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Figure 1 (Color online) Location of Southeast Xizang and river networks. The lower reaches of the Yarlung Tsangpo: Yarlung Tsangpo Grand Canyon

and its tributaries
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Figure 3 (Color online) Variations of annual precipitation/mean
annual air temperature in last 6 decades at typical meteorological
stations in Southeast Xizang
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Figure 4 (Color online) Variations of measured runoff and suspended
sediment load at Nuxia Gauging Station in the last 6 decades
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Figure 5 (Color online) Composition of the major tributaries of the
lower Yarlung Tsangpo and mean annual runoff & sediment load in
Southeast Xizang
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Figure 6 (Color online) Scientific questions need to be investigated on river hydrology research in Southeast Xizang
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Figure 7 (Color online) Variation & sudden change of water level/temperature at Bangxin Reach, Yarlung Tsangpo Grand Canyon (2021.3.12
15:00:00-2022.3.12 12:00:00). This figure is based on data from the HOBO-U20L-02 water-level logger (collection frequency of 1h). (a) The
variations in water level and temperature at the Bangxin Reach of the Yarlung Tsangpo Grand Canyon from March 1, 2021 to March 12, 2022, covering
the non-flood to flood and then non-flood seasons. Data collection began at 3:00 p.m. on March 12, 2021, and the horizontal main axis was set at 720 h
(30 d). (b) The variations in water level and temperature of the same reach from March 1 to 30, 2021, exhibiting a strong fluctuation in water level on
March 23, 2021. The main horizontal scale was set at 120 h(5 d). Both figures use the relative water depth (i.e., the difference of water level to the
installation position of the logger in vertical direction), where a positive value indicates that the water level logger is underwater, and a negative value
indicates that the logger is above water. It is worth noting that the water level fluctuation on March 23 started at approximately 3:00 a.m., when the water
level was 0.5 m. At 4:00 a.m., the water level suddenly rose to 6.2 m. Subsequently, the water level decreased. By 7:00 a.m., the water level had
decreased to 1 m, and by 1:00 p.m., it was close to 0 m, indicating that the water level was near the installation position of the logger. From 2:00 to 10:00
p.m., the water level was lower than the installation position of the logger, and the monitored temperature data were from the air instead of water. Owing
to the large daily fluctuations in air temperature in the Grand Canyon, the observed temperature increased and decreased violently
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Figure 8 (Color online) Flow/sediment dynamics in Southeast Xizang severely influenced by strong sediment transport caused by natural processes
and human activities. (a) Debris flow from the Sedongpu Gully empties into the Grand Canyon; (b) mass material yielded due to mountain excavation is
an important contribution of sediment input to the Yarlung Tsangpo (photo showing the Bangxin-Linduo Reach in the Yarlung Tsangpo Grand Canyon)
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Southeast Xizang is one of the areas with the highest precipitation, runoff production, sediment yield, and transport on the
Qinghai-Xizang Plateau and is also one of the areas most sensitive to climate change. The hydrological processes of the
rivers in this area are not only affected by regional climate change. However, they are also closely related to changes in the
underlying surface conditions, such as vegetation, glaciers, snow, seasonally frozen ground/permafrost, glacial lakes, and
occasional natural geo-hazards, such as landslides and debris flows. An in-depth understanding of regional river
hydrological characteristics, runoff production, sediment yield, and transport mechanisms, the main influencing factors,
and clarification of runoff/sediment regime changes and future trends in the context of global climate change have
important scientific value and practical significance for the rational development and utilization of flow energy and water
resources in Southeast Xizang, (hydro-)engineering safety and long-term use, as well as scientific mitigation and control of
natural geo-hazards (e.g., debris flow and mountain torrents). Since the 1950s (especially during the past 50 years),
comprehensive field scientific investigations, such as the Qinghai-Xizang Plateau scientific expeditions and the
unremitting efforts of several generations of scientific researchers, relatively deep explorations, and studies on climate,
hydrology, physical geography, geology, and geomorphology in southeastern Xizang have been conducted. This review
systematically summarizes the main progress in river hydrology research in Southeast Xizang, including regional climate
change and its impact, runoff, sediment characteristics, and changes. It discusses also the main challenges of current
research and certain aspects that should be strengthened in the future.

Over the past 70 years, the temperature in southeastern Xizang has increased significantly. Although there is no unified
conclusion on the interannual variation trend of precipitation, analysis based on the observational data of surface weather
stations indicates a weak, increasing trend. The glaciers in southeastern Xizang retreat at an accelerated rate, and the
shrinkage is much greater than in other Qinghai-Xizang Plateau areas. The area and number of glacial lakes in this region
have increased, increasing the potential risk of glacial lake outbursts. Southeast Xizang has high runoff and sediment
production on the Qinghai-Xizang Plateau. Approximately 2/3 (~125 billion m3) of the runoff and more than 90% of the
sediment (suspended sediment ~190 million tons) at the Pasighat in the lower reaches of the Yarlung Tsangpo River
originate from this area (especially the bend area of the Yarlung Tsangpo Great Canyon centered around the Namcha Barwa
and Gyala Peri peaks), the runoff and sediment dynamics in this area hence determine the water and sediment flow in the
lower reaches of the Yarlung Tsangpo River to a considerable extent. Runoff in South Xizang is generally dominated by
precipitation, but the proportion of meltwater is high (up to ~70%) in glacial-intensive watersheds, such as the main
tributaries, Parlung Tsangpo and Yigong Tsangpo. Over the past 60 years, runoff in Southeast Xizang has shown an
increasing trend but with significant fluctuations. Under future climate change scenarios, the runoff in this region is
estimated to show an increasing trend, and sediment production and transport trends are similar but with large uncertainties.
The meteorological and hydrological monitoring in Southeast Xizang is still weak, and flow and sediment data are scarce,
which is a basic problem that future regional river hydrological research should strive to overcome and solve.

Southeast Xizang, climate change, underlying surface condition change, geo-hazards, runoff, sediment
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