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1. General situation of major 1. General situation of major 
Chinese riversChinese rivers



China is a vast country of 9.60 million km2 territory. The topography 
is high in the west and low in the east. Most of the major rivers flow 
from west to east, emptying into the Pacific Ocean



China mainly lies in two climate zones, i.e., the temperate zone and 
the tropical zone. Most of the territory is in the northern temperate zone 
and subtropical zone. The mean annual precipitation is as high as over 
1500 mm in the regions along the southeastern coast and decreases 
gradually toward inland, reaching less than 50 mm in northwest

Long-term mean annual precipitation in China

Long-term mean annual 
precipitation (mm)

Yellow R.

Yangtze R.



River SelectionRiver Selection
China Gazette of River Sedimentation has been published 

in China annually since 2000. 10 rivers are selecte d from 
the Gazette for the study.



Ten large rivers are located in 4 typical regions in China. 

(1) Pearl River  in the subtropical zone: in South China. It has 3 main tributaries: 
the Xijiang(10), Dongjiang(9) and Beijiang Rivers. 

(2) Yangtze River(6), Huaihe River(5), Qiantang River(7) and Minjiang River(8) in 
the temperate zone of wet climate. The Yangtze River is the largest river in 
China with a catchment of 1.80 million km2. 

STATIONS
1. Harbin on Songhua R.
2. Tieling on Liao R.
3. Yanchi on Yongding R.
4. Lijin on Yellow R.
5. Bengbu on Huai R.
6. Datong on Yangtze R.
7. Lanxi on Qiantang R.
8. Zhuqi on Min R.
9. Boluo on East R.
10. Gaoyao on West R.

(3) Yellow River(4), Yongding
River(3) and Liaohe
River(2) in the temperate 
zone of dry climate. The 
Yellow River is the second 
largest river in China 

(4) Songhua River(1) in the 
frigid zone. The Songhua 
River is a main tributary of 
the Heilong River (Amur 
River). 
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2. Long2. Long --term hydrological term hydrological 
characteristics of 10 large riverscharacteristics of 10 large rivers



2.1 Long2.1 Long--term term 
precipitation dataprecipitation data

Table 1 Mean annual Table 1 Mean annual 
precipitation depths precipitation depths 
at meteorological at meteorological 
stationsstations

The table presents The table presents 
LongLong--term mean term mean 
annual precipitation annual precipitation 
depths and shortdepths and short--
term (in the past 10 term (in the past 10 
years) mean annual years) mean annual 
precipitation depths precipitation depths 
in the relevant in the relevant 
catchments of the catchments of the 
studied rivers. studied rivers. 

River Meteorological 

station 

Data period Long-term mean PL 

(mm) 

Short-term mean 

P10 (mm) 

P10/PL 

Songhua Nenjiang 1951-2006 482.5 427.7 0.89 

Songhua Mudanjiang 1951-2006 545.9 515.2 0.94 

Liaohe Chifeng 1951-2006 367.0 357.8 0.97 

Liaohe Siping 1951-2006 635.6 582.8 0.92 

Yongding Huailai 1954-2006 390.6 352.6 0.90 

Yellow Dari 1956-2006 542.81 543.16 1.00 

Yellow Lanzhou 1951-2005 313.83 289.46 0.92 

Yellow Yulin 1951-2006 396.93 373.13 0.94 

Yellow Zhenzhou 1951-2006 639.88 656.02 1.03 

Huaihe Zhumadian 1958-2006 975.2 1018.9 1.04 

Huaihe Bozhou 1953-2006 808.4 886.6 1.10 

Yangtze Tuotuohe 1957-2006 279.4 309.7 1.11 

Yangtze Qumalai 1957-2006 402.5 401.0 1.00 

Yangtze Yushu 1953-2006 480.6 476.3 0.99 

Yangtze Ganzi 1951-2006 645.3 657.3 1.02 

Yangtze Xichang 1951-2006 1020.0 1085.4 1.06 

Yangtze Chengdu 1951-2003 904.4 815.1 0.90 

Yangtze Shapingba 1951-2006 1087.3 1103.5 1.01 

Yangtze Youyang 1951-2006 1350.6 1355.7 1.00 

Yangtze Changde 1951-2006 1350.0 1453.3 1.08 

Yangtze Zijiang 1951-2006 1264.5 1272.0 1.01 

Yangtze Lingling 1952-2006 1431.1 1502.7 1.05 

Yangtze Ji’an 1952-2006 1506.4 1603.6 1.06 

Yangtze Nanchang 1951-2006 1612.6 1744.8 1.08 

Yangtze Yichang 1952-2006 1154.4 1121.1 0.97 

Yangtze Wuhan 1951-2006 1263.6 1277.4 1.01 

Yangtze Nanjing 1951-2006 1051.7 1093.0 1.04 

Qiantang Quzhou 1951-2006 1669.4 1653.8 0.99 

Minjiang Yong’an 1951-2006 1565.0 1600.1 1.02 

Dongjiang Heyuan 1953-2006 1939.6 1920.6 0.99 

Xijiang Wuzhou 1951-2006 1481.0 1457.4 0.98 

Mean     1.00 



The ratios of the shortThe ratios of the short--term mean annual term mean annual 
precipitation depth to the corresponding precipitation depth to the corresponding 
longlong--term mean annual precipitation depth term mean annual precipitation depth 
range (0.89range (0.89--1.11) with an average of 1.00. 1.11) with an average of 1.00. 

The figures show that the variation trend of The figures show that the variation trend of 
the shortthe short--term precipitation depths were term precipitation depths were 
almost in a normal state compared with almost in a normal state compared with 
the longthe long--term precipitation depths.term precipitation depths.



2.2 Long2.2 Long--term and recent 10term and recent 10--year mean year mean 
annual runoffs and annual sediment loadsannual runoffs and annual sediment loads

Table 2 LongTable 2 Long--term and recent 10term and recent 10--year specific discharges year specific discharges 
and rates of erosion of 10 large rivers in Chinaand rates of erosion of 10 large rivers in China

Specific discharges 

l.s-1.km-2 

Rate of erosion 

t.km-2.a-1 

Sediment concentration 

Kg.m-3 
River Station 

Catchment 

area (km2) 
Data period 

Long-term 

mean Q 

10-yr 

mean Q10 
Q10/Q 

Long-term 

mean E 

10-yr 

mean E10 
E10/E 

Long-term 

mean S 

10-yr 

mean S10 
S10/S 

Songhua Harbin 389769 1955-2005 3.45 2.96 0.86 16.7 12.3 0.74 0.153 0.132 0.863 

Liaohe Tieling 120764 1954-2005 0.80 0.45 0.56 103.5 23.4 0.23 4.10 1.65 0.402 

Yongding Yanchi 43674 1963-2005 0.48 0.24 0.50 3.1 0 0 0.205 0 0 

Yellow Lijin 752032 1952-2005 1.32 0.46 0.35 1034.5 256.1 0.25 24.8 17.6 0.710 

Huaihe Bengbu 121330 1950-2005 6.99 6.47 0.93 75.5 42.8 0.57 0.342 0.210 0.614 

Yangtze Datong 1705383 1950-2005 16.80 17.56 1.05 242.7 164.7 0.68 0.458 0.297 0.648 

Qiantang Lanxi 18233 1977-2005 28.75 28.16 0.98 108.7 87.9 0.81 0.120 0.0989 0.824 

Mingjiang Zhuqi 54500 1950-2005 31.13 32.09 1.03 110.1 42.9 0.39 0.112 0.0424 0.379 

Dongjiang Boluo 25325 1954-2005 28.89 27.64 0.96 97.0 57.6 0.59 0.106 0.0661 0.624 

Xijiang Gaoyao 351535 1957-2005 19.86 20.40 1.03 193.4 134.1 0.69 0.309 0.208 0.673 



(1) Except the Songhua River and the (1) Except the Songhua River and the YongdingYongding River, the longRiver, the long--term specific discharges term specific discharges 
of the remaining 8 rivers increase from north to south.of the remaining 8 rivers increase from north to south.

(2) As for the long(2) As for the long--term rate of erosion, the Yellow River is the largest, the Yangtterm rate of erosion, the Yellow River is the largest, the Yangtze River ze River 
is the second, and the Songhua River is the smallest. This fact is the second, and the Songhua River is the smallest. This fact indicates that the rate of indicates that the rate of 
erosion of a river depends not only on water flow, but also the erosion of a river depends not only on water flow, but also the topography, topography, erodibilityerodibility of of 
soil, vegetative cover, land use, etc. of the catchment. Such a soil, vegetative cover, land use, etc. of the catchment. Such a situation makes the change situation makes the change 
in rate of erosion in different catchments differ greatly. in rate of erosion in different catchments differ greatly. 

Specific discharges 

l.s-1.km-2 

Rate of erosion 

t.km-2.a-1 

Sediment concentration 

Kg.m-3 
River Station 

Catchment 

area (km2) 
Data period 

Long-term 

mean Q 

10-yr 

mean Q10 
Q10/Q 

Long-term 

mean E 

10-yr 

mean E10 
E10/E 

Long-term 

mean S 

10-yr 

mean S10 
S10/S 

Songhua Harbin 389769 1955-2005 3.45 2.96 0.86 16.7 12.3 0.74 0.153 0.132 0.863 

Liaohe Tieling 120764 1954-2005 0.80 0.45 0.56 103.5 23.4 0.23 4.10 1.65 0.402 

Yongding Yanchi 43674 1963-2005 0.48 0.24 0.50 3.1 0 0 0.205 0 0 

Yellow Lijin 752032 1952-2005 1.32 0.46 0.35 1034.5 256.1 0.25 24.8 17.6 0.710 

Huaihe Bengbu 121330 1950-2005 6.99 6.47 0.93 75.5 42.8 0.57 0.342 0.210 0.614 

Yangtze Datong 1705383 1950-2005 16.80 17.56 1.05 242.7 164.7 0.68 0.458 0.297 0.648 

Qiantang Lanxi 18233 1977-2005 28.75 28.16 0.98 108.7 87.9 0.81 0.120 0.0989 0.824 

Mingjiang Zhuqi 54500 1950-2005 31.13 32.09 1.03 110.1 42.9 0.39 0.112 0.0424 0.379 

Dongjiang Boluo 25325 1954-2005 28.89 27.64 0.96 97.0 57.6 0.59 0.106 0.0661 0.624 

Xijiang Gaoyao 351535 1957-2005 19.86 20.40 1.03 193.4 134.1 0.69 0.309 0.208 0.673 
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(3) As for the long(3) As for the long--term sediment concentration, the Yellow River still term sediment concentration, the Yellow River still 
stands on the top, the stands on the top, the LiaoheLiaohe River becomes the second, and the River becomes the second, and the 
Yangtze River stands third. The smallest values occur in the Yangtze River stands third. The smallest values occur in the QiantangQiantang, , 
MinjiangMinjiang, , DongjiangDongjiang, and Songhua Rivers. This manifests the , and Songhua Rivers. This manifests the 
complexity of relationship between runoff and sediment load.complexity of relationship between runoff and sediment load.

Specific discharges 

l.s-1.km-2 

Rate of erosion 

t.km-2.a-1 

Sediment concentration 

Kg.m-3 
River Station 

Catchment 

area (km2) 
Data period 

Long-term 

mean Q 

10-yr 

mean Q10 
Q10/Q 

Long-term 

mean E 

10-yr 

mean E10 
E10/E 

Long-term 

mean S 

10-yr 

mean S10 
S10/S 

Songhua Harbin 389769 1955-2005 3.45 2.96 0.86 16.7 12.3 0.74 0.153 0.132 0.863 

Liaohe Tieling 120764 1954-2005 0.80 0.45 0.56 103.5 23.4 0.23 4.10 1.65 0.402 

Yongding Yanchi 43674 1963-2005 0.48 0.24 0.50 3.1 0 0 0.205 0 0 

Yellow Lijin 752032 1952-2005 1.32 0.46 0.35 1034.5 256.1 0.25 24.8 17.6 0.710 

Huaihe Bengbu 121330 1950-2005 6.99 6.47 0.93 75.5 42.8 0.57 0.342 0.210 0.614 

Yangtze Datong 1705383 1950-2005 16.80 17.56 1.05 242.7 164.7 0.68 0.458 0.297 0.648 

Qiantang Lanxi 18233 1977-2005 28.75 28.16 0.98 108.7 87.9 0.81 0.120 0.0989 0.824 

Mingjiang Zhuqi 54500 1950-2005 31.13 32.09 1.03 110.1 42.9 0.39 0.112 0.0424 0.379 

Dongjiang Boluo 25325 1954-2005 28.89 27.64 0.96 97.0 57.6 0.59 0.106 0.0661 0.624 

Xijiang Gaoyao 351535 1957-2005 19.86 20.40 1.03 193.4 134.1 0.69 0.309 0.208 0.673 
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(4) As for the short(4) As for the short--term (the recent 10 years) variation of specific discharges, term (the recent 10 years) variation of specific discharges, 
two groups of rivers can be divided. two groups of rivers can be divided. 
=> => The rivers with ratios of QThe rivers with ratios of Q1010/Q larger than 0.85 (7 rivers) belong to the first /Q larger than 0.85 (7 rivers) belong to the first 
group. They are rivers with stable annual runoff both in a longgroup. They are rivers with stable annual runoff both in a long--term period and a term period and a 
shortshort--term period. term period. 
=>=> The second group includes the Yellow, The second group includes the Yellow, YongdingYongding, and , and LiaoheLiaohe Rivers with Rivers with 

ratios of Qratios of Q1010/Q between 0.35 and 0.56. This indicates these rivers had a /Q between 0.35 and 0.56. This indicates these rivers had a 
declining annual runoff in the past 10 years. declining annual runoff in the past 10 years. 

Specific discharges 

l.s-1.km-2 

Rate of erosion 

t.km-2.a-1 

Sediment concentration 

Kg.m-3 
River Station 

Catchment 

area (km2) 
Data period 

Long-term 

mean Q 

10-yr 

mean Q10 
Q10/Q 

Long-term 

mean E 

10-yr 

mean E10 
E10/E 

Long-term 

mean S 

10-yr 

mean S10 
S10/S 

Songhua Harbin 389769 1955-2005 3.45 2.96 0.86 16.7 12.3 0.74 0.153 0.132 0.863 

Liaohe Tieling 120764 1954-2005 0.80 0.45 0.56 103.5 23.4 0.23 4.10 1.65 0.402 

Yongding Yanchi 43674 1963-2005 0.48 0.24 0.50 3.1 0 0 0.205 0 0 

Yellow Lijin 752032 1952-2005 1.32 0.46 0.35 1034.5 256.1 0.25 24.8 17.6 0.710 

Huaihe Bengbu 121330 1950-2005 6.99 6.47 0.93 75.5 42.8 0.57 0.342 0.210 0.614 

Yangtze Datong 1705383 1950-2005 16.80 17.56 1.05 242.7 164.7 0.68 0.458 0.297 0.648 

Qiantang Lanxi 18233 1977-2005 28.75 28.16 0.98 108.7 87.9 0.81 0.120 0.0989 0.824 

Mingjiang Zhuqi 54500 1950-2005 31.13 32.09 1.03 110.1 42.9 0.39 0.112 0.0424 0.379 

Dongjiang Boluo 25325 1954-2005 28.89 27.64 0.96 97.0 57.6 0.59 0.106 0.0661 0.624 

Xijiang Gaoyao 351535 1957-2005 19.86 20.40 1.03 193.4 134.1 0.69 0.309 0.208 0.673 
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Specific discharges 

l.s-1.km-2 

Rate of erosion 

t.km-2.a-1 

Sediment concentration 

Kg.m-3 
River Station 

Catchment 

area (km2) 
Data period 

Long-term 

mean Q 

10-yr 

mean Q10 
Q10/Q 

Long-term 

mean E 

10-yr 

mean E10 
E10/E 

Long-term 

mean S 

10-yr 

mean S10 
S10/S 

Songhua Harbin 389769 1955-2005 3.45 2.96 0.86 16.7 12.3 0.74 0.153 0.132 0.863 

Liaohe Tieling 120764 1954-2005 0.80 0.45 0.56 103.5 23.4 0.23 4.10 1.65 0.402 

Yongding Yanchi 43674 1963-2005 0.48 0.24 0.50 3.1 0 0 0.205 0 0 

Yellow Lijin 752032 1952-2005 1.32 0.46 0.35 1034.5 256.1 0.25 24.8 17.6 0.710 

Huaihe Bengbu 121330 1950-2005 6.99 6.47 0.93 75.5 42.8 0.57 0.342 0.210 0.614 

Yangtze Datong 1705383 1950-2005 16.80 17.56 1.05 242.7 164.7 0.68 0.458 0.297 0.648 

Qiantang Lanxi 18233 1977-2005 28.75 28.16 0.98 108.7 87.9 0.81 0.120 0.0989 0.824 

Mingjiang Zhuqi 54500 1950-2005 31.13 32.09 1.03 110.1 42.9 0.39 0.112 0.0424 0.379 

Dongjiang Boluo 25325 1954-2005 28.89 27.64 0.96 97.0 57.6 0.59 0.106 0.0661 0.624 

Xijiang Gaoyao 351535 1957-2005 19.86 20.40 1.03 193.4 134.1 0.69 0.309 0.208 0.673 
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(5) As for the short(5) As for the short--term variation of rate of erosion, the variation trend term variation of rate of erosion, the variation trend 
is more complex.is more complex.
=> => Rivers in the first group had the value of ERivers in the first group had the value of E1010/E larger than 0.5 (6 /E larger than 0.5 (6 
rivers, not including the rivers, not including the MinjiangMinjiang). ). 
=> => The second group of 3 rivers had the value of EThe second group of 3 rivers had the value of E1010/E smaller than 0.5./E smaller than 0.5.
=> => Two exceptions Two exceptions ---- MinjiangMinjiang River and River and YongdingYongding River. The small River. The small 
EE1010/E was resulted by the trapping of sediment in reservoirs./E was resulted by the trapping of sediment in reservoirs.



Specific discharges 

l.s-1.km-2 

Rate of erosion 

t.km-2.a-1 

Sediment concentration 

Kg.m-3 
River Station 

Catchment 

area (km2) 
Data period 

Long-term 

mean Q 

10-yr 

mean Q10 
Q10/Q 

Long-term 

mean E 

10-yr 

mean E10 
E10/E 

Long-term 

mean S 

10-yr 

mean S10 
S10/S 

Songhua Harbin 389769 1955-2005 3.45 2.96 0.86 16.7 12.3 0.74 0.153 0.132 0.863 

Liaohe Tieling 120764 1954-2005 0.80 0.45 0.56 103.5 23.4 0.23 4.10 1.65 0.402 

Yongding Yanchi 43674 1963-2005 0.48 0.24 0.50 3.1 0 0 0.205 0 0 

Yellow Lijin 752032 1952-2005 1.32 0.46 0.35 1034.5 256.1 0.25 24.8 17.6 0.710 

Huaihe Bengbu 121330 1950-2005 6.99 6.47 0.93 75.5 42.8 0.57 0.342 0.210 0.614 

Yangtze Datong 1705383 1950-2005 16.80 17.56 1.05 242.7 164.7 0.68 0.458 0.297 0.648 

Qiantang Lanxi 18233 1977-2005 28.75 28.16 0.98 108.7 87.9 0.81 0.120 0.0989 0.824 

Mingjiang Zhuqi 54500 1950-2005 31.13 32.09 1.03 110.1 42.9 0.39 0.112 0.0424 0.379 

Dongjiang Boluo 25325 1954-2005 28.89 27.64 0.96 97.0 57.6 0.59 0.106 0.0661 0.624 

Xijiang Gaoyao 351535 1957-2005 19.86 20.40 1.03 193.4 134.1 0.69 0.309 0.208 0.673 
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(6) The (6) The YongdingYongding River may be served as a representative of the 5 River may be served as a representative of the 5 
major tributaries of the major tributaries of the HaiheHaihe River. In the 1950s a large reservoir was River. In the 1950s a large reservoir was 
built at the end of the mountainous section of each river. Thus,built at the end of the mountainous section of each river. Thus, the the 
runoff and sediment load were almost controlled by the reservoirrunoff and sediment load were almost controlled by the reservoir and and 
the released runoff and sediment load were quite few. The river the released runoff and sediment load were quite few. The river 
channels below the reservoirs were almost dried up. channels below the reservoirs were almost dried up. 



Specific discharges 

l.s-1.km-2 

Rate of erosion 

t.km-2.a-1 

Sediment concentration 

Kg.m-3 
River Station 

Catchment 

area (km2) 
Data period 

Long-term 

mean Q 

10-yr 

mean Q10 
Q10/Q 

Long-term 

mean E 

10-yr 

mean E10 
E10/E 

Long-term 

mean S 

10-yr 

mean S10 
S10/S 

Songhua Harbin 389769 1955-2005 3.45 2.96 0.86 16.7 12.3 0.74 0.153 0.132 0.863 

Liaohe Tieling 120764 1954-2005 0.80 0.45 0.56 103.5 23.4 0.23 4.10 1.65 0.402 

Yongding Yanchi 43674 1963-2005 0.48 0.24 0.50 3.1 0 0 0.205 0 0 

Yellow Lijin 752032 1952-2005 1.32 0.46 0.35 1034.5 256.1 0.25 24.8 17.6 0.710 

Huaihe Bengbu 121330 1950-2005 6.99 6.47 0.93 75.5 42.8 0.57 0.342 0.210 0.614 

Yangtze Datong 1705383 1950-2005 16.80 17.56 1.05 242.7 164.7 0.68 0.458 0.297 0.648 

Qiantang Lanxi 18233 1977-2005 28.75 28.16 0.98 108.7 87.9 0.81 0.120 0.0989 0.824 

Mingjiang Zhuqi 54500 1950-2005 31.13 32.09 1.03 110.1 42.9 0.39 0.112 0.0424 0.379 

Dongjiang Boluo 25325 1954-2005 28.89 27.64 0.96 97.0 57.6 0.59 0.106 0.0661 0.624 

Xijiang Gaoyao 351535 1957-2005 19.86 20.40 1.03 193.4 134.1 0.69 0.309 0.208 0.673 
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(7) As for the variation of S(7) As for the variation of S1010/S, it is more complex /S, it is more complex 
than that of the change in S and Sthan that of the change in S and S1010. The value of . The value of 
SS1010/S of the Yellow River stands third, showing the /S of the Yellow River stands third, showing the 
intricate relationship of them.intricate relationship of them.
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Table 3 Variation of annual runoff and annual sediment Table 3 Variation of annual runoff and annual sediment 

load in the past 10 years of the 10 large rivers in Chinaload in the past 10 years of the 10 large rivers in China

Group Rivers Average Q10/Q Average E10/E Average S10/S 

1 
Songhua, Huaihe and rivers to 

the south 
0.977 

0.68 (not including 

Minjiang) 

0.708 (not including 

Minjiang) 

2-a Yellow and Liaohe 0.45 0.24 0.556 

2-b Yongding 0.50 0 0 

(8) Based upon the above(8) Based upon the above--mentioned, the variation of mentioned, the variation of 
annual runoff and annual sediment load in the past 10 annual runoff and annual sediment load in the past 10 
years of the 10 large rivers in China may be summarized in years of the 10 large rivers in China may be summarized in 
Table 3. Table 3. 



Group 1: Runoff stable but sediment load decreaseGroup 1: Runoff stable but sediment load decrease

Yangtze R. at Datong

Min R. at Zhuqi

East R. at Boluo
West R. at Gaoyao

Songhua R. at Harbin

Huai R. at Bengbu

Qiantang R. at Lanxi



Group 2: Runoff and sediment load decreaseGroup 2: Runoff and sediment load decrease

Yellow R. at Lijin

Liao R. at Tieling

Yongding R. at Yanchi



3. Yearly variation of specific 3. Yearly variation of specific 
discharges and rates of erosion of discharges and rates of erosion of 
10 large rivers from 2001 to 200510 large rivers from 2001 to 2005



From the data of  10 large rivers from 2001 to 2005, it is naturFrom the data of  10 large rivers from 2001 to 2005, it is natural to al to 
deduce that the yearly variation of specific discharges and ratededuce that the yearly variation of specific discharges and rates of s of 
erosion of a river in a short period of time depend mainly on clerosion of a river in a short period of time depend mainly on climate imate 
conditions. conditions. 
As for different rivers, it will differ greater than that of a rAs for different rivers, it will differ greater than that of a river. iver. 

Qr/Q Er/E Group 

Minimum Maximum Minimum Maximum 

1 0.293 (Huaihe, 2001) 2.43 (Huaihe, 2003) 0.00746 (Minjiang, 2004) 1.10 (Qiantang, 2002) 

2-a 0.222 (Liaohe, 2003) 1.06 (Liaohe, 2005) 0.00477 (Liaohe, 2002) 0.431 (Yellow, 2003) 

2-b 0.118 (2002) 0.321 (2003) 0 0 

 
The table shows: The table shows: 

(1) Any river in any year may appear the maximum or minimum fig(1) Any river in any year may appear the maximum or minimum figure, ure, 
indicating the occurrence of such a figure being stochastic. indicating the occurrence of such a figure being stochastic. 

(2) The difference between the maximum (2) The difference between the maximum QrQr/Q and minimum /Q and minimum QrQr/Q is quite /Q is quite 
large, indicating great yearly variability of annual runoff. It large, indicating great yearly variability of annual runoff. It is almost the same is almost the same 
for the difference between the maximum for the difference between the maximum ErEr/E and minimum /E and minimum ErEr/E. /E. 

(3) For a river in the study, the appearance of a maximum (or a(3) For a river in the study, the appearance of a maximum (or a minimum) minimum) 
QrQr/Q in a year dose not mean the concurrence of a maximum (or a mi/Q in a year dose not mean the concurrence of a maximum (or a minimum) nimum) 
ErEr/E in the same year. /E in the same year. 



4. Effects of Influence 4. Effects of Influence 
FactorsFactors



4.1 Effect of change in precipitation 4.1 Effect of change in precipitation 
Data shows that precipitation across China had no Data shows that precipitation across China had no 
clear trend of variation in the past half century. One can clear trend of variation in the past half century. One can 
conclude, therefore, that there is no obvious effect of conclude, therefore, that there is no obvious effect of 
precipitation on the variability of annual runoff and precipitation on the variability of annual runoff and 
annual sediment load. annual sediment load. 
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4.2 Effect of soil and water conservation 4.2 Effect of soil and water conservation 

The practices of soil and water conservation are generally The practices of soil and water conservation are generally 
effective in decreasing the amount of soil loss and in effective in decreasing the amount of soil loss and in 
influencing the average annual water yield. A large influencing the average annual water yield. A large 
amount of soil and water conservation works has been amount of soil and water conservation works has been 
implemented in the eroded areas across China, implemented in the eroded areas across China, 
particularly in the Upper Yangtze River and the Middle particularly in the Upper Yangtze River and the Middle 
Yellow River.Yellow River.



4.2.1 Upper Yangtze River4.2.1 Upper Yangtze River
Reduction in sediment load in the Upper Yangtze River during Reduction in sediment load in the Upper Yangtze River during 
the past 10 years may be caused by:the past 10 years may be caused by:

�� climate changeclimate change
�� trapping of sediment by upstream reservoirstrapping of sediment by upstream reservoirs
�� widespread soil conservation and widespread soil conservation and afforestationafforestation projectsprojects
�� as well as sandas well as sand--gravel mining from the river channel. gravel mining from the river channel. 
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Since 1988, soil and water conservation works have been Since 1988, soil and water conservation works have been 
implemented in the Upper Yangtze River catchment. implemented in the Upper Yangtze River catchment. 
Until 2000, soil and water conservation works were implemented iUntil 2000, soil and water conservation works were implemented in n 
63 thousand km63 thousand km22 of eroded land. of eroded land. 
The 5th stage of soil and conservation works (1999The 5th stage of soil and conservation works (1999--2003) expanded 2003) expanded 
to the Upper and Middle Yangtze River, covering 116 counties in to the Upper and Middle Yangtze River, covering 116 counties in 8 8 
provinces with a total land area of 28.9 thousand kmprovinces with a total land area of 28.9 thousand km22. The soil and . The soil and 
water conservation works  included a large amount of check dams,water conservation works  included a large amount of check dams,
ponds and terracing, ponds and terracing, afforestationafforestation, grassing of land, etc. , grassing of land, etc. 
At the 6th stage (2004At the 6th stage (2004--2008), the works expanded to 185 counties in 2008), the works expanded to 185 counties in 
10 provinces. In 2005 soil and water conservation works were 10 provinces. In 2005 soil and water conservation works were 
implemented in 3.6 thousand kmimplemented in 3.6 thousand km22 area. area. 
As a result, the ratio of vegetative coverage has been increasedAs a result, the ratio of vegetative coverage has been increased, the , the 
ecological environment has been improved, soil loss has been ecological environment has been improved, soil loss has been 
reduced and the capacity of water conservancy has been increasedreduced and the capacity of water conservancy has been increased..



4.2.2 Middle Yellow River4.2.2 Middle Yellow River

The main sediment The main sediment 
source area of the source area of the 
Yellow River is the Yellow River is the 
loess plateau. It has loess plateau. It has 
a total area of 640 a total area of 640 
thousand kmthousand km22, , 
among which 434 among which 434 
thousand kmthousand km22 is is 
eroded area. The eroded area. The 
area of severe soil area of severe soil 
loss (212 thousand loss (212 thousand 
kmkm22) supplies 90% ) supplies 90% 
of the total sediment of the total sediment 
load to the Yellow load to the Yellow 
River. River. 

Catchment area: 795,000 km2

Loess Plateau: 640,000 km2

Eroded area: 434,000 km2

Catchment area: 795,000 km2

Loess Plateau: 640,000 km2

Eroded area: 434,000 km2



The soil conservation work in the Yellow River has a long historThe soil conservation work in the Yellow River has a long history. y. 
The soil conservation work underwent ups and downs before the 19The soil conservation work underwent ups and downs before the 1970s. 70s. 
In the 1980s an unprecedented state of sustaining and stable In the 1980s an unprecedented state of sustaining and stable 
development of soil conservation took place in the Yellow River development of soil conservation took place in the Yellow River basin basin 
thanks to the new policy adopted in 1978. Small watershed thanks to the new policy adopted in 1978. Small watershed 
management has been extensively developed. management has been extensively developed. 
In Fig. 3 the areas of soil conservation work above In Fig. 3 the areas of soil conservation work above SanmenxiaSanmenxia dam are dam are 
shown. The rapid development of soil conservation work is obvioushown. The rapid development of soil conservation work is obvious s 
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Meantime, more than 3 million small water conservancy works haveMeantime, more than 3 million small water conservancy works have
been built, including about 100 thousand warping dams and 1077 kbeen built, including about 100 thousand warping dams and 1077 key ey 
check dams in main gullies. Those engineering and soil conservatcheck dams in main gullies. Those engineering and soil conservation ion 
works have resulted in the reduction in annual sediment yield. works have resulted in the reduction in annual sediment yield. 

The hydrologic data from the Yellow River showed an obvious reduThe hydrologic data from the Yellow River showed an obvious reduction ction 
in annual runoff and sediment load in the 1970s and an even morein annual runoff and sediment load in the 1970s and an even more
remarkable reduction in annual sediment load in the 1980s, as shremarkable reduction in annual sediment load in the 1980s, as shown in own in 
Fig. 4. Fig. 4. 
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The relevant analysis ascertains that manThe relevant analysis ascertains that man’’s activity has s activity has 
played an important role in the reduction in annual sediment played an important role in the reduction in annual sediment 
yield. yield. 

The effects of manThe effects of man’’s activity may be classified into two s activity may be classified into two 
categories: water resources development and soil categories: water resources development and soil 
conservation. It is estimated that since 1970s the sediment conservation. It is estimated that since 1970s the sediment 
yield of the Yellow River has been reduced about 0.3 billion yield of the Yellow River has been reduced about 0.3 billion 
tons annually by water conservancy and soil conservation tons annually by water conservancy and soil conservation 
measures.measures.



4.3 Reservoir sedimentation4.3 Reservoir sedimentation

Reservoirs have significant effect on the rivers where they Reservoirs have significant effect on the rivers where they 
are built, both in the reservoir proper and in the channels are built, both in the reservoir proper and in the channels 
below the dams. Reservoir sedimentation is one of the below the dams. Reservoir sedimentation is one of the 
great impacts on the rivers.great impacts on the rivers.



4.3.1 Three Gorges Project (TGP)4.3.1 Three Gorges Project (TGP)

The TGP controls 55.9% of the total catchment. The TGP controls 55.9% of the total catchment. 
The TGP reservoir was partly impounded on June 1, 2003 at the poThe TGP reservoir was partly impounded on June 1, 2003 at the pool level ol level 
of 135 m (NPLof 135 m (NPL----175 m). For the next 3 years since then, the pool level was 175 m). For the next 3 years since then, the pool level was 
maintained at 135m during flood seasons and at 139m during dry smaintained at 135m during flood seasons and at 139m during dry seasons, easons, 
and reservoir capacities varied between (12.4and reservoir capacities varied between (12.4--14.2) billion m14.2) billion m33. . 
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2003
In the same period, 441.6 In the same period, 441.6 
million tons of sediment million tons of sediment 
deposited in the reservoir. deposited in the reservoir. 
The trap efficiency from The trap efficiency from 
2003 to 2005 was 60%.  2003 to 2005 was 60%.  
The impact of the TGP The impact of the TGP 
reservoir on the sediment reservoir on the sediment 
load at downstream load at downstream 
stations can be learned.stations can be learned.

Inflow Outflow  

Period Water 

(109m3) 

Sediment 

(109 t) 

Water 

(109m3) 

Sediment 

(109 t) 

Deposition 

(109 t) 

Trap 

efficiency 

(%) 

June-Dec. 2003 325.4 0.208 338.6 0.084 0.124 59.6 

2004 389.8 0.166 412.6 0.064 0.102 61.6 

2005 429.7 0.254 459.0 0.103 0.151 59.4 

Total 1144.9 0.628 1210.2 0.251 0.377 60.0 

 

Datong



Longyangxia Liujiagxia

Sanmenxia

4.3.2 4.3.2 XiaolangdiXiaolangdi Reservoir on Yellow R. Reservoir on Yellow R. 

Xiaolangdi

The The XiaolangdiXiaolangdi Project is the most downstream project. It was Project is the most downstream project. It was 
commissioned in May 2000. It controls 92.3% of the total catchmecommissioned in May 2000. It controls 92.3% of the total catchment. nt. 
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Until October 2006, 2.16 billion mUntil October 2006, 2.16 billion m33 sediment deposited in sediment deposited in 
the reservoir, accounting for 17.1% of the initial storage the reservoir, accounting for 17.1% of the initial storage 
capacity. capacity. 

As large amount of sediment deposited in the reservoir, As large amount of sediment deposited in the reservoir, 
the released sediment load from the reservoir dropped the released sediment load from the reservoir dropped 
significantly, resulted in the reduction in sediment load in significantly, resulted in the reduction in sediment load in 
the downstream hydrological stations, such as the downstream hydrological stations, such as LijinLijin Station. Station. 

Changes of annual 
runoff and 
sediment load at 
Lijin Station on the 
Yellow R.



4.3.3 4.3.3 GuantingGuanting ReservoirReservoir

GuantingGuanting Reservoir on the Reservoir on the 
YongdingYongding River controls about River controls about 
97% of the total catchment area. 97% of the total catchment area. 
The initial reservoir capacity is The initial reservoir capacity is 
2.27 billion m2.27 billion m33. The project was . The project was 
commissioned in 1955. commissioned in 1955. 

The The YongdingYongding River is heavily River is heavily 
sedimentsediment--laden, the mean annual laden, the mean annual 
runoff at the dam site is 1.4 billion runoff at the dam site is 1.4 billion 
mm33 and the mean annual and the mean annual 
sediment load is 81 million tons.sediment load is 81 million tons.

Reservoir sedimentation was so Reservoir sedimentation was so 
serious that up to 1985, about serious that up to 1985, about 
27.0% of the initial storage 27.0% of the initial storage 
capacity was silted up. capacity was silted up. 



The rates of deposition in various periods were quite The rates of deposition in various periods were quite 
different. different. 
Although the average annual precipitation and precipitation Although the average annual precipitation and precipitation 
in flood seasons of the 1950s, 1960s, and 1970s were in flood seasons of the 1950s, 1960s, and 1970s were 
almost the same, the incoming runoff and sediment load almost the same, the incoming runoff and sediment load 
have reduced significantly since 1960 under the influence have reduced significantly since 1960 under the influence 
of manof man’’s activity.s activity.
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The table shows the annual reduction in sediment load in The table shows the annual reduction in sediment load in GuantingGuanting
Reservoir by various measures. Reservoir by various measures. 
�� sediment trapped in the upstream reservoirs accounted for 41.5% sediment trapped in the upstream reservoirs accounted for 41.5% of of 
the total amount of reduction. Since 1958, 275 small and mediumthe total amount of reduction. Since 1958, 275 small and medium--sized sized 
reservoirs have been commissioned. reservoirs have been commissioned. 
�� The largest reduction of sediment was resulted from irrigation aThe largest reduction of sediment was resulted from irrigation and nd 
warping. There are 267 thousand ha irrigated farmland upstream owarping. There are 267 thousand ha irrigated farmland upstream of the f the 
GuantingGuanting Reservoir. Warping has been applied to half of the land Reservoir. Warping has been applied to half of the land 
irrigated. irrigated. 
�� From 1950 to 1980, 6200 kmFrom 1950 to 1980, 6200 km22 of eroded area in the upper of eroded area in the upper YongdingYongding
River have been under control, accounting for one fourth of the River have been under control, accounting for one fourth of the total area.total area.
It was estimated that the overall reduction in annual sediment It was estimated that the overall reduction in annual sediment yield yield 
amounted to 10 million tons. However, the planting of amounted to 10 million tons. However, the planting of astragalusastragalus
membranceousmembranceous, road and urban construction and mining led to an , road and urban construction and mining led to an 
annual increase in soil erosion by 5 million tons. The net reducannual increase in soil erosion by 5 million tons. The net reduction by tion by 
soil conservation measures dropped to 5 millions tons annually.soil conservation measures dropped to 5 millions tons annually.

Measure Trapped in upstream 

reservoirs 

Irrigation and warping Soil conservation Total 

Annual reduction in 

sediment load (106 t) 

17 19 5 41 

Percentage of total 

reduction (%) 

41.5 46.5 12.0 100 



As the As the GuantingGuanting Reservoir trapped almost the total Reservoir trapped almost the total 
incoming sediment load and sediment releasing from the incoming sediment load and sediment releasing from the 
reservoir only carried out occasionally, therefore, the reservoir only carried out occasionally, therefore, the 
sediment load at sediment load at YanchiYanchi Station approached zero all the Station approached zero all the 
year round. year round. 
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3. Conclusion Remarks3. Conclusion Remarks



(1) The short(1) The short--term (recent 10 years) precipitation term (recent 10 years) precipitation 
depths at most meteorological stations across depths at most meteorological stations across 
China were almost in a normal state compared China were almost in a normal state compared 
with the longwith the long--term (50 years) precipitation term (50 years) precipitation 
depths. This shows that there was no obvious depths. This shows that there was no obvious 
effect of change in precipitation on annual runoff effect of change in precipitation on annual runoff 
and sediment load of major rivers in China.and sediment load of major rivers in China.

(2) The long(2) The long--term specific discharges of most term specific discharges of most 
rivers increase from north to south, except the rivers increase from north to south, except the 
Songhua River in the far north of China.Songhua River in the far north of China.

(3) As for the long(3) As for the long--term rate of erosion, the term rate of erosion, the 
Yellow River is the largest, the Yangtze River is Yellow River is the largest, the Yangtze River is 
the second and the Songhua River is the the second and the Songhua River is the 
smallest.smallest.



(4) The major rivers can be divided into two groups. (4) The major rivers can be divided into two groups. 

Rivers of group 1 have a stable annual runoff and a Rivers of group 1 have a stable annual runoff and a 
decreasing annual sediment load. They are decreasing annual sediment load. They are 7 rivers7 rivers
including Songhua, including Songhua, HuaiheHuaihe and rivers to the south.and rivers to the south.

Rivers of group 2 have both decreasing annual runoff Rivers of group 2 have both decreasing annual runoff 
and annual sediment load.  and annual sediment load.  They are Yellow, They are Yellow, YongdingYongding
and and LiaoheLiaohe Rivers.Rivers.

The The YongdingYongding RiverRiver is a impounded river, its water flow is a impounded river, its water flow 
and sediment load are almost totally controlled by large and sediment load are almost totally controlled by large 
reservoirs. reservoirs. 

The Songhua RiverThe Songhua River is the only river located in north is the only river located in north 
China to be included in group 1. Its catchment occupies China to be included in group 1. Its catchment occupies 
the largest national forest region in China with little the largest national forest region in China with little 
impact of human activities. Consequently, its specific impact of human activities. Consequently, its specific 
discharge and rate of erosion are almost stable.discharge and rate of erosion are almost stable.



(5) A large amount of soil and water conservation works (5) A large amount of soil and water conservation works 
has been implemented in eroded areas across China, has been implemented in eroded areas across China, 
particularly in the Upper Yangtze River and the Middle particularly in the Upper Yangtze River and the Middle 
Yellow River. The effect of those works is great. For Yellow River. The effect of those works is great. For 
example, it is estimated that since 1970s the sediment example, it is estimated that since 1970s the sediment 
yield of the Yellow River has been reduced about 0.3 yield of the Yellow River has been reduced about 0.3 
billion tons annually by water conservancy and soil billion tons annually by water conservancy and soil 
conservation measures.conservation measures.

(6) A large amount of dams has been built in China. (6) A large amount of dams has been built in China. 
Reservoir sedimentation is serious in many reservoirs, Reservoir sedimentation is serious in many reservoirs, 
which has induced many effects. which has induced many effects. GuantingGuanting Reservoir on Reservoir on 
the the YongdingYongding River may serve as an example. On the River may serve as an example. On the 
one hand, it trapped almost all the incoming sediment one hand, it trapped almost all the incoming sediment 
load into the reservoir, depleting the effective storage load into the reservoir, depleting the effective storage 
capacity. On the other hand, almost no water and capacity. On the other hand, almost no water and 
sediment were released to the downstream channel, sediment were released to the downstream channel, 
which has become a driedwhich has become a dried--up channel. up channel. 
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