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* Background:

» Climate in China
» Landscape in China
» Global Change

* Hot topics of hydrological researches in China

Effect of Climate Change on Glacier Hydrology
Ecohydrology in Ecologically Fragile Areas
Effect of Urbanization on Hydrology

Earth Critical Zone Hydrology

Flash flood forecast

Drought monitoring and prediction
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 Comparative studies in hydrology



1 Background- Climate in China

* Monsoon-dominated climate causes very distinctive wet (Apr - Sep)
and dry (Oct - Mar) seasons in a Water Year
* From humid to arid: a gradient from SE to NW



1 Background- Climate in China
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1 Background- Global Change

Daily precipitation and temperature data from 728 meteorological stations covering 1951
2014 (Gu and Zhang et al., JH, 2017)
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1 Background- Global Change

Human induced runoff decrease
«Annual accumulation series of P and R : decreasing trend of annual runoff since 1980s in the
north regions (AR/ AP decreases) (Zhang and Chen et al., JH, 2011)




2 Hot topics - Glacier Hydrology

Climate Change (Rapid rise of T)

Glaclier, snow and permafrost melting
Runoff (stream flow), groundwater storage and lake area change

Hazard (flood, debris flow and landslide)
Water utilization and ecological protection
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2 Hot topics - Glacier Hydrology

Runoff Change and Adaptive Management in the River Source Region of
Southwestern China (NSFC Major Research Plan 2016-2024)

The main objectives of this research:
(1) To quantify the runoff variations in response to climate change;
(2) To estimate changes of the biogenic substances in rivers, reservoirs and lakes

affected by the runoff variations
(3) To establish the water-energy-environment nexus in the region

" (4) To find the strategies for adaptive utilization of runoff under changing
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2 Hot topics - Glacier Hydrology

Has the climate shifted from warm-dry period to warm-wet period over Qinghai-Tibetan
Plateau during the past 30 years? (Zhang and Chen et al., STE, 2018)



2 Hot topics - Ecohydrology

Climate Change and de/reforestation

(The Grain-for-Green Project)

RS %ﬂl)lbiﬁil LA ST

Mountainous hydrological variability: P, ET. R
Oasis hydrology: ET, groundwater table, :
Desert: prevention of desert area expansio

Connection among mountainous runoff —

Glacier and frozen
mountainous area

LLith
34%

Native
vegetation Oasis area Desert area

area

FLiR

57%
Desertification °

ZxM 9%



2 Hot topics - Ecohydrology

Reasonable groundwater utilization for prevention of ecosystem degradation in the western China
(MOST, 2017-2020; PI, Chen)

Area:40, 160km?



Reasonable groundwater utilization for prevention of ecosystem degradation in the western China
(MOST, 2017-2020; PI, Chen)

Observations -> Modeling -> Water utilization strategies

Input data

Longitude/latitude; soil type; PFT parameters  (static)
Climate (monthly)
Co, (vearly)
Derived and interpolated data

Air temperature, precipitation, cloudiness (daily)
Insolation, potential evapotranspiration (daily)

Rain | Snow
—Interception

Vegetation
structure,
function, and loss, E,
dynamics | Transpiration, gl Photosynthesis
Er =
Water supply
Phenology
Through-
A fall, Pr,
Evaporation, Snowmelt, M
Es , + p-Surface runoff, R
R :
GW abstraction Subsurface runoff, R;
WG

Modified LPJ ( according to Gerten D et al ,2004)

Evapotranspiration:

Interception: E=E,w

Soil Evap.: E;=wr,,Ep(1-fv)
Transpiration: E=Min(S,D)fv
S=E__~*Wr Wr=f,* w,+ f,* w,
D=(1-w)* (E *a,) *(1+8,/8.01)

Runoff:

R;= (w;-1)*fwhc,*d,; R,= (w,-1)*fwhc,*d,
R=R;+R,+P,

Groundwater flow:

2 Dy Lk, Iy Lk, By -5, Dy
OX ox oy oy oz 0z ot

Net primary production(NPP):
NPP=GPP-R,-max[(GPP-R,)x 0.25, 0]
Leaf Area Index (LAI): LAI=Cp,*SLA/CA



Under climate and human activities

Mountainous Groundwater Soil i

Depth,
mineralization

lateral flow Moisture, salinity (vegetation)

Gradual change
(NDVI decrease)

Species change
(forest -=> grass ->
desert)

Disaster
(desert)




2 Hot topics - Urban hydrology

Climate change and urbanization
(Sponge City)
Effect of Urban heat island on hydrology
the urban water infrastructure (e.g. storm drains)
models of the city hydroscape and the urban water balance
iImplementation of green infrastructure



Urbanization-induced regional climate variability (Zhang et al.)



2 Hot topics - Earth Critical Zone Hydrology




2 Hot topics - Earth Critical Zone Hydrology

http://www.czo.ac.cn

Using Critical Zone Science to Understand Sustaining the Ecosystem Service
of Soil & Water (CZO)- supported by NSFC and NERC
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The transmissive critical zone: understanding the karst hydrology-

biogeochemical interface for sustainable management
BEBT1F R AR H K- L WL FRE B W B R LB Z GRS IEA A

Prof. Susan Waldron Prof. Xi Chen
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(Zhang, Chen et al. HESS)



Outllett
Outlet
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Hillslope
Depression

(Zhang, Chen et al. HESS)



Stable & receiving little rainfall recharge

Fluctuating & receiving much rainfall
recharge

(Zhang, Chen et al. HESS) Storage dynamics



High capacity &
slow response

Low capacity &
rapid response

Flux ages (Zhang, Chen et al. HESS)



2 Hot topics — Flash flood forecast

Mountainous and hilly areas account for 2/3 of the land area in China, among
which the prevention and control area of flash flood disaster reaches to 4.63
million km?, involving in the population of 560 million.

*Over 8,600 rivers with areas among 200~ 3000km?

*Flush flood and mud-rock flow for small catchments are particular severe:
number of deaths: 158,000people
Economic loss: 131.4billion RMB (2001-2000)
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Proportion of deaths caused by flash flood disaster s compared to those caused by all flood
disastersin China (Heet al., 2012)



2 Hot topics — Flash flood forecast

Weather forecast

Obs. P and ET

Calibration
and validation
(Parameters) Hydrologlcal MODEL

et |

Flood flow forecast

National Hydrological Forecast ] @

« the short-duration (<12 hrs), short-term (< 3 days), ol ]

medium- term (4— 10 days) and long-term (>10 days) e

weather forecasting of storms (=] |, e e
+ flood control departments and meteorological administrations - . .- | cs

at various levels maintain about 6600 rainfall- observation

stations and 2300 rainfall-monitoring stations. 420 Flowchart of the Xin’anjiang model (after

meteorological radars are installed for monitoring disastrous Zhao & Liu, 1995)

weather system, and 4 meteorological satellites have been
successfully launched



2 Hot topics — Flash flood forecast
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Prediction in Ungauged Basins (PUB)



2 Hot topics — Drought monitoring and prediction




2 Hot topics — Drought monitoring and prediction

Drought indices and classification

The Standard
Precipitation Index
The StandaiidiPrecipitation-

Evapotranspiration Index
(SPEI)

Water wetness index
(SWI)
Palmer index (PDSI)

The Standard hydrological
Index (SHI)
 Reservoir storage
« streamflow discharge
* Groundwater level

Drought ranks
Duration, intensity and
magnitude
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2 Hot topics — Drought monitoring and prediction

Global

Texas US

Yellow River
China

_ Coupling of Self-Calibrating PDSI with the VIC Model (SCPV)
Liu et al. Water Resour Manage (2015)



Drought- and flood-related researches (ZHANG et al)
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Probabilistic transition of drought conditions

Probabilistic modeling and forecasting of drought conditions

Statistical modelling of flood processes

>

Regionalization and
spatial pattern of drought events
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3 Comparative studies in hydrology

Green development
To cut carbon emissions per unlt of the GDP by 60-65 percent from 2005 levels by 2030
FELEFTEN - IREEERUE - ARFBKENEMOIBEREIR - MRESEIR
» transform the economic development pattern
* Improving energy efficiency
« Exploitation and utilization of renewable sources of energy
 carry out systematic ecological control

ZAKSWpEE WKL

“clear waters and green mountains are as valuable as mountains of gold and silver"




3 Comparative studies in hydrology

Great diversity in Climate and landscape in both countries



3 Comparative studies in hydrology

Climate Change

A
»
,OQQ:’
6,)0
I'@%o
2
Landscape and Human activities s
monitoring
Hydrological Cycle
Modeling
Forecast & h dl . d .
Prediction Short- and long- term impacts and responses:

(1) Available water resources (streamflow and groundwater; green and blue water)
(2) Hazard prevention (hydrological extremes)
(3) Evolution of Climate-Landscape-Hydrology



Partial literature review concerning hydrometeorological researches in Chile

Urban-related climate changes

Cortés, Gonzalo et al. (2012),
Assessment of the current climate and
expected climate changes in the
Metropolitan Region of Santiago de
Chile. UFZ-report.

Orographic precipitation changes

GARREAUD, R. (2016), Orographic
Precipitation in Coastal Southern
Chile: Mean Distribution, Temporal
Variability, and Linear Contribution.
Journal of Hydrometeorology.

Seasonal precipitation extremes

GARREAUD, R. (2013), Warm Winter
Storms in Central Chile. Journal of
Hydrometeorology.

Reconstruction of hydrometeorological series

Rocio Urrutia et al. (2010), Water
availability reconstructions using tree-
rings in the Valdivian rainforest
ecoregion, Chile IOP Conf. Ser.: Earth
Environ. Sci.

Relations between climate changes and hydrological extremes

Sebastian Vicuna et al. (2013),
Exploring possible connections between
hydrological extreme events and climate
change in central south Chile. HSJ

Impacts of climate on agriculture

Francisco J. Meza, et al. (2013), Impacts of Climate
Change on Irrigated Agriculture in the Maipo Basin,
Chile: Reliability of Water Rights and Changes in the
Demand for Irrigation. JOURNAL OF WATER
RESOURCES PLANNING AND MANAGEMENT
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Soil moisture and climate changes

Dec

Stolpe, N. and Undurraga, P. (2016), Long term climatic trends in Chile
and effects on soil moisture and temperature regimes. Chillen Journal of
Agricultural Research.

Heavy rain and driving factors

Falvey, M. and Garreaud, R. (2007), Wintertime Precipitation Episodes
in Central Chile: Associated Meteorological Conditions and Orographic

Influences. Journal of Hydrometeorology.
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World Scientific Collaborations 2008-2012




