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Water resources issue under impacts of human activity 
and climate change is multi scale issue. 
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activityField scale

…… 

Hydrological stationarity is dead.



Climate change includes trend and variability

Adaptations to the 
trend and variability of 
climate change should 
be different. 

5(IPCC TAR, 2001)



Characteristics of climate change：trend and variability
Impact on water security: water shortage and disaster (flood 

and drought) 

 Water security under climate change

Trend
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Water resources sustainability as an exceedance probability, 
P (supply ≥ demand)

Extreme 
drought

Long-lasting 
drought



A conceptual framework for sustainability of water use 
under the climate change

Predictable change: Unpredictable Predictable change:
Engineering 
Infrastructure & 
technology

Unpredictable 
change 
(uncertainty):
Risk management
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Water availability:
Demand management

(water-saving in 
irrigation)



Climate change & its impact on Climate change & its impact on 
water use and agriculture
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Variability of the annual precipitation in China over 
the past 100 years（1905-2004）

9(National Climate Center of China)



Variability of the annual precipitation in China over 
the past 50 years（1905-2004）
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50年代 60年代 70年代 80年代 90年代 2000-
2006年

Shift of summer rain belt over eastern China from 1950s 
to 2000s 

？

1950s 1980s 1990s 2000s

2006年

？

1950s

1960s 1970s
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1950s 1980s 1990s 2000s1960s 1970s

(National Climate Center of China, 2007)



(a) 20 Sep 1954 to 31 May 1955 (b) 16 Jun 1978 to 6 May 1979

Drought-affected areas for the top most 4 severe drought 
events during the period of 1951-2009

(c) 14 Jul 1999 to 10 Jun 2002 (d) 15 Jun 2006 to 1 Feb 2007
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Frequency of drought occurred in China during the 
recent 6-decades

1951-1959 1960-1969

1970-1979 1980-1989
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Impact of climate change: A preliminary, first-order 
assessment by Cai, et. al., 2008

The assessment is bThe assessment is based on an ensemble ased on an ensemble The assessment is bThe assessment is based on an ensemble ased on an ensemble 
prediction of 17 GCMs with the consideration of prediction of 17 GCMs with the consideration of 
intraintra--season variabilityseason variability
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Basins JanJan FebFeb MarMar AprApr MayMay JunJun JulJul AugAug SepSep OctOct NovNov DecDec

Huai 
River

Upper 1.951.95 1.881.88 1.911.91 1.681.68 1.651.65 1.691.69 1.731.73 1.821.82 2.002.00 1.891.89 1.761.76 1.791.79

Lower 1.941.94 1.911.91 1.881.88 1.681.68 1.681.68 1.711.71 1.661.66 1.771.77 1.941.94 1.811.81 1.701.70 1.851.85

Hai River 2.282.28 2.142.14 1.961.96 1.861.86 1.841.84 1.851.85 1.791.79 1.881.88 2.042.04 1.901.90 1.871.87 2.162.16

Change of monthly average temperature (K) between 2050 and 2000

Yellow 
River

Upper 2.412.41 2.282.28 2.092.09 2.042.04 1.931.93 1.921.92 1.891.89 1.961.96 2.032.03 1.991.99 2.112.11 2.342.34

Middle 2.302.30 2.152.15 1.961.96 1.901.90 1.971.97 1.951.95 1.971.97 2.072.07 2.072.07 1.951.95 1.891.89 2.102.10

Lower 2.122.12 1.981.98 1.941.94 1.761.76 1.771.77 1.771.77 1.821.82 1.891.89 2.012.01 1.891.89 1.821.82 1.951.95

Yangtze 
River

Upper 2.012.01 1.931.93 1.861.86 1.781.78 1.611.61 1.511.51 1.481.48 1.471.47 1.571.57 1.571.57 1.641.64 1.921.92

Middle 1.911.91 1.971.97 1.891.89 1.791.79 1.721.72 1.721.72 1.801.80 1.831.83 1.901.90 1.781.78 1.721.72 1.801.80

Lower 1.851.85 1.841.84 1.711.71 1.641.64 1.591.59 1.661.66 1.731.73 1.781.78 1.931.93 1.751.75 1.641.64 1.811.81

Songhua River 2.642.64 2.482.48 2.242.24 1.891.89 1.841.84 1.901.90 1.871.87 2.002.00 2.112.11 2.022.02 2.402.40 2.612.61
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Songhua River 2.642.64 2.482.48 2.242.24 1.891.89 1.841.84 1.901.90 1.871.87 2.002.00 2.112.11 2.022.02 2.402.40 2.612.61

Yili River 2.462.46 2.392.39 2.192.19 2.022.02 2.022.02 2.192.19 2.502.50 2.522.52 2.412.41 2.242.24 2.182.18 2.422.42

Zhujiang 
River

Upper -1.69 -1.76 -1.70 -1.69 -1.55 -0.56 0.94 1.15 0.66 -0.44 -1.23 -1.53

Lower 0.760.76 0.240.24 0.080.08 0.180.18 0.750.75 1.621.62 2.532.53 2.752.75 2.592.59 2.152.15 1.701.70 1.481.48

Langcang River 2.192.19 2.122.12 1.921.92 1.791.79 1.691.69 1.511.51 1.531.53 1.431.43 1.451.45 1.581.58 1.821.82 1.991.99



Change of daily precipitation (mm) between 2050 and 2000

Basins JanJan FebFeb MarMar AprApr MayMay JunJun JulJul AugAug SepSep OctOct NovNov DecDec

Huai 
River

Upper 0.080.08 0.340.34 0.180.18 0.630.63 0.390.39 0.180.18 0.330.33 0.360.36 0.010.01 -0.34 -0.01 0.180.18

Lower 0.100.10 0.320.32 0.200.20 0.460.46 0.200.20 0.100.10 0.490.49 0.310.31 0.160.16 -0.11 0.010.01 0.190.19

Hai River 0.070.07 0.120.12 0.200.20 0.120.12 0.300.30 0.130.13 -0.01 -0.05 0.130.13 0.150.15 -0.01 0.120.12

Yellow 
River

Upper 0.080.08 0.110.11 0.110.11 0.250.25 0.300.30 0.210.21 0.360.36 0.080.08 0.250.25 0.110.11 0.030.03 0.080.08

Middle 0.040.04 0.070.07 0.090.09 0.220.22 0.120.12 0.210.21 0.150.15 0.150.15 0.150.15 0.150.15 0.020.02 0.060.06

Lower 0.030.03 0.190.19 0.230.23 0.320.32 0.230.23 0.150.15 0.070.07 0.110.11 0.040.04 0.130.13 --0.020.02 0.110.11

Yangtze 
River

Upper 0.020.02 0.090.09 0.200.20 0.250.25 0.390.39 0.210.21 0.460.46 0.550.55 0.300.30 0.100.10 --0.010.01 0.000.00

Middle 0.010.01 0.090.09 0.110.11 0.240.24 0.310.31 0.180.18 0.030.03 -0.01 -0.04 -0.11 -0.01 0.080.08

Lower 0.060.06 0.150.15 0.050.05 0.240.24 0.350.35 0.240.24 --0.020.02 0.020.02 0.030.03 -0.14 -0.02 0.120.12

16

Songhua River 0.070.07 0.070.07 0.060.06 0.080.08 0.210.21 0.220.22 0.250.25 0.120.12 0.090.09 0.090.09 0.100.10 0.060.06

Yili River 0.060.06 0.070.07 0.080.08 0.090.09 0.070.07 0.060.06 0.010.01 0.010.01 0.010.01 0.050.05 0.050.05 0.060.06

Zhujiang 
River

Upper 0.160.16 0.400.40 0.390.39 0.510.51 0.960.96 -0.08 -2.31 -2.17 -1.13 -0.23 0.200.20 0.190.19

Lower 0.510.51 0.290.29 0.010.01 0.010.01 -0.14 -0.61 -1.17 -0.50 -0.76 -0.30 0.270.27 0.790.79

Langcang River 0.010.01 -0.02 0.010.01 0.060.06 0.210.21 0.280.28 0.220.22 0.240.24 0.200.20 0.160.16 0.050.05 -0.02



Change of rainfed crop yield between 2050 and current, in percentage

Basins Rice Wheat Maize Other 
Grains Potato Sweet 

Potato Soybean

Huai River
Upper -0.2 15.015.0 10.710.7 3.53.5 5.05.0 5.05.0 3.63.6

Lower 1.51.5 15.215.2 7.27.2 2.62.6 3.53.5 3.53.5 2.72.7

Hai River 4.94.9 27.327.3 2.82.8 2.72.7 2.22.2 2.22.2 1.91.9

Yellow 
River

Upper 9.99.9 20.220.2 10.310.3 6.96.9 5.35.3 5.35.3 4.24.2

Middle 14.314.3 17.717.7 11.111.1 6.66.6 5.35.3 5.35.3 3.93.9

Lower 2.92.9 22.822.8 5.25.2 3.43.4 1.21.2 1.21.2 0.80.8

Yangtze 
River

Upper 5.05.0 26.926.9 10.210.2 5.05.0 5.95.9 5.95.9 4.94.9

Middle -1.7 1.21.2 1.31.3 -0.7 0.00.0 0.00.0 -0.3

Lower -2.2 -0.2 0.60.6 -0.5 -0.2 -0.2 -0.3

17

Songhua River 6.16.1 4.14.1 4.34.3 3.23.2 3.83.8 3.83.8 1.81.8

Yili River 0.00.0 14.314.3 18.918.9 9.49.4 13.413.4 13.413.4 6.46.4

ZhuJiang 
River

Upper -14.7 22.322.3 7.77.7 -13.0 -10.1 -10.1 2.52.5

Lower -10.2 5.25.2 -5.6 -10.6 -10.3 -10.3 -5.6

Langcang River -1.0 -16.5 -0.2 0.20.2 0.10.1 0.10.1 -0.4



Change of net seasonal irrigation water requirement,
in percentage, between 2050 and current 

Basins RiceRice WheatWheat MaizeMaize Other Other 
GrainsGrains PotatoPotato Sweet Sweet 

PotatoPotato SoybeanSoybean

Huai 
River

Upper 4.64.6 --8.18.1 --4.14.1 --2.92.9 --4.54.5 --4.54.5 --4.14.1

Lower 1.91.9 --6.46.4 --0.80.8 --1.41.4 --2.02.0 --2.02.0 --1.81.8

Hai River 2.72.7 0.20.2 1.31.3 1.51.5 2.02.0 2.02.0 1.61.6

Yellow 
River

Upper 2.22.2 2.22.2 --0.90.9 0.10.1 0.60.6 0.60.6 0.00.0

Middle 3.13.1 3.63.6 1.81.8 2.02.0 2.42.4 2.42.4 2.22.2

Lower 3.53.5 --1.01.0 1.21.2 1.51.5 3.33.3 3.33.3 3.53.5

Yangtze 
River

Upper --10.210.2 5.45.4 --3.03.0 --7.37.3 --6.56.5 --6.56.5 --7.67.6

Middle 14.714.7 5.85.8 0.40.4 7.27.2 4.34.3 4.34.3 6.16.1

Lower 13.413.4 8.28.2 --0.40.4 6.56.5 5.45.4 5.45.4 6.46.4

Songhua River 1.81.8 0.30.3 --0.90.9 0.50.5 --0.50.5 --0.50.5 0.70.7
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Songhua River 1.81.8 0.30.3 --0.90.9 0.50.5 --0.50.5 --0.50.5 0.70.7

Yili River 5.85.8 5.35.3 5.45.4 5.75.7 5.45.4 5.45.4 5.85.8

ZhuJiang 
River

Upper 89.8 --25.425.4 --30.530.5 123.7 103.5 103.5 --16.916.9

Lower 82.5 -20.7 188.1 118.2 148.4 148.4 270.6

Langcang River 10.310.3 22.922.9 8.58.5 8.08.0 8.28.2 8.28.2 8.78.7



Drought and flood occurred in China (which might 
be related to the climate change)

Photo in March near Kunming
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This drought started from December 
of 2009 and ended in the June. This might be 
related abnormity of the India Ocean Monsoon.

Photo in March in Guangxi



Has anyone predicted 
this drought?
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Before 
the flood

Zhouqu, Gansu province
August 7, 2010

AfterAfter
the floodthe flood

Breake of river levee
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Flood occurred in the lower Yangtze 
River, about 100,000 persons were 
suffered.

Fuhe, Jiangxi province
June 22, 2010

Flood occurred in Northwest China, 
about 1,300 persons were killed.



Suggestion to
the Implementation Planthe Implementation Plan

Emphases on several important 
aspects for Climate Change 
Assessment and Adaptation 
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Development of assessment model/tool for water 
management policy-making

Most of the present assessments are based on the GCM 
prediction and downscaling.prediction and downscaling.

The major task of hydrological model/tool is:

 to predict the changes of water resources including 
mean and extreme, trend and variability

 to quantify uncertainty and risk
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Long-term forecast of flood and drought for natural 
disaster prevention

Current forecasts of flood and drought have very limited 
leading-time for disaster prevention. An urgent need of 
hydrology is the long-term forecast of flood and drought hydrology is the long-term forecast of flood and drought 
(e.g. monthly or seasonal forecast). 

There are two basic issues facing by the scientific 
community:

 Prediction of the GCM/RCM is reliable? 

24

What is the new method/model?



 Infrastructure (e.g. reservoir) operation considering 
prediction uncertainty

Optimization of dam network
Coupled DHM & Dam Operation

Optimization of dam network
Coupled DHM & Dam Operation

Minimization
scheme

Potential
Operational

Rule
&

Weighting

Coupled DHM & Dam Operation

Integrated dam network
release schedule

Flood Peak ReductionFlood Peak Reduction
Effect Water UseEffect Water Use

Minimization
scheme

Potential
Operational

Rule
&

Weighting

Coupled DHM & Dam Operation

Integrated dam network
release schedule

Flood Peak ReductionFlood Peak Reduction
Effect Water UseEffect Water Use

Predicted inflow 
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Predicted inflow 
with uncertainty Existing optimization model should 

also be changed for considering the 
input uncertainty.



Prediction of the agricultural water use

Climate Climate 
changechange

temperaturetemperature
precipitationprecipitation
COCO22

sunshinesunshine

Evapotranspiration (water 
use) is related closely to 
photosynthesis, which is not 
be predicted simply from the 

sunshinesunshine
be predicted simply from the 
potential evaporation.

Simulation of Water-CO2- Nitrogen-Cycle is required.

26Rice                                wheat                            maize



Summary

 There is a big gap between society need and 
scientific capacity.scientific capacity.

precise prediction large uncertainty

 Filling/narrowing this gap is the major task 
for scientist and engineer.
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 New model/tool should be developed.



Thank You for your attention!
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