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RES/ARE/WWR, ANNEX

WORLD WEATHER
RESEARCH PROGRAMME

Meteorological
Organization

HIWeather

EXECUTIVE SUMMARY

Despite substantial advances in both forecasting capability and emergency preparedness, recent
years have seen a large number of natural disasters that have cost many lives, displaced large
numbers of people, and caused widespread damage to property and infrastructure. Many of these
disasters result from severe weather interacting with society. At the same time, less severe
weather events place a continuing strain on society through more frequent impacts of smaller
magnitude. This is especially evident in less developed countries with more fragile economies and
infrastructure. In addition, weather forecasts are becoming increasingly important for economic
applications (e.g. forecasting energy supply and demand) and for protecting the environment. In all
these areas users of weather information expect more sophisticated guidance than was the case
ten years ago.

The THORPEX programme delivered major advances in the science of weather forecasting thus
providing the knowledge basis for improving early warnings for many High Impact Weather events
for one day to two weeks ahead. At the same time, new capabilities in short-range forecasting
arising from the use of new observations and convective-scale Numerical Prediction Models and
Ensemble Prediction Systems have made it possible to provide warnings of weather-related
hazards, directly, up to one or two days ahead. Together with advances in coupling prediction
models and better understanding by social scientists of the challenges to achieving effective use of
forecasts and warnings, these advances offer the basis for a dramatic increase in the resilience of
communities and countries to the threat of hazardous weather and its impacts. The time is ripe to
capitalise on these advances. We propose a ten year programme within the World Weather
Research Programme to:

“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 and
environmental applications”.

The scope of the project is defined by the needs of users for better forecast and warning
information to enhance the resilience of communities and countries in responding to a carefully
selected set of hazards. While not comprehensive, they cover a wide range of impacts so that
advances in building resilience to them may be expected to have more general relevance. The
selection has been guided by their importance as a cause of disasters, by relevance to developing
countries, by vulnerability of those living in megacities, and to span the complete range of climate
regimes.



ANNEX, p. 2

Urban floods, including flooding from the sea, rivers and directly from rainfall that exceeds
drainage capacity, and including rain-induced landslides, with particular emphasis on flood
impacts in the growing megacities of the developing world, especially those situated in the
tropics and subtropics. Flooding is the most common cause of disasters in the world today.
Since most of the world’s major cities lie either on the coast or on a major river, the problem is
set to increase as cities grow, sea level rises, and the hydrological cycle becomes more intense
in a warming atmosphere. Management of floods varies according to their source and scale and
source. For large river floods with large forecast lead times, river controls can be used to either
make space for the water or to retain it upstream of vulnerable populations. For coastal floods
with large lead times, evacuation may be most appropriate. For flash floods and surface water
flooding, local protection and movement of people requires more precise forecasts at much
shorter lead times.

Wildfires, emphasizing requirements associated with fire fighting and fire management as well
as prediction of fire risk. Increasing use of wilderness areas for recreation and the spread of
human settlement into forested areas are both increasing the risk from this hazard. Fire is
associated with drought and high temperatures, so there will be opportunities for linking with the
Subseasonal to Seasonal Prediction Project in extended range prediction of these conditions.
However, management of live fires also requires a detailed knowledge of both the vegetation
state and wind, which can only be predicted for very short periods ahead.

Localized Extreme Winds, including localized wind maxima within tropical and extratropical
cyclones (e.g. sting jets), downslope windstorms, and tornadoes. Great advances have been
made in the prediction of both tropical and extratropical cyclones over the past decade, but wind
damage and disruption mostly occur in small areas, e.g. within embedded mesoscale and
convective scale weather systems. Decisions on appropriate protective action depend on
knowing the location, timing and intensity of these localized wind maxima.

Disruptive winter weather, including snow, ice, fog and avalanche, and focussing on transport,
energy and communications impacts. While not usually the cause of disasters, this collection of
hazards, with related meteorological causes and overlapping impacts, is a major source of
social and economic disruption in mid- and high-latitude regions. There will be opportunities to
work with the Polar Prediction Project on this hazard.

Urban heat waves and air pollution. While extreme heat and poor air quality may occur
separately, both are associated with long-lived weather patterns, both give rise to similar health
responses, and major heat-related disasters tend to involve both ingredients. There will be
opportunities to work with the Subseasonal to Seasonal Prediction Project on the extended
range predictability of blocking events, but the main focus will be on the spatial and temporal
variability of the hazard and the influence of the urban fabric through emissions and heat fluxes

from the built environment. ‘

The research required to deliver enhanced resilience to these hazards will be carried out in five
themes that cover areas traditionally separated into the physical and social sciences. Achieving the .
outcomes of the High Impact Weather (HIWeather) project depends on these two scientific
communities working together. Research objectives have been identified within each theme that,
together, will enable specific advances in the management of impacts from the five hazards.

Predictability and Processes. Research will be focused on the meteorological processes that
influence the predictability of High Impact Weather: control of convective-scale predictability by
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large scale processes in tropical and extratropical latitudes; differences in predictability of
hazardous weather relative to “normal” weather; association with forecasts that are very
sensitive to initial state; mechanisms that produce quasi-stationary hazardous weather systems;
role of diabatic heating; role of boundary layer and land surface; pre-conditioning of the land
surface for hazards. These research challenges will be addressed through the use of datasets
from recent and planned field experiments, especially the planned North Atlantic waveguide
experiment, T-NAWDEX, Lake Victoria experiment, LVB-HyNEWS, and La Plata basin
experiment, RELAMPAGO, through coordinated case studies and model intercomparisons, and
in review papers and targeted workshops.

Multi-scale Forecasting of Weather-Related Hazards. Research covers the observations,
nowcasting, data assimilation, modeling and post-processing required to forecast High Impact
Weather using coupled numerical weather, land surface, ocean and chemistry models, including
modelling of floods, landslides, bushfires, air pollution etc. Research will focus on advances in
the whole prediction chain needed to forecast the hazards, on prediction at convective-scale
(<3km), on coupled modeling and on the use of ensembles to quantify probability and
uncertainty. Specific activities will be carried out reviewing the use of existing and new
observation sources; comparing new approaches to multi-scale coupled modelling and data
assimilation systems, drawing on parallel activities in the Subseasonal to Seasonal Prediction
Project; developing ensemble perturbations for small scales and hazards; and meeting the
product specifications identified by the communications theme. The research will make use of a
catalogue of hazardous weather case studies developed with the predictability and processes
theme, together with datasets from recent and planned field experiments, re-analyses and re-
forecasts, and will demonstrate and evaluate new techniques in Forecast Demonstration
Projects.

Human impacts, Vulnerability and Risk. Research will enable modelling of hazard impacts to
extend to exposure and vulnerability of individuals, businesses and communities in support of
risk assessments. It is intended that social scientists should take leadership of this activity.
Workshops are planned to draw the physical and social science communities together through
agreed definitions of key words and concepts, which will be documented in a white paper.
Research will initially focus on building a community of interested scientists and on reviewing
recent experience and current capabilities. Subsequent work will include development of new
models within an end-to-end framework; use of social media to construct and validate models;
and representation of the dynamic nature of vulnerability from socioeconomic datasets. In each
case, initial activities will be to survey and share current approaches, including with private
sector meteorologists, then to facilitate progress through joint meetings and to evaluate new
capability in Forecast Demonstration Projects.

User-oriented Evaluation. Research will focus on the profile of accuracy and value through the
forecasting, warning and communicatign chain with an emphasis on the information required by
decision-makers to build their trust in the information they receive. An intercomparison project
will assess whether recent advances in meteorological verification can usefully be extended to
more variables, including the hazards themselves where allowing for observation quality will be -
important. A white paper will be published and new techniques will be evaluated in Forecast
Demonstration Projects. Together with the communication theme, a catalogue of post-event
reviews of the effectiveness of forecasts and warnings will be compiled. Targeted workshops
and conference sessions will be held to involve users and social scientists in exploring metrics
of the value of forecasts and warnings in user decision-making. Evaluation requires
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observations so this theme will work with the human impacts, vulnerability and risk theme to
investigate how to use new sources of data in verification. Research on economic benefit of
forecasts and warnings, will also be carried out through workshops involving economists and
private sector meteorologists, leading to the publication of a white paper.

Communication. Research will focus on the choices of information content, language, format
and media channels used, spatial and temporal precision, timeliness, context and trust that
together determine whether forecasts and warnings will be received, understood and acted on.
A catalogue of post-event reviews will be developed, together with regular surveys and
workshops involving weather services, private sector meteorologists and key user groups. This
will be used to assess high impact weather communication methods and their transferability,
leading to a published review paper. The role of social media will be investigated, with the aim
of identifying and documenting and sharing best practice. Results will be evaluated in Forecast
Demonstration Projects and success stories shared. Workshops and special sessions at
conferences will be convened and a journal special issue is planned to attract social scientists
to contribute in this field.

Eight cross-cutting activities have been identified across the themes to draw them together:
applications in the forecasting process, design of observing strategies, uncertainty, field campaigns
and demonstrations, knowledge transfer, use of verification, impact forecasting and data
management/archiving. Some of these serve to ensure that key common areas of expertise are
applied throughout the project, while others will enable the pooling of skills and resources so as to
take forward and demonstrate the results of multiple research themes.

Many of the research and cross-cutting activities will converge on field campaigns, Research
Development Projects and Forecast Demonstration Projects (RDP/FDPs), which will be focussed
on particular hazard forecasting problems in specific climates so as to establish an evidence base
of best practice that may be applied globally. One such activity is the planned North Atlantic
Waveguide and Downstream Development Experiment (T-NAWDEX), which will link activities
across a variety of spatial and temporal scales, drawing on both the academic and operational
communities. Another is the Lake Victoria Experiment (LVB-HyNEWS), whose aims include
developing hazard warnings for those working on the Lake. Further RDP/FDPs will be promoted,
probably in conjunction with field experiments aimed at broader objectives, in the areas of urban
flooding (including the RELAMPAGO project in South America), winter weather (including the
CHAMP project in North America), fire weather (possibly with a planned experiment in Australia)
and extreme local winds (including the PECAN project in the USA). It is also planned to use
available forecasting testbeds, including the Hazardous Weather Testbed in the USA, to evaluate
advances in use of observations, modelling and product generation.

The proposed research will revolutionize the information available to be used in support of
weather-related hazard management, providing better accuracy and more relevance, from systems
designed with proactive risk reduction and effective emergency response as their aim. At the same
time, the research benefits will -cascade to “normal” weather, enabling National
Hydrometeorological Services to make more effective contributions to their national economies, .
especially in less developed countries. These outcomes will contribute significantly to delivering the
aims of the follow-on to the Hyogo Framework for Action, which will be agreed at Sendai in 2015.

The research will build on advances made in THORPEX and dovetail closely with the other two
projects arising from THORPEX: the Polar Prediction Project and the Subseasonal to Seasonal
Prediction Project. The WWRP and THORPEX working groups, particularly PDP, DAQOS, TIGGE,
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WGNR, MWFR, JWGFVR and SERA, have played key roles in defining the project and their
successors will continue to be important contributors to the research. Links with the climate
impacts community in WCRP will be developed to enable research results gained in HIWeather to
be applied to assist communities and countries in their adaptation to a changing climate. The
cooperation between the academic and operational communities developed in THORPEX will be
maintained and strengthened. The programme will work closely with other international and
national programmes in disaster reduction and hazard forecasting, and will establish links with
major business-led programmes that address weather sensitivities. A primary goal will be to build
capacity in less developed countries, particularly through the RDP/FDPs, engaging widely with the
academic and emergency response communities in the host countries.

The project will be governed by a Steering Group consisting of two co-chairpersons representing
the physical and social sciences, together with chairpersons of task teams for each of the research
themes. These task teams will consist of the Pls of activities being carried out in the theme. The
Steering Group will report to WMO through the WWRP and will be advised by a Strategic Advisory
Group consisting of senior representatives of key user communities, including Disaster Reduction,
Weather Services, Economic Development, Health as well as the relevant WMO Technical
Commissions, CBS, CHy and CIMO.

The project will be working in an area that has traditionally been very fragmented, both in discipline
and regionally. Success will depend on attracting people to meet and work together in workshops,
conference sessions and summer schools. To achieve this, the project will require administrative
support in the form of an International Coordination Office and financial support from a trust fund
amounting to at least CHF 200,000 per year to cover travel to management meetings, costs of
workshops, publications and travel to scientific meetings for participants from developing countries.
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