http://www.scar.ac.cn

Sciences in Cold and Arid Regions
2013, 5(3): 0293–0300
DOI: 10.3724/SP.J.1226.2013.00293

Historical desertification of the Mu Us Sandy Land:
A perspective from the Beidachi section
YinZhou Huang 1,2*, NaiAng Wang 1, HongYi Cheng 1, Ning Ma 1, TingTing Lai 1
1. College of Earth & Environmental Sciences, Lanzhou University, Lanzhou, Gansu 730000, China
2. Cold and Arid Regions Environmental and Engineering Research Institute, Chinese Academy of Sciences, Lanzhou, Gansu
730000, China
*Correspondence to: YinZhou Huang, College of Earth & Environmental Sciences, Lanzhou University. No. 222, South Tianshui
Road, Lanzhou, Gansu 730000, China. E-mail: yzhhuang@lzu.edu.cn
Received: December 24, 2012

Accepted: February 10, 2013

ABSTRACT
Historical desertification of the Mu Us Sandy Land is linked to both environmental changes and anthropogenic activities. This
paper reports on an analysis of grain size parameters as indicative of such changes in the southwestern area of the Mu Us Sandy
Land. Combined with analysis of chronologies and historical records, our results indicate that Beidachi Lake and a nearby seasonal river have retreated continuously in history and that sand dunes appeared at approximately the end of the Ming dynasty. This
study sheds new light on the understanding of spatial-temporal changes of the interior Mu Us Sandy Land in history and has great
significance in revealing environmental changes of the interior region of the Mu Us Sandy Land.
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1 Introduction
The Mu Us Sandy Land in northern China is very sensitive to climatic and land use changes. Its landscapes are diverse and include meadows, grasslands, dunes, and lakes.
Historically, the area has been more propitious for livestock
grazing than other arid and semi-arid areas in China, such as
the Tengery Desert or the Takalamkan Desert. Human occupation and livestock grazing use of the Mu Us Sandy
Land had been continuous since ancient times (Deng et al.,
2001; Hou et al., 2001), making the relationship between
nature and human activity extremely complicated (Wang et
al., 2006; Huang et al., 2009a). Desertification processes in
the Mu Us Sandy Land have been extensively studied since
the 1950s (Hou, 1964, 1973; Zhao, 1981, 1990; Zhu, 1986).
However, there is considerable debate as to the causes of this
desertification, as introduced in the earliest papers on this
problem (Fang et al., 2009; Lu et al., 2010). After the devastating sand storm that occurred in Beijing in 2000, the
government invested more money investigate and combat

the desertification, and since then there have been more
studies of historical desertification, and the importance of
the landscape diversity within the Mu Us Sandy Land has
been elucidated (Sun, 2000; Wang et al., 2012). For example,
Deng et al. (2001) presented that the Mu Us Sandy Land
had been an area full of grassland and dunes in history and
Hou et al. (2001) noted that there were both desert records
and grasslands records in historical archives.
To better understand this issue, the spatial heterogeneity
of the interior Mu Us Sandy Land must be considered. To
the end, this paper reports on our study of a sedimentary
section near Beidachi (BDC) Lake to provide a perspective
on historical landscape changes in the Mu Us Sandy Land.
2 Study area and section description
2.1 Study area
The Mu Us Sandy Land is located at l07°20′E to
111°30′E, and 37°27′N to 39°22′N, with an area of about
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38,000 km2. Located at the margin of the East Asian Monsoonal Zone, this region has a typical continental semi-arid
climate. Mean annual precipitation ranges from 150 mm in
the northwest to 450 mm in the southeast, of which
60%–80% occurs from June to August. The landform of the
study area gently undulates and slopes from southeast to
northwest, with elevations ranging from 1,000 to 1,500 m
a.s.l.. There are three landforms in the area: hard hills resulting from water and wind erosion of bedrock, soft hills consisting of sediments that accumulated during the Quaternary
period, and lower wetlands resulting from shaping of the
Quaternary sediments by rivers and streams (Department of
Geography of Peking University, 1983). The interior of the
Mu Us Sandy Land is mainly composed of semi-stabilized
barchanoid-ridge dunes with heights of 5 to 15 m, and the
highest dune, which is near the city of Otoq Frontier County,
is about 50 m.
The BDC section is located in the southwestern part of
Mu Us Sandy Land, about 4 km east of BDC Lake. The
location of an ancient city, named Beidachi City, is about 2

km west of the study section (Figure 1). Presently, BDC
Lake is nearly dried up. The landscape near the BDC section
is fixed dunes, some of which have been moved for cultivation. A layer of human relics, including some fragile bones,
lies in the BDC section. This layer is easily eroded by wind
and therefore is presently sunken about 10 cm from the surface. Surveying around the BDC section has shown that,
except for the human relic layer, the selected section is typical and thus can be used to study the environmental changes
of this region.
2.2 Section description and sample collection
The BDC section was examined to a depth of 300 cm.
Stratigraphic subdivisions were made in the field based on
the texture and structure of the sediment. Samples were taken every 5 cm; 61 samples were collected and coded from
BDC01 to BDC61. To date the BDC section, two AMS 14C
samples and one OSL dating sample were collected. The
details are summarized in Table 1.

Figure 1 Location and environment of the Beidachi section

Table 1 Description of the section
Depth (from bottom to top)

Color

Grain size

Serial code

Dating method

0–35 cm

Deep yellow

BDC01–BDC07

35–160 cm

Pale yellow

Mediate to coarse sand
Fine sands with some coarse
sands

None
OSL dating
(45–50 cm)
AMS 14C dating
(animal bones)
None

160–180 cm
(human culture layer)
180–300 cm

Taupe
Faint yellow

BDC08–BDC32
BDC33–BDC36

Dune sands

2.3 Chronology construction
The OSL dating was conducted at the Qinghai Institute
of Salt Lakes, Chinese Academy of Sciences, and the AMS

BDC37–BDC61
14

C dating (two samples) was examined in the Chronology
Laboratory of Peking University. The OSL date is 9.09±0.81
ka B.P. and the two AMS 14C dates from the human culture
layer are A.D. 1091±40 and A.D. 1100±40 (calculated to
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calendar date), respectively, indicating that the human culture layer (160 to 180 cm) contains remains of the Xixia
period, a dynasty that existed between A.D. 1038 and A.D.
1227 in northern China. These dating results are coincident
with the date of the BDC ancient city nearby. According to
archaeological excavations, the ancient city was Baichi
County, established in A.D. 709 and inhabited from the
Tang to the Xixia dynasties. In this sense, the human culture
layer contains remains of the Tang and Xixia periods. In
addition, according to historical texts, Baichi County actually originated from the city of Xingning County built in A.D.
618. Therefore, the dates of the human culture layer in the
study section in fact span from about A.D. 600 to A.D. 1200.
This information provides a suitable context for the study of
historical desertification in the Mu Us Sandy Land, enabling
comparison with other studies.
3 Grain size results in the BDC section
3.1 Grain size parameters
Figure 2 demonstrates that the BDC section can be subdivided into five phases. Except the fourth and fifth phases,
other phases are same as the results of field division. Based
on the grain size results, the fourth phase (180–300 cm) divided during field work should be divided into two separate
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phases, that is, the fourth phase (180–240 cm) and the fifth
phase (240–300 cm) in the figure. The chronology shows
that the first phase (0–35 cm) contains the deposits before
the early Holocene thus has nothing to do with historical
times. This phase is disregarded in this paper. The third
phase, which is the layer between 160 cm and 180 cm, contains the deposits disturbed by human activities and cannot
be used as an environmental proxy, and it needs special
analysis.
The parameters of standard deviation and kurtosis are
commonly used in grain size analysis. The value of the
standard deviation often represents the sorting of the sedimentation: the higher the value is, the worse the sediments
are sorted, and vice versa. Kurtosis, which is presented as
positive or negative values, is often used to interpret the
dynamic power of the sedimentation: positive values represent that the sediments are often the result of a single factor,
such as wind or water flow, while negative values always
mean that the sediments are affected by several factors, none
of which dominated the deposition process. Figure 2
demonstrates that, except for the 0–35 cm layer, the deviation value of the 240–300 cm layer is the lowest and the
kurtosis value is the highest, suggesting that this layer is
better sorted. According to our field survey, this layer contains the deposits of present-day dunes and therefore, to
some extent, represents the parameters of dunes.

Figure 2 Curves of the grain size parameters of the BDC section. (a) three grain size component variation curves; (b) the variation of modal
particle size; (c) the variation of standard deviation; and (d) the variation of kurtosis.

The frequency curves of grain size distribution (Figure 3)
also imply that the 240–300 cm layer contains the typical
sediment of dunes. The frequency curve shows a bimodal
distribution with a coarse and a fine component; the coarse
component is well sorted and its mode grain size ranges
from 150 to 350 µm, whereas the fine component is badly

sorted and its mode grain size ranges between 5 and 20 µm
(Long et al., 2007).
From the three parameters discussed above, we can see
that the dunes around the BDC section formed only in the
240–300 cm layer; though the dunes contain considerable
Aeolian sands, they did not form in the 40–240 cm layer.
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This suggests that although the Ordos Plateau climate varied
in historic times, it has always been a so-called
windy-and-sandy plateau.
The grain size parameters of the sample from the human-disturbed layer sharply differ from the other layers.
Because of the human interference, this layer is badly
sorted, the standard deviation is the highest, and the kurtosis is the lowest. Moreover, the grain size parameters of
the layer above this layer abruptly change: the content

of >63-µm (sand) increases, and the content between 2
and 63 µm decreases. Then, soon after, the contents of the
two components gradually return to their original levels.
This implies that, because of the human disturbance of
the vegetation, the surface had been seriously eroded, so
the deposits became slightly coarser. However, as human
left and time passed, the vegetation gradually recovered
and the parameters of grain size returned to their original
levels.

Figure 3 Frequency distributions of grain size from the four layers of the BDC section

3.2 Change of the components >500 µm
The increase of coarse (>500 µm) components has been
interpreted as an indicator of environmental degradation.
This hypothesis has been well validated on loess plateaus,
such as by Ding et al. (1999), who showed that an increase
of coarse components in loess means that more Aeolian
sands were deposited, thereby indicating an increase of winter wind and aridification of the climate. However, this hypothesis has not been validated on sections of desert where
Aeolian sands are the most common materials, because the
sand source would undoubtedly have a great effect on the
sand components. In this study, the sand content with a grain
size >500 µm is low (nearly zero) in the 240–300 cm layer
but high in the 0–240 cm layer, indicating that the sediment
mechanic has changed (Figure 4).
According to TM satellite images and field investigations, there is a seasonal river north of the BDC section and
a lake to the west. Presently, the river has water only when a
relatively large rainfall occurs in summer. In addition, a map
of the Ordos Plateau made in the Qing dynasty shows that a
river flowed from south to north and then into the lake
throughout the Qing dynasty (Gao, 2005). Historical texts on

livestock herding in Mongolia and records of the Qing dynasty also noted that two rivers, namely the Tu River and the
Chisha River, flowed into the lake (Luo and An, 2007).
Therefore, the present seasonal river might be those rivers
recorded in historical archives. Moreover, the TM images
indicate that the size of BDC Lake in history was much
larger than it is today, and this has been verified by field
work.
In this study, the lack of sands >500 µm in the 240–300
cm layer and the variation of the >500-µm content in the
35–240 cm layer cannot be explained in the traditional way.
Generally, a river has a much greater carrying ability than
does wind, and therefore deposits close to a river are coarser
than those from dunes. The variation of >500-µm grain size
components should therefore be highly related to the variation of the river flow. As shown in Figure 5, the process
sequence is that as the river flow gradually decreased and
the river bed moved far away from the BDC section in historical times, the content of the coarse sands gradually decreased and eventually disappeared. Moreover, because of
the decrease of the river flow, the lake area declined and
then the local wind pattern changed, and the amount of
coarse sands further decreased.
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Figure 4 Coarse component variation in the BDC section. The X axle is the height of the section;
the samples in the rectangle are from the human-disturbed layer

Figure 5 Sketch of the deposition pattern around the lake area

However, prior to A.D. 600, the decrease of the river
water flow did not seriously degrade the local environment.
According to the component variation curves, silt (2–63 µm)
increased somewhat while the 63–500 µm sand decreased
over the layer 40–240 cm, which differs sharply from the
240–300 cm layer, which contains about 90% 63–500-µm
sand (Figure 6). These results differ from some previous
studies which had reported that from about 3 ka B.P. the

climate turned somewhat dry and the environment of the Mu
Us Sandy Land extensively degraded (Huang et al., 2007).
Our results can be explained by the fact that the BDC section is close to the aforementioned seasonal river and the
ground water played a great role in supporting the land vegetative cover. This emphasizes that the spatial heterogeneity
of landscapes should be carefully considered when assessing
the desertification of the Mu Us Sandy Land.
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Figure 6 Variation curve of the 63–500-µm grain size component

4 Conclusion and discussion
4.1

Reconstruction of the environmental processes
around BDC Lake

The grain size parameters indicate that the deposits of
the BDC section were affected by wind, river flow, and the
distance to the lake. Combined with anthropogenic activities,
the environmental processes of the BDC section can be described as follows.
(1) 9.09 ka B.P. to A.D. 600: The sediment of the BDC
section was dominated by river flow. The river flow at the
north side of the section was abundant and coarse sands
were deposited in the section. There is no evidence of dunes
around the lake. However, the river flow gradually decreased and the lake area declined, resulting in the decrease
of coarse sands in the BDC section.
During the Qin dynasty, human occupation of the BDC
region was low; only a few Han herders lived in the area.
During the West-Han dynasty, Gouyan County was established southwest of BDC Lake, but there were still not many
people living around the lake because this region was in the
frontier of the Han territory (He and Wang, 2010). In the
East-Han dynasty, Gouyan County was annulled and this
region was still only occasionally utilized by herders. During
the Wei-Jin and North-South dynasties, wars frequently
occurred between the Han people and the herders, and the
Ordos Plateau was controlled successively by the Jie,
Xianbei, Zhi, and Tiefu Xiongnu peoples. In other words,
before the Sui dynasty there were very few people living
around BDC Lake, making it impossible that the local desertification was human-induced. Rather, the decline of the
lake area and the decrease of the river flow were the results
of climate variation.
(2) A.D. 600 to A.D. 1100: This region was under the
control of Yanzhou, which was originally Yanchuan Jun in
the Sui dynasty. According to historical archives, the only
county under Yanzhou was Wuyuan, which was located in
the present Dingbian County, Yulin, Shaanxi Province, indicating that no city was established around BDC Lake during that period. However, Xingning City was established in
Yanzhou during the Tang dynasty, and the aim of that city

was to administer the salt industry at BDC Lake. The relics
of the BDC ancient cities are probably the remains of
Xingning County. Therefore, during the Tang and Xixia
periods the region around BDC Lake was extensively utilized by humankind. However, at the end of Tang dynasty,
the BDC Lake region was controlled by JiQian Li, who was
the leader of the Xixia dynasty, and wars frequently took
place between the Tang and Xixia governments. Several
published texts suggest that the environmental decline of
Xingning County was to some extent the result of these wars.
For example, the size of BDC Lake should be much larger
than it is today because the original purpose of establishing
Xingning County was to manage the salt industry of lake;
therefore, Xingning County should have been close to the
lake when it was built. Given the effects of the river and the
lake, the ground water was high and the vegetation around
the lake was much better than it is today. Although some
locations might have been agro-exploited, the major industry
was to extract salt from BDC Lake.
(3) A.D. 1100 to the timing of the appearance of the
dunes (at the end of the Ming dynasty): After the Xixia dynasty, the BDC Lake region was occupied by Mongolians
and the population sharply decreased. The environment that
had been degraded gradually improved as the disturbed vegetation recovered after human occupation declined. The
grain size parameters also indicate that the rehabilitated environment was similar to the environment prior to A.D. 600.
Nevertheless, the river flow gradually decreased and the lake
area declined, causing the content of coarse components to
decrease during this period.
(4) From the end of the Ming dynasty to the present: The
environment sharply degraded at the beginning of this period and dunes began to form. Based on our interpretation
of the deposition processes of the BDC section, the dunes
appeared long after A.D. 1100. The climate was relatively
warm during the Yuan dynasty (Gao et al., 2006) and few
people lived in this region, so desertification could not
have occurred during the Yuan dynasty. Therefore, the
timing of the appearance of dunes around this region
should be in the Ming dynasty or later. The OSL chronologies from Zhou et al. (2005) and He Z et al. (2010) indicate that the latest historical desertification should have
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occurred at about 0.3 ka B.P. Also, based on the overlying
pattern of the sediments, Huang et al. (2009a) observed
that the latest desertification in history occurred at the end
of the Ming dynasty. In other words, this phase of desertification evidenced by the BDC section was coincident with
most previous studies.
Nevertheless, there is a possibility that the boundary of
the desert expanded in this phase of desertification, and
this needs more study. For example, based on interpretation of remote sensing images and field surveys, Deng et al.
(2007) pointed out that the boundary of the Mu Us Sandy
Land expanded slightly from the Ming dynasty to the present. Furthermore, based on an analysis of the environment
of the Ming Great Wall, Huang et al. (2009b) noted that
the environment of the south side of the Ming Great Wall
had been desertified when the Great Wall was built (about
A.D. 1473).

4.2 Implications for the historical desertification of the
Mu Us Sandy Land
Historical texts concerning the environment of the Mu
Us Sandy Land over the past 2,000 years are ambiguous (Hou,
2009). Some describe the environment as fertile and some
describe it as desolate, and both descriptions can be seen in
each historical time (Table 2). In our study, the BDC section
plays an important role in clarifying the historical texts. Our
results show that past climate variation did not change the
nature of the Ordos Plateau; for 2,000 years it has always been
(and still is) a windy-and-sandy plateau. Although the extent
of desertification has varied, dunes existed in some locations
during the whole historical time. Other locations, such as near
rivers and lakes and where there is sufficient ground water,
have had relatively better environments and are recorded in
historical archives as "full of grassland."

Table 2 Selected historical text descriptions of the Mu Us Sandy Land environment
Period

Records

Positive description
Archive source

Records

Negative description
Archive source
Bamboo slip of Han period excavated from Zhangjia Shan

Qin-Han

"A fertile region full of
grassland"

Houhan Shu

"Desolate"

Wei-Jin

"It’s a beautiful place and
better than somewhere
else"

Description of the Tongwan
City. Records of States in Yuanhe Years

"Deep sands in the
way"

Weishu, biography of Diao
Yong

Sui-Tang

"The grassland is great"

Poems of Lee Yee

"Dunes are widespread"

Poems of Lee Yee

Ming-Qing

"Vegetation is luxuriant"

Xunbian Zonglun by Wei
Huan

"A sandy land"

Record of Ningxia in
Jiajing Time

As previously noted, the Mu Us Sandy Land contains
diverse landscapes. Our study of the BDC section therefore
only addresses environmental changes in locations near the
lake or river areas. The shrinkage of the lake area and the
decrease of the river flow are the two most important factors
affecting the environmental changes. These two processes
have taken place in the Mu Us Sandy Land throughout history and they have been well reflected by studies of the relationship between the locations of ancient cities and surface
water environments in history (He TH et al., 2010). Indeed,
many lakes recorded in historical archives have disappeared
at present, such as Chengchuan Lake which gradually dried
up after the Tang dynasty, and Tiezhu Spring and the lake
areas around the ancient city of Baoning of the Ming dynasty, both of which were dried up from the Ming dynasty to
today. Although the reasons for the decrease of these water
bodies in history are still unknown, one dominant factor is
the aridification of the climate over historical time. Another
factor, as pointed out by Dong et al. (1983), is that the Ordos
Plateau has been lifting during historical time, resulting in
the erosion of the Wuding River and more water flowing out

of this region. These types of degradation of the water environment undoubtedly accelerate the environmental degradation. The process sequence is that dunes gradually occupy a
river bed and scattered dunes finally form sandy land. Thus,
changes of the water environment play an important role in
the process of long-term desertification. Therefore, the study
of historical desertification should consider the patterns of
historical desertification and the responses of different temporal and spatial dimensions.
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