel.

The 20 output cropland probability maps were validated by
means of a receiver operating characteristic (ROC) curve (Hanley
and Mcneil, 1982). The ROC curve is a plot of the sensitivity values
(i.e., true positive fraction) vs. their equivalent 1-specificity values
(i.e., false positive fraction) for all possible probability thresholds.
The area under the ROC curve (AUC) is a measure of model accuracy,
with AUC values ranging from 0 to 1, where a score of 1 indicates
perfect classification, a score of 0.5 implies a classification that is not
better than random, and values lower than 0.5 imply a worse than
random classification. Due to a lack of reliable and representative
field data (i.e., obtained concurrently with the Landsat TM imagery)
under land cover types different from cropland, we calculated the
ROC curve using the validation parcels together with 10,000 ran-
domly selected locations to calculate 20 AUC values, respectively,
which were averaged. It is important to note that the AUC values
calculated in this way tend to be underestimated because some
of the 10,000 random locations used as non-cropland in the vali-
dation may fall in cropland areas, thus artificially increasing the
commission error (Phillips et al., 2006; Wiley et al., 2003).

Probability of enrollment in the GTGP. The costs of enrolling a
cropland parcel in the GTGP program, related to the forgone eco-
nomic benefits from cropping it, constitute the opportunity cost
for farmers. For a parcel to be successfully enrolled in the GTGP, its
opportunity cost should be lower than the compensation obtained
from the GTGP. As farmers obtain different economic benefits from
cropping different parcels, not all cropland parcels have the same
probability to be enrolled in the GTGP. We developed a procedure
for estimating the probability of a parcel to be enrolled in the GTGP,
based on household information and on biophysical characteris-
tics of the GTGP parcels. In this procedure, we assumed that if a
parcel was enrolled the opportunity cost of enrollment was less
than the GTGP payment, otherwise it was larger (Chen et al., 2010).
The GTGP payment used was 3450 Yuan/ha, which corresponds
to the average payment given to farmers in the upper reaches of
the Yangtze River basin (Liu et al., 2008), which includes the study
area. While no household survey data were available for Baoxing
County, we used a survey of 304 randomly selected households
located in Wolong Nature Reserve (Chen et al.,, 2009a,b, 2010).
Details of this survey are given in the references cited. Although
these data were not acquired in Baoxing County they are still suit-
able as the Wolong Nature Reserve is located immediately to the
north of Baoxing County and within the Giant Panda Sanctuary
(Fig. 1). Therefore, the two areas share similar topography, climate
and ecosystems, and the GTGP was concurrently implemented in
both areas during the early 2000s. In addition, culture, livelihoods
and economic activities of the people in Baoxing are very similar
to those in Wolong, with agriculture being the main income source

[e.g., similar to Baoxing, ca. 84% of the people in Wolong depend
on agricultural activities for their subsistence (Statistics Bureau of
Wenchuan County, 2007)]. The survey inquired about household’s
plans for their GTGP parcels when the annual GTGP payments cease
(after 8 years). For those respondents that planned to re-convert
their GTGP plots to cropland, stated choice methods (Louviere et al.,
2000) were used to elicit whether they would re-enroll their parcels
in GTGP under various payment levels (i.e., 1500, 3000, 3750 and
4500 Yuan/ha).

A logistic regression model was performed using GTGP parcel
enrollment as the dependent variable (binary), and the different
payment levels, distance of each parcel to roads, and topographic
characteristics of the parcels, including elevation, aspect and the
compound topographic index (CTI), as predictor variables. Eleva-
tion, aspect [converted into relative soil moisture classes, which
in temperate mountain regions are related to differences in solar
illumination with changes in aspect (Parker, 1982)] and the CTI [a
measure of soil water accumulation potential (Gessler et al., 1995)]
were all derived from the SRTM-DEM.

Similar to the probability of cropland, the output GTGP enroll-
ment probability map (obtained by applying the coefficients
estimated by the logistic regression to synoptic data in Baoxing)
was validated by means of a receiver operating characteristic (ROC)
curve (Hanley and Mcneil, 1982). For this, we used a random sample
of 3800 points located in areas with a high probability of cropland
that were not enrolled in the GTGP, against a sample of 3200 points
located in areas enrolled in the GTGP. This procedure, however,
assumes that the un-enrolled cropland has higher opportunity cost
than the enrolled cropland, which may not be the case for many
cropland areas. Nevertheless it provides a way of assessing if the
model for obtaining the probability of enrollment performs better
than random.

3.3. Targeting approach

Our targeting approach for identifying the cropland parcels most
suitable to be enrolled in the GTGP (i.e., those with potentially
high soil erosion and landslide susceptibility, and low opportunity
costs for farmers), consists of four steps. First, we identified the
areas suitable to be targeted for enrollment in the GTGP based on
the probability to be cropland through a Bernoulli trial. For this,
we selected the areas that had higher probability than a uniform
random number ranging from O to 1. This included all the land
currently enrolled in the GTGP as well as all other cropland cur-
rently not included in the GTGP. Second, among the areas selected
in the first step, we identified the areas suitable to be targeted
using a second Bernoulli trial in which we compared the proba-
bility of enrollment, obtained from the logistic regression model
using the current GTGP payment level (i.e., 3450 Yuan per ha),
against a uniform random number ranging from O to 1. In other
words, to determine if the opportunity cost of enrollment is higher
or lower than the current payment level. This way, some of the
selected cropland can be enrolled under the current payment level,
but some cannot because of high opportunity cost. Third, among
the identified cropland areas that can be enrolled in the GTGP
under the current payment level, we then sorted them from high
to low according to their slope index values, choosing areas with
higher values first until all the GTGP budget for Baoxing County
was exhausted. Because land parcels are selected with a stochas-
tic process, the first three steps were performed 1000 times and
the areas were ranked depending on the number of times (i.e.,
from 1000 to 0) they were selected by the targeting approach.
Fourth, the areas with the highest ranking were gradually chosen
until the total area of Baoxing County enrolled in the GTGP (ca.
3000 ha) was obtained. This constitutes the land area of Baoxing
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Fig. 3. Maps of the spatial configuration of surrogate values in Baoxing County, China developed for targeting the optimal location of GTGP parcels. Colors correspond to the
range of values in the three surrogates (i.e., cropland probability, probability of enrollment in the GTGP, and slope index).

County that should have been enrolled by the GTGP with the highest
priority.

3.4. Comparison between observed and targeted land parcels

Once the optimum areas for GTGP enrollment were obtained
through the targeting approach, we compared them with the areas
actually enrolled between 2001 and 2004 in terms of slope, ele-
vation, distance to roads, distance to forests [with forest cover
obtained using an unsupervised classification applied to Landsat
TM data acquired on September 18, 2007 (Vina et al., 2011)] and
probability of enrollment. In addition, to compare the total amount
of overall regional benefits (i.e., potential reduction in soil erosion
and landslide susceptibility once the land enrolled in the GTGP is
converted to forest) obtained between the observed GTGP parcels
and the GTGP parcels identified through the targeting approach,
we calculated an Overall Benefit Index (OB) as the slope index
multiplied by the area and integrated for all parcels, following the
equation:

n 2
slope; — slopenin
B = et et LI . 2
0 21 |:(510pemax — slopenin ) x dred; 2)
i=

Finally, since forests restored through the GTGP could poten-
tially become habitat for wildlife species we investigated the
potential degree of forest fragmentation once the GTGP areas are
completely converted into forest. The degree of fragmentation was
assessed through the patch density calculated using FRAGSTATS
(McGarigal et al., 2002), and compared it between the observed
and the targeted GTGP areas.

4. Results

Maps of the three surrogates used for targeting the GTGP parcels
in Baoxing County are shown in Fig. 3. These maps represent the
spatial configuration of the values of the surrogates used in the
targeting approach. While the maps showing the probability of

cropland and the probability of enrollment in the GTGP exhibit
similar spatial configurations in their values (e.g., both tend to
have higher values at lower elevations), the spatial configuration
of the slope index values are different and unrelated with elevation
(Fig. 3).

The map of the probability of cropland corresponds to the aver-
age of 20 model runs using 20 different partitions into calibration
and validation. The average AUC value obtained was 0.96, with a
standard deviation of 0.002 (Fig. 4). Considering that errors of com-
mission are overestimated in this AUC value, this average cropland
probability map (Fig. 3) constitutes an accurate depiction of the
probability of an area to be under cultivation.

The logistic regression that was used to predict the probabil-
ity of enrollment is presented in Table 1. Among the predictors
used only the payment level, the elevation and the CTI had a

1
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2
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Fig. 4. Results of the validation of the maps of the probability of cropland and the
probability of GTGP enrollment, depicted in Fig. 3. The values of the areas under the
ROC curve (AUC) for each map are also shown. The 45-degree line represents an
AUC=0.5 (i.e., random prediction).
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9.3% of the enrolled parcels. The area of forest was obtained using an unsupervised classification applied to Landsat TM data acquired on September 18, 2007. Details on this

forest classification are given in Vifia et al. (2011).

significant effect (Table 1) on probability of enrollment, with
payment level exhibiting a positive coefficient, while elevation
and CTI exhibited a negative coefficient. This means that the
higher the payment, the higher the probability of enrollment, while
higher values of elevation and of soil water accumulation poten-
tial (i.e., CTI) are related with lower probabilities of enrollment.
As with the cropland probability map, the map of the proba-
bility of enrollment (Fig. 3) was validated using a ROC curve,
and an AUC of 0.68 was obtained (Fig. 4). While low, as com-
pared to the average AUC obtained for the probability of cropland,
it is significantly higher (p<0.001) than 0.5 (i.e., random pre-
diction), thus it constitutes a fair surrogate, particularly if we
consider the difficulty in obtaining a meaningful depiction of the
true opportunity cost for farmers to enroll their cropland in the
GTGP.

Through the targeting approach we obtained a map of the dis-
tribution of the optimal location of GTGP parcels (Fig. 5). Through
the comparison of targeted vs. observed parcels enrolled in the
GTGP we found that the overall regional benefit (as quantified
by the OB; Eq. (2)) that may be obtained by the targeted parcels
(0OB=20931.5) more than doubles the OB of the observed parcels

Table 1

(0OB=9106.2). In addition, we found dissimilar histogram distribu-
tions between the targeted and the observed parcels (Figs. 6 and 7).
On one hand, the targeted parcels had a higher median value of
slope than the observed parcels (Fig. 6A), reflecting the specific
effect of targeting for higher slopes. Also, while the surrogate of
the probability of enrollment was inversely related with elevation,
the targeted parcels exhibited a higher median elevation (Fig. 6B)
than the observed parcels, reflecting that the optimal selection is
based on the combined effect of probability of cropland, probability
of enrollment and slope, and not on a single surrogate. With respect
to distance to roads, the targeted parcels exhibited a median value
that more than doubled the median value of the observed GTGP
parcels (Fig. 7A), with ca. 14.7% of the targeted parcels located far-
ther away from roads than any observed GTGP parcel. Opposite to
this pattern was the proximity to forest, with the observed GTGP
parcels exhibiting an almost twice as large median distance to the
nearest forest edge as the targeted parcels (Fig. 7B). Finally, no
difference in the probability of enrollment between targeted and
observed parcels was obtained (Fig. 7C), denoting that both tar-
geted and observed parcels may have similar opportunity costs,
and thus farmers are equally prone to enroll them in the GTGP.

Maximum likelihood estimates of the coefficients of the predictor variables obtained in the logistic regression model to predict the probability of parcel enrollment in the

GTGP (i.e., a surrogate of opportunity cost).

Parameter Unit Coefficient Standard error z-Value P-value
Intercept Unitless 5.3806 1.2268 439 <.0001
Payment level Yuan/ha 0.00043 0.00006 6.78 <.0001
Distance to road km —2.92e-06 0.00047 —-0.01 0.995
Elevation m —0.00167 0.00052 -3.23 0.001
Aspect? Unitless 0.00121 0.02442 0.05 0.961
CTIP Unitless —0.10054 0.04885 -2.06 0.040

3 Converted into soil moisture classes (Parker, 1982).
b CTI - compound topographic index.
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Fig. 6. Frequency distribution of (A) slopes, and (B) elevations of the observed and
targeted GTGP parcels.

5. Discussion

The targeting approach developed in this study is suitable
for two main reasons. First, it allows establishing the optimal
location of GTGP parcels based on the original intended purpose
of increasing soil retention and reducing soil erosion and landslide
susceptibility, as well as placing them in areas under cropland and
with a higher probability for enrollment (i.e., where payment level
is above the opportunity cost for farmers). This is of importance
at a time when the contracts of many GTGP parcels are maturing,
as they have been running for 8 years, and therefore decisions to
re-enroll them, as well as procedures for determining which new
parcels to enroll, are needed.

Second, the approach can be used to evaluate the efficiency of
current conservation investments in the GTGP. On the one hand,
as has been reported for other GTGP areas (Gauvin et al., 2010),
many parcels (ca. 39% in Baoxing County) enrolled in the GTGP
program are below the 25° slope threshold, while most of the tar-
geted parcels were above this threshold. Considering that more
than 3000 ha of cropland in Baoxing County not enrolled in the
GTGP are located in areas with slopes higher than 25°, this suggests
that the efficiency of the current GTGP program implementation
can be substantially improved through our targeting approach. On
the other hand, many enrolled parcels are located at lower eleva-
tions, but perhaps more important, they are located more distant
from forest areas than the parcels targeted by the approach. In
fact, comparing the patch density that could be obtained (once the
forest is established in the GTGP parcels) between the observed
and the targeted parcels, we found that while the total forest area
is similar, the latter will exhibit less patch density (i.e., less frag-
mentation) than the former (Table 2). Thus, once the trees planted
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Fig. 7. Frequency distribution of (A) distances to main roads, (B) distances to forest,
and (C) probabilities of GTGP enrollment, of the observed and targeted GTGP parcels.

Table 2

Patch density of forest in Baoxing considering the GTGP (observed and targeted)
parcels alone or together with the entire forest cover in Baoxing County during
2007. Patch density was calculated on the map shown in Fig. 4, using the software
FRAGSTATS (McGarigal et al., 2002).

Patch density

(Patches/ha)
Observed GTGP parcels alone 441
Targeted GTGP parcels alone 0.88
Baoxing forest cover with no GTGP parcels 1.68
Baoxing forest cover with Observed GTGP parcels 1.93
Baoxing forest cover with Targeted GTGP parcels 1.74
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Fig. 8. Average distance to the main road among households with incomes above
and below the international poverty line (i.e., US$1.25 per capita per day) in Wolong
Nature Reserve (located immediately to the north of Baoxing County; Fig. 1) during
1998 and 2007. Error bars correspond to 1 SEM.

become established and the current GTGP parcels are completely
converted from cropland to forest, their usefulness as habitat for
wildlife is comparatively lower than if the parcels enrolled were
targeted due to their higher degree of fragmentation. Therefore,
successfully converted GTGP parcels into forest will be used less
likely by wildlife species under the current parcel distribution than
if they would have been targeted. While habitat for wildlife species
was not necessarily an intended goal during the establishment of
the GTGP, such an outcome is welcomed, particularly if the newly
formed forest areas become habitat for endangered species such as
the giant panda (Liu et al., 2008).

Finally, it was found that the observed GTGP parcels tended to be
located more often in the proximity of roads, while the targeting
approach allowed reaching parcels that are located further away
from roads. While at higher hierarchical levels (e.g., countries) road
development is correlated with economic development (Queiroz
and Gautam, 1992), at local levels this relationship is less clear.
However, due to a higher access to public amenities (e.g., schools,
hospitals) as well as to commercial and industrial enterprises it
is hypothesized that the proximity to a road constitutes a proxy of
economic development, even at household levels. Using household
survey data obtained from a random sample of 165 households in
Wolong Nature Reserve (Fig. 1) before [i.e., 1998; (An et al., 2001)]
and after (i.e., 2007; Liu, W., unpublished data) the implementation
of GTGP, we tested this hypothesis by comparing the distance to
the nearest road between households above and below the inter-
national absolute poverty threshold [US$1.25 per capita per day;
(Gillie, 1996; Ravallion et al., 2008)]. To ensure the comparability
of income data during 1998 and 2007, we defined three house-
hold income categories (i.e., agricultural income, non-agricultural
income and government subsidies), which covered all income
sources in these 165 households. Agricultural income included crop
cultivation, animal husbandry and traditional Chinese medicinal
herb collection. Non-agricultural income mainly consisted of wage
labor (both permanent and temporary) and income from busi-
nesses (e.g., tourism activities). Government subsidies included
(but were not limited) to those from the GTGP. Results from this
analysis showed that poor (i.e., below the international poverty
threshold) households are located significantly more distant from
roads than richer (i.e., above the international poverty threshold)
households (Fig. 8). This result was more pronounced in 2007
than in 1998, which could be explained by the striking economic

development experienced by China during the last decade (Liu,
2010). Therefore, we hypothesize that by reaching parcels further
away from roads, the targeting approach developed in this study
may allow to reach poorer people, and thus may help the GTGP to
fulfill the dual goal of poverty alleviation (Gauvin et al., 2010).

6. Conclusions

The pace of current environmental degradation worldwide
is acerbating the need for conservation actions, particularly the
implementation of PES programs (Ferraro, 2008; Jack et al., 2008).
Therefore, it is becoming increasingly important to improve the
efficiency of investments in PES programs. In this study we devel-
oped an approach for targeting land to be enrolled in one of the
biggest PES programs in the world. However, this approach does
not account for the cost of operation of the program (i.e., transaction
cost). For instance, parcels located further from roads may increase
the transaction costs of the program, as managers will be required
to travel farther distances to check for program compliance. There-
fore, some of these transaction costs may be partly responsible for
the differences in the distribution of targeted and observed parcels,
as well as for the relatively high proportion of GTGP parcels below
the 25° slope threshold. Another reason that may explain these
differences is that the GTGP program also aims at “... seriously
degraded lands, as well as ecologically important but agriculturally
less-productive lands . . .” (State Council of the People’s Republic of
China, 2002), which are not necessarily located in areas with slopes
higher than 25°. For these reasons, the targeting approach consti-
tutes an approximation. Thus, policy makers will need to weigh in
the transaction costs and other considerations for further selecting
the most suitable land parcels to be included in PES programs.

The targeting approach described is general enough to be appli-
cable across broad geographic regions. Therefore, while it was
tested in a single county, it can be applied to the entire GTGP imple-
mentation area across China. With proper modifications, it may also
be applicable to similar PES programs around the world.

Acknowledgements

This study was supported by the National Aeronautics and
Space Administration (Land Use/Land Cover Change program), the
U. S. National Science Foundation (Dynamics of Coupled Natural
and Human Systems program and Partnership for International
Research and Education), and the National Natural Science Founda-
tion of China. We would like to thank the Jiajinshan Forest Bureau
at Baoxing County for their logistic support during our field data
collection campaign and for the dataset on the GTGP enrollment.
We also acknowledge two anonymous reviewers for valuable con-
structive criticisms.

Appendix A. Supplementary data

Supplementary data associated with this article can be
found, in the online version, at http://dx.doi.org/10.1016/;.
ecolind.2012.10.020.

References

Adams, V.M., Pressey, R.L., Naidoo, R., 2010. Opportunity costs: who really pays for
conservation? Biol. Conserv. 143, 439-448.

Alix-Garcia, ], De Janvry, A., Sadoulet, E., 2008. The role of deforestation risk and
calibrated compensation in designing payments for environmental services.
Environ. Dev. Econ. 13, 375-394.

An, L, Liy,].G., Ouyang, Z.Y., Linderman, M., Zhou, S.Q., Zhang, H.M., 2001. Simulating
demographic and socioeconomic processes on household level and implications
for giant panda habitats. Ecol. Modell. 140, 31-49.



A. Vifia et al. / Ecological Indicators 26 (2013) 103-111 111

Babcock, B.A., Lakshminarayan, P.G., Wu, .., Zilberman, D., 1996. The economics of a
public fund for environmental amenities: a study of CRP contracts. Am. ]. Agric.
Econ. 78,961-971.

Babcock, B.A., Lakshminarayan, P.G., Wu, J.]., Zilberman, D., 1997. Targeting tools for
the purchase of environmental amenities. Land Econ. 73, 325-339.

Berry, P.A.M,, Garlick, ].D., Smith, R.G., 2007. Near-global validation of the SRTM DEM
using satellite radar altimetry. Remote Sens. Environ. 106, 17-27.

Chan, K.M.A., Shaw, M.R., Cameron, D.R., Underwood, E.C., Daily, G.C., 2006. Conser-
vation planning for ecosystem services. PLoS Biol. 4, 2138-2152.

Chen, X., Lupi, F.,,He, G., Liu, J.G., 2009a. Linking social norms to efficient conservation
investment in payments for ecosystem services. Proc. Natl. Acad. Sci. U.S.A. 106,
11812-11817.

Chen, X., Lupi, F., He, G., Ouyang, Z.Y., Liu, ].G., 2009b. Factors affecting land recon-
version plans following a payment for ecosystem service program. Biol. Conserv.
142, 1740-1747.

Chen, X., Lupi, F., Vifia, A., He, G, Liuy, J.G., 2010. Using cost-effective targeting to
enhance the efficiency of conservation investments in payments for ecosystem
services. Conserv. Biol. 24, 1469-1478.

Cooper, J.C., Osborn, C.T., 1998. The effect of rental rates on the extension of conser-
vation reserve program contracts. Am. J. Agric. Econ. 80, 184-194.

Ferraro, P.J., 2001. Global habitat protection: limitations of development interven-
tions and a role for conservation performance payments. Conserv. Biol. 15,
990-1000.

Ferraro, P.J., 2003. Assigning priority to environmental policy interventions in a
heterogeneous world. J. Policy Anal. Manage. 22, 27-43.

Ferraro, P.J., 2008. Asymmetric information and contract design for payments for
environmental services. Ecol. Econ. 65, 810-821.

Ferraro, PJ., Kiss, A., 2002. Ecology - direct payments to conserve biodiversity. Sci-
ence 298, 1718-1719.

Gauvin, C., Uchida, E., Rozelle, S., Xu, J.T., Zhan, ].Y., 2010. Cost-effectiveness of
payments for ecosystem services with dual goals of environment and poverty
alleviation. Environ. Manage. 45, 488-501.

Gessler, P.E., Moore, 1.D., McKenzie, NJ., Ryan, P.J., 1995. Soil-landscape modeling
and spatial prediction of soil attributes. Int. J. GIS 9, 421-432.

Gillie, A., 1996. The origin of the poverty line. Econ. History Rev. 49, 715.

Hanley, J.A., Mcneil, BJ., 1982. The meaning and use of the area under a receiver
operating characteristic (Roc) curve. Radiology 143, 29-36.

Huy,].,2001.Research on the Giant Panda. Shanghai Science and Education Publishing
House, Shanghai, China.

Jack, B.K., Kousky, C., Sims, K.R.E., 2008. Designing payments for ecosystem services:
lessons from previous experience with incentive-based mechanisms. Proc. Natl.
Acad. Sci. U.S.A. 105, 9465-9470.

James, A.N., Gaston, K.J., Balmford, A., 1999. Balancing the Earth’s accounts. Nature
401, 323-324.

Jaynes, E.T., 1957. Information theory and statistical mechanics. Phys. Rev. 106,
620-630.

Jensen, J.R., 1996. Introductory Digital Image Processing: A Remote Sensing Perspec-
tive. Prentice Hall, Upper Saddle River, New Jersey.

Khanna, M., Yang, W.H., Farnsworth, R., Onal, H., 2003. Cost-effective targeting of
land retirement to improve water quality with endogenous sediment deposition
coefficients. Am. ]. Agric. Econ. 85, 538-553.

Leakey, R.E., Lewin, R., 1995. The Sixth Extinction: Patterns of Life and the Future of
Humankind. Anchor Books, NY, New York.

Li, Y., 2010. Effects of conservation policies on forest cover change in panda habitat
regions, China. Master's Thesis, Michigan State University, East Lansing.

Liu,J.G., Li, S.X,, Ouyang, Z.Y., Tam, C., Chen, X.D., 2008. Ecological and socioeconomic
effects of China’s policies for ecosystem services. Proc. Natl. Acad. Sci. U.S.A. 105,
9477-9482.

Liy, J.G., Raven, P.H., 2010. China’s environmental challenges and implications for
the World. Crit. Rev. Environ. Sci. Technol. 40, 823-851.

Liu, J.G., 2010. China’s road to sustainability. Science 328, 50.

Liu, J.G., Diamond, J., 2008. Science and government - revolutionizing China’s envi-
ronmental protection. Science 319, 37-38.

Loucks, CJ., Lu, Z., Dinerstein, E., Wang, H., Olson, D.M., Zhu, C.Q., Wang, D.J., 2001.
Ecology - giant pandas in a changing landscape. Science 294, 1465.

Louviere, ].J., Hensher, D.A., Swait, ].D., 2000. Stated Choice Methods: Analysis and
Applications. Cambridge University Press, Cambridge, UK.

Lu, D., Weng, Q., 2007. A survey of image classification methods and techniques for
improving classification performance. Int. J. Remote Sens. 28, 823-870.

McGarigal, K., Cushman, S., Neel, M., Ene, E., 2002. FRAGSTATS Version 3: Spa-
tial Pattern Analysis Program for Categorical Maps. Amherst, Massachusetts.
www.umass.edu/landeco/research/fragstats/fragstats.html

Mittermeier, R.A., Robles-Gil, P., Hoffmann, M., Pilgrim, ].D., Brooks, T.B., Mitter-
meier, C.G., Lamoreux, ].L., Fonseca, G.A.B., 2004. Hotspots Revisited: Earth’s
Biologically Richest and Most Endangered Ecoregions. CEMEX, Mexico City,
Mexico.

Myers, N., Mittermeier, R.A., Mittermeier, C.G., da Fonseca, G.A.B., Kent, J., 2000.
Biodiversity hotspots for conservation priorities. Nature 403, 853-858.

Osborn, T., Brownback, S., Schamberger, M., 1993. The Conservation Reserve
Program - Status, Future, and Policy Options. J. Soil Water Conserv. 48,
271-278.

Parker, AJ., 1982. The topographic relative moisture index: an approach to soil-
moisture assessment in mountain terrain. Phys. Geogr. 3, 160-168.

Phillips, SJ., Anderson, R.P., Schapire, R.E., 2006. Maximum entropy modeling of
species geographic distributions. Ecol. Model. 190, 231-259.

Queiroz, C., Gautam, S., 1992. Road Infrastructure and Economic Development: Some
Diagnostic Indicators. World Bank, Washington, DC, p. 40.

Ravallion, M., Chen, S., Sangraula, P., 2008. Dollar A Day Revisited. World Bank,
Washington, DC, p. 42.

State Council of the People’s Republic of China, 2002. Regulations on Conversion of
Farmland to Forests. China Legal Publishing House, Beijing.

State Forestry Administration, P.R.C., 2006. Report of the Third National Giant Panda
Census. Science Publishing House, Beijing, China.

Statistics Bureau of Baoxing County, 2007. Statistical Yearbook of Baoxing County.

Statistics Bureau of Wenchuan County, 2007. Statistical Yearbook of Wenchuan
County.

Uchida, E., Xu, J.T., Rozelle, S., 2005. Grain for green: cost-effectiveness and sus-
tainability of China’s conservation set-aside program. Land Econ. 81, 247-
264.

Uchida, E., Xu, J.T., Xu, Z.G., Rozelle, S., 2007. Are the poor benefiting from China’s
land conservation program? Environ. Dev. Econ. 12, 593-620.

Vifia, A., Chen, X., McConnell, W ]., Liu, W., Xu, W., Ouyang, Z., Zhang, H., Liu, J.G.,
2011. Effects of natural disasters on conservation policies: the case of the 2008
Wenchuan Earthquake, China. AMBIO 40, 274-284.

Vifia, A., Tuanmu, M.-N., Xu, W.H,, Li, Y., Ouyang, Z.Y., DeFries, R,, Liu, ].G., 2010.
Range-wide analysis of wildlife habitat: implications for conservation. Biol. Con-
serv. 143, 1960-1969.

Wiley, E.O., McNyset, K.M., Peterson, A.T.C.R.R., Stewart, A.M., 2003. Niche modeling
and geographic range predictions in the marine environment using a machine-
learning algorithm. Oceanography 16, 120-127.

Xu, Z.G., Bennett, M.T., Tao, R., Xu, ].T., 2004. China’s Sloping Land Conversion Pro-
gramme four years on: current situation and pending issues. Int. Forestry Rev.
6,317-326.

Xu, Z.G., Xu, ].T., Deng, X.Z., Huang, J.K., Uchida, E., Rozelle, S., 2006. Grain for green
versus grain: conflict between food security and conservation set-aside in China.
World Dev. 34, 130-148.



