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• Weather-related disasters cause death & 
destruction 

• Weather forecasts enable early warnings to 
mitigate these impacts

• HIWeather activities are improving warning 
capability so as to build disaster resilience

• Keeping the warning chain in mind ensures that 
research will lead to benefits

Summary
• Weather-related disasters cause death & 

destruction 
• Weather forecasts enable early warnings to 

mitigate these impacts
• HIWeather activities are improving warning 

capability so as to build disaster resilience
• Keeping the warning chain in mind ensures that 

research will lead to benefits

Summary



WWRP

K E Y  O U T C O M E S A N D  O N -
G O I N G  P R O J E C T S  O F  T H E  
W O R L D  W E A T H E R  
R E S E A R C H  P R O G R A M M E

H O W  C O U L D  H I W E A T H E R
C O N T R I B U T E  T O  G E W E X

A  S E A M L E S S  E A R T H  S Y S T E M  
S C I E N C E B R I D G I N G  G E O P H Y S I C A L  
S P H E R E  A N D  S O C I A L  S P H E R E  
T O W A R D S  S E R V I C E  O R I E N T E D  
S C I E N C E

enhance society’s resilience to 

extreme weather and the value of 

weather information for users

more accurate and reliable 

forecasts from minutes to seasons

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



Key Outcomes & On-going projects
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enhance society’s resilience to 

extreme weather and the value of 

weather information for users

more accurate and reliable 

forecasts from minutes to seasons

- 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), S2S 
database



Improving the skill – big resources

WMO, 2015: Seamless Prediction of the Earth System: from Minutes 
to Months, (G Brunet, S Jones, PM Ruti Eds.), (WMO-No. 1156), (ISBN 
978-92-63-11156-2), Geneva.

ECMWF’s forecast Z500hPa extra-tropical error growth over 
the last two decades 
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Seamless Earth System Science
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enhance society’s resilience to 

extreme weather and the value of 

weather information for users

more accurate and reliable 

forecasts from minutes to seasons

• 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. 



WWRP foci of Earth System Science



WWRP foci of Earth System Science

A guide to catalyze innovation



High Impact Weather Project
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• Weather-related disasters cause death & 
destruction 

• Weather forecasts enable early warnings to 
mitigate these impacts

• HIWeather activities are improving warning 
capability so as to build disaster resilience

• Keeping the warning chain in mind ensures that 
research will lead to benefits

Summary

WWRP core project
10-year project, kick-off 2016
co-chairs: Brian Golding, David Johnston



In 2017, despite dramatic improvements in weather 
forecasts, communication technology and disaster 
management,   

weather-related disasters
1 Killed ten thousand people
1 Affected one hundred million people
1 Caused three hundred billion dollars of damage



HIWeather aim
• Promote cooperative international research 
• 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

• Weather-related disasters cause death & 
destruction 

• Weather forecasts enable early warnings to 
mitigate these impacts

• HIWeather activities are improving warning 
capability so as to build disaster resilience

• Keeping the warning chain in mind ensures that 
research will lead to benefits

Summary



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. 

Disruptive Winter Weather: 
Mortality, morbidity, damage & disruption from snow, ice and fog to 
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. 

Wildfire:
Mortality, morbidity, damage & disruption from wildfires and their 
smoke. 

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.

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

Urban Heat Waves & Air Pollution: 
Mortality, morbidity & disruption from extreme heat and pollution 
in the megacities of the developing and newly developed world.
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Warning Value Chain
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Warning Value Chain
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Physical
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Social
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Inter-disciplinary approach is 
unique potential of HIWeather
… but also a challenge.
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THE NORTH ATLANTIC 
WAVEGUIDE AND DOWNSTREAM 

IMPACT EXPERIMENT
ANDREAS SCHÄFLER, GEORGE CRAIG, HEINI WERNLI, PHILIPPE ARBOGAST, JAMES D. DOYLE, RON MCTAGGART-COWAN, 
JOHN METHVEN, GWENDAL RIVIÈRE, FELIX AMENT, MAXI BOETTCHER, MARTINA BRAMBERGER, QUITTERIE CAZENAVE, 
RICHARD COTTON, SUSANNE CREWELL, JULIEN DELANOË, ANDREAS DÖRNBRACK, ANDRÉ EHRLICH, FLORIAN EWALD,  
ANDREAS FIX, CHRISTIAN M. GRAMS, SUZANNE L. GRAY, HANS GROB, SILKE GROß, MARTIN HAGEN, BEN HARVEY, 

LUTZ HIRSCH, MAREK JACOB, TOBIAS KÖLLING, 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

P rogress in understanding the processes control- 
 ling midlatitude weather is one of the factors that  
 have contributed to a continuous improvement 

in the skill of medium-range weather forecasts in 
recent decades (Thorpe 2004; Richardson et al. 2012; 
Bauer et al. 2015). Additionally, numerical weather 
prediction (NWP) has undergone a revolution in 
recent years, with the development and widespread 
use of ensemble prediction systems (EPSs) to represent 
forecast uncertainty (Bauer et al. 2015). However, the 
short-term prediction of high-impact weather (HIW) 
events (e.g., strong winds and heavy precipitation), 
and the medium-range prediction of extratropical 
cyclones, including their tracks and intensity, are 
still major challenges (e.g., Frame et al. 2015). Recent 
research into midlatitude weather has focused on 
quantifying model errors and predictability, and in 
particular on investigating the role of diabatic pro-
cesses such as those related to clouds and radiation, 
whose interaction with the dynamics of the flow must 
be understood and represented more accurately in 
models in order to further improve forecast quality.

Detailed observations are needed to characterize 
the weather systems and embedded physical pro-
cesses across a range of spatial and temporal scales 
that encompass cloud microphysical variability and 
Rossby waves. In September and October 2016, the 
North Atlantic Waveguide and Downstream Impact 
Experiment (NAWDEX) made new multiscale ob-
servations in the North Atlantic basin from eastern 
Canada to western Europe. Weather features expected 
to be associated with forecast errors were extensively 
probed, providing a high-quality set of observations 
that are not assimilated routinely and thus can be 
used for validation of the NWP systems.

The fall season was chosen for the experiment 
because diabatic processes are particularly active as a 
result of relatively high sea surface temperatures and 
the intensification of the jet stream as the high lati-
tudes cool. Many of the weather phenomena central 
to the growth of disturbances on the jet stream and 
midlatitude predictability are active in fall, such as 
extratropical cyclones with intense fronts and warm 
conveyor belts (WCBs), carrying air from the oceanic 

Multiaircraft and ground-based observations were made over the North Atlantic in the  
fall of 2016 to investigate the importance of diabatic processes for midlatitude weather.
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(NAWDEX)
Bull. Amer. Meteor. Soc. (2018)

FIG. 1. Schematic of an idealized weather situation during NAWDEX. The blue 
line marks the location of the waveguide with a strong isentropic PV gradient 
separating stratospheric (blue background; PV > 2 PV units (PVU; 1 PVU = 
10−6 K kg−1 m2 s−1] from tropospheric air (white background). The jet stream 
(dark blue arrows) follows the waveguide. Surface lows develop below the 
leading edge of upper-level positive PV anomalies (gray lines indicate sea level 
pressure and dark blue and red lines surface cold and warm fronts, respec-
tively). Gray-shaded areas indicate clouds related to ascending WCBs (yellow 
arrows). Purple arrows mark divergent outflow at the tropopause. The four 
green boxes outline the main regions of interest: the inflow (1), ascent (2), and 
outflow (3) of WCBs, as well as a region of expected downstream impact (4).

The effect of the heat-
ing on the PV structure is 
to produce a positive PV 
anomaly in the lower tropo-
sphere (Wernli and Davies 
1997), which inf luences 
the structure and evolution 
of midlatitude surface cy-
clones (e.g., Kuo et al. 1991; 
Davis et al. 1993; Binder 
et al. 2016). Above the level 
of maximum latent heat-
ing, PV is reduced by cloud 
diabatic processes, leading 
to negative PV anomalies 
in the upper-tropospher-
ic WCB outf low region 
(Wernli 1997; Pomroy and 
Thorpe 2000; Madonna 
et al. 2014; Methven 2015). 
The divergent out f low 
winds (region 3 in Fig. 1) 
tend to amplify the upper-
level downstream ridge and 
to intensify the jet stream 
by strengthening the PV gradient (Archambault et al. 
2013). If the outflow layer is higher, the negative PV 
anomaly is stronger and more of the air mass enters 
the anticyclonic branch of the WCB flowing into the 
downstream ridge (Grams and Archambault 2016). In 
addition, a sharp peak in longwave radiative cooling 
near the tropopause, associated with a step change in 
water vapor, creates a reinforcement of the positive PV 
anomaly in upper-level troughs (Chagnon et al. 2013) 
and plays a key role in maintaining and strengthening 
TPVs (Cavallo and Hakim 2012).

Diabatic processes also play a key role in weather 
systems that act as triggers to disturb the midlatitude 
waveguide. Recurving TCs undergoing ET (Jones 
et al. 2003) can enhance the anticyclonic and diver-
gent flow at upper levels, excite and amplify Rossby 
waves, and cause downstream forecast errors, as well 
as HIW events (e.g., Agusti-Panareda et al. 2004; Harr 
et al. 2000; Riemer and Jones 2010). Radiatively main-
tained TPVs, which are positive PV anomalies above 
the tropopause, can disturb the Rossby waveguide 
from the polar latitudes.

Rossby wave breaking leads to PV filamentation, 
forming smaller-scale PV anomalies such as PV 
streamers and cutoff vortices. They form frequently 
over the eastern North Atlantic and Europe (e.g., 
Wernli and Sprenger 2007), and several studies 
have reported their relevance for triggering HIW, 

in particular heavy precipitation (e.g., Martius 
et al. 2006; Chaboureau and Claud 2006; Grams and 
Blumer 2015). Synoptic wave breaking events are 
also important for the large-scale flow itself as they 
reinforce weather regimes such as blocking ridges 
(Michel and Rivière 2011; Spensberger and Spengler 
2014). Blocks are also strongly influenced by diabatic 
processes in air masses ascending from the lower 
troposphere (Pfahl et al. 2015).

Disturbances of the waveguide and associated 
errors can amplify and propagate downstream, and 
may cause significant forecast errors over Europe 
(Madonna et al. 2015; Martínez-Alvarado et al. 
2016) (region 4 in Fig. 1). In NWP models, diabatic 
processes such as those associated with convection, 
cloud microphysics, and radiation are represented 
by parameterizations of varying degrees of fidelity 
and may contain both systematic and random errors 
that influence forecast skill. A distinct Rossby wave 
pattern associated with the poleward transport of 
warm and moist air over the eastern United States 
and strong diabatic activity has been identified as a 
common precursor 6 days before the worst forecast 
busts over Europe (Rodwell et al. 2013). Upscale error 
growth experiments in numerical models show that 
the growth of small-scale perturbations is initially 
confined to regions where condensation is occurring, 
with the regions of large error amplitude gradually 
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upon the design of these previous experiments by 
combining high-resolution remote sensing and in situ 
instrumentation to provide accurate measurements 
of atmospheric structures including strong gradients, 
using multiple aircraft to sample air masses at dif-
ferent stages of the WCB ascent and advection along 
the tropopause.

To allow these observations to be related to the 
development of weather forecast errors, NAWDEX 
employed four research aircraft and ground-based 
stations spanning the northern part of the North 
Atlantic with the aim of observing the processes 
inf luencing the development of disturbances to 
the North Atlantic waveguide across the Atlantic. 
This includes upstream triggering of disturbances 
on the waveguide by phenomena with strong latent 

heat release, the continuous effects of clouds and 
radiation near the tropopause, the dynamical inter-
actions between large-scale disturbances, and the 
potential impact on weather over Europe from the 
Mediterranean to Scandinavia.

Airborne platforms and payload. NAWDEX employed 
four research aircraft: the German High Altitude 
and Long Range Research Aircraft (HALO) and 
the Deutsches Zentrum für Luft- und Raumfahrt 
(DLR) Dassault Falcon 20, the French Service des 
Avions Français Instrumentés pour la Recherche en 
Environnement (SAFIRE) Falcon 20, and the British 
Facility for Airborne Atmospheric Measurements 
(FAAM) BAe 146. FAAM operated from the United 
Kingdom and HALO and the two Falcon aircraft 

from Kef lavik, Iceland, in 
an area covering the North 
Atlantic, north of 45°N, and 
northern and central Europe. 
The payloads were chosen to 
observe the required profiles 
of wind, temperature, mois-
ture, and cloud properties, and 
in the case of FAAM, in situ 
cloud microphysics.

The strategy was to deploy 
HALO with its extended range 
to observe moisture trans-
port and diabatic processes 
in weather systems upstream 
of Iceland that impact the 
midlatitude waveguide. HALO 
is a modif ied Gulfstream 
G-550 ultra-long-range busi-
ness jet with a maximum flight 
range of about 10,000 km and 
a maximum endurance of 
10 h (Krautstrunk and Giez 
2012; Wendisch et al. 2016), 
which allows for access to re-
mote regions over the central 
North Atlantic that are not 
accessible by other European 
research aircraft. The high 
ceiling of almost 15 km in 
combination with a sophis-
ticated remote sensing pay-
load (see the “Active remote 
sensing observations for fu-
ture satellite missions Aeolus 
and EarthCARE” sidebar and 
Table 2) allow HALO to f ly 

ACTIVE REMOTE SENSING OBSERVATIONS FOR FUTURE SATELLITE MISSIONS  
AEOLUS AND EARTHCARE

1613AUGUST 2018AMERICAN METEOROLOGICAL SOCIETY |

• Impact of cloud processes on jet
• Mixed-phase and cirrus clouds
• Moisture structure in PBL



Southern China Monsoon Rainfall Experiment 
(SCMREX, 2014-20) - A WMO/WWRP RDP

4

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

Topography and 800-, 1000-mm 
contours of Rainfall (mm)

in Apr-Jun, 1981-2012

• Luo, Zhang, Wan, et al., 2017, Bull. 
Amer. Meteor. Soc.

• http://exps.camscma.cn/scmrex



5

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

− About 2700 extra soundings
− 8 radiosonde stations

IOPs: May-JunDistribution of major Facilities

SCMREX Field Campaigns



Major Instruments
• Dual-Polarization Radar (1 X-POL, 2 C-

POLs, 5 fixed S-POLs)
• C-band frequency-modulated continuous-

wave radar (C-FMCW)
• Ka-band Cloud Radars (CRs)
• Micro Rain Radar (MRR)
• Microwave Radiometer (MR)
• 2-D Video Disdrometers (2DVD)
• Laser-optical Disdrometer
• Laser Ceilometer (Ceilometer)
• X-band Phased-array Radar (X-PAR)
• Total-sky Cloud Imager (TCI)
• Precipitation Particle Imager (PPI)
• Cloud Condensation Nuclei Counter (CCNC)
• Aerodynamic Particle Sizer (APS)
• Lightning Low-frequency E-field Detection 

Array (LFEDA)

◆Operational Networks
• Dual-POL radar
• Wind profiler

◆ 3 super sites
─ Cloud/prec. vertical structure (Longmen) 

─ Fast-evolving storms (Nanhai)

− 3D lightning processes (Conghua)



20 individual projects
25 PIs
> 30 project scientists
since 2015
Funding horizon: until 2027
(subject to two reviews)

• Microphysics and precip type/ hail
• Convection and surface interaction
• Clouds and radiation
• Tropical convection and DA
• Microphysics and dynamics
• Tropical cyclones and tropical rainfall

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



Summary
• Potential for cooperation:
• “Precipitation is where all WMO science can come 

together”
• Grand Challenge: Weather & Climate Extremes
• Seamless Earth System Approach

à Consideration of WWRP Implementation Plan in WCRP/ 
GEWEX strategy

• On project level: e.g. GASS, GLASS < -- > HIWeather

• Weather-related disasters cause death & 
destruction 

• Weather forecasts enable early warnings to 
mitigate these impacts

• HIWeather activities are improving warning 
capability so as to build disaster resilience

• Keeping the warning chain in mind ensures that 
research will lead to benefits
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