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Abstract. Biological crusts (BC) are an organic complex, composed of
bacteria, cyanobacteria, diatoms, green algae, tiny fungi, ground jackets,
and moss plants, as well as other related organisms. BC is distributed about
40% in arid areas, which is one of the important surface landscapes in the
intertwined area between oasis and desert. The relationship between BC
and drought is close, which can be used to monitor desertification and
water resources in remote sensing. However, the current monitoring of BC
uses a simple BC index composed of multi-spectrum to extract its area
distribution in remote sensing, which makes it difficult to accurately detect
its area. This study considers the characteristic bands in the hyper-spectrum
cure and designs a hyperspectral index of BS, i.e., HBCI. The HBCI is
used, and we successfully estimated the area of biological soil crusts
(Kappa=0.86) in the PRISMA image. This finding has help for the regional
climate change research.

1 Introduction
The biological crusts (BC) have been distributed in most desert areas in the world, the
coverage in some semi-fixed deserts can even account for 70% [1]. With the influence of
climate change and human activities, the fractional biocrust coverage in the desert areas has
been severely damaged. The decrease in the fractional biocrust coverage has led to the
erosion of the desert, then this phenomenon increases in the movement of the dunes [2].
Therefore, how to identify BC has attracted much attention. There are many methods to
estimate the area of biological crusts, including direct spectral analysis method, index
method with algebraic operation, and index method based on radiative transfer theory [3].
In the direct spectral analysis method, the characteristic bands that can distinguish between
biocrusts and the ‘background’ (e.g., sand or soil) are selected to analyse the spectrum of
biocrusts, e.g., Wessels and van Vuuren used characteristic bands (green band, red band,
and near-infrared band) to compose false color images to estimate the area covered by
lichen-dominated crusts [4].
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Similarly, 1730nm and 2100nm are used by Ager and Milton to estimate the area covered
by lichen-covered rock surfaces in remotely sensed images [5]. To area of BC in the remote
sensing, Karnieli and Sarafis used the blue band to identify phycobilin in the
cyanobacteria-dominated crusts [6]. In early studies, the direct spectral analysis method
only concentrates on the estimation of a single species of biocrust [7]. To estimate biocrusts
with multispecies, O'Neill (1994) used the 2080nm and 2100nm to estimate the biocrusts
areas [8]. However, biocrusts are organic complexes with mixed spectra, which can cause
uncertainty in the detection results. Therefore, the index method is widely used to estimate
the area of biological soil crusts [9].

Compared with the index method based on radiative transfer theory, the mathematical
physical mechanism of the index method with algebraic operation is relatively easy to
promote. Therefore, index method with algebraic operation is widely used [10]. To estimate
the area of cyanobacterial crusts, a crust index (CI) was developed to extract the area
covered by cyanobacterial crusts in desert areas [11]. However, biocrusts not only include
cyanobacterial crusts but also include lichen-dominated crusts and moss-dominated crusts
in desert areas [12]. Therefore, a biological soil crust index (BSCI) was developed, and
BSCI was successfully estimated area of BC in the Gurbantunggut Desert of China [13].
These indexes are designed based on multi-spectral images [14]. With the development of
hyperspectral remote sensing, more and more the hyperspectral image is used to identify the
land cover in remote sensing [15]. Compared with the previous multi-spectral image, the
hyperspectral image has a significant advantage [16]. The BC is difficult to distinguish
between multi-spectral remote sensing images, hyperspectral image can obtain a more
detailed spectral band, which can be used to analysis the characteristics of the spectral
curve of BC [17].

We try to analyze the characteristic bands of BC and design a hyperspectral index of
BC. In this study, we measured the spectral curve of BC, and then the first derivative and
second derivative were used to determine the characteristic band of BC. The algebraic
operation is used, and a new hyperspectral index of BC was designed, i.e., HBCI.

2 Materials and methods
It is largest fixed semi-fixed desert in China, its area is an area of about 4.88 × 10⁴km². In
this study, we selected the southern edge of the Gurbantunggut Desert in Xinjiang, which is
in the Hui Autonomous Prefecture of Changji, see Fig. 1(a).
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Fig. 1. Map, spectral curve and PRISMA image. (a) Land cover in the Changji of
Gurbantunggut Desert; (b) and spectral curve of BC, soil, and desert vegetation in the
Gurbantunggut Desert; (c) hyperspectral image of PRISMA.

To measure the spectral curve of BC, we have chosen 49 quadrats to collect
samples of BC, including blue-green algae, lichens, and bryophytes. The samples of BC
were brought back to the laboratory and then used an ASD spectrometer (Field Spec3)
to measure these spectrums. To validate the accuracy calculated by the new
hyperspectral index of BS, 49 quadrats were used as a reference to validate. In addition,
to distinguish the differences among BC, soil, and desert vegetation, the spectrum of soil
and the spectrum of desert vegetation are also measured. The spectral curve is shown in
Fig. 1(b). For the hyperspectral image, we used the PRISMA image (Hyperspectral, 2D
products) obtained from April 6, 2022. It includes 237 bands from 400~2500 nm, and
the space resolution is 30 m (Fig. 1(c)). To obtain the surface reflectance, atmospheric
correction was addressed using ENVI software.

To determine the characteristic bands, the first derivative and second derivative are
used, i.e.,

(1)

(2)

Where x represents the reflectance at a certain band. Through the first derivative and
second derivative, we found that 406 nm, 423nm, 527nm, and 934nm are the characteristic
bands (Fig. 2).
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Fig.2. First derivative and second derivative for biological crusts, sand, and desert
vegetation. (a) first derivative calculated from measure data, (b) first derivative
calculated from PRISMA image, (a) second derivative calculated from measure data,(b)
second derivative calculated from PRISMA image.

After the algebraic operation, we designed a new hyperspectral index of BC, i.e.,

Where RB1 is 406 nm, RB3 is 423nm, RB17 is 527nm, and RB59 is 934nm. Fig. 3 show
shows the distinction capabilities of each band.

Fig. 3. The relationship between HBCI in each band.

(3)
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3 Results and discussion
Fig. 4(a) shows results calculated by HBCI. the BC is mainly distributed in the southeast of
the study area (black area). The main reason is that the area is close to the oasis. In the
northern and northeast of the study area, the distribution of BC is relatively scattered, it can
be found that BC and dunes are staggered distribution (yellow and black area). Compared
with the FBC, the area of BC calculated by HBCI and measurement data have a high
correlation (R2=0.8413 in Fig. 4(b)). From the validated results of area, HBCI is used to
distinguish BC and the calculation accuracy of 0.86, when 100 validated points are used.

Fig. 4. The results of BC calculated by HBCI. (a) Distribution map of BC, (b) comparison results
between measuring data and by HBCI. FBC= fractional biocrust coverage.

Table 1. Table of the confusion matrix for HBCI classification

Other Biological crusts
Other 90 10
Biological crusts 4 96

Kappa=0.86 Accuracy=93%

Acknowledgments
This work was supported by the Open Project of the Key Laboratory in the Xinjiang
Uyghur Autonomous Region (grant number: 2022D04051), the National Natural
Science Foundation of China (grant number: 42201390), the Cooperative research
project of "Chunhui Program" of Chinese Ministry of Education (grant number:
HZKY20220609), the university of basic scientific business fees for scientific research
projects in the Xinjiang Uygur Autonomous Region (grant number: XJEDU2022P014),
PhD starts funds of Xinjiang University (grant number: 620321021), the Postdoctoral
Research Foundation of China (grant number: 2021M702748), Tian chi Doctoral

5

BIO Web of Conferences 100, 02035 (2024)	 https://doi.org/10.1051/bioconf/202410002035
IFBioScFU 2024



Program in the Xinjiang Uygur Autonomous Region (grant number: TCBS202127), the
Open Fund for State Key Laboratory (grant number: G2023-02-05), Xinjiang University
Research Institute of Central Asia Project (grant number: 24ZYYB003).

Authors' contribution
The following statements may be used "Conceptualization, X.M.; Methodology, X.M.
K.D.; Software, K.D.; Formal Analysis, K.D.; Investigation, X.M. and H. S.; Resources,
X.M.; Writing – Original Draft Preparation, X.M.; Writing – Review & Editing, X.M.;
Visualization, H. S. and Q. L.; Supervision, X.M.; Project Administration, X.M.;
Funding Acquisition, X.M.”

4 Conclusion
In this study, we used the first derivative and second derivatives to extract the spectral
characteristic bands of typical elements in arid areas, which are 406nm, 423nm, 527nm
and 934nm. These characteristic bands correspond to B1, B3, B17 and B59 bands of
PRISMA image data. Based on this, we designed a new hyperspectral BC index, i.e.,
HBCI. To validate the relationship between HBCI and a single band, we constructed a
feature space diagram between the characteristic band and HBCI. From the results, the
four single bands can distinguish BC, bare land, water body and farmland well, among
which the classification effect of B59 band is better, and the other three bands are also
very important, indicating that the band selection is effective. In summary, the HBCI
proposed by us has a high accuracy in calculating the area of BC, among which the
overall accuracy of BC classification reaches 93%, and the Kappa coefficient reaches 0.86,
indicating that the hyperspectral BC index proposed by us can be well applied to the
extraction of BC in desert or arid areas. In addition, HBCI was highly correlated with
FBC (R2=0.8413), which has a potential area estimate of FBC. Our index represents a
new kind of hyperspectral index and has great application potential in the field of
hyperspectral remote sensing.
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