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1. Background of riverine runoff and sediment flux study

The Tibetan Plateau is the headwater of more than ten large rivers in Asia, which provide
precious water resources for more than 2 billion people in the region and downstream of the
headwaters (Yao et al., 2015).
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1. Background of riverine runoff and sediment flux study

Approximately one-third of the global sediment fluxes come from the large rivers originated
from the Tibetan Plateau (Milliman and Meade, 1983).
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1. Background of riverine runoff and sediment flux study

During the last 60 years, warming rate in the Tibetan Plateau is almost twice as large as the
global average. Runoff and sediment flux are important indicators of land surface processes

under the influence of climate change.
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2. Variations of riverine runoff on the Tibetan Plateau

Headwater basins of eight major rivers with long-term observation in the Tibetan Plateau were

selected to study riverine runoff and sediment flux variation..
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2. Variations of riverine runoff on the Tibetan Plateau

Overall, multi-year average runoff depth of headwater basins is higher in Southeast and lower

In Northwest of the Tibetan Plateau.

R= 0.357P+ 20.37-6:4(R?=0.94)
- @ Precipitation is the most important

P« i Heihe

Shule River River factor of the average runoff depth,

followed by air temperature as the

second important factor.

Yellow River

@ The runoff depth is positively related to
the temperature, which indicates that
the melt water supplement increase
exceeds the evaporation loss increase
caused by warming over the Tibetan
Plateau as a whole.

9/25



2. Variations of riverine runoff on the Tibetan Plateau

The relationship between annual runoff depth and annual mean air temperature varies among

the headwater basins according to the glacier area ratio.
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2. Variations of riverine runoff on the Tibetan Plateau

During the last 60 years, the temperature of the eight headwater basins all showed significant
Increasing trends, while the precipitation and runoff showed varied trends in different basins.

I Heihe @ Under warming background, the

3 River evapotranspiration in the eight
headwater basins all increased
significantly;

Shule River

@ Precipitation increased in the northern
basins and decreased in the southern
basins;

@ The runoff in most headwater basins

I Evaporation (mm/10a) increased.

I Runoff (10°m?¥/10a2)

Zhang et al., 2019
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2. Variations of riverine runoff on the Tibetan Plateau

Runoff modeling in catchments with different glacier area ratios (GARS) indicated that when

GAR decreases from 20% to <1%, contribution of meltwater reduces from 60% to ~20%.
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3. Variations of riverine sediment flux on the Tibetan Plateau

Compared to the runoff depth, the multi-year average sediment transport modulus of the eight
headwater basins does not show obvious spatial pattern.

Heihe

Shule River
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3. Variations of riverine sediment flux on the Tibetan Plateau

Stepwise multi-variable regression analysis indicates that precipitation is the most important
factor of the multi-year average sediment transport modulus, followed by glacier area ratio.

@ In arid and semi-arid areas with less precipitation, the
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3. Variations of riverine sediment flux on the Tibetan Plateau

During the last 60 years, the sediment flux in the headwater basins of the Tibetan Plateau has
mostly increased.

@ Changing trend of sediment flux was not
exactly consistent with the changing
trend of runoff in each head water basin.

@ The dominating increasing/stable
patterns of sediment flux in rivers of the
Tibetan Plateau without severe
anthropogenic disturbances is quite
different from the decreasing/stable
patterns of large rivers of the world.

- Precipitation (mm/10a)
B Runoff (10°'m*/10a)
I Sediment Load (5x10't/10a)
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3. Variations of riverine sediment flux on the Tibetan Plateau

Spearman's test showed that the correlations between sediment flux and
temperature/precipitation were different. The basins can be separated into two groups.

Decreasing glacier area ratio @ The three headwater basins
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++ Significant level 0.01
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3. Variations of riverine sediment flux on the Tibetan Plateau

Spearman's test showed that the correlations between sediment flux and
temperature/precipitation were different. The basins can be separated into two groups.

Decreasing glacier area ratio
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@ ’ . .
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++ Significant level 0.01
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r 3. Sediment flux changes in the Tuotuo River

Research on the headwater of the Brahmaputra River with GAR of 1.17%, revealed that from
1972 to 2008, temperature, precipitation, glacier runoff, and sediment flux all showed

significant increasing trends, with total runoff showing no significant changing trend.
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r 4. Ongoing work and future perspectives

Carry out in-situ monitoring of water level and Turbidity, to obtain continuous data of runoff

and sediment flux at high altitude river/stream cross sections.
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r 4. Ongoing work and future perspectives

Perform sediment source fingerprinting study to obtain quantitative information on suspended

sediment sources to understand soil erosion and sediment transport processes.

|

1
I 1
| X.\'"i\()‘()"l’ xo"ln'(r'r .\‘&J".fu'n"lf 91)*'10'0"1’ (a) (b) I
: Nianchu River Basin N % E » Contribution from cropland @ Contribution from grassland i é Contribution from cropland @ Contribution from grassland é :
I 1
1 A T I : 704 : 1
b o S ' 9 ' ‘ |
| 200N = 60 = 60 1 |
I Legend 8 % 2 501 :
1 * Outlet of the basin g —E 1
1 e Sampling points g 40 E 40 1 1
I River course -: 5 3 30 4 :
I 3 Cropland 2 30 4 V. 3 . ' \ | 7 ‘L\ - 5 |
I 287300"NT =3 Glacier § R 0.16 < § 20 4 : hes .‘ o Z .
1 B Urban land 0 @ R ) 51 s I
1 Bl Water body 10 1 I 10 4 ,-/"/'Q“--/ |
1 [ Shrubbery o, y e (__A@‘-O_‘- v ® 2 | eg)’/"_,_«- ° ® |
1 Ij: Grassland 0 20 40 " 0 . : 2 - 2 2 8 — - e . — = o r 1
" [ Bare land —_——— KM 0 10 22 30 40 50 1 2 3 4 5 6 7 8 9 |
I Erosive rainfall amount (mm) Average daily rainfall amount (mm) I
I 1
1 . . . . 1
@ Cropland close to the river channel with an area ratio of only 8.6% consistently !
1 5 o 5 4 5 1
! contributed more than 50% of the suspended sediment during the wet period. !
1 I
1 . . . . 1
'@ The relative contributions from the cropland and grassland showed a negative and |
! positive linear relationship with rainfall intensity, respectively, indicating increased !
! sediment connectivity from grasslands to river channels under rainfall conditions. !
b e m m e e e e m e e e e e e e e e e e e e e e e e e = e e = e e = e e e e e = e = = e e = e e e = = = e e = e = e e = = = e = = |

Yang Zhao, Fan Zhang*, Chen Zeng, Xiaonan Shi, Jinyu Kong, Shengi Xie. Quantifying the sources of suspended sediments in the Nianchu River Basin, southern

Tibetan Plateau: evaluation and application of a semiempirical fingerprinting framework. Journal of Hydrology. 2024, 630, 130711 99 /95



r 4. Ongoing work and future perspectives
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Carry out soil erosion and sediment transport modeling to evaluate the impact of temperature,

Sediment yield (Mt)

@ Simulation of runoff and sediment transport in headwater of Yangtze River in the last
30 years indicated that surface runoff decreased with permafrost degradation, along
with NDVI increase, resulting in soil erosion and sediment deposition reduction.
While the total runoff increase caused outlet sediment flux increase.
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r 4. Ongoing work and future perspectives

Gully erosion rate need to be investigated based on in-situ observation and gully erosion

module should be added to distributed soil erosion and sediment transport model.
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