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Impacts of climate change on tlood

» 100-yr return flood would happen more frequently in most of the world in 21C
than 20C under RCP8.5 scenario with CMIPS models.

> Historic observations show that large riverine floods tend be weaken while
small river floods tend to be stronger as responding to increasing precipitation.
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ﬁ S » The DRIVE model
— > Global Flood Monitoring System (GFMS)

» Glocal Hydrometeorological Solution on
Floods (GHS-F)




. This moment’s world flood situation ...
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PRECIPITATION MEASUREMENT MISSIONS

3-hourly, 8™ and 1km global flood detection and inundation
mapping with hydrological model
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. Dominant river tracing-Routing Integrated with VIC Environment
(DRIVE) model -

Liang et al.., 1996

DRIVE couples runoff generation-routing mechanisms based on the hierarchical dominant
drainage network with advanced river basin-grid cell-subgrid parameterization schemes.

Wuetal., 2012, JHM ; Wuetal., 2012, 2014, WRR



. Hierarchical dominant river tracing (DRT) based
drainage network delineation -

Flow direction, flow distance, slope, flow
accumulation area, river width, river basin
boundary etc.
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» DRT derives drainage network with excellent
performance in preserving the high resolution

DEM information.
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various spatial resolutions. Wu et al., 2011, 2012, WRR



Global Flood Monitoring System (GFMS):
Flood happens almost everywhere in different format year to yearg .
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» Continental scale flooding
»> From south to north
» From May to September

2021

Significant difference in the recent three flood seasons

2022
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> Mid-size river basin

» Extremely serious urban

» Almost no river basin
scale flooding

flooding in “Zhenzhou” in > Serious local (flash) flood

July

» More people loss (~100)



Glocal Hydrometeorological Solution on Floods
(GHS-F) -

Modeling flash flood, river flood and > Hourly update, at 10km-
rban flood from headwater to outlet. E 1km-Sm resolutions, from
' global to local;
|
“.. 10km ~ 30m
* » Overall good
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s e A POD>90% with >20yr
v
Surface Szt%ggilgvkzr&%es. [mm] ,': data records;

> Street level inundation

Hybrid-resolution coupled modeling of POD can be >70%.

river-basin and urban hydrological

. o i E Urban flood 5m
and hydraulic processes. 1

Wu et al.,, 2021, AAS



‘JII“”“ | Practice in supporting operational agencies responsible
d} to flood management and disaster mitigation




GHS-F operational applications

National Meteorological Center of CMA  The Ministry of Emergency Management
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3-day tlood forecast for China @CMA

3-hourly, Skm resolution flood risk forecast
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Case 1: continental scale flooding, 2020

Daily zonal mean precipitation over part of
mainland China (20°N-44.5°N)
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Case 2: Local scale (Flash) flooding, Aug. 18, 2022
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Case 3: Local scale (Flash) flooding, Jiuquan , Aug. 13,
2022
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River-Urban tlooding

River basin flooding meets Urban flooding

1km river flood modeling

. . () HOH

VOH'

HHHHH

10m resolution coupled river basin-urban flood modeling



Case 4: Urban flooding in Changsha, Apr. 25, 2022

Cell photos are helpful
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. Case 4: Urban flooding in Changsha, Apr. 25, 2022 _

Street inundation were very well predicted according to ground information
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Two cents on developing trend




. Global Flood Partnership: A global network for

operational tflood risk reduction
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Mozambique, Cyclone Idai,14-19 March 2019
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NWP forecast peak totals were ~ 1000
mm, while peak satellite estimates
(IMERG) were ~ 600 mm.

Ground validation was
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Time Integrated Inundation from GFMS compared to SAR
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High-resolution satellite products improve Hydrology and g

hydrological modeling in northern Italy Ea”gﬁéitfe”;

Lorenzo Alfieri', Francesco Avanzi', Fabio Delogu', Simone Gabellani', Giulia Bruno', Lorenzo Campo',
Andrea Libertino', Christian MassariZ, Angelica Tarpanelliz, Dominik Rains>, Diego G. Miralles>, Raphael Quast?,
Mariette Vreugdenhil?, Huan Wu>-°, and Luca Brocca?

» Hydrological model fully driven by satellite (i.e., P
and ET while assimilating satellite derived soil
moisture (SM) and snow depths);

» Model calibration uses satellite-based precipitation,
evaporation, and river discharge;

» Satellite-driven operational hydrological applications
show sKkillful estimates of river discharge.

Po River basin (Italy)

Alfieri et al., 2022, HESS



. Different lead-time flood forecast _

G F P A global network for operational
flood risk reduction
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Alfieri et al., Environmental |
Dynamical model Science and Policy, 2018



Can we predict flooding earlier?

R\ atmosphere

(weather)

WEATHER FORECASTS

predictability comes from initial
atmospheric conditions

S2S PREDICTIONS

predictability comes from initial
atmospheric conditions, monitoring the

land/sealice conditions, the stratosphere

Predictability

courtesy of Paul Dirmeyer (GMU/COLA)
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1-32 day flood forecasting @ 3 critical locations of Pearl
River Basin in 2022 -

Streamflow Forecasting Based on ECMWF Model

Compared to In — situ Streamflow Observations (In April, May and June, 2022) in BoLuo Station
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r Summary

» Multi-scale floods (Flash flood, Riverine flood and Urban
flood) need to and can be well addressed in one modeling
framework for better response;

» Glocal Hydrometeorological Solution on Floods (GHS-F)
has been working and applications indicate pathways for
further improvement;

» Challenges ahead mainly lie in fundamental datasets:
precipitation, DEM etc.
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Finding “Glocal” Solutions to Flooding Problems

Scientists call for joint efforts to combine real-time global rainfall data with high-resolution local hydrology to better forecast
floods.

By Alka Tripathy-Lang 3 February 2021 8 oo@
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Xin'an River Hydropower Station, in the province of Znefiang, China, discharges floodwater

 Qiando Lake in July 2020, 3 perod of record rainfall in
the region, Credit: MasaneMiyaPAWikimedia, CC BY-SA 40

Type “flooding today” into your search engine. You will likely find at least one place
battling rising waters in the world— nbique today, Yorkshire
yesterday, Hawaii tomorrow. Floods occur when water encroaches on dry land, which
can happen during hurricane-induced storm surges or when heavy precipitation (or,

snowmelt) has nowhere to go. These different flood sources have an important Z 0 Z 1
commonality—they all start with weather.

“Weather patterns, which cause flooding, are happening at the global scale,” said Guy,
Schumann, a flood hydrologist with the University of Colorado Boulder’s Institute of
Arctic and Alpine Research, “but impacts of floods are very localized.” Local effects
include costs to the economy, displacement of populations, and loss of life.

Schumann and a team of scientists led by Huan Wu, a professor at Sun Yat-sen
rersity in Guangdong, China, developed an innovative flood model linking global
initation natterns with Incalized hvdrologv—where water goes once it finds land

UNDRR

2021
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SUN YAT-SEN UNIVERSITY School of Atrmosphesc Sciences

# Challenge 1: Model Validation/Calibration
» Challenge 2: Precipitation vs Floods Hazard
DRIVE
9

# Challenge 3: Hydrography Uncertainty QPE DRT
Numerical Simulation
Urban Flood"F: o<}
# Challenge 4: Benchmark flood database Deep Learning LIV drography -~ -~

Remote Sensing

rUncertainty
DRTT

Flood Big‘ Data
M QPF

# Challenge 7: Flood projection with climate change and LUCC 6

#» Challenge 5: Flood information integration

# Challenge 6: Human impacts (urbanization, dam/reservoir)
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> 2021 AGU Monograph {Global
Drought and Flood: Observation,
Modeling and Prediction)

» AGU recommended COP26 exhibition
book (only 4)



