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WWRP

The World Weather Research Programme is the WMO’s mechanism to foster and
progress cooperative international research for improved weather and
environmental prediction services from minutes to seasons strengthening
academic-operational partnerships around the world

more accurate and reliable enhance society’s resilience to
: extreme weather and the value of
forecasts from minutes to seasons

weather information for users

KEY OUTCOMES AND ON-
GOING PROJECTS OF THE
WORLD WEATHER
RESEARCH PROGRAMME

HOW COULD HIWEATHER
CONTRIBUTE TO GEWEX

A SEAMLESS EARTH SYSTEM
SCIENCE BRIDGING GEOPHYSICAL
SPHERE AND SOCIAL SPHERE
TOWARDS SERVICE ORIENTED

@)WMOOMM SCIENCE



Key Outcomes & On-going projects

- Advancement in science of predictability, ensemble prediction, data assimilation, high-
resolution NWP, and nowcasting

- Major Field Campaign and dedicated regional projects from research to forecast
demonstration (for ex. Mesoscale Alpine Programme, Olympic Games, IPY, YOTC, T-PARC,
CONCORDIASI)

- Data Infrastructure for research: THORPEX Interactive Grand Global Ensemble (TIGGE), $2S
database

KEY OUTCOMES AND ON-
GOING PROJECTS OF THE
WORLD WEATHER
RESEARCH PROGRAMME
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Improving the skill — big resources

ECMWEF’s forecast Z500hPa extra-tropical error growth over

the last two decades
(2) HRES: RMSE
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Seamless Earth System Science

* Society’s exposure to extreme weather calls for a seamless Earth System
science

* Integration of understanding and predictive capabilities of natural hazards
across all elements of the value chain

* Cross-fertilization of techniques across disciplines, i.e. bringing together
physical, statistical and social science approaches to risk management.

A SEAMLESS EARTH SYSTEM
SCIENCE BRIDGING GEOPHYSICAL
SPHERE AND SOCIAL SPHERE

A TOWARDS SERVICE ORIENTED
@WMOOMM SCIENCE



WWRP foci of Earth System Science

High-impact Weather:

Toward impact-based forecasts ina | Modelhng and prem cycle for
variable and chan i improved disaster. nsk rﬁdct[on and Tesource

management N

Evolving Technolt;f ies:
Their fmpact on saeﬁce and their use

urban co Xes
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WWRP foci of Earth System Science

[T - -
High-impact Weather:

Toward impact-based forecasts ina 5, Modellmg and premcle for
variable and chan i improved disaster. rnsk rt?&fctlcmand resource

management N

Evolving Technologies: |
Their impact on saeﬁce ahd the|r use

Catalysing Innovation in Weather Scence:
WWRP Implementation Plan
2016-2023

A guide to catalyze innovation
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High Impact Weather Project

WWRP core project

C\?\Q leeather 10-year project, kick-off 2016

co-chairs: Brian Golding, David Johnston

HOW COULD HIWEATHER
CONTRIBUTE TO GEWEX
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In 2017, despite dramatic improvements in weather
forecasts, communication technology and disaster
management,

weather-related disasters

2 Killed ten thousand people
2 Affected one hundred million people
2 Caused three hundred billion dollars of damage



HiWeather

* Promote cooperative international research

e to achieve a dramatic increase in resilience to
high impact weather, worldwide,

* through improving forecasts for timescales of
minutes to two weeks and

* enhancing their communication and utility in
social, economic & environmental applications
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HIWeather hazards

= Urban Flood:
Mortality, morbidity, damage & disruption from flood inundation by
3 : @8 intense rain, out-of-bank river flow, coastal wave & surge
- i = “poes overtopping and from consequent urban landslides.

A

Disruptive Winter Weather: e
Mortality, morbidity, damage & disruption from snow, ice and fog to b
transport, power & communications infrastructure. :
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HIWeather hazards

= Urban Flood:
Mortality, morbidity, damage & disruption from flood inundation by
| intense rain, out-of-bank river flow, coastal wave & surge
overtopping and from consequent urban landslides.

i i i L " 'i,.i'lj ﬁx!?:' i WAELY
Disruptive Winter Weather: e :
Mortality, morbidity, damage & disruption from snow, ice and fog to _¥ElLn
transport, power & communications infrastructure. :

N Wildfire:
v‘g Mortality, morbidity, damage & disruption from wildfires and their
s =g smoke.

= 2 '> 1
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Urban Heat Waves & Air Pollution:
Mortality, morbidity & disruption from extreme heat and pollution
in the megacities of the developing and newly developed world.

© www.energydigital.com

Extreme Local Wind:

Mortality, morbidity, damage & disruption from wind and wind
blown debris in tropical & extra-tropical cyclones, downslope
windstorms and convective storms, including tornadoes.
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Warning Value Chain
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Warning Value Chain

Sensor Weather Ocean, Land Surface Social, _Communication Behavioural
Technology ~ Modelling & Pollution Economic Science: Me.ssages & Psychology
Modelling & Health Media
Modelling
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Warning Value Chain

Siq

Sensor Weather Ocean, Land Surface Social, .Communication Behavioural
Technology ~ Modelling & Pollution Economic Science: Me.ssages & Psychology
Modelling & Health Media
Modelling

Bridges represent inter-disciplinary
&/or inter-agency communication
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Research Areas

Predictability & Processes:
Initiation and evolution of hazard -related
weather systems and associated
predictability

Multi-scale Forecasting:
Multi-scale prediction of weather hazards in
', . ©oupled modelling systems

Human Impacts, Vulnerability &
Risk:

Hazard impacts on individuals,
communities and businesses, assessing their

- 2
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Evaluation: M . vulnerability and risk

Measure skill and value of forecasts and

warnings at all stages of production to focus .\
rescarch in weak arcas and support users in . . ~ A
developing responses ™ i

- Communication:
¥ Achicving more effective responses to
_— forecasts through better communication of

hazard risk warnings




Research Areas
Physical
sciences

predictability
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{ impacts on individuals,

. . ities and businesses, assessing their
Evaluation:

Measure skill and value of forecasts and
warnings at all stages of production to focus
rescarch in weak arcas and support users in

developing responses
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Research Areas

Physical
sciences

3

’ Inter-disciplinary approach is e
' unique potential of HIWeather
but also a chaIIenge
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Research Areas

Predictability & Processes:

Initiation and evolution of hazard -related
weather systems and associated
predictability

Multi-scale Forecasting:
. » Multi-scale prediction of weather hazards in
', . ©oupled modelling systems

h » Human Impacts, Vulnerability &
. Risk:
' Hazard impacts on individuals,
communities and businesses, assessing their

Lva'“'auon:_ : o . vulnerability and risk

Measure skill and value of forecasts and

warnings at all stages of production to focus .\
rescarch in weak arcas and support users in 2 n
developing responses - '».7/\

- . Communication:
o Achicving more effective responses to
~ forecasts through better communication of

hazard risk wamings




THE NORTH ATLANTIC
WAVEGUIDE AND DOWNSTREAM (NAWDEX)
|M PACT EXPE R' M ENT Bull. Amer. Meteor. Soc. (2018)

ANDREAS SCHAFLER, GEORGE CRAIG, HEINI WERNLI, PHILIPPE ARBOGAST, JaAMES D. DovLe, RoN McTAGGART-CowaN,
JoHN MEeTHVEN, GWENDAL RIVIERE, FELIX AMENT, MAXI BOETTCHER, MARTINA BRAMBERGER, QUITTERIE CAZENAVE,
RicHARD COTTON, SUSANNE CREWELL, JULIEN DELANOE, ANDREAS DORNBRACK, ANDRE EHRLICH, FLORIAN EWALD,
ANDREAS Fix, CHRISTIAN M. GrAMS, SUZANNE L. GrAY, HANS GRros, SiLke GroB, MARTIN HAGEN, BEN HARVEY,
Lutz HirscH, MAREk Jacos, Toias KOLLING, HEike Konow, CHRISTIAN LEMMERZ, OLIVER Lux, LiNus MAGNUSSON,
BERNHARD MAYER, MARIO MECH, RICHARD MOORE, JACQUES PELON, JuLIAN QUINTING, STEPHAN RAHM, MARKUS RAPP,
Marc RAUTENHAUS, OLIVER REITEBUCH, CAROLYN A. REYNOLDS, HARALD SODEMANN, THOMAS SPENGLER,
GERAINT VAUGHAN, MANFRED WENDISCH, MARTIN WIRTH, BENJAMIN WiTscHAS, KEvIN WOLF, AND ToBIAs ZINNER
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* Impact of cloud processes on jet
* Mixed-phase and cirrus clouds

e Moisture structure in PBL
(g:) WMO OMM




Southern China Monsoon Rainfall Experiment
(SCMREX, 2014-20) - AWMO/WWRP RDP
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Topography and 800-, 1000-mm
contours of Rainfall (mm)
in Apr-Jun, 1981-2012
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Luo, Zhang, Wan, et al., 2017, Bull.
Amer. Meteor. Soc.
http://exps.camscma.cn/scmrex
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Scientific Objectives

To better understand development
of the heavy-rain-producing storms
in Southern China during the pre-
summer rainy season

— Processes governing convective
initiation & development

— Storm-internal processes
To improve QPF skill by

— better understanding multi-scale
precipitation processes

— DA impact study, model physics
scheme improvement, and
ensemble forecast experiments
at convection-permitting scale




SCMREX Field Campaigns

Distribution of major Facilities

. R R w
a# i ! o P -5 :'jal.lng _ 4 '!",lljiml. sgf
{ Ssuizhou ' | "L/ L o g Q.2 W\ ek
L e . .. /& . . D 57 o ol * e
\,> o ip -',r-.;_ s 4/"'/' 3 : { . 9 P ‘ A s . _{@
o PO 7 = ! I\ N £ 2y .2 N I

O TV e\ . TS PAPES e W W,

%, ‘3 . . . ; X !

;w)\ it Gﬁung\;i: L _},;"/(}uu;‘,;idoi:{:' RS, O

v
7 . . H

“Gulf of %
Tonkin o™

NS - Y, . e Radiosoun nding Station
{ o4

o !’, * National AWS
* Operational Doppler Radar
= Wind Profiling Radar

Boundary of Aircralt
Observing Area

About 2700 extra soundings
8 radiosonde stations

IOPs: May-Jun
Field Campaign Participants

State Key Laboratory of Severe
Weather (LaSW), Chinese
Academy of Meteorological
Sciences (CAMS)

Institute of Tropical and Marine
Meteorology, CMA, Guangzhou
(ITMM)

Institute of Heavy Rain, CMA,
Wuhan (IHR)

Nanjing University (NJU)

Chengdu University of
Information Technology (CUIT)

Hong Kong Observatory (HKO)

Guangdong Meteorological
Bureau (5 operational S-POLs)

Guangxi Meteorological Bureau

Hainan Meteorological Bureau



S Major Instruments
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4% Q.:,l\\(;,;;., : Shagglan ¥ S8 s it W *  Dual-Polarization Radar (1 X-POL, 2 C-

POLs, 5 fixed S-POLs)

IRy 2FF = *  C-band frequency-modulated continuous-
: .. > 'Jr - 4 wave radar (C-FMCW)

.| Konghum . Lonomen, G | . Ka-band Cloud Radars (CRs)
P 2t T ey 3 o *  Micro Rain Radar (MRR)

. Microwave Radiometer (MR)

« 2-DVideo Disdrometers (2DVD)

*  Laser-optical Disdrometer

 LaserCeilometer (Ceilometer)

*  X-band Phased-array Radar (X-PAR)

: P P L T *  Total-sky Cloud Imager (TCl)

¥F._ %, W Fhunai S-#OL "~ *  Precipitation Particle Imager (PPI)

W WETOL > NellaalAWE  @MER  Cloud Condensation Nuclei Counter (CCNC)

® C.POL + Regional AWS

® MMCR A 2DVD Distrometer ° Aerodynamic Particle Sizer (APS)

S C-FMCW Microwave Radiometer
(b) 000900 8 XPAR A Lighning Detecer * Lightning Low-frequency E-field Detection
——re—r— Array (LFEDA)
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@ Operational Networks | | ® 3 supersites
e Dual-POL radar — Cloud/prec. vertical structure (Longmen)

: : — Fast-evolving storms (Nanhai)
» Wind profiler — 3D lightning processes (Conghua)




COLLABORATIVE RESEARCH CENTER 165

WAVES TO WEATHER

Interdisciplinary Platform for Basic Research into
Predictability, Atmospheric Dynamics, and Clouds

Prof. Dr. George C. Crolg (Spokesperson)
MU g Maxmilorn-Unawnast Munchen

G U Prof, De Vollkemar Wirth
Johannes Gutenberg-Uriversitét Mainz
WAYES TO WEATHIR
Prof De. Peter Knippertz
‘(" Karlsruber lrsthut fir Technologie

20 individual projects

25 Pls

> 30 project scientists
since 2015

Funding horizon: until 2027
(subject to two reviews)

* Microphysics and precip type/ hail

e Convection and surface interaction

e Clouds and radiation

* Tropical convection and DA

* Microphysics and dynamics

* Tropical cyclones and tropical rainfall



HiWeather

Summary

* Potential for cooperation:
 “Precipitation is where all WMO science can come
together”
 Grand Challenge: Weather & Climate Extremes
 Seamless Earth System Approach
- Consideration of WWRP Implementation Plan in WCRP/

GEWEX strategy
F  On project level: e.g. GASS, GLASS < -- > HIWeather
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