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Spatiotemporal variations of spring phenology in meteorology, hydrology, and
vegetation in grassland regions on Qinghai-Xizang Plateau

Lu Jin, Zhang Donghai, Huang Mengxiao, Shen Dongze
(College of Geomatics, Xi'an University of Science and Technology, Xi"an 710054, China)

Abstract: [Objective] Under the background of global warming, the grassland ecosystem structure on the
Qinghai-Xizang Plateau is extremely sensitive to climate change. This study systematically investigates the
spatiotemporal variation characteristics and relationships of spring phenology in grassland regions on the Qinghai-
Xizang Plateau from three aspects: meteorology, hydrology, and vegetation, thereby providing a scientific basis
for formulating effective ecological risk management policies. [ Methods] The start of thermal growing season at

5°C (STGS_5), snow cover melt (SCM) period, and start of the growing season (SOS) in grasslands from 2001
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to 2018 were extracted based on remote sensing data. The spatiotemporal variations and quantitative relationships
of these phenological indicators were analyzed. [ Results] (1) The grasslands on the Qinghai-Xizang Plateau were
mainly distributed in the plateau subfrigid zone and the plateau temperate zone of the northern Qilian-Eastern
Qinghai Highland Basin. The spatial distribution of its SOS showed a gradual delay from east to west,
corresponding to the distribution of climatic humidity and aridity. The spatial distribution of STGS_5 generally
showed a gradual delay from south to north. Meanwhile, influenced by altitude, STGS_5 occurred significantly
earlier in low-altitude regions such as the Qaidam Basin and the Qilian-Eastern Qinghai Highland Basin in the
north, as well as in the Yarlung Zangbo River Valley in the southwest. The spatial distribution of SCM period was
affected by altitude, with SCM generally occurring later in alpine regions. As the altitude decreased, SCM period
gradually advanced. In the arid and semi-arid regions of the western and northern parts, the SCM period occurred
significantly earlier (20 to 60 days) due to lower precipitation. SOS and STGS_5 in the alpine meadow regions
were earlier than those in the alpine grassland regions. (2) In recent years, the SOS in grasslands on the Qinghai-
Xizang Plateau mainly showed an advancing trend, with an overall advance rate of 2.1 days per decade (p<<0.05).
The SCM period in alpine meadows did not show a significant advancing trend, while in the alpine grassland
regions it advanced at a rate of 3.8 days per decade (p<<0.05). Within the plateau subfrigid region, STGS_5
showed a significant advancing trend, while SOS advanced in the eastern humid regions but delayed in the arid
regions. (3) The relationship of STGS with SCM and SOS on the Qinghai-Xizang Plateau was not obvious, and
the variation of the latter may be jointly controlled by precipitation and temperature. In particular, in the semi-arid
grassland regions, the SCM period and SOS in grasslands showed a significant negative correlation, indicating
that later melt was more favorable for earlier SOS of local vegetation. [ Conelusion] SCM period advances with
decreasing altitude. The SOS in grasslands shows an earlier onset in the east and a later onset in the west. SOS
and STGS_5 in the alpine meadow regions occur earlier than those in the alpine grassland regions. Under climate
warming, SOS in the eastern humid regions is earlier, while that in the arid regions is delayed due to water stress.
SOS is jointly regulated by water and heat. In semi-arid regions, later SCM (which increases soil moisture)
promotes earlier vegetation green-up, highlighting the key impact of the snow-water coupling in arid regions on
ecological processes.
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Fig.3 Spatiotemporal variation characteristics of snow cover melt period on Qinghai-Xizang Plateau (2001—2018)
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