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Abstract
Desert plants survive harsh environments through various drought-resistant
structural modifications and physio-ecological systems. Rolled-leaf plants curl
their leaves during drought periods, making it difficult to distinguish among
the external structures of different plant types; spectral characteristic analysis
is therefore essential for species identification of these rolled-leaf plants. Based
on field-measured hyperspectral data, we analyzed the spectral characteristics
of seven typical temperate rolled-leaf desert plant species in the Hexi Corri-
dor, China, using various mathematical transformation methods. The results
demonstrate that: (1) during the vigorous growth period in July and August,
the positions of red valleys, green peaks, and three edge parameters (i.e., red
edge, blue edge, and yellow edge) of well-developed rolled-leaf desert plants are
essentially consistent with those of most terrestrial vegetation types; (2) the ab-
sorption regions of liquid water, i.e., 1400–1500 nm and 1600–1700 nm, represent
the optimal bands for distinguishing different rolled-leaf desert plant species; (3)
within the leaf reflectance region of 700–1250 nm, which is controlled by cellular
structure, it is difficult to select characteristic bands for differentiating rolled-
leaf desert vegetation; and (4) after processing spectral reflectance curves using
first-order differentiation, the envelope removal method, and normalized differ-
ential ratio, we identified additional characteristic bands and parameters that
can be used for identifying various temperate rolled-leaf desert plant species,
namely, the 510–560 nm, 650–700 nm, and 1330–1380 nm regions, and the red
edge amplitude. Overall, the mathematical transformation methods employed
in this study are effective tools for capturing useful spectral information for
species identification of rolled-leaf plants in the Hexi Corridor.
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Abstract: Desert plants survive harsh environments using a variety of drought-
resistant structural modifications and physio-ecological systems. Rolled-leaf
plants roll up their leaves during periods of drought, making it difficult to distin-
guish between the external structures of various types of plants. It is therefore
necessary to carry out spectral characteristics analysis for species identification
of these rolled-leaf plants. Based on hyper-spectral data measured in the field,
we analyzed the spectral characteristics of seven types of typical temperate zone
rolled-leaf desert plants in the Hexi Corridor, China using a variety of mathe-
matical transformation methods. The results show that: (1) during the vigorous
growth period in July and August, the locations of the red valleys, green peaks,
and three-edge parameters—namely, the red edge, the blue edge, and the yellow
edge—of well-developed rolled-leaf desert plants are essentially consistent with
those of the majority of terrestrial vegetation types; (2) the absorption regions
of liquid water (i.e., 1400–1500 and 1600–1700 nm) are the optimal bands for
distinguishing various types of rolled-leaf desert plants; (3) in the leaf reflectance
regions of 700–1250 nm, which are controlled by cellular structure, it is difficult
to select characteristic bands for differentiating rolled-leaf desert vegetation;
and (4) after processing the spectral reflectance curves using first-order differen-
tial, envelope removal, and normalized differential ratio methods, we identified
other characteristic bands and parameters that can be used for identifying vari-
ous types of temperate zone rolled-leaf desert plants—namely, the 510–560, 650–
700, and 1330–1380 nm regions, and the red edge amplitude. In general, the
mathematical transformation methods in this study are effective tools for cap-
turing useful spectral information for species identification of rolled-leaf plants
in the Hexi Corridor.
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Introduction
The study of spectral reflectance and spectral determination of different vege-
tation types using remote sensing forms the practical basis for understanding
the physical and chemical properties of vegetation, including vegetation classifi-
cation, species identification, and monitoring of the ecological environment and
vegetation (Fang et al., 2017). To date, the use of hyper-spectral technology
has enabled significant achievements in vegetation identification, phenological
monitoring, and biomass and vegetation coverage inversion (Gates et al., 1965;
Li, 2008; Gai et al., 2011; Yang et al., 2016; Liu et al., 2017; Meyer et al.,
2017). The specialized study of spectral determination and characteristics of
desert vegetation can provide the basis for species identification, remote sens-
ing classification, and large-scale ecosystem monitoring. For example, Zhao et
al. (2009) and Zhang et al. (2012) proposed the optimal hyper-spectral bands
for identification of vegetation in the oasis salinization-desert zone in the mid-
dle reaches of the Tarim River. Other researchers carried out studies on the
spectral characteristics of the main vegetation species in the Seriphidium tran-
siliense desert grassland in Xinjiang, including grassland degradation areas and
areas under enclosure before and after its installation, and identified the main
vegetation species in combination with vegetation indices (He et al., 2014; Jin
et al., 2014; Xia et al., 2015; Wei et al., 2016). Zhang et al. (2006) determined
the spectral reflectance of the canopy and leaves in saline lowland meadow,
extremely arid desert meadow, and desert shrub environments of the desert
grassland in Anxi County, located in the arid inland region of Northwest China,
and analyzed the main factors influencing the various spectral characteristics
of desert-meadow vegetation species. Based on hyper-spectral image analysis
of the Shiyang River Basin, located in the Hexi Corridor, Zhang et al. (2012)
proposed that since the red edge, green peak, and absorption valley locations of
blue and red light remain consistent for different vegetation coverage conditions,
and the spectrum absorption characteristics of visible light bands change sys-
tematically with increasing coverage, these can serve as a basis for extracting or
determining vegetation coverage. Qian et al. (2013) analyzed typical desert veg-
etation in Xinjiang and suggested that because of the low vegetation coverage
rate, the red edge characteristics—which are affected by the underlying surface—
decreased with the decline of vegetation coverage inversion. In addition, several
studies explored desert vegetation structure, water content, chlorophyll content,
canopy transpiration, and other sensitive band regions that have practical sig-
nificance in desert ecosystem monitoring (Zhao, 2011; Jin et al., 2016; Liu et
al., 2017).

There are many methods to identify plant species using spectral discrimina-
tion. For example, Schmidt et al. (2003) discriminated 27 saltmarsh vegeta-
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tion species in coastal wetlands based on the Bhattacharyya (BH) and Jeffries-
Matusita (JM) distance measures. Mansour et al. (2012) used the random forest
algorithm and a forward variable selection technique to identify optimal wave-
lengths for discriminating grass species. Three-tier hierarchical techniques of
one-way analysis of variance (ANOVA), stepwise discriminant function analy-
sis, and canonical function analysis were also used for discriminating increaser
species in degraded rangeland (Mansour et al., 2013). Adam et al. (2009) em-
ployed ANOVA, classification and regression trees, and the JM distance method
to spectrally discriminate papyrus from other species as well as to reduce and
subsequently select optimal bands for the potential discrimination of papyrus.
Comparatively speaking, common mathematical transformation methods such
as first-order differential, continuum removal normalization, normalized differ-
ential ratio, and three-edge parameters are more widely used in spectral analysis
methods for plant species identification (Cao et al., 2013; An et al., 2014; Yang
et al., 2014; Zarco-Tejada et al., 2018).

Desert plants adopt structural changes in their branches and leaves to reduce
transpiration in arid desert environments. Some plants have become leafless
through foliage reduction or degradation, while others possess succulent stems
or leaves that allow for water storage. Others have developed protective tissue
on their stems (Zhou et al., 2013). Some plants have leaves that can roll up
to resist drought, but these are hard to distinguish because of their similarities
in structure, such as the rolled-leaf Poa annua and Elymus dahuricus species.
Therefore, it is necessary to study the spectral characteristics of various types
of desert plants. However, very few studies have focused on a particular type of
desert plant. Furthermore, some studies on desert plants focus mainly on spec-
tral observation and analysis, with very few carried out for species identification,
especially for rolled-leaf plants. In this study, we selected seven types of typi-
cal rolled-leaf desert plants—Poa annua, Stipa purpurea, Stipa grandis, Elymus
dahuricus, Achnatherum splendens, Stipa glareosa, and Agropyron cristatum—in
the Hexi Corridor, China, and analyzed their spectral reflectance characteristics
for identifying these plant species. The results can be used as a database for
the identification and classification of temperate desert vegetation.

2.1 Study Area
The Hexi Corridor (37°17�–42°48�N, 93°23�–104°12�E) is located in the central
region of the Eurasian continent and the eastern part of the desert region of
Northwest China, mainly situated in the western and northern parts of the
Kumtag, Badain Jaran, and Tengger deserts. The region is primarily composed
of alluvial and fluvial plains, shallow mountains, oases, deserts, and Gobi. The
average annual precipitation in the region is approximately 140 mm, gradually
decreasing from southeast to northwest and falling below 50 mm in some areas.
The potential evaporation exceeds 1000 mm. Because of the diversity and typi-
cality of its vegetation, the Hexi Corridor is a natural laboratory for studies on
the spectral characteristics of temperate vegetation (Zhou, 2013). The vegeta-
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tion in this region is categorized according to the main strategies that plants use
to cope with the arid environment of the temperate zone. The main categories
are: (1) plants with relatively low water content and extremely drought-resistant
thin leaves, (2) succulent plants with fleshy leaves and stems, and plants with
succulent stems and extremely atrophied leaves, and (3) plants with leaves that
can roll up to resist drought.

2.2 Spectral Data Collection in the Field
In this study, the spectral reflectance of each plot was measured under clear
skies between 10:00 and 14:00 (GMT) with an ASD spectrometer (Fieldspec® 4
Standard-Res, USA), which covered wavelengths of 350–2500 nm with a 1.5-nm
sampling interval. Field spectral data were collected between July 25 and Au-
gust 8, 2015, during sunny, cloudless conditions with good light and low wind.
We performed standard whiteboard calibration before recording measurements
to minimize the influence of soil background on spectral measurement and de-
creased the scan diameter to lower than 10 cm based on the spectrometer’s field
of view of 25°. Moreover, the vertical downward distance between the sensor and
vegetation canopy was approximately 10–20 cm. Fifty well-developed specimens
from each rolled-leaf desert plant type were selected for spectral measurement
across the entire study area. To ensure the quality of spectral information col-
lected in the field, we measured five spectral bands for each plant and used the
averaged values as the reflectance spectra. Of the obtained samples, 30 plants
were used for analyzing the spectral characteristics of rolled-leaf desert vegeta-
tion, and 20 plants were used as test samples for identification. After recording
the spectra, the obtained data were compared with the standard spectral re-
flectance curve, invalid original data were removed, and quadrat sampling of
the plants was carried out accordingly.

2.3.1 Data Preprocessing
Surface spectrometers produce significant noise, which can influence post-
processing analysis. Therefore, we used a Savitzky–Golay filter, which is based
on least squares polynomial fitting across a moving window, to smooth the
data and remove noise. Considering the collected data, the spectral reflectance
of the 400–1800 nm bands is normal, whereas the 1800–2500 nm bands show
obvious noise that masks the spectral reflectance signal of the plants and is
thus eliminated. The visible light spectral reflectance depends mainly on plant
chlorophyll content and vegetation coverage. The green peak refers to the
maximum spectral reflectance parameter in the range of 510–560 nm, which
occurs mainly due to strong absorption of blue and yellow light by plant
pigments, thus appearing as a strong reflection peak in the green band. The
red valley refers to the lowest spectral reflectance in the range of 650–690 nm
(Table 1 ).

chinarxiv.org/items/chinaxiv-201906.00050 Machine Translation

https://chinarxiv.org/items/chinaxiv-201906.00050


2.3.2 Three-Edge Parameters
The three-edge parameters utilize spectral differential techniques, including
mathematical simulation and calculation of different orders of differential values
of the reflectance spectrum, to quickly determine the wavelength position of the
spectrum bending point and the maximum and minimum reflectance. The first
derivative reflectance (first-order differential reflectance, FDR) can help elimi-
nate atmospheric and soil background effects from the spectral data using the
following equation (An, 2014):

𝐹𝐷𝑅𝜆(𝑗) =
𝑅𝜆(𝑗+1) − 𝑅𝜆(𝑗)

Δ𝜆

where 𝐹𝐷𝑅𝜆(𝑗) is the first-order differential reflectance at a wavelength midpoint
between bands 𝑗 and 𝑗 + 1; 𝑅𝜆(𝑗+1) is the reflectance at band 𝑗 + 1; 𝑅𝜆(𝑗) is the
original reflectance at band 𝑗; and Δ𝜆 is the difference in wavelength between 𝑗
and 𝑗 + 1.
The three-edge parameters comprise the red edge, yellow edge, and blue edge
(Table 1), which are important spectral parameters used to distinguish various
plant species. Chlorophyll content is the main factor influencing the red edge,
which is an important band indicator describing the pigmentation status and
health condition of vegetation.

Table 1 Spectral characteristic parameters

Parameter Definition
Red edge amplitude The maximum first-order differential

reflectance in the 680–760 nm region
Red edge position The wavelength corresponding to the

maximum first-order differential
reflectance in the 680–760 nm region

Yellow edge amplitude The maximum first-order differential
reflectance in the 560–640 nm region

Yellow edge position The wavelength corresponding to the
maximum first-order differential
reflectance in the 560–640 nm region

Blue edge amplitude The maximum first-order differential
reflectance in the 490–530 nm region

Blue edge position The wavelength corresponding to the
maximum first-order differential
reflectance in the 490–530 nm region

Red valley The lowest spectral reflectance in the
650–690 nm region

Green peak The maximum spectral reflectance
parameter in the 510–560 nm region

chinarxiv.org/items/chinaxiv-201906.00050 Machine Translation

https://chinarxiv.org/items/chinaxiv-201906.00050


2.3.3 Envelope Removal Method
The envelope removal method, also known as the continuum removal normaliza-
tion method, can amplify absorption or reflectance peak values and enable com-
parison of spectral absorption characteristics using a common baseline. From
the reflectance spectrum curves, suitable bands are selected on the absorption
valley, and the band endpoints are set as the start and end points of absorption.
The continuous line between the start and end points is called the hull. The
envelope removal value on each band equals the reflectance value of the band
divided by the hull value. Using spectral curves processed with the envelope
removal method amplifies the absorption bands (Schmidt and Skidmore, 2003).
The specific calculation process is as follows:

𝐶𝑅𝑖 = 𝑅𝑖
𝑅𝐻𝑖

where 𝐶𝑅𝑖 is the envelope value corresponding to band 𝑖; 𝑅𝑖 is the spectral
reflectance corresponding to band 𝑖; 𝑅𝐻𝑖 is the hull value corresponding to
band 𝑖; 𝐾 is the hull slope between the endpoints of absorption; 𝑅𝑠𝑡𝑎𝑟𝑡 and
𝑅𝑒𝑛𝑑 are the reflectances at the absorption start and end points, respectively;
and 𝑟𝑠𝑡𝑎𝑟𝑡 and 𝑟𝑒𝑛𝑑 are the wavelengths at the absorption start and end points,
respectively.

2.3.4 Normalized Differential Ratio
The first-order differential can extract slope information from the spectral curve
and weaken noise interference from soil background effects, whereas normaliza-
tion can further highlight spectral characteristic details. In this study, we used
the first-order differential of the normalized spectrum as the basis and divided
it by the maximum value of the first-order differential, which can further en-
hance spectral details and remove soil background interference. This algorithm
is called the normalized differential ratio (An et al., 2014), and its calculation
process is as follows:

̂𝑟 = 𝑟 − 𝜇𝑟
𝜎𝑟

where ̂𝑟 is the normalized spectral value; 𝑟 is the original spectral reflectance; and
𝜇𝑟 and 𝜎𝑟 are the spectral average value and standard deviation, respectively.

3.1 Reflectance Spectrum
Figure 1 [Figure 1: see original paper] shows the reflectance spectrum curves
of the seven typical rolled-leaf desert plant types in the Hexi Corridor in late
July. Although the spectral curve trends are essentially the same in the 400–
1800 nm region, subtle differences exist. In the 1020–1120 nm region (located
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in the leaf reflectance region of 700–1250 nm, which is controlled by cellular
structure), Agropyron cristatum has the highest reflectance, while Achnatherum
splendens has the lowest. In the 1400–1500 nm region (located in the leaf re-
flectance region of 1250–2300 nm), with the exception of Agropyron cristatum
and Stipa grandis, there are obvious differences in the reflectance of all other
plants, with Stipa glareosa having the highest reflectance, followed in order by
Stipa purpurea, Poa annua, Agropyron cristatum, Stipa grandis, and Elymus
dahuricus, with Achnatherum splendens having the lowest reflectance. In gen-
eral, in the leaf reflectance regions controlled by cellular structure and water
content, Achnatherum splendens has the lowest reflectance, which indicates op-
timal distinguishability. Additionally, in the 1600–1700 nm region, there are
also significant differences in the reflectance of different plant types.

The green peaks and red valleys of the seven types of typical rolled-leaf desert
plants in the Hexi Corridor are located in the 510–560 and 650–690 nm regions,
respectively (Fig. 1). In the visible light band, the green peaks average less than
20%, with the smallest differences between Stipa glareosa and Stipa purpurea,
and similarly small differences between Stipa grandis and Agropyron cristatum.
Achnatherum splendens has the lowest green peak value, followed by Elymus
dahuricus. With the exception of Achnatherum splendens and Stipa glareosa,
which have the lowest and highest red valley amplitudes respectively, the red
valleys of the other plant types show less distinction.

3.2 Three-Edge Parameters
The first-order differential spectral curves of rolled-leaf plants show that the
three-edge positions of various plants are similar (Fig. 2 [Figure 2: see original
paper]). In contrast to the blue edge and yellow edge amplitude regions, the dis-
tinguishability of rolled-leaf desert plant types in the red edge amplitude region
is relatively good, with the exception of Stipa grandis and Agropyron cristatum.
The red edge amplitude order is as follows: Stipa purpurea > Achnatherum
splendens > Elymus dahuricus > Poa annua > Stipa glareosa (Table 2 ). Ad-
ditionally, as shown in Figure 2, at the 1400 (±50) nm band location, obvious
spectral valleys appear and the differences between spectral characteristics are
relatively clear for all plant types, among which Poa annua has the highest val-
ley value, followed by Achnatherum splendens, Elymus dahuricus, Stipa glareosa,
and Stipa purpurea. Stipa grandis and Agropyron cristatum have the lowest val-
ley values.

Table 2 Spectral parameters of the typical rolled-leaf desert plant species
(×10�³)
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Spectral
param-
eter

Agropyron
crista-
tum

Stipa
gran-
dis

Achnatherum
splendens

Elymus
dahuri-
cus

Stipa
glare-
osa

Poa
an-
nua

Stipa
pur-
purea

Red
valley
Green
peak
Red
edge
ampli-
tude
Blue
edge
ampli-
tude
Yellow
edge
ampli-
tude

Based on the three-edge amplitudes, green peaks, and red valley parameters of
the seven types of typical rolled-leaf desert plants, we found that: (1) although
the appearances of Stipa grandis and Agropyron cristatum are different, their
spectral characteristics are similar; (2) with the exception of Stipa glareosa and
Stipa purpurea at the green peak locations and Agropyron cristatum and Stipa
grandis at the red edge locations, whose spectral characteristics are rather in-
distinguishable, the green peaks and red edges are ideal spectral parameters for
distinguishing among these seven types of rolled-leaf desert plants; and (3) in
the regions where leaf reflectance is controlled by water content, Achnatherum
splendens has the lowest reflectance, especially in the 1400 (±50) nm reflectance
region of the first-order differential, and the different plant species show rela-
tively high heterogeneity, which can help distinguish between Agropyron crista-
tum and Stipa grandis.

3.3 Spectral Absorption Characteristics
As shown in Figure 3 [Figure 3: see original paper], after processing the re-
flectance curves using the envelope removal method, the spectral characteristics
of the visible-light absorption valleys (510–560 and 600–700 nm), the green
peaks, and the 1400–1500 nm regions are amplified. The statistical results (Fig.
4 [Figure 4: see original paper]) show that the maximum value occurs in the
510–560 nm region and the minimum value occurs in the 650–700 nm region.
Additionally, the envelope removal values of the different plant species are con-
sistently ordered as follows: Stipa glareosa > Poa annua > Stipa purpurea >
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Elymus dahuricus > Achnatherum splendens. Achnatherum splendens continues
to show the lowest value in the 1400–1500 nm region. Further, Stipa grandis
and Agropyron cristatum are not easily distinguishable in these specific regions.

3.4 Normalized Differential Ratio
To remove soil background effects and explore the spectral characteristics of
rolled-leaf desert vegetation, we used the normalized differential ratio to process
the spectral data (Fig. 5 [Figure 5: see original paper]). The results show that
vegetation spectral characteristics are relatively obvious in the 1330–1380 nm
region, in which Stipa glareosa has the highest normalized differential ratio,
followed by Poa annua. In the 1000 (±50) nm region, Elymus dahuricus has
the highest differential ratio. In general, field measurements were carried out
during the vigorous vegetation growth period and the measured plants were
healthy. Moreover, the vertical downward distance between the sensor and
vegetation canopy was approximately 10–20 cm, ensuring maximum reduction in
soil background interference. Therefore, no obvious improvement in separability
was observed after normalized differential ratio processing.

3.5 Rolled-Leaf Desert Plant Identification and Accuracy
Verification
Based on our analysis of spectral characteristics, we proposed and verified two
schemes for identification of typical rolled-leaf desert plants in the Hexi Corridor
using hyper-spectral data. The flow diagrams for both schemes are shown in
Figure 6 [Figure 6: see original paper] and are described below.

Scheme A: (1) In the 1400–1500 nm region, Achnatherum splendens has the
lowest average spectral reflectance value; (2) after normalized differential ratio
processing of the spectral curves, Stipa glareosa has the highest value in the
1330–1380 nm region, followed by Poa annua; (3) after removing Achnatherum
splendens, Stipa glareosa, and Poa annua, and using the normalized envelope
method to process the spectral curves, Stipa purpurea has the highest value in
the 510–560 nm region, and Stipa grandis has the lowest value; and (4) after
removing the above five plant species, the red edge amplitude of Agropyron
cristatum exceeds that of Elymus dahuricus. The plant identification sequence
in Scheme A is as follows: Achnatherum splendens, Stipa glareosa, Poa annua,
Stipa purpurea, Stipa grandis, Agropyron cristatum, and Elymus dahuricus.

Scheme B: (1) In the 1400–1500 nm region, Achnatherum splendens has the
lowest average spectral reflectance value; (2) after first-order differential math-
ematical transformation of the spectral curves, Stipa glareosa has the highest
peak value in the 1330–1380 nm region, followed by Poa annua; (3) after re-
moving Achnatherum splendens, Stipa glareosa, and Poa annua, and using the
normalized envelope method to process the spectral curves, Stipa purpurea has
the highest valley value in the 650–700 nm region; and (4) after removing these
four vegetation species, Agropyron cristatum has the highest reflectance value
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in the 1600–1700 nm region, followed by Stipa grandis, while Elymus dahuricus
has the lowest value. The vegetation identification sequence in Scheme B is
as follows: Achnatherum splendens, Stipa glareosa, Poa annua, Stipa purpurea,
Agropyron cristatum, Stipa grandis, and Elymus dahuricus.

We randomly selected three groups of hyper-spectral reflectance data (Figs. 7a–
c) from each of the twenty rolled-leaf desert plant identification test samples. We
obtained the average values of the three datasets (Fig. 7d [Figure 7: see original
paper]) and analyzed the spectral reflectance characteristics. The three-edge
parameters were then extracted (Table 3 ), and the normalized differential ratio
was applied, followed by envelope normalization processing of the reflectance
data.

Figure 7 shows that the spectral reflectance curve data for the rolled-leaf desert
vegetation groups a, b, and c can be distinguished relatively well in the 1400–
1800 nm region, especially in the 1400–1500 and 1600–1700 nm regions. During
processing of the spectral reflectance curves, the peak values in the 1330–1380
nm region and the red edge amplitude, the valley values in the 510–560 nm re-
gion, and the peak values in the 650–700 nm region all show differences between
the spectral curves of different rolled-leaf desert plant types (Table 3).

Table 3 Red-edge parameter statistics of the typical rolled-leaf desert plant
types (×10�³)

Test
group

Poa
an-
nua

Stipa
pur-
purea

Stipa
gran-
dis

Elymus
dahuri-
cus

Achnatherum
splendens

Stipa
glare-
osa

Agropyron
cristatum

Group
a
Group
b
Group
c
Group
d

Note: Group d comprises the average values of the three preceding groups a–c.

To ensure that the selected bands—1400–1500, 1330–1380, 510–560, and 650–
700 nm—are optimal regions for distinguishing different species of rolled-leaf
desert plants, we used independent-samples test methods, Kruskal-Wallis test,
and Median test to check whether significant differences existed among these
spectrum regions (Table 4 ). The results show that these spectrum regions
are useful for differentiating rolled-leaf plant species in the Hexi Corridor. All
four regions pass both tests, indicating that the 1400–1500 and 1600–1700 nm
regions are optimal bands for all types of rolled-leaf desert plant species, while
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the 1330–1380, 510–560, and 650–700 nm regions could facilitate differentiation
of the seven rolled-leaf desert plant species considered in this study.

Table 4 Significant differences test of the rolled-leaf desert plants in selected
spectrum regions

Test
1400–1500
nm

1600–1700
nm

510–560
nm

650–700
nm

1330–1380
nm

Kruskal-
Wallis
test
Median
test

Using schemes A and B, we carried out classification and identification of the
randomly selected rolled-leaf desert vegetation groups a, b, and c, as well as their
average values d. Based on accuracy rate statistics (Table 5 ), we found that both
schemes have 100% identification accuracy for Achnatherum splendens, Stipa
glareosa, and Poa annua. Overall, Scheme A has 100% identification accuracy,
and Scheme B has an accuracy greater than 95%. This shows that the selection
of spectral characteristic bands for identification of the seven typical rolled-leaf
desert plant types in the Hexi Corridor in this study is effective, and that both
schemes can be used successfully.

Table 5 Statistically analyzed accuracy of the rolled-leaf desert plant type
identification

Species Scheme A Scheme B
A. splendens
S. glareosa
P. annua
S. purpurea
S. grandis
A. cristatum
E. dahuricus

Note: a–d indicate the test groups; (1)–(4) indicate identification attempts; √
indicates correct identification; and × indicates incorrect identification.

4.1 Importance of Desert Vegetation Water Content in
Spectral Identification
The four main absorption regions of liquid water are located at the 970, 1200,
1450, and 1930 nm band positions, respectively, which is similar to the re-
flectance spectrum of vegetation leaves and canopy (Gates et al., 1965). Some
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studies have suggested that the 1405–1646 nm bands are sensitive to moisture in
desert vegetation and can reflect its water content (Zhao, 2011). However, other
studies have suggested that the 1374–1534 nm bands show the best correlation
with the water content of desert plants and are characteristic bands for express-
ing water content in vegetation (Zhao et al., 2010). In this study, we find that
the spectral characteristics of rolled-leaf desert plants are well-distinguishable in
the 1400–1800 nm region, within which the absorption valleys around the 1400–
1500 nm intervals and the reflectance peaks around the 1600–1700 nm intervals
are more distinguishable on the spectral curves of various plant types.

After processing the spectral data using the normalized differential ratio and
first-order differential algorithm, the spectral characteristics of some rolled-leaf
desert plant types become more evident in the 1330–1380 nm region. These
characteristic bands, located in the reflectance region controlled by leaf water
content (1250–2300 nm), were used in the identification schemes for rolled-leaf
desert plants in this study with good results. This shows that water content is a
very important parameter for spectral identification of rolled-leaf desert plants.
Prevention of water loss and reduction of transpiration are the main strategies
used by desert vegetation to adapt to arid environments. Therefore, it is neces-
sary to further explore the correlation between the reflectance of different bands
and the water content of desert vegetation. Combining vegetation water content
with other indicators to study the spectral and discriminative characteristics of
desert plant species, and using hyper-spectral data to find more suitable vegeta-
tion indices that can represent vegetation water content (Mirzaie et al., 2014),
can provide a reference for monitoring and species identification in deserts.

4.2 Implications for Accurate Hyper-Spectral Identification
of Desert Vegetation
One advantage of hyper-spectral data is the fine extraction and identification of
target characteristics, and the selection of these characteristics is a key issue in
its application (An, 2014). Through processing and analysis of hyper-spectral
field data, we gain a better understanding of the spectral characteristics and
variation patterns of vegetation communities and improve the accuracy of vege-
tation identification, with good results obtained (Zhang, 2006; Gai et al., 2011).
Although good results are obtained, a larger sample size may increase the dif-
ficulty of identification. The next step is to combine desert vegetation water
content, chlorophyll content, canopy transpiration, tissue structure, and other
indicators to further explore the characteristic bands of various types of desert
plants. Due to harsh natural selection processes, desert plants possess many
unique properties, such as having many branches and few leaves, or having
mostly needle-like or thorn-like leaves. The hyper-spectral characteristics of
desert plants are complex, and widely different spatial characteristics can ap-
pear even for the same type of plant in different seasons. Therefore, various
phenological spectral observations can be combined with diverse vegetation in-
dices and other indicators to carry out more specific vegetation classification
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studies. In addition, due to low desert vegetation coverage and the significant
effect that soil background has on spectral data, finding ways to improve de-
tection or elimination of background information, and combining field mixed
spectral data with pure spectral information or canopy and leaf spectral in-
formation for vegetation identification studies, are currently among the most
important and difficult areas of research related to extraction and recognition
of spectral characteristics of desert vegetation.

5 Conclusions
During the vigorous vegetation growth period in July and August, the locations
of the red valleys (650–690 nm), green peaks (510–560 nm), and three-edge
parameters—namely, the red edge (680–760 nm), blue edge (490–530 nm), and
yellow edge (560–640 nm)—of seven typical rolled-leaf desert plant types in the
Hexi Corridor are essentially consistent with those of the majority of terres-
trial vegetation types. Green peaks in the visible light spectrum are less than
20%. Based on analysis of hyper-spectral reflectance data, we consider that the
main absorption regions of liquid water (i.e., 1400–1500 and 1600–1700 nm) are
optimal bands for distinguishing various types of rolled-leaf desert plants. In
contrast, it is difficult to select characteristic bands for differentiation of various
plant types in the leaf reflectance region controlled by cellular structure (namely,
the 700–1250 nm region). After processing spectral reflectance curves using
various mathematical transformation methods—including first-order differential,
envelope removal, and normalized differential ratio—we identified parameters
useful for improving identification ability using hyper-spectral characteristics of
rolled-leaf desert plants: the 1330–1380, 510–560, and 650–700 nm regions, and
the red edge amplitude. Based on analysis of hyper-spectral reflectance char-
acteristics, we proposed two schemes for identifying various types of rolled-leaf
desert plants in the Hexi Corridor. The identification accuracy rates of these
schemes exceeded 95%, reaching 100% for Achnatherum splendens, Stipa glare-
osa, and Poa annua species. We conclude that the selection of characteristic
bands for identification of typical rolled-leaf desert plant types in the Hexi Cor-
ridor in this study is effective, and that the identification schemes can be used
successfully.
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