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1. The detection of the change of the global energy and

water cycles

Data sets of global water and energy cycles；Characteristics of the

interdecadal changes； Changes and Mechanisms of Extreme

Hydrological Events in Typical Basins

2. Mechanisms and modelling of global land surface-

hydrological process interactions

GLM, a globally distributed land-surface hydrological modelling

system; natural forcing and anthropogenic impacts

4. Global Risk Assessment of Extreme Hydrological

Events and China's Adaptation Countermeasures

Risk Sources and Risk Transformation of Extreme Hydrological

Events; Indicator System for Quantitative Assessment of Risks;

Adaptive Countermeasures for Extreme Hydrological Events in

China

The interactions 

among climate, 

land, and 

hydrology syst. 3. Global coupled sea-land-air-ice models and

attribution of extreme hydrological events

CIESM-GLM; Attribution and prediction of the global energy and

water cycle and the changes of extreme hydrological events
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Background



Time span：1950s-2050s
Time scale: inter-decadal, inter-annual, seasonal
Study Reg.: Global and eight typical watersheds (with a focus on the Belt and Road route)

Supported by the National Key R&D Program "Global Change and

Response". From the global as well as eight typical basins.

Background



1. Global water cycles

The fluxes of global water cycles
海
洋
蒸
发

海
洋
降
水

海
洋
水
汽
输
出

陆
地
降
水

陆
地
蒸
发

陆
地
水
汽
输
出

海
洋
水
汽
含
量

陆
地
水
汽
含
量

0

200

400

600

水
通
量

(1
0

3
 m

3
)

1981-2000

2001-2020

Intensified global water cycle

 Over the ocean, the evaporation,

precipitation and water vapour

transport all increased in

varying degrees.

 Over the land, water vapour

transport and precipitation

increased, but evaporation

decreased slightly.

 Ocean water vapour content

and land water vapour content

are relatively stable.



1. Past and future changes in the global water cycle

Dynamic images of the global water cycle

1981-2000 2001-2020

Compared to 1981-2000, under conditions of gradually intensifying socio-economic activities, there has been a 

global decrease in glacial snow cover, in wetlands and river water, in evapotranspiration from land, while an 

increase in land-sea water vapour interactions, in evaporation from the oceans, in precipitation on land, in the 

amount of water used for production and domestic purposes, and in soils, lakes and runoff to the sea.



1. Past and future changes in the global water cycle

Dynamic images of the global water cycle

Spatial distribution of global terrestrial precipitation 

recycling rate (%)

Changes in the water cycle in typical river basins, 

1979-2020



1. Past changes in the global water cycle

Dynamic images of the water cycle in China

Precipitation recirculation rate in China, 1961-2019 (in per 

cent)

1961-2000

2001-2018



1. Future changes in the global water cycle

By mid-century, global ocean evaporation will increase by 2.74%, ocean 

precipitation by 2.84%, ocean-to-land water vapour transport by 3.03%, 

terrestrial precipitation by 4.04 , terrestrial evaporation by 5.00%, and total 

runoff depths by 2.36%: an acceleration of the global water cycle!
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Research and development of future socio-economic scenarios

2. Risk of extreme hydrological events globally and in China

Gridded population and GDP for China, Belt and Road, and the world, 2020-2100 

(0.5 degrees)



Multi-level and multi-pathway risk assessment of extreme hydrological

events at the global-regional-basin scale

Theory of Risk Evaluation for Extreme 

Hydrological Events

Indicator System for 

Extreme Flood Risk
Indicator system for extreme 

drought risk

2. Risk of extreme hydrological events globally and in China



Risk assessment of extreme hydrological events globally
Global extreme rainfall and flood risk

projections were conducted, and the high-risk areas

are mainly located in East Asia, South-East Asia,

Western Europe, Central Africa, Southeast North

America, and Eastern South America.

The risk of SSP1-2.6 is relative low.

A global drought risk assessment was projected, and the

spatial distribution of global high-risk areas for drought

under the four scenarios is relatively consistent, with high-

risk areas mainly located in densely populated and socio-

economically developed regions, mainly in East Asia, South

Asia, west-central Europe, and the eastern and southern

coastal regions of the United States.

The SSP5-8.5 scenario has the highest risk.

2. Risk of extreme hydrological events globally and in China



Risk evaluation of extreme hydrological events at the regional scale

The storm flood risk in China was projected. Based on the SSP scenario data, the proportion of

hazardous and high-risk zones in the four future scenarios increased significantly, the exposure increased

significantly, and the vulnerability decreased significantly.

Average risk Percentage of high-risk areas

2. Risk of extreme hydrological events globally and in China

resulting in a significant reduction in the risk of storm flooding,

and the high-risk zones were mainly concentrated in Jiangxi,

Hunan, Anhui, Guangdong, and Guangxi.



Projection of the risk of extreme flood events globally
As the level of temperature rise increases, more regions will have higher population and GDP exposures to

extreme precipitation. Global warming will increase changes in population and GDP exposure to extreme

precipitation, and the impacts will be greater with higher population and GDP exposure.

Population exposure GDP exposure

2. Risk of extreme hydrological events globally and in China



Projection of the risk of extreme flood events globally

In the case of SSP245, the response of floods

under different levels of temperature rise and

changes in global flood pressure, compared to the

reference period (1985-2014) as the level of

temperature rise increases:

 Flood magnitude will continue to increase in most

basins and the number of such basins increases;

 Flood magnitudes increase in 52% of basins

globally under 1.5°C temperature rise level; while

81% of basins globally increase in magnitude under

3.0°C temperature rise level；

 The average increase in flood magnitude for basins

in Africa, south-east Asia, Australia and South

America under a 3.0°C temperature rise level is

31%, 26%, 37% and 16%, respectively.。

 Changes in the magnitude of the 1 in 50 year flood 

based on multi-modal medians

2. Risk of extreme hydrological events globally and in China



Projecting risk of extreme drought events globally

In regions with worsening drought conditions, the probability of a 1-in-50-year drought event increases

significantly with warming. Under a 1.5°C warming scenario, about 88% of the continent would experience a

more severe drought risk; under a 2.0°C warming scenario, the probability of a drought event would double

over 67% of the region.

1.5℃ 2.0℃
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Projecting risk of extreme drought events globally
Globally, the proportion of population and GDP exposed to increased drought risk is higher under

different SSP scenarios. Globally, 67 countries would have 100% exposure of population and GDP at 1.5°C.

A 2.0°C temperature increase would result in 17 more countries with 100% exposure of population and GDP,

reaching 84 countries.

1.5℃ 2.0℃
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Extreme precipitation

Extreme precipitation has a similar pattern of change as average precipitation, i.e., extreme precipitation

in China is likely to increase in the future, with a national average increase of about 10%. The relative increase

in extreme precipitation in north-western and northern China is greater than in other regions.

Future changes in extreme precipitation relative to the reference 

period (1971-2000)

2. Risk of extreme hydrological events globally and in China



Extreme runoff

The future average runoff from most river basins in China is on the increase; the increase will gradually

increase as the level of greenhouse gas emissions increases. The relative increase in average runoff in North

China, the Tibetan Plateau, and Southwest China is greater than in other regions. The average runoff in some

basins in the north-west and east of the country shows a decreasing trend.

Future changes in extreme runoff relative to the reference 

period (1971-2000)

2. Risk of extreme hydrological events globally and in China
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The main international virtual water cycle flows between the US-China-EU countries from 2005-2018; in

China's foreign and US trade, China imports virtual water through agriculture and exports virtual water

through manufacturing; China's net exports of virtual water have been decreasing year by year, with

particular attention to be paid to extreme flood and drought years.

3. Response to the risk of extreme hydrological events based on the theory of 

virtual water trade



Remarks

New insights into the past and future evolution of the global 

water cycle
Insights

Global Risks of Extreme Hydrological Events and China's 

Adaptation Measures
Solutions

Static socio-economic 
risk management

Multi-year average of global 
water vapour, precipitation, 
evaporation and runoff

Interdecadal changes
Runoff and attribution of 
extreme events

Risk of extreme events of 
socio-economic change
Adaptative measures 
considering global virtual 
water trade




