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Global Change Hydrology:
An Emerging Discipline



Water Related Hazards
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Over 90% natural hazards are water related, including drought and
flood (United Nations Environment Programme).

Emerging challenges of water related hazard require
understanding the global water system and the natural and
human-induced factors that influencing the water system.



Global Water System

Climate extremes
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Humanity has become an important driving force of changes
to the Earth’s hydrosphere and hydro-hazards.



Global Change Hydrology

Global Hydrological
Change Sciences

Global Change Hydrology, an emerging discipline
representing an evolution of hydrological sciences towards
the linkage with global environmental change for
understanding and quantifying the human fingerprint in the
global water system.



Scales in Hydrology
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Global Change Hydrology can be across scales.




1. How to depict the broad array of
human-induced factors in a human-water
model?



Hydrological model

Q
C Bucket Model

It considers the impact of human-induced climate change.

Tang and OKki, 2016. Terrestrial Water Cycle and Climate Change, AGU Geophysical I\/Ionoggraph



Land Surface Model (LSM)

Vegetation

Snow

Runoff

Permafrost

0 1

2 3 4 5 6 7 8 9 10 1
SIB2 LAND USE TYPE

Land cover and land use change

It considers the impact of changes in underlying surface
(including vegetation, snow, permafrost)

Tang 2006.



LSM with water management

1) Water demands
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LSM with water management

2) Water supply

Global Reservoir and Dam Database, Version 1 (GRanDv1), Revision 01
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It considers the impacts of water management.

Liu et al. 2016
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The Distributed Biosphere-Hydrological
(DBH) model

Climate Change
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Human Water Use Iy o, SImple Biosphere Model

human-water model that
can represent most major
human-induced factors
Hydrologic scheme . .
that influencing the
terrestrial water cycle.

Tang et al. JHM 2007. 12



2. How to separate human and climate
impacts on the hydrological cycle?
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What factors contribute to the drying?
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Model settings
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DBH enables direct comparisons with
the managed flow, rather than the
‘naturalized’ flow.
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Effects of irrigation
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Major drivers contributing to the drying
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3. How to assess water-related risks and
build resilience?



Climate change impact assessment

Climate Change
Scenarios
(RCPs)

Socio-economic

Change Scenarios
(SSPs)

Assessment Model (DBH)

Impacts on water, agriculture, ...
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Climate Change Impacts
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Risks at different sectors
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Regionalization of Integrated Environmental Risk
over 2071-2099 for RCP6.0

1:36000000

Integrated Risk Zone Level 1

I Northwest - Low Risk
II Northeast - Low Risk for Agriculture and Ecosystem
III Tibet - Mid-High Risk for Ecosystem

ikou

SOUTH CHINA SEA [/

IV JinShaan - Mid-High Risk for Agriculture

Map-license: J5-(2016)01-143
With the risk atlas, scientific knowledge can be translated
to policy and management practices.
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Tang & Ge (Eds) 2018 23
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Increasing flood frequency under climate
change
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Projected change in flood frequency. Multi-model median return period
(years) in 21C for discharge corresponding to the 20C 100-year flood.
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A large portion of people lives in flood-
prone area
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Modeling with flood control measures
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Established in April 2017, the Xiong'an
area is located about 100 km southwest
of Beijing. Its main function is to serve

as a development hub for the Beijing-
Tianjin-Hebei economic triangle.
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Experimental design

 Exp 1: Flood risk of a historical 50-year flood (the August
1963 flood)

 Exp 2: Present flood risk, using the same historical 50-
year flood with the flood control works

 Exp 3: A future 50-year flood with the heightened dike
and reservoirs

The historical 50-year design storm was estimated based on the
historical observations.

The future 50-year design storm was estimated using the bias-
corrected climate data from five general circulation models
(GCMs) (HadGEM2-ES, GFDL-ESM2M, IPSLCM5A-LR,
MIROC-ESM-CHEM, and NorESM1-M) under the RCP8.5
scenario from ISI-MIP.

Wang et al. HSJ 2019 accepted 28



50-year storms
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The 50-year design storm for the historical (1952-2010) and
future (2032-2090) periods.
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50-year floods
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Results: inundation area
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Flood risk with flood control measures
at Haihe River Basin, August 1963 flood

Actual _
iInundation area

..Beijing 8 /

ank

aXEh

I wsl 4

Plain
2 Ty
i

~.North China

Assumed
iInundation area
with flood ‘
control works

-.Beijing AV
‘North:China
Plain .

.........

32



Take home message

* A new discipline of Global Change Hydrology
emerges.

* Understanding human-induced impacts to the
global water system is the key mission of
Global Change Hydrology

« Considerable advances have been made in the
past, but more efforts and collaborations are
required in order to understand the risks
under changing environment and to shape the
future of Global Change Hydrology.
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