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•• Emergency water issues in ChinaEmergency water issues in China

•• Research project on climate changeResearch project on climate change

•• Vulnerability & adaptationVulnerability & adaptation
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1. China is such  a country with a variety of climate & much 1. China is such  a country with a variety of climate & much 
stress from itsstress from its population & economic developmentpopulation & economic development



 

Total water use /  usable water resources in China 

Hai River Basin   
of North China

Hai
River 
Basin

Yellow 
River 
Basin

Huai
River 
Basin

Yangzte
River 
Basin

Liao
River 
Basin

Water scarcity in China



Along with social & economic growth 
and impact of environment change,       

usable water is also declining
Water vaulnability is increasing
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Water problem
becomes as a key issue becomes as a key issue 

for China Sustainable Developmentfor China Sustainable Development

Floods

Droughts eco-
environment 



中国旱涝气候公报

Precipitation change on April in China

20112011’’s Extremely Droughts during spring in southern s Extremely Droughts during spring in southern 
China, late flood China, late flood dizasterdizaster

Only for flood disaster until 
July, directly economic loss 
reaches 43.2 Billion RMB,

Impacted 27 provinces and 
regions and 36.7 Million 

population, 239 victim …



20122012’’s  s  MayMay‐‐ June June Floods Floods in South China & in South China & 
DroughtDrought in North Chinain North China

Just in Guanxi, the heavy rainfall resulted in 21 million 
peoples to suffer flood disaster!flood disaster!

Same in Yellow R Huai R & Hai R, the extremely draught 
resulted in 67 million affected farm!affected farm!



(1).Climate change impact

 change water’s time-space distribution

 increase risks on floods & droughts in 
water stress regions

It is quite It is quite 
possible topossible to

IPCC AR4 (2009)

There are multiple impacts & challengesThere are multiple impact & challenges



There are multiple major challenges

(2). Human activities impact

 Remarkable LUCC due to rapidly urbanization, 
agricultural & energy developments

 These also significant impact sustainable 
utilization of water for life etc.
Impacts of Large Scale Land Use Patterns 
and Demographic Changes
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1980-2000年和 1956-1979年中国水资源总量变化示意图（水利部， 2004）
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Available water resources change between Available water resources change between 
19801980--2000 and 19562000 and 1956--1979 in China 1979 in China 



There are still arguments on climate natural There are still arguments on climate natural 
variation and due to global warming variation and due to global warming 

( Globe: CRU/Jones PD, China: Wang S )



Time
Current End-date

Current

Project 
objective
(GEF, WB)

Effect of climate 
change – failure 
to meet Objective

Project progress with climate change

Without climate 
change

In
di

ca
to

r
Change due to planned infrastructure, 
management changes etc within Development 
Project

Questions Questions related impact of climate related impact of climate 
change  & LUCC to water sectorchange  & LUCC to water sector

 How to detect & 
understand climate 
changes impact to 
water sector?  and 
How to quantify water 
resource vulnerability
related to impact of 
climate change and 
Human activity ?

 How to take adaptation & wisely manage water to 
changing environment on existing  water projects and 
new water programme & water policy in China?



A A National Basic Research National Basic Research 
Project (973)Project (973) on Climate on Climate 

Change & Water Change & Water 



Since 2010, Ministry of Sciences & Technology 
(MOST), China, fund a National Basic Research 
Project (973) on Climate Change Impact to Water Climate Change Impact to Water 
Cycle & Water Security in ChinaCycle & Water Security in China, with 33 Million CNY,  
2010-2014, lead by Jun XIA

Eastern 
Monsoon 
Area



Research Team for the Project
•• Chinese Academy of Sciences (CAS) Chinese Academy of Sciences (CAS) 

– Institute of Geographic Sciences and Natural Resources Research 
(CAS/IGSNRR)

– Institute of Atmospheric Physics (CAS/IAP)
– Center for Agricultural Resources Research (CAS/CARR)

•• Chinese Meteorological Administration (CMA)Chinese Meteorological Administration (CMA)
– National Climate Centre (CMA/NCC)

•• Ministry of Water Resources (MWR)Ministry of Water Resources (MWR)
– Bureau of Hydrology
– Water Resources and Hydropower Planning & Design Institute 

(WRHPDI) 

•• Ministry of EducationMinistry of Education
– Beijing Normal University – College of Global Change and Earth 

System Science (BNU‐GCESS)
– Wuhan University‐State Key Lab. of Water Res. & Hydropower Eng. 

Science (WU‐SKLWRHES)



 

部

东 

风 

季 

区 

长江流域 

淮河流域 

黄河流域 

珠江流域 

海河流域 

黑龙江流域 

辽河流域 

东

诸

南

河
流

域

项目研究区：与季风区联系的流域系统 

Yangtze RiverYangtze River

Yellow RiverYellow River

Huai RiverHuai River

Hai RiverHai River

Songhua RiverSonghua River

Zhu RiverZhu River

Research Area:  Research Area:  8 Major 8 Major 
river basins that cover river basins that cover 
95% population in China95% population in China



MAJOR RESEARCH THEMES

4.Impact of climate change on
Drought & water security Drought & water security 
related to food security & related to food security & 
ecoeco--systemsystem in North China

1.Detection & Attribution of 
non-stationary hydrological 
processes for past 50-100 
years

1.Detection & Attribution1.Detection & Attribution of 
non-stationary hydrological 
processes for past 50-100 
years

2.Reduced uncertainty of future 
different climate-hydrological 
scenarios (GCMS) & downscaling

2.Reduced uncertainty of future uncertainty of future 
different climatedifferent climate--hydrological hydrological 
scenariosscenarios (GCMS) & downscaling

3.Coupling Land hydrological process 
models with Regional climate models

3.Coupling Land hydrological process 3.Coupling Land hydrological process 
models with Regional climate modelsmodels with Regional climate models

5.Impact of climate change on
floods control securityfloods control security
related to South China ( Huai 
River/Zhu River etc,.)

6.6.Water resources vulnerabilityWater resources vulnerability & & 
adaptation managementadaptation management



Targets:Targets: Besides Besides  whole  8  big  river  basins whole  8  big  river  basins  including including  water water 
transfer project from south to northtransfer project from south to north, , two major areastwo major areas related related 
drought &  food  securitydrought &  food  security in in North China & NorthNorth China & North‐‐East ChinaEast China, , 
and and  extremely  flooding eventsextremely  flooding events in in  South ChinaSouth China ((HuaiHuai River & River & 
Zhu River) are focused  in the projectZhu River) are focused  in the project
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Research shownResearch shown
1.  Climate change  impact1.  Climate change  impact is  a big issue to water 
sustainable use in China due to existing or 
planning water projects and  programming do 
not fully consider potential impact on climate 
change , particular on possibility of increasing 
extremely events                                                
( floods & droughts) .

It is possible to increase 
probability of the most 
disbennifit for both low 
water in N & S  for the 
WDPSN could be 2.6-8.2%



2. Basic research2. Basic research & & adaptive managementadaptive management should should 
be be emphasized emphasized  due to much water stress & due to much water stress & 
uncertainty related to climate change:uncertainty related to climate change:

How to change in the past ?
How to change in the future, particular to 

coming 20-50 years ?
What’s the mechanism for such changes ?
How to adapt climate change & wisely

manage water ?

3. Vulnerability & Adaptation3. Vulnerability & Adaptation will be priority will be priority 
issues for issues for adaptive water management.adaptive water management.



Framework of Vulnerability & Adaptation 

Interaction system with 2 kind of scenarios and
Adaptation is the function of Vulnerability

Coupling Coupling 
hydrologic hydrologic 

ModelsModels
(DTVGM)(DTVGM)
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Water Resource VulnerabilityWater Resource Vulnerability

• It could linkage with water stress indicator (resilience) 
, C(t) & sensibility, S.

• New study:
1( )
( )

V t
C t



1 2( ) ( ) (1/( ))DWPC t f r f
Q P
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r       – Use to availability ratio   (%)                    
P/Q   - water crowding    (p / Million m3/ yr)               
WD/P - per capita water use  (m3/p yr)

S



Malin Falkenmark
&Molden (2008) 
developed these 
indicators to show
demand‐driven 
water stress and 
population‐driven 
water shortage. 

Late, Malin 
Falkenmark  & Jun 
Xia developed case 
study in China to 
address Water 
Security in 
watershort basins
(2010)
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New study on quantifying                 
Water Resource VulnerabilityWater Resource Vulnerability

1( ) { } exp ( )exp( )D

D

WQ PC t C r r k
W Q P

      

Categories of water resource vulnerability 
no vulnerability low 

vulnerability 
moderate 
vulnerability 

high 
vulnerability 

Serious 
vulnerability 

<0.05 0.05-0.1 0.1-0.2 0.2-0.4 >0.4 

 

r       – Use to availability ratio   (%)                
P/Q   - water crowding (p / Million m3/ yr)
WD/P - per capita water use  (m3/p yr)



 

Huaihe V(t)=0.20 

Haihe V(t)=0.80 

Yangze V(t)=0.06 

Song-liao V(t)=0.09 

Yellow V(t)=0.17 



SensibilitySensibility SS water stress( water stress( resilienceresilience)) CC Integrated Vulnerability S/CIntegrated Vulnerability S/C

++

New StudyNew Study

Baseline year: 2000  

Data series:   1970-2010



Vulnerability Vulnerability 
1/C without S1/C without S

Vulnerability Vulnerability 
S/C S/C 



Water Water 
Resource Resource 

Vulnerability Vulnerability 
in Hai Riverin Hai River



Water Resource Vulnerability to Water Resource Vulnerability to 
climate change in Hai Riverclimate change in Hai River

1515

2626

‐‐8.58.5

△r
(%)

0.570.571010452452Sc3Sc3

0.850.851010869869Sc2Sc2

‐‐0.180.1800‐‐337337Sc1Sc1

△V(t)△WD/P
（m3/p y）

△P/Q
(人/106 m3/y)

scenarios

Sc1 – only available water resources change to 
global warming                                                  

Sc2 – only water demand change 
Sc3 – considering both change



Vulnerability change Vulnerability change △△V(t)V(t) to different scenarios to different scenarios 

S1- Only water 
supply change

S2-Only demand change
S3- both change

Base line(2000)

xiajun5
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Adaption to climate change and both Adaption to climate change and both 
human activitieshuman activities：：

Identify key control variable, and shift V from red zone into blue one 
by adaptive management, i.e., changing the rate of water developing  
& using water crowding &  per capita water use etc. 

Huai river 
V(t)=0.20

Hai river V(t)=0.80

Yangtze river 
V(t)=0.06

Songliao river 
V(t)=0.09

Yellow river V(t)=0.17



-- Water saving policyWater saving policy

-- Managing water wiselyManaging water wisely

--Infrastructure BuildingInfrastructure Building: : 
SouthSouth--toto--North Water North Water 
Diversion Project etc.Diversion Project etc.

--Good water governanceGood water governance

Adapted policiesAdapted policies

Goal: Enhancing abilities & ways to adapt climate change



Conclusions
• Climate change and human activity are two big issue to 
water sustainable use. Science & technology will play a 
key role on  understanding & reduce risk

• Water policy, in China will had to shift from 
Water Quantity ManagWater Quantity Manageementment Water Quality Water Quality 

ManagementManagement

Water Supply  Management  Water Demand Water Demand 
ManagementManagement

• Adaptive Water Management will be a priority 
issue in China. 



Impact to          Impact to          
Large Water  Large Water  
ProjectsProjects

Approach of Approach of 
water Res .water Res .
VulnerabilityVulnerability

Impacts to Impacts to 
Water Supply Water Supply 
& Demand& Demand VulnerabilityVulnerability SustainabilitySustainability

ChinaChina RegionsRegions

Water stress Water stress 

MechanismMechanismProcessesProcesses

AdaptationAdaptation

Water Res. planning & Water Res. planning & 
managementmanagement

Reducing Floods Reducing Floods 
& Droughts& Droughts

Water Security Water Security 
related droughts related droughts 

& eco& eco--systemsystem

Water Water 
Governance Governance 
& new Policy& new Policy

Flood controlFlood control
SecuritySecurity

Framework of Adaptation Management        
to Water Sector in China



MWR in China is processing a  new water strategy 
based on three red lines control

• The red line I :   Control of total water useControl of total water use

by Total Water Resources Allocation.

• The red line II : : Control of lower water use efficiency Control of lower water use efficiency 

by Water Demand Management.

• The red line III:: Control of total waste water loadControl of total waste water load
by Water Quality Management.

Adaptive water management will face to  new 
opportunity & challenges on global and regional.



XIVth IWRA World Water CongressXIVth IWRA World Water Congress,
Adaptive Water Management: 

Looking to the Future

•• Adaptive water managementAdaptive water management

•• Water resources and global Water resources and global 
changechange

•• Governance and water lawGovernance and water law

•• Knowledge systemsKnowledge systems

Four major themes

Those have good linkages with Tasks of 
Global  Water Strategy (WWC/ IAP/IAC water 
programme & others) 



XIVthXIVth World Water CongressWorld Water Congress
2525‐‐29 Sept., 2011, Recife, Brazil29 Sept., 2011, Recife, Brazil



IAP /IAC Water IAP /IAC Water ProgrammeProgramme
InterAcademy Council

Science & Technology   
for Sustainable Water

IAC Water Study

InterAcademy CouncilInterAcademy Council

Science & Technology   Science & Technology   
for Sustainable Waterfor Sustainable Water

IAC Water Study



International cooperation International cooperation 
are welcome !are welcome !

Thank you !Thank you !

Prof.  Xia Jun,Prof.  Xia Jun,
E-mail: xiaj@igsnrr.ac.cn


