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Response of physical erosion rates to
climate changes within the Lake Qinghai catchment
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(1. State Key Laboratory of Loess and Quaternary Geology, Institute of Earth Environment,
Chinese Academy of Sciences, Xi’an 710061, China; 2. Bureau of Hydrology and Water Resources of
Qinghai Province, Xining 810001, China)
Abstract: Background, aim, and scope Whether climate controls erosion rates is still controversial. Some
found significant correlations between erosion rates and climate (e.g. precipitation, discharge), and others
didn’t. In addition, Previous studies were mainly focused on high precipitation and tectonic active regions,
such as the Taiwan, Alps, Andes and Himalayas, whereas the study in low precipitation area remains scarce.
Lake Qinghai catchment, located in the NE Tibetan Plateau, is quite sensitive to climate changes. The detailed
hydrological and meteorological data in the Lake Qinghai catchment provides a good opportunity to in depth
understand the effects of climate factors on erosion rate in arid/semi-arid regions. Materials and methods
The daily air temperature, water discharge, precipitation and suspended particulate material (SPM) were
monitored over a whole year period in the Buha River hydrological station in 2007 and the Shaliu River
station in 2009. The water discharge was monitored twice a day, and when in flood periods, the monitoring

frequency was increased to 4—35 times one day. The daily SPM concentration was measured only from the
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period of May to October, since the SPM was extremely low during dry seasons. The physical erosion rates
(PER) were calculated by daily SPM concentration multiplied water discharge. Results The results showed
that the courses of air temperature, water discharge, precipitation and suspended river sediment in the Buha
and Shaliu Rivers exhibited great seasonal variations with their high values during the monsoon seasons and
low values during the dry seasons. In the Buha River catchment, the total precipitation was 389.8 mm in
2007, and the mean daily air temperature and water discharge during a year ranged from —20.5°C to 16.5°C
and from 2 m’-s™' in February to 220 m’+s ™' in August, respectively. In the Shaliu River catchment, the
annual precipitation was 431 mm in 2009, with the mean daily air temperature and water discharge ranging
from —25.5°C to 12 °C and 0.1 m’-m ' in February to 107 m’-s "' in July, respectively. It is observed that the
daily SPM concentrations vary from <0.001 kg-m in the dry season to 2.280 kg-m in the monsoon in the
Buha River, and from <0.003 kg-m to 2.350 kg-m " in the Shaliu River. Seasonal PER exhibits significant
changes in the Buha and Shaliu Rivers. The SPM fluxes vary from <I tons-day ' in the dry season to
23155 tons-day ' in the monsoon in the Buha River, and from <1 tons-day ' to 21078 tons-day ' in the Shaliu
River. Discussion The relationships between temperature and erosion rates were weak (R is 0.22 and 0.17 in
the Shaliu and Buha River, respectively), whereas the water discharge showed good correlation with erosion
rates (R” is 0.77 and 0.68 in the Shaliu and Buha River, respectively). In addition, some samples with abnormally
high physical erosion rates were corresponded to heavy rain events. In the Shaliu River, a 26 mm rainfall
within 5 hours on 15th, July generated 21078 tons of SPM, accounting for 35.2% of the total year flux in 2009,
whereas totally 92 mm rainfall in the entire August only contributed 6937 tons. Similarly, a highest daily rainfall
(20 mm) in the Buha River brought in a highest SPM flux on 18th July, and produced 22.5% of the total year flux
in 2007. Meanwhile, it was also observed that at a given discharge, the suspended sediment flux was generally
higher from May to June than from July to October in both river catchments, indicating that freezing processes
before monsoon and input of eolian dust in spring season provided large volumes of fine materials which was
finally flushed out at the onset of monsoonal rainfall resulting in the high suspended sediment fluxes during the
pre-monsoon period. Conclusions In the Lake Qinghai catchment, water discharge and precipitation controls
erosion rates, but temperature shows only a weak control. The most important is that precipitation intensity rather
than total rainfall volume or discharge finally determines the erosion rates. One storm rain event can produce
more than 30% of the total yearly suspended river sediment flux. Higher erosion rates during pre-monsoon
period than mid- and post-monsoon are ascribed to freezing erosion and eolion dust input. Recommendations
and perspectives We firstly detailed discussed whether temperature, discharge and precipitation control
physical erosion rate in the two largest rivers in the Lake Qinghai catchment, which are critical to explore their
relationships at arid/semi-arid climate condition. Also, this study is significant for understanding the relationship
between deposition rate of Lake Qinghai sediment and paleoclimate changes over long-time scale.
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