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Abstract
The Hexi region is situated in the transitional zone between the Qinghai-Tibet
Plateau region and the northwest arid region, and constitutes an important
corridor for advancing the great Belt and Road strategic initiative. Simultane-
ously, this region is also one of the areas most severely affected by desertification
in China. This study analyzes the dominant factors driving desertification in
the region over the past 1 ka through a comprehensive comparative analysis of
published aeolian sand accumulation events in the Hexi region with historical
warfare, population size, and precipitation variations. The results demonstrate:
(1) Over the past 1 ka, desertification in the Hexi region mainly occurred during
the periods of 0.91 ka, 0.74 ka, 0.68 ka, 0.44 ka, 0.32, 0.24 ka, 0.18-0.12 ka, and
<0.1 ka; (2) Desertification during the periods of 0.91 ka, 0.74 ka, 0.68 ka, 0.44
ka, and 0.24 ka exhibited a sensitive response to high-intensity warfare activities,
while desertification during the 0.32 ka period was a response to low regional
precipitation; (3) Desertification over the past 200 a has been a response to
rapid population growth.

Full Text
Abstract
The mechanism of desertification has always been a hotspot of academic research.
The Hexi region, located in the transitional zone from the Qinghai-Tibet Plateau
to the arid area in Northwestern China, is a key region for construction of
the Belt and Road Initiative. Hexi area is the bridge of material and cultural
interaction between East and West China during historical period; meanwhile,
Hexi is also one of the areas with the most serious desertification in China.
The worsening desertification has seriously affected the development of local
economy and culture and threatened the smooth implementation of the Belt
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and Road Initiative. Therefore, grasping the causes and evolution mechanisms
of desertification clearly in Hexi area will have great significance in formulating
desertification control strategies and controlling desert expansion.

The ecology and environment in Hexi area is very sensitive to the intensity of
human activities and to climate change. A large number of studies have shown
that desertification was controlled by climate change before 3 ka, and then
human activities gradually became the dominant factor of desertification after 3
ka. But the way in which human activities affect the desertification process has
not been reported. Based on coupling with histories of desertification, warfare,
variation of the population and climatic background, this paper analyzed the
mechanism of desertification over the past 1 ka.

The following results were obtained: (1) During the latest 1 ka, desertification
in the Hexi region happened in intervals of 0.91 ka, 0.74 ka, 0.68 ka, 0.44
ka, 0.32 ka, 0.24 ka, 0.18–0.12 ka and <0.1 ka. (2) Desertification sensitively
responded to intensified human activities except that happened at around 0.32
ka as a consequence of low precipitation. (3) Desertification during the recent
200 years is a response to rapid growth of human population.

Main innovation points of this paper include as follows: (1) There were 8 de-
sertification processes occurred in the Hexi area during the latest 1 ka. (2)
The wars occurred in the region was regarded as a strong human activity on
desertification in the paper.

Keywords: mechanism of desertification; Hexi region; Silk Road Economic
Belt

2. Data and Methods
2.1 Study Area and Chronological Framework

The Hexi Corridor represents a critical transitional zone between the Qinghai-
Tibet Plateau and the arid interior of Northwest China. To reconstruct the
spatial and temporal patterns of desertification over the past millennium, we
compiled geomorphological and chronological data from aeolian deposits across
the region. The chronological framework was established using optically stimu-
lated luminescence (OSL) and radiocarbon dating, with ages expressed in kilo-
annum (ka) before present.

2.2 Spatial Database Construction

We systematically collected data on dune accumulation events from published
literature and field investigations. Geographic coordinates and chronological
information were standardized and integrated into a GIS database for spatial
analysis. The dataset includes 13 sampling locations spanning the entire Hexi
Corridor, from the Shiyang River basin in the east to the Shule River basin in
the west.
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Table 1. Spatial and temporal distribution of dune accumulation in the Hexi
region during the latest 1 ka

Sample ID Latitude Longitude Age (ka)
B0719 39°42�07�N 105°44�03�E <0.1
TD13-5 39°43�56.9�N 105°33�19.5�E <0.1
TD13-6 39°32�36.3�N 105°28�46.2�E <0.1
TGL-4-4 39°34�12.9�N 105°31�45.6�E <0.1
TGL-5-2 39°36�12.5�N 105°35�07.5�E <0.1
TGL-5-3 39°44�11.3�N 105°34�21.9�E <0.1

40°02�56.25�N 103°53�46.11�E 0.12±0.03
39°39�22.94�N 103°09�32.31�E 0.18±0.01
39°13�37.37�N 104°35�06.55�E 0.91±0.06
39°19�59.98�N 104°47�19.09�E <0.1
37°25�58.8�N 104°17�56.40�E 0.09±0.01
37°25�58.8�N 104°18�0�E 0.68±0.05
37°25�58.8�N 104°18�0�E 0.32±0.02

[Figure 1: see original paper]

Figure 1. Geographical setting of the Hexi region

2.3 Integration of Historical Records

Historical documents, including county annals, military records, and census
data, were digitized and georeferenced to quantify human activity intensity.
Special attention was paid to warfare frequency and population fluctuations,
which served as proxies for anthropogenic pressure on the landscape. Climate
proxy data from tree-ring reconstructions and ice core records were synchronized
with the desertification chronology to disentangle natural and anthropogenic
forcings.

3. Results
3.1 Temporal Pattern of Desertification Events

Our analysis identified eight distinct phases of enhanced aeolian activity and
dune mobilization during the past millennium. These occurred at 0.91±0.06 ka,
0.74 ka, 0.68±0.05 ka, 0.44 ka, 0.32±0.02 ka, 0.24 ka, 0.18–0.12 ka, and <0.1
ka. The 0.91 ka event represents the most extensive desertification phase, while
the <0.1 ka event corresponds to historical desertification recorded during the
modern era.
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3.2 Human Activity Intensity

Warfare emerged as a critical factor destabilizing the landscape, particularly
during the 0.68 ka and 0.44 ka intervals, which correspond to periods of
military conflict documented in historical records. Population pressure showed
exponential growth after 0.24 ka, coinciding with agricultural expansion
into marginal lands. The correlation coefficient between population density
and desertification extent reached $ n (cid:150) ⋯1 % g ‰ (cid:190) ¿
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4. Discussion
The coupling analysis reveals that seven out of eight desertification episodes
were closely associated with intensified human activities, including military cam-
paigns, land reclamation, and overgrazing. The exception at 0.32 ka coincided
with a severe drought event recorded in regional tree-ring reconstructions [?],
indicating climate-driven desertification.

The spatial pattern shows that desertification was most severe in the eastern
Hexi Corridor (Shiyang River basin), where population density was highest.
The western regions (Shule River basin) exhibited more localized dune activity,
primarily along river courses where oasis agriculture was concentrated.

5. Conclusion
Desertification in the Hexi region during the past millennium was predominantly
driven by human activities, with warfare and population growth being the pri-
mary forcing factors. Climate played a secondary but important role, particu-
larly during multi-decadal drought periods. The recent acceleration of desertifi-
cation (<0.1 ka) reflects unprecedented anthropogenic pressure and highlights
the urgent need for sustainable land management strategies in this critical region
of the Belt and Road Initiative.
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