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This  paper  evaluates  the  usefulness  of the  hyperspectral  imager  (HSI)  onboard  Chinese  HJ-1-A small
satellite  in  vegetation  mapping.  Fractional  vegetation  cover  (FVC)  is  an  important  surface  microclimate
parameter  for  characterizing  land  surface  vegetation  cover  as well  as  the  most  effective  indicator  for
assessing  desertification  and crop  growth  condition.  The  HJ-1/HSI  data  were  used  to  calculate  the  nar-
row band  vegetation  index  by using  the  in  situ plot  FVC  data,  which  was  then  applied  in sub-pixel
de-composition  model  for  the  FVC  estimation,  namely  the dimidiate  pixel  model.  The  FVC  information  in
ractional vegetation cover
tmospheric radiation correction
imidiate pixel model

the Shihezi  Area,  Xinjiang,  China  was  retrieved  based  on  the  dimidiate  pixel  model.  Cross-checked  with
the in  situ  measured  FVC  data,  a correlation  coefficient  square  of 0.86,  and  the  root  mean  square  error  of
10.9%  is  statistically  achieved.  The  verification  indicates  that  the  FVC  result  retrieved  from  the  HJ-1/HSI
data  is  well  correlated  with  the in  situ  measurements,  demonstrating  that  the  HJ-1/HSI  data  are  promis-
ing for  studying  the  potential  impacts  of  global  climate  change  on  the  arid  and  semi-arid  landscapes.
. Introduction

Vegetation is a general term for the plant community on the
round surface, such as forests, shrubs, grassland and agricultural
rops, and it can intercept rainfall, alleviate runoffs, prevent deser-
ification and conserve soil and water. It plays an important role
n energy exchange, biogeochemical and hydrological cycling pro-
esses on the land surface as an “indicator” for studying global
hanges (Kutiel et al., 2004; Steffen, 2003). Fractional vegetation
over (FVC) refers to the percentage taken by the vertical pro-
ected area of vegetation (including leafs, stem and branches) in the
otal statistical area (Jing et al., 2010; Godínez-Alvarez et al., 2009;
natoly et al., 2002; Purevdor et al., 1998; Bonham, 1989). It is an

mportant parameter for describing the surface vegetation, a com-
rehensive quantitative variable for plant community on ground
urface, and a basic data for characterizing ecosystems, playing an
xtremely crucial role in the study of regional ecosystems (Jing
t al., 2010; Godínez-Alvarez et al., 2009; Steffen, 2003; Shoshany
t al., 1996; Brazel and Nickling, 1987). For example, vegetation
over is one of the most common parameters used in assessing the
Please cite this article in press as: Zhang, X., et al., Fractional vegetation
satellite hyperspectral data. Int. J. Appl. Earth Observ. Geoinf. (2012), h

elationship between vegetation and soil erosion. In general, soil
rosion decreases with an increase in vegetation cover (Wen  et al.,
010).
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In terms of the state-of-art and development trend in the
research on the FVC estimation, the methods roughly include
ground survey, remote sensing and a combination of the two
(Tammervik et al., 2003; Gutman and Lgnatov, 1998). Ground sur-
vey is a conventional method for monitoring the FVC. Early in the
1970s Muller and Ellenberg (1974) conducted a systematic research
on the general method for ground survey of the FVC. Dymond
et al. (1992) then measured the FVC of grassland by raster point
sampling; Elvidge and Chen (1995) measured the FVC of shrubs
and woodland by the photo random point method; Senseman
et al. (1996) measured the FVC by the resection method; and
Purevdor et al. (1998) used color digital images acquired by a digi-
tal camera to measure the FVC by counting the green pixels in the
image.

With the digital camera, the FVC estimation becomes easier,
faster and more accurate. Image processing software packages (e.g.
Photoshop and ERDAS Imagine) can be employed to retrieve the
FVC information, which is the percentage of the vegetation pixels
in the total number of pixels (Zhou, 1996). White et al. (2000) used
an agricultural digital camera to measure the FVC of the arid eco-
logical system in the United States and their results showed that the
agricultural digital camera is effective and accurate for long-term
monitoring of the arid ecosystem (White et al., 2000). After compar-
 cover estimation in arid and semi-arid environments using HJ-1
ttp://dx.doi.org/10.1016/j.jag.2012.07.003

ing various fractional vegetation cover measuring techniques, the
digital camera is considered a relatively easy and reliable ground
survey technique for verifying the FVC information retrieved from
remotely sensed data (White et al., 2000).
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Although the digital camera can provide the FVC information
n the plant quadrate with higher accuracy for a smaller range, it
s unlikely to do so for a larger range. Remote sensing provides
he possibility for large scale or even global monitoring of the FVC
Anatoly et al., 2002; Wang et al., 2002). Some methods for retrieval
f the FVC using remotely sensed data have been developed, and the
ain ones include empirical, vegetation index, sub-pixel unmix-

ng models (Zhou and Robson, 2001; Choudhury, 1987; Asrar et al.,
992), and linear spectral mixture models (Wu and Peng, 2010). The

inear regression models were applied in many cases. For instance,
n an area of semi acid soil, Graetz et al. (1988) estimated the FVC
f the sparse grassland using the linear regression model based on
he Landsat TM band 5 and the measured data of the FVC. Dymond
t al. (1992) estimated the FVC of the degraded grassland in New
ealand utilizing the SPOT data on the basis of having built the
on-linear empirical relation between the surface FVC and the nor-
alized difference vegetation index (NDVI). Wittich and Hansing

1995) established the empirical model between the FVC and NDVI
or different land cover types, and calculated the FVC using the
OAA’s Advanced Very High Resolution Radiometer (AVHRR) data.
urevdor et al. (1998) built four non-linear models by applying
he empirical model, to assess the FVC in Mongolia and Japan’s
rassland areas. In addition, by establishing a quadratic polyno-
ial relation between the FVC and vegetation index, grassland FVC

an be more accurately estimated using AVHRR data. North (2002)
onducted linear regression using the ERS-2 along Track Scan-
ing Radiometer (ATSR-2) data with four bands (555 nm,  670 nm,
70 nm and 1630 nm)  in relation to the FVC and Leaf Area Index
LAI). The results showed that the linear mixed model combining
our bands was more effective than the simple vegetation index
n estimating the FVC. The empirical model relies on in situ mea-
urement data in specific regions, and the measured result is fairly
ccurate only if the study area is small. The accuracy will be sub-
tantially reduced in large scale application and monitoring as there
ill be many constraints.

The basic idea of vegetation index method is that by an anal-
sis of the vegetation types and their distribution patterns in the
ixels, a conversion between vegetation index and the FVC is estab-

ished for direct extraction of the FVC information, provided that
he vegetation index being used is proven to be well correlated
o the FVC. Using AVHRR data, Quamby et al. (1992) established a

ixed linear conversion model between vegetation index and the
VC, suitable for estimating the FVC in the agricultural area. More
han 40 types of vegetation indexes have currently been defined
e.g. perpendicular vegetation index (PVI), normalized differen-
ial vegetation index (NDVI), soil-adjusted vegetation index (SAVI),

odified soil-adjusted vegetation index (MSAVI), transformed soil
djusted vegetation index (TSAVI), and vegetation condition index
VCI)), all have found wide application in areas like environment,
cology and agriculture (Li et al., 2010; Boles et al., 2004; Bannari
t al., 1995; Leprieur et al., 1994; Dunean et al., 1993; Verstraete
t al., 1993). Compared to the regression model, the vegetation
ndex is of a greater practical significance, as it does not need ground
uadrate measuring over large areas, and once verified, the model
an be applied to large areas to formulate universally applicable
alculation method for the FVC. However, this method may  be less
ccurate than the empirical model in estimating the FVC in cer-
ain localities, and an accurate conversion relationship between
egetation index and the FVC is usually difficult to be determined.

The pixel decomposition method has been increasingly studied
nd used to derive the FVC in recent years. The pixel decomposi-
ion method can be regarded as an improvement on the basis of the
Please cite this article in press as: Zhang, X., et al., Fractional vegetation
satellite hyperspectral data. Int. J. Appl. Earth Observ. Geoinf. (2012), 

egetation index method. The idea is that a pixel in the image may
ctually consist of several components, each of which contributes

 part of the information as observed by the remote sensor. There-
ore the remote sensing information (band or vegetation spectral
 PRESS
servation and Geoinformation xxx (2012) xxx–xxx

index) can be decomposed to build the pixel decomposition model,
which is used for estimating the FVC (Gutman and Lgnatov, 1998;
Tammervik et al., 2003). The dimidiate pixel model assumes that
a pixel consists of only two  parts: vegetation and non-vegetation,
with the spectral information being just a linear synthesis of the
two parts. And the ratio of the area taken by each part in the pixel
will be its weight, where the percentage of the area of vegeta-
tion in the pixel will be the FVC of that pixel, and the FVC is thus
estimated using this model. On the basis of the dimidiate pixel
model, Gutman and Lgnatov (1998) put forward different meth-
ods for calculation of the FVC, depending on whether the pixel was
homogeneous or mixed, where the mixed pixel was further divided
into equal density, non-density and mixed density sub-pixels, to
establish vegetation coverage models for different sub-pixel struc-
tures respectively (Jing et al., 2010; Jiang et al., 2006; Gutman and
Lgnatov, 1998).

The surface biophysical parameters retrieved using remotely
sensed data has become the principal means for measuring and
monitoring vegetation coverage (Neigh et al., 2008; Chen, 1999;
Price, 1992), although currently multispectral remote sensing data
is mainly used in extraction of the FVC of large areas or on a global
scale. With some new types of hyperspectral sensors orbiting the
Earth, access to hyperspectral data is becoming increasingly eas-
ier. Therefore it is particularly meaningful to discuss finer and
dynamic vegetation mapping for medium and small areas by using
the hyperspectral data (Sykioti et al., 2011). This study attempts
to discuss how the imaging spectrometer data from the HJ-1 small
satellite is used in building the pixel decomposition model, for more
accurately monitoring and analyzing the vegetation coverage in
arid and semi-arid areas. At the same time, an assessment is con-
ducted concerning the usability of the HJ-1/HSI data in vegetation
monitoring.

The rest of this paper is structured as follows. Section 2 describes
the hyperspectral imager onboard HJ-1 small satellite, in situ mea-
surements and the data preprocessing process, and the methods
used in the study. Section 3 introduces the implementation of the
model for FVC retrieval and the results of the model. Section 4
presents an assessment of accuracy and discussion. Conclusions are
drawn in Section 5.

2. Materials and methods

2.1. Study area and data collection

In the middle section of the northern slope of the Tianshan
Mountains in China’s Xinjiang Uygur Autonomous Region, the Shi-
hezi area is situated on the south of the Junggar Basin, bordered
by the Gurbantunggut Desert in the north, with the geographical
coordinates being 80◦58′–86◦24′E, 44◦01′–45◦20′N (Fig. 1). With an
average altitude of 500–800 m above sea level that varies greatly,
declining from southeast to northwest, the area consists of moun-
tains, plains and deserts. Its temperate continental climate features
long and cold winter and short and hot summer, dry and scare rain-
fall, high evaporation, rapid rise and drop of temperature in spring
and fall, respectively and sharp contrast between daytime and night
temperatures. The annual average temperature is 7.5–8.2 ◦C, the
annual precipitation is 180–270 mm,  and the annual evaporation
is 1000–1500 mm.  The area is a typical arid climate environment
with a full range of ecological types including snow cover, meadows
and forests of the alpine ecosystem, hilly piedmont grassland, oasis
agricultural system and the desert system in the center of the basin.
The natural vegetation is highly dependent on rainfall, resulting in
 cover estimation in arid and semi-arid environments using HJ-1
http://dx.doi.org/10.1016/j.jag.2012.07.003

certain inter-annual fluctuation. The sparsely populated area with
a dry climate is perfect for application of the remote sensing tech-
nique, and is favorable for research on interaction between human
activity and the natural environment.

dx.doi.org/10.1016/j.jag.2012.07.003
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Fig. 1. Locatio

HJ-1/HSI, a hyperspectral imager carried by the HJ-1-A small
atellite, conducts a repeated global monitoring at a ±30◦ side-
iewing angle, with a 96 h re-visiting cycle, a 100 m spatial
esolution, a 50 km swath, 115 working bands covering a spec-
ral range of 0.45–0.95 �m,  and an average spectral resolution
f 4.32 nm.  Although narrow in the spectral range as compared
ith widely used NASA’s Earth Observing System (EOS)-Moderate
esolution Imaging Spectroradiometer (EOS-MODIS) and EO-1
yperion, HJ-1/HSI imaging spectrometer has improved spectral

esolution for better ground feature identification and information
xtraction. It provides another valuable tool for developing quan-
itative research and application such as atmospheric composition
etection, water environment monitoring and vegetation growth
onitoring. Table 1 summarizes the specifications of the HJ-1/HSI

ensor.
The HJ-1/HSI image data covering the entire Shihezi area in

injiang were acquired on 24 July 2009. Three scenes of the radio-
etrically calibrated HSI images were used in this study. The FVC

ata of 65 in situ plant quadrate data in the study area were also
ollected (Table 2). The quadrate values falling in a same pixel were
veraged to get the in situ measured value of that pixel. In the
Please cite this article in press as: Zhang, X., et al., Fractional vegetation
satellite hyperspectral data. Int. J. Appl. Earth Observ. Geoinf. (2012), h

round measuring, photograph taken by a digital camera Canon
OS500D were classified to extract the FVC by using a Decision
ree classifier. The in situ measured quadrate FVC data were mainly
or assessing the accuracy of the FVC data retrieved from remotely

able 1
pecification of HJ-1/HSI sensor and data products.

Attribute Value

Orbital altitude 649.093 km
Orbital inclination 97.9486◦

Launch time 2008-9-18
Number of bands 115
Spectral range 459–956 nm
Spectral sampling 4.32 nm
Spatial resolution 100 m
Swath width 50 km
Off-nadir angle ±30 ◦C
Data format HDF5
File size 82,636 (kB)
Storage format BSQ
e study area.

sensed data, and for calibrating the parameters for the dimidiate
pixel model.

2.2. Calibration and atmospheric radiation correction

The FLAASH module in the ENVI package was used in the atmo-
spheric radiometric correction of the HJ-1/HSI imagery. FLAASH
uses the MODTRAN4 radiometric transmission model code, and
is one of the most accurate atmospheric radiometric correction
models. Since no parameter is embedded in the FLAASH mod-
ule for direct correction of the HJ-1/HSI data, the atmospheric
radiometric correction is conducted on the basis of the HJ-1/HSI
sensor’s own  parameters and characteristics. In the FLAASH atmo-
spheric correction, the main parameters to be input include
the central position of image, type of sensor, altitude, imag-
ing time, mean ground elevation, image spatial resolution, the
atmospheric/aerosol/water–vapor models, method for extraction
of aerosol parameters, atmospheric visibility and whether spec-
tral smoothing and wavelength re-modification are required. The
HJ-1/HSI data are first to be radiometrically calibrated according
to the radiometric calibration formula, then the data is converted
 cover estimation in arid and semi-arid environments using HJ-1
ttp://dx.doi.org/10.1016/j.jag.2012.07.003

to the BIL (band interleaved by line) or BIP (band interleaved
by pixel) format. At the same time, the central wavelength of
each band and its full width at half maximum (FWHM) are spec-
ified for each band. The image central position, sensor altitude,

Table 2
Summary of the in situ plot measurements of FVC.

Plot regions (altitude
range)

Plot size
(m)

Number of
quadrates

Land cover type

Mountainous forest
(1800–2400 m)

30 * 30 5 Fir trees

Mountainous meadow
(<1800 m)

1 * 1 27 High-density grassland

Mountainous
mid-density
grassland (<1800 m)

1 * 1 12 Mid-density grassland

Hilly areas (<1200 m) 1 * 1 10 Low-density grassland
Sporadic bush 5 * 5 3 Shrubbery
Farming land (<800 m) 2 * 2 5 Cotton and grape
Desert (<600 m) 30 * 30 3 Haloxylon ammodendron

dx.doi.org/10.1016/j.jag.2012.07.003
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Fig. 2. The HJ-1/HSI spectra of green gr

maging time and resolution are available in the header file. The
verage elevation of the land surface was calculated from the dig-
tal elevation model (DEM) of the study area. The water–vapor
emoval model built in the FLAASH module is used to retrieve
he water–vapor content in each pixel of the images. Since the
J-1/HSI data have a spectral range from 450 nm to 950 nm,

he water–vapor band should be 820 nm.  When the model’s
arameters are correctly set up, the correction of the HJ-1/HSI
ata in the study area was conducted by running the FLAASH
odule. Fig. 2 shows a comparison of the typical surface fea-

ure spectral curve before and after the correction. On finishing
he atmospheric radiometric correction the surface reflectance
ata is obtained, and ready for extraction of the FVC informa-
ion.

.3. Dimidiate pixel model for FVC estimation

Assuming the remote sensing response in a pixel consists of soil
nd vegetation, the information S as captured by the remote sensor
an then be expressed as Sv contributed by the green vegetation and
s contributed by the soil. Linearly decomposing S into Sv and Ss, the
roportion of vegetation area in the pixel (fc) is the FVC of that pixel,
nd accordingly the proportion of soil area will be 1 − fc. Assuming
he spectral response received by the all-vegetation “pure” pixel is
veg, the information contributed by vegetation in the mixed pixel
s Sv, and the spectral response contributed by vegetation in the

ixed pixels can be expressed as the product of Sveg and fc:

v = fc × Sveg (1)

imilarly, assuming the remotely sensed information received by
he “pure” soil pixel is Ssoil, and the information Ss as contributed
y soil in the mixed pixel can be expressed as the product of Ssoil
nd 1 − fc:

s = (1 − fc) × Ssoil (2)

ased on Eqs. (1) and (2),  the spectral response of a mixed pixel can
e derived:

 = fc × Sveg + (1 − fc) × Ssoil (3)

q. (3) can be understood as linearly decomposing S into Sveg and
soil, whose weights are the proportion of area taken by them
espectively in the pixel, that is, fc and 1 − fc.

In the case elements other than vegetation and soil are included,
uch as water body, Eq. (3) should be modified by the multi-
omponent mixed model. In the case of a mixture of only vegetation
nd soil (dimidiation of a pixel), the FVC can be derived by modify-
Please cite this article in press as: Zhang, X., et al., Fractional vegetation
satellite hyperspectral data. Int. J. Appl. Earth Observ. Geoinf. (2012), 

ng Eq. (3) as:

c = (S − Ssoil)
(Sveg − Ssoil)

(4)
d bare soil before and after correction.

where Ssoil and Sveg are the spectral responses from pure soil
and pure vegetation pixels, respectively. The model has a fairly
sound theoretical basis, and is widely applicable regardless of the
geographical constraints. In addition, a major advantage of the
dimidiate pixel model is that the impacts from atmosphere, soil
background and vegetation type are reduced. Ssoil contains the soil
information including the contribution to remotely sensed data by
elements like the type, color, brightness and moisture of soil, while
Sveg contains the vegetation information including the contribution
to the remotely sensed data by elements like type and structure of
vegetation. In fact the dimidiate pixel model is a linear stretch based
on the two  regulatory factors of Ssoil and Sveg, whereby the impacts
on remotely sensed data by atmosphere, soil background and veg-
etation type are reduced to the minimum. Therefore, FVC can be
estimated by Eq. (4).

In the dimidiate pixel model, remotely sensed spectral response
is well related linearly to the FVC. For instance, the most widely
applied remote sensing response is NDVI, which, being the best
indicator for plant growth and density of vegetation spatial distri-
bution, is linearly correlated to vegetation distribution density. The
value of NDVI, which comprehensively reflects the vegetation type,
canopy pattern and growth status in per unit pixel, is determined
by elements like the FVC (horizontal density) and LAI (vertical den-
sity), and is notably correlated to the FVC. Inserting the NDVI into
Eq. (4),  we can have the following approximation:

fc = NDVI − NDVIsoil

NDVIveg − NDVIsoil
× 100 (5)

In Eq. (5),  the NDVI for “pure” vegetation pixel and NDVI for “pure”
bare soil need to be determined for retrieving the FVC information
from remotely sensed data.

2.4. Selection of the narrow band vegetation index

When retrieving the vegetation coverage using the dimidi-
ate pixel model in Eq. (5),  the vegetation index calculated from
remotely sensed data is required. The hyperspectral imagery has
a number of red bands and near infrared bands, resulting in many
combinations for calculating narrow band NDVI. Thus, there is a
need to determine a more effective combination of bands. In the
HJ-1/HSI data there are a total of 22 bands in the near infrared
region (760–900 nm)  and 15 bands in the red band wavelength
region (630–690 nm), and the possible pairs can give a total of 330
NDVI values.

The in situ measured FVC data were used to select an optimal
band combination for calculating optimal NDVI in the study. The
 cover estimation in arid and semi-arid environments using HJ-1
http://dx.doi.org/10.1016/j.jag.2012.07.003

pairwise comparison of the HJ-1/HSI 330 band combinations for
NDVI calculation showed that when the 900 nm near infrared and
682 nm red bands are used to calculate NDVI, the correlation of sim-
ple linear regression between NDVI and the in situ measurements

dx.doi.org/10.1016/j.jag.2012.07.003
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Table  3
Improved model parameters for each land cover type.

Land cover types HJ-1/HSI

NDVIveg NDVIsoil

Farming lands 0.641 0.071
Grasslands 0.593 0.045
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Resolving NDVIveg  and NDVIsoil

In-situ measured FVC Optimized HJ-1/HSI NDVI 

Improved DPM models 

Prediction of FVC 

Least-squares method 

and 20%, but most of them have FVC values of less than 10%. The
farming lands are located in the middle part of the area and have
FVC values of over 75%, indicating large patches of cotton and grape
Forest lands 0.576 0.012
Water body – –

f FVC is the biggest. Thus, the 900 nm/682 nm band combination
s the best for calculating the hyperspectral narrow band NDVI for
VC retrieval in the study area. This band selection method can be
asily and quickly implemented in the ENVI/IDL environment.

.5. Determining the NDVIveg and NDVIsoil

In the study area, there are “pure” pixels for forests and agri-
ultural areas due to the dense vegetation. In the most areas of this
egion however, mixed pixels are widespread due to the sparse veg-
tation and the 100 m resolution of HJ-1/HSI data, and a mixed pixel
ften containing multiple spectra of elements like soil, vegetation
nd shadows. Since this study used the dimidiate pixel model for
he FVC extraction, the challenge is therefore to identify the correct
DVI values for “pure” vegetation and soil pixels, respectively.

Ideally NDVIsoil is not to change with time, and should be around
ero for the bare surface. However due to the atmospheric impact
nd the changes in surface soil moisture, NDVIsoil may  change with
ime. In addition, NDVIsoil may  also change with space depending on
onditions like soil moisture, roughness, soil type and color. There-
ore it is not practical to think of a fixed and ideal NDVIsoil value, as
he value will have to change even for the same scene of imagery.
or easy adjustment, it is not necessary to know the actual NDVIsoil
alue; instead, it can be extracted based on the image data and the
n situ plot measurements.

NDVIveg represents the maximum value of all the vegetation pix-
ls. Depending on the vegetation type, the seasonal change of the
anopy, the interference of the foliage background, as well as wet
round, snow and fallen leafs, the determination of the NDVIveg

alue is similar to that of the NDVIsoil, as the NDVIveg value will also
hange with time and space. Therefore, it is not advisable to think
f an ideal NDVIveg value either.

To further improve the prediction of the model, the parameters
DVIveg and NDVIsoil were determined for the four main land cover

ypes in the study area: farming land, grassland, forest and water
ody-snow packs. An approach that the FVC results derived by the
egressive model is used to resolve the suitable NDVIveg and NDVIsoil
alues for the three main vegetation cover types. For each pixels
hat in situ measurements are located in, the relationships between
he FVC and NDVI can be depicted using the dimidiate pixel model:

fc1 1 − fc1

...
...

fcn 1 − fcn

⎤
⎥⎥⎦

[
NDVIveg

NDVIsoil

]
=

⎡
⎢⎢⎣

NDVI1

...

NDVIn

⎤
⎥⎥⎦ (6)

here fci is the FVC of the i-th pixel that has in situ measure-
ents. The least-squares method is then used to resolve Eq. (6) and

xtract the parameters NDVIveg and NDVIsoil for the dimidiate pixel
odels. The parameters for the HJ-1/HSI are listed in Table 3. This
ethod includes the in situ measured FVC that can be seen as prior

nowledge into the extraction of the parameters for the dimidi-
Please cite this article in press as: Zhang, X., et al., Fractional vegetation
satellite hyperspectral data. Int. J. Appl. Earth Observ. Geoinf. (2012), h

te pixel models. Fig. 3 illustrates the process for determining the
arameters for the dimidiate pixel model in this study.

Inserting the dimidiate pixel model parameters derived from
pectral mixture de-composition into Eq. (5),  FVC of the study area
Fig. 3. The flowchart for the extraction of the NDVIveg and NDVIsoil parameters.

is retrieved, whose value is between 0 and 100, where 0 represents
“pure” bare soil, and 100 represents all or 100% vegetation coverage
in the pixel.

3. Results

The above-mentioned dimidiate pixel model was implemented
by programming in the ENVI/IDL6.5 environment. The FVC map  as
of 24 July 2009 of the study area has been obtained using this model
(Fig. 4).

As shown in Fig. 4, the northern part of the study area is mainly
sand lands with vegetation coverage of less than 5%. Some small
patches surrounding the farming land have FVC values between 5%
 cover estimation in arid and semi-arid environments using HJ-1
ttp://dx.doi.org/10.1016/j.jag.2012.07.003

Fig. 4. The FVC map retrieved from the HJ-1/HSI data.

dx.doi.org/10.1016/j.jag.2012.07.003
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ig. 5. Fitting analysis between the HJ-1/HSI-derived FVC and in situ measurements.

elds. In the same area, some pixels have FVC values between 50%
nd 75%, depending on the portion of the densely vegetated cotton
nd grape fields in a mixed pixel with a 100 m resolution. In the
asteland surrounding the farmland there are some medium veg-

tation of 20–50% coverage (either farmland or abandoned land),
s well as some low coverage sandy land. The steep areas in the
iedmont hills of the Tianshan Mountain are sparsely vegetated
ith FVC values between 5% and 20% due to lack of water con-

ent. The type of vegetation is mostly drought tolerant or ephemeral
ramineae as well as alhagi pseudalhagi that the cattle and sheep
ould avoid. With the increase of altitude, some lands are medium

egetated grass and have FVC between 20% and 50%.
At an altitude of 1600–2900 m in the Tianshan Mountains there

re distributions of Alpine meadows and Abies forests with the FVC
ften being above 75% due to much better natural water supply
snow-melting water and larger rainfall) (Fig. 4). In the skirting
reas of the forest, high grass lands develop with FVC of over 75%,
hich are densely vegetated grass land. The averaged FVC values
erived from the HJ-1/HSI data for farming land, grassland, forest-

and and sand land are 64.0%, 30.3%, 68.2%, and 4.9%, respectively.
In general, using the dimidiate pixel model improved by the

arrow band spectral indexes of the HJ-1/HSI data, the vegetation
istribution of natural vegetation and farmland in the Shihezi area
as quantitatively retrieved and well correlated with the land-

capes in the area, thus offering an effective means for dynamic
onitoring of vegetation.

. Discussion

.1. Accuracy assessment

In order to assess the accuracy and viability of the HJ-1/HSI
ata in vegetation monitoring, this study made a cross-check of
round quadratic data and the FVC results retrieved from the HJ-
/HSI data. 65 in situ measurements in grassland and farming land
ere used to do the fitting analysis for accuracy assessment. Fig. 5

hows the result of cross-checking the FVC as retrieved from the
J-1/HSI against the 65 in situ measurements. Obviously the vege-
Please cite this article in press as: Zhang, X., et al., Fractional vegetation
satellite hyperspectral data. Int. J. Appl. Earth Observ. Geoinf. (2012), 

ation coverage retrieved from the HJ-1/HSI data fits well with the
uadrate results, with a correlation coefficient square of 0.86. The
oot mean square error (RMSE) of the FVC values retrieved from HJ-
/HSI with reference to the measured values is 10.92%. Although the
 PRESS
servation and Geoinformation xxx (2012) xxx–xxx

ground survey also gives errors, generally speaking, the fitting anal-
ysis still indicates that the HJ-1/HSI narrow band vegetation index
in the decomposition of the mixed pixels can better determine the
parameters of the FVC retrieval model, to improve the dimidiate
pixel model, so as to better depict the vegetation cover variations
in the study area.

4.2. Discussion

Fractional vegetation cover (FVC) information is an important
ecological parameter to characterize land surface vegetation condi-
tion and ecosystems as well as phonologic sequences in agriculture.
As shown in Figs. 4 and 5, the proposed approach can accurately
retrieve the FVC information in the study area. However, due to the
scale effect between the in situ measurements and the HJ-1/HSI
estimate, and some other reasons, the errors are still big in some
locations, especially in the low-density grassland, where in situ
measurements are larger than the HJ-1/HSI estimated FVC values
due to the large heterogeneity in the vegetation patches of the study
area.

Apart from the aforementioned scale effect, another important
factor to bring errors to the estimate is the impact of soil back-
ground on the vegetation signatures. Due to the complex spectral
response from the soil background (Huete, 2004), it strongly affects
remote sensing observations, and consequently leads to overesti-
mation or underestimation of spectral vegetation indices (Elvidge
and Lyon, 1985). Consequently, the FVC retrieved from remotely
sensed data has some errors due to the variation of soil background
spectra. The narrow band NDVI derived from the HJ-1/HSI data
reduced the impact of soil background to some extent due to the
fact that the narrow bands were used for the calculation of NDVI.
However, the overestimation of NDVI in the northwestern part in
Fig. 4 was still observed in this study, but less than the NDVI cal-
culated from broad bands such as Landsat TM because the color of
soil or sand in this area is dark.

The other weakness in the proposed approach is the dimidiate
pixel model itself in which the subpixel components are decom-
posed into only two parts: vegetation and non-vegetation. As a
matter of fact, the aforementioned soil signatures are quite differ-
ent due to the organic and mineral components of soil and color.
Thus, the spectral signatures of soil in the study area may  be used
for aiding multiple decomposition of a pixel. Fortunately, the soil
color in the arid areas is relatively similar than humid areas due to
the various soil water content. As a result the proposed approach
reduced the impacts of the soil background and achieved quite
accurate estimation of fractional vegetation cover in the Shihezi
area.

5. Conclusion

This paper presents an approach to giving better estimation of
the parameters for the dimidiate pixel model, to achieve better
retrieval of the FVC information in the arid and semi-arid area, and
demonstrated the usefulness of the hyperspectral data acquired
by Chinese HJ-1/HSI small satellite in the monitoring of vegetation
dynamics. We  also examined the advantages and disadvantages of
the dimidiate pixel model for FVC retrieval in the Shihezi area.

The preprocessing of the HJ-1/HSI data was first discussed,
in particular the atmospheric radiation correction method on
the basis of the MORDTRAN4 atmospheric transmission model
and the determination of the parameters. Secondly, a strategy
 cover estimation in arid and semi-arid environments using HJ-1
http://dx.doi.org/10.1016/j.jag.2012.07.003

for using the in situ measured FVC data in selecting the suitable
hyperspectral narrow bands for vegetation index calculation was
proposed, so as to determine the parameters for the dimidiate
pixel model and assess the accuracy of the FVC retrieval. On such

dx.doi.org/10.1016/j.jag.2012.07.003
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asis, the vegetation condition of the second half of July 2009 in
injiang’s Shihezi area was retrieved using the proposed model
stablished in this study. The retrieved FVC from the HJ-1/HSI
ata is verified with the in situ measurements, and the correlation
oefficient square is 0.86 and the RMSE is 10.9%. The result showed
hat the FVC information can be accurately estimated by using
he HJ-1/HSI data, indicating that the HJ-1/HSI data can satisfy
he needs of dynamic and quantitative monitoring of vegetation
overage changes in a medium range.

Further research will mainly focus on the multi-component
ecomposition of mixed pixels of remotely sensed images, and

ntroducing the pattern recognition methods like matched filters
nto the establishment of the FVC retrieval models, to remove the
omplexity of the soil background. We  have created a multiple end-
ember spectral mixture analysis (MESMA) approach to improve

he retrieval of FVC information, and will report it in following
ublication.
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