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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. The 

High Impact Weather project (HIWeather) is a ten year activity within the World Weather 

Research Programme to:  

ñPromote 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 applicationsò 

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. 

Urban flood: 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 worldôs 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 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 
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appropriate. For flash floods and surface water flooding, local protection and movement 

of people requires more precise forecasts at much shorter lead times. 

Wildfire: emphasising 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 Sub-seasonal-To-Seasonal 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.  

Localised Extreme Wind: including localised wind maxima within tropical and extra-

tropical cyclones (e.g. sting jets), downslope windstorms, and tornadoes. Great advances 

have been made in the prediction of both tropical and extra-tropical 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 localised 

wind maxima. 

Disruptive winter weather: including snow, ice, fog & 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 Sub-seasonal-To-Seasonal 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 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. Many of the initial activities in the themes will be focused on gathering and sharing 

evidence of current best practice, to bring the communities together, for use as a 

springboard for new work and to support capacity building through knowledge exchange 

activities. 

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 large scale processes in tropical & extra-tropical latitudes; 

differences in predictability of hazardous weather relative to ñnormalò weather; association 

with forecasts that are very sensitive to initial state; mechanisms that produce quasi-



  

WWRP HIWeather IP 10 December 2014 Page 4 of 87 

 

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, 

NAWDEX/DOWNSTREAM, Lake Victoria experiment, LVB-HyNEWS, and La Plata basin 

experiment, ALERT.AR/RELAMPAGO, through co-ordinated case studies and model 

inter-comparisons, 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 weather-related hazards using coupled numerical weather, land surface, ocean 

and chemistry models, including modeling 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 modeling and data assimilation systems, drawing on parallel 

activities in the Sub-seasonal-To-Seasonal 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 & 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 & Risk. Research will be led by social scientists, with a 

focus on the interface between the physical hazard and the human impact. It will cover 

modeling of the role of the built environment in hazards, and of the exposure and 

vulnerability of individuals, businesses and communities. 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 across NHMSs, academia and the 

private sector to review recent experience and current capabilities, to document the 

requirement and state-of-the-art in meeting it, and to identify and prioritise gaps in hazard 

prediction inputs, impact models and evaluation capability. This will inform subsequent 

activities in impact monitoring and in the construction, evaluation and deployment of 

impact models. Identifying and sharing best practice will be a recurrent activity for this 

theme, while Demonstration Projects will provide opportunities for evaluating new 

capability.  

Communication. Research will focus on the choices of information content, language, 

format and media channels used, spatial and temporal precision, timeliness and context 

that together determine whether forecasts & warnings will be received, trusted, 

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. 

This initial work will inform subsequent activities in developing communication 

methodologies and monitoring responses. Identifying and sharing best practice will be a 

recurrent activity for this theme. New capability will be evaluated in Forecast 
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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. 

User-oriented Evaluation. Research will focus on the profile of accuracy and value 

through the forecasting, warning & communication chain with an emphasis on the 

information required by decision makers to build their trust in the information they receive. 

An inter-comparison project will assess whether recent advances in meteorological 

verification can usefully be extended to more variables, including the hazards themselves 

for which 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 & 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 & warnings in user decision making. Evaluation requires 

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 & warnings, will also be carried out through workshops 

involving economists and private sector meteorologists, leading to the publication of a 

white paper. 

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. Such activities include the 

planned North Atlantic Waveguide and Downstream development EXperiment 

(NAWDEX/DOWNSTREAM), which will link activities across a variety of spatial and temporal 

scales, drawing on both the academic and operational communities; the Lake Victoria 

Experiment (LVB-HyNEWS), whose aims include developing hazard warnings for those 

working on the Lake; and the ALERT.AR/RELAMPAGO project to investigate severe 

thunderstorms in the La Plata basin of South America. Further RDP/FDPs will be promoted, 

probably in conjunction with field experiments aimed at broader objectives, in the areas of 

urban flooding, 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 knowledge available to be used in support of 

weather-related hazard management, both through development of new capabilities and 

through sharing of existing good practice, providing better accuracy and more relevance, 

from systems designed with proactive risk reduction and effective emergency-response as 
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their aim. At the same time, the research benefits will cascade to ñnormalò weather, enabling 

National Meteorological and Hydrological 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 project. The WWRP and THORPEX working groups, particularly PDP, DAOS, 

TIGGE, WGNR, MWFR, JWGFVR and SERA, have played key roles in defining the project 

and, along with WGNE, their successors will 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 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-chairs representing 

the physical and social sciences, together with chairs of task teams for each of the research 

themes. These task teams will consist of the PIs of activities being carried out in the theme 

and experts on specific topics as appropriate. 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 and Health as well as the relevant WMO Commissions, CBS, CHy 

and CIMO. 

The project will be working in an area that has traditionally been very fragmented, both in 

discipline and geography. 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 SFR200,000 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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1 Introduction  

1.1 Mission Statement  

The overall objective of the High Impact Weather (HIWeather) project is to: 

ñPromote 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 applicationsò  

1.2 Key Project Components  

A concerted international effort to enhance our ability to mitigate the consequences of high 

impact weather for social, environmental and economic concerns and activities is of critical 

importance to the world at this time because of the observed increases in exposure and 

vulnerability to high impact weather as a result of population growth, urbanisation, and 

climate change. 

HIWeather is a research activity within the World Weather Research Programme (WWRP), 

defined by the needs of users for applications that use weather-related information. The 

advances made in this project will enable emergency responders, business users and the 

public to take actions that will both reduce their vulnerability to adverse weather impacts that 

affect their safety, health, property, businesses and infrastructure and to take advantage of 

positive impacts that will enhance their prosperity and well-being. 

The structure of the project has five aspects (Fig. 1). It is motivated and guided by the 

applications in the external world (outer ring), where the needs are articulated and the 

benefits realised. The interaction and communication with the stakeholders takes place 

within the engagement activities (inner ring), that provide the interface between the science 

and its application. Within the research themes (columns) the needs of society are 

addressed by advancing the science. A set of cross cutting activities (ellipses) integrates 

the research. Here we explain the scope of each component. 

Applications (outer ring): weather related aspects of global society that the mission 

statement seeks to deliver outcomes to. 

1. Social. A key role of governments is to provide their citizens with security. In the case of 

threats from natural hazards, this extends to protection of life, of shelter, of the provision 

of sufficient food, energy and water and of the means of earning a livelihood. It also 

includes maintenance of law and order. Protective actions may be taken at local, 

regional or national level, depending on the scale of the impact and the capability of local 

agencies. Effective protection requires planning, preparation and prioritisation, all of 

which depend on accurate knowledge of the hazard and its potential impact on citizens 

and communities. 

2. Economic. Countries, businesses and individuals are affected financially by high impact 

weather. Many businesses, such as airlines, energy utilities and insurance are highly 

weather sensitive and use sophisticated management techniques to minimise their 
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exposure to loss which depend on accurate knowledge of the weather and how it will 

affect them and their clients.  

3. Environmental. The well being of individuals and communities depends on the health of 

the ecosystems in which they live and from which they draw natural services of air, 

freshwater, sea, soil, vegetation, insects, recreation etc. Protection of these natural 

services is managed by a variety of agencies which need to balance their beneficial use 

against degradation.  They depend on accurate knowledge of how both the hazard and 

the mitigations deployed by others will affect the ecosystems that they manage. 

 

Fig.1 Conceptual diagram of the project (see text for explanation) 

¶ Research Themes (pillars). These are areas of core research in which academia, 

research institutions and operational forecasting centres will work together to address 

the gaps in capability needed to deliver the mission statement. Much was achieved in 

THe Observing system Research and Predictability EXperiment (THORPEX) to develop 

these links and this work will be continued, particularly to more effectively include the 

social sciences. A key role of the Research & Development Projects (RDPs) and 

Forecasting Demonstration Projects (FDPs) will be to establish these links in less 

developed countries. 

1. Predictability and processes: Improve our knowledge and understanding of the factors 

that determine the predictability of high impact weather through observation and analysis 

of processes in the physical environment and through diagnosis of model errors.  
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2. Multi-scale forecasts: Enhance the capability to forecast weather impacts through 

improved multi-scale analysis and prediction of the relevant variables in coupled 

modelling systems. 

3. Human Impacts, Vulnerability and Risk: Produce more relevant forecasts and warnings 

through assessment of the impact of the predicted hazard on individuals, communities 

and businesses, their vulnerability and hence the risk. 

4. Communication: Achieve more effective forecast-based decisions through better 

communication of forecasts & warnings of hazards & their impacts. 

5. User-Oriented Evaluation: Identify deficits in and grow trust in forecasts, justify their 

implementation and use, and guide further research and development through evaluation 

of forecasts & warnings of hazards, their impacts and the effectiveness of their 

communication. 

Cross-cutting activities and issues (ellipses): will be addressed by multi-disciplinary 

teams drawn from multiple research themes. 

1. Benefits in operational forecasting: The challenges and requirements of the operational 

forecasting process will be elicited to help define the priorities of the individual research 

themes. The resulting research and knowledge will be used to inform and recommend 

changes to the operational forecasting process. The constraints and needs of 

implementation will be an underlying concern of several of the themes, particularly the 

communication theme. 

2. Design of observing strategies: while conventional observing systems are well supported 

through WMO Commission for Basic Systems (CBS) activities, there is a need for 

research into the opportunities and limitations of observing strategies for the future global 

observing system. The research should consider the potentially conflicting demands of 

deploying local technologically advanced observing systems relative to maintaining more 

traditional observational capability globally. A new priority for this activity will be to look at 

the needs and opportunities for updating the social and economic data, such as traffic 

flows and chronic illness distributions, required by impact models and for real-time 

observations of impacts and responses, potentially including the use of crowd-sourcing, 

social networks, and ubiquitous sensors. 

3. Uncertainty: is an underpinning characteristic of all the physical and socio-economic 

systems represented in the research themes. Forecasts are expected to be probabilistic 

requiring improved knowledge of processes that lead to uncertainty and improved 

methods of quantifying and evaluating uncertainty; key issues in communication revolve 

around expressing and perceiving uncertainty.  

4. Field campaigns and demonstrations: will provide observations and model outputs to 

support new understanding, to verify modelling advances, to understand user needs, and 

to test the value of new products and communication methods. Datasets from previous 

campaigns will be exploited further and new programmes (including RDPs and FDPs) 

initiated. This activity should enhance academic and operational collaboration. 

5. Knowledge Transfer: while stakeholder engagement is treated separately as indicated by 

the arrows in the concept diagram, knowledge transfer between disciplines, between 

advanced to less advanced centres and between academic experts and operational 

centres is a key cross-cutting activity. 

6. Verification: while the research theme on evaluation is focussed on new research that 

supports process understanding, model development, communication, use and value of 
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forecasts, the application of verification principles has a role in all research activities that 

will be co-ordinated by the Evaluation theme. It also has a key role in identifying and 

measuring the benefits achieved by the High Impact Weather project itself. 

7. Impact Forecasting: the emphasis across all of the research themes is on predicting 

impact-related parameters that, alongside the weather forecast variables, will support 

effective decision making. This requires input from the vulnerability and risk theme into 

the other themes. 

8. Data Management and archiving: both model and observation data needs to be made 

readily available to support HIWeather research activities. To complement the routine 

THORPEX Interactive Grand Global Ensemble (TIGGE) and TIGGE-Limited Area Model 

(LAM) datasets, demonstration projects will be encouraged to set up high-resolution 

convective-scale ensemble forecast datasets consistent with TIGGE-LAM standards.  

This activity should enhance collaboration between researchers and operational 

Numerical Weather Prediction (NWP) centres.  

External engagement (inner ring): it is essential that the project is user-driven and 

outcomes oriented. The science must work together to deliver new capabilities that will 

benefit users of forecast and warning information.  

¶ Links with other initiatives: Key international programmes, especially in disaster risk 

reduction, are already in place. It is important not to overlap with them, but to ensure that 

weather-related aspects are adequately dealt with. This will be particularly key with 

respect to business-led initiatives such as the development of next generation air traffic 

management and large scale energy management systems.  

¶ Interaction and communication between researchers and stakeholders: relevant 

stakeholders range from global and national scale funding agencies to individuals. A 

range of activities will be needed from individual engagement at the local level during 

FDPs, through regional scale workshops for emergency response and business groups, 

to major conferences and briefing sessions for international bodies. 

¶ Education and outreach: aspects of human impacts of weather and of the 

communication, interpretation and use components of forecast delivery are not widely 

understood in the meteorological community. This project provides an opportunity to 

facilitate wider understanding, especially amongst young scientists who will be the 

scientific and policy leaders of tomorrow. 

The project will dovetail closely with other activities of WWRP. High impact weather plays an 

important role in the other two post-THORPEX projects: the Polar Prediction Project (PPP) 

and the Sub-Seasonal to Seasonal (S2S) project so that links with these projects will be 

developed. The project will draw heavily on the expertise of the WWRP working groups.  

The project will last for ten years, with a substantive mid-term review in the fifth year allowing 

for any necessary adjustment to the programme to meet objectives in years six to ten. 

1.3 Key Project Goals 

The overall mission of the project will be achieved through the following key actions: 
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¶ Improve knowledge and understanding of the processes that generate weather-

related hazards so as to assess their predictability 

¶ Develop multi-scale coupled forecasting systems of the weather-related hazards, 

including new observation sources, advances in data assimilation and modelling and 

ensemble prediction, and definition of new products. 

¶ Improve knowledge, understanding and modelling of the exposure and vulnerability 

of society, businesses, environment and infrastructure to hazards and obtain data 

and develop tools and models to assess the resulting risk. 

¶ Improve knowledge and understanding of the processes and variables that influence 

different stakeholdersô decisions using high impact weather forecasts and warnings, 

and of the characteristics of information communication that lead to effective 

responses. 

¶ Develop improved methods of verifying forecasts, hazard warnings and peopleôs 

responses so as to permit evaluation of each stage in the complete production chain. 

In pursuing these goals, the following overarching principles will be examined: 

¶ Forecasts and warnings increase resilience when they improve decisions made by 

users. 

¶ The response of service providers and users to forecasts and warnings vary with 

hazard, country, culture, gender, experience, socio-economic status and other 

factors. 

¶ Optimal decisions require communication and interpretation of uncertain forecasts. 

¶ Advances in forecasting, warning and communication of hazards require collection 

and analysis of observations of their occurrence. 

¶ An effective forecasting and warning service depends on trust. An important 

component of building trust is evaluation and open communication of relevant 

verification metrics from every link in the chain. 

¶ Advances in capability are accepted when operational services and operational staff 

participate in experiments that demonstrate benefit.  

1.4 Development of the HIWeather Implementation Plan 

WWRP THORPEX has been a ten-year research programme with a focus on accelerating 

improvements in the forecasting of high-impact weather 1 to 14 days ahead.  It will finish at 

the end of 2014. Before the THORPEX International Core Steering Committee (ICSC) 

meeting in October 2012, a consultation exercise was carried out to gather views on 

possible THORPEX follow-on programmes. Strong support was given to the proposal of 

establishing ña new 10 year programme é jointly, where appropriate, with the WCRP with a 

focus on improving the predictability of high impact weather from hours to a season 

(seamless prediction) and within the framework of a changing climateò.  

For the post-THORPEX era an important question was ñwhat must be built upon, what is 

missing, what will make a difference, is worth investing in and should be promoted within the 

WWRP?ò The WMO Executive Committee (EC) meeting (EC-64, June/July 2012), gave 

approval for the launch of two new WWRP projects that developed out of THORPEX: the 

S2S and PPP projects. These two projects, with their own trust funds, are seen as part of the 

THORPEX follow-on programme. The S2S project, in particular, is a key to defining the link 
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to the World Climate Research Programme (WCRP). A common theme of many of the 

responses to the ICSC consultation was that there was a need for continued research 

focused on high-impact weather on the time and space scales addressed in THORPEX but 

with the important extension to shorter time and space scales. Important new aspects of this 

proposal were a stronger motivation from applications and engagement with stakeholders, 

improving small scale, short range forecasts for a variety of weather-related applications, 

bridging the gap between the short time scales and the sub-seasonal time scales, research 

into evaluating and communicating forecast information, and gaining the societal benefits of 

enhanced forecasting capabilities. 

Thus a task team was established to develop a proposal for a High Impact Weather research 

activity within WWRP. Following the appointment of Sarah Jones as chair and Brian Golding 

as consultant, and a Town Hall meeting at the American Meteorological Society Annual 

Meeting in January 2013, an initial workshop was held at the Karlsruhe Institute of 

Technology in March 2013 to define the scope and objectives of a High Impact Weather 

post-THORPEX Project. Subsequently a task team was appointed to guide production of the 

proposal. This team held three teleconferences in the early part of June 2013, following 

which members prepared the first outline version of a Project proposal that was submitted to 

a joint meeting of the THORPEX ICSC and the WWRP Scientific Steering Committee (SSC) 

in July 2013. This meeting identified some key areas needing improvement but endorsed the 

direction of the proposal and requested that it be modified for presentation to the 

Commission for Atmospheric Sciences (CAS) meeting in November 2013. Teleconferences 

of the task team were held in September to agree a more focussed set of objectives for the 

proposal, and these were followed up by additional inputs for the second draft for CAS. At its 

meeting in Antalya in November 2013, CAS endorsed the project on the basis of an updated 

executive summary and a more detailed presentation, but requested more work on the 

definition of the work plan. This was reinforced by a THORPEX EC meeting in Exeter in 

December 2013. A further revision of the Implementation Plan was prepared as input to a 

workshop of the task team held in June 2014 at the National Oceanic and Atmospheric 

Administration (NOAA) headquarters in Silver Spring, USA, to define the work plan. This 

workshop completed the definition of the challenges that would be addressed by each 

research theme and make good progress towards defining the activities to be undertaken. 

These outputs were used in a presentation to a side meeting of the WMO EC in Geneva in 

June 2014. At its main meeting, EC adopted the proposal for HIWeather and recommended 

that a trust fund be set up to support its work. The project was discussed in depth and 

received wide support at the first World Weather Open Science Conference in Montreal in 

August 2014 and in the associated meetings of the WWRP working groups. 
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2 Requirements and Benefits  

Statistics of natural disasters show that weather-related socio-economic impacts have 

increased substantially over recent decades. In the light of increasing population, climate 

change and urbanisation it is expected that this will continue. In this section we present 

evidence for this, outline advances in science that provide opportunities for improving 

resilience; and identify the benefits that can be achieved by this project. 

2.1 Vulnerability of Society to High Impact Weather  

Despite substantial advances in both forecasting capability and emergency preparedness, 

recent years have been marked by a large number of natural disasters that have cost many 

lives, displaced large numbers of people, and caused widespread damage to property and 

infrastructure, as shown in figure 2. 

 

Fig. 2 15-year running means of weather-related disaster impacts recorded in EM-DAT: 

The OFDA/CRED International Disaster Database, www.em-dat.net, of the Université 

Catholique de Louvain, Brussels, Belgium. In interpreting this graph, note that reporting 

practise and efficiency vary through time and between countries. 

Disasters occur when the ability of a population to protect itself from the impact of the 

weather is overcome. As countries become more developed, the level of protection becomes 

greater so that natural disasters become restricted to rarer, more extreme events. Protection 

may take the form of building codes and planning regulations that give permanent protection 
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from some types of impact or of warnings and procedures that reduce exposure to the 

impact or of support that reduces the time to recover once the initial impact has occurred. 

High impact weather includes not only disasters, but also those weather events whose 

impacts can be absorbed by society, but at significant cost. For instance, developed 

countries affected by winter weather, e.g. ice and snow that could kill many people in road 

accidents and stop business from operating, mitigate these impacts by the use of clearance 

equipment and by spreading of chemicals that inhibit freezing. The impact remains high, but 

has been largely transferred from a cost in lives and loss of business to a shared financial 

cost paid in taxes. Improved forecasts of high impact weather can lead to significant benefits 

for economic applications, e.g. improved local forecasts of cloud cover and boundary layer 

wind can prevent electricity grid overload.  

The most destructive disasters of recent years are summarised below from information in the 

EM-DAT database: 

Floods 

The database splits flooding from rainfall through rivers and flooding from windstorms 

through storm surges. Taken together, flooding is by far the most frequent cause of disasters 

that kill more than 1000 people. Some of the most serious have been from the devastating 

Myanmar Tropical Cyclone (TC) of May 2008 (over 135,000 killed), the Haiti floods of May 

2004 (over 2,500 killed), the New Orleans floods caused by Hurricane Katrina in 2005 (over 

US$100 billion), and the Thailand floods of August 2011 (over US$40 billion). Flash floods 

are the frequent cause of smaller losses and fatalities. Some of the largest losses of life 

come from landslides precipitated by flooding. 

Wildfires 

Wildfires are mostly too localised to cause large loss of life from a single event. An exception 

was the Black Saturday bushfires in Australia in February 2009, which killed 173 and injured 

414. However, the cost of damage to property has been substantial in recent years, most 

notably from the 2005 fires in the USA, which cost over US$2 billion.  

Extreme Wind 

The principal extreme wind impacts recorded by EM-DAT are the European windstorms, 

including storms Lothar and Martin in 1999 (US$15bn), Erwin/Gudrun in 2005 (US$6bn), 

Kyrill in 2007 (US$9bn) and Klaus in 2009 (US$5bn). Extreme winds in TCs are also a major 

cause of damage and death. Individual tornadoes are generally more localized, but the 

Joplin, USA, tornado of May 2011 was exceptional, with 158 people killed and 1000 injured. 

Severe Winter Weather 

Severe wintry weather frequently claims lives in affected countries. However, in terms of 

disasters, the 2008 Afghanistan blizzard stands out with more than 1,000 deaths from a 

single event. 

Heatwaves 

Many epidemiological studies have demonstrated that high temperatures are positively 

correlated with increased mortality and morbidity relative to normal conditions. Exceptional 

heat waves with large death tolls in recent years have included the European heat wave of 
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2003 which saw more than 10,000 deaths and the 2010 heat wave in Russia when more 

than 50,000 died. 

2.2 Opportunities to increase resilience  

Improved weather observations, forecasts and warnings, their improved communication and 

the use of that information can enhance resilience by helping people prepare for predicted 

high-impact weather in ways that reduce negative impacts, that enable advantage to be 

taken of positive impacts, and that enhance the post-event recovery process. 

Recent advances in global weather prediction, especially those developed during 

THORPEX, have dramatically improved the capability to provide early warnings of large 

scale severe weather events. Progress has been made through better understanding of the 

physical processes, improved use of observations in NWP, and the development and 

application of ensemble prediction systems. Gains have particularly been achieved in the 

lead times for predicting tropical cyclone landfall, large scale flooding, and extreme 

temperature events. With its focus on lead times of one day to two weeks, THORPEX did not 

address the problem of high precision forecasting required for localised impacts, such as 

flash floods, wildfires, winter weather and severe convective weather.  

However, research in limited area high resolution modelling and the availability of larger 

computers has advanced NWP capabilities to the point where useful forecasts can be made 

for a few hours ahead of the location, timing and intensity of some of these events, 

permitting the use of a ñwarn-on-forecastò approach to responding to these hazards in place 

of the traditional ñwarn-on-observeò approach. Further advances in the science of prediction 

for the first day will enable further migration to ñwarn-on-forecastò with consequent benefits 

to achievable warning lead times, as well as greater spatial and temporal detail in forecasts 

and warnings of hazardous phenomena. 

During THORPEX, advances were made in engaging social scientists in the specification of 

requirements for improved forecasts and forecast products. This has now created an 

environment where further integration with the social sciences is possible and desirable. At 

the same time, it has become increasingly clear in recent years that the full benefits of 

hazard forecasting capabilities are not being realised due to challenges in their 

communication, interpretation and use, and that current technological advances offer 

enormous opportunities for innovation in these areas. 

As an example, despite excellent forecasts of its landfall, there was substantial avoidable 

damage and loss of life from Hurricane Sandy in October 2012. A review by the National 

Oceanographic and Atmospheric Administration of the US Department of Commerce 

identified twenty-three recommendations for changes to management practices for severe 

weather in the US National Weather Service. These can be summarised in three broad 

areas for improvement, all of which are based on the implementation of available science 

and technology, and all of which are relevant to this project: 

¶ Observing and forecasting of weather impacts: in this case, especially storm surge 

and resultant coastal flood inundation 
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¶ Communication of forecasts and warnings: including nomenclature, product design, 

use of web sites, use of social media, interfaces with private sector 

¶ Training: especially in weather impacts and in the needs and responses of those 

receiving the forecasts and warnings 

A further aspect of building resilience is the use of climatological estimates of extreme 

weather to inform policy decisions, e.g. on building and drainage standards. The project will 

seek to achieve benefits in this area primarily through collaboration with key WCRP 

programmes, especially the Understanding and Predicting Weather and Climate Extremes 

Grand Challenge. 

2.3 Foci of the project 

In order to maximise the gains that will be achieved through the project, it is proposed to 

focus on the science needed to address five hazards, their impacts and the actions taken in 

response to them: 

Urban flood, including flooding from the sea, rivers and directly from rainfall, with 

particular emphasis on flood impacts, including landslides, in the growing megacities 

of the developing world, especially those situated in the tropics and subtropics. 

Wildfire, emphasising requirements associated with evacuation, property protection, 

fire fighting and fire management rather than the longer range problem of predicting 

elevated fire risk.   

Localised Extreme Wind, including localised maxima within tropical and extra-tropical 

cyclones (e.g. sting jets), tornadoes, downbursts and downslope windstorms. 

Disruptive winter weather, including snow, ice, fog & avalanche, and focussing on 

transport, energy and communications impacts. 

Urban Heat Waves and Air Pollution, with particular emphasis on health impacts in 

the growing megacities of the developing world. 

While this selection inevitably excludes some significant weather impacts, it is sufficiently 

broad to capture the key areas in which meteorological and related sciences will contribute 

to increased resilience in the next decade. Urban flooding, heat and air pollution are of 

particular concern for the megacities of the developing world, especially those in tropical and 

sub-tropical climates. The wind hazard takes past success in improving the forecast 

locations and tracks of tropical cyclones, extratropical cyclones and convective storms, to 

the next level, focussing on the wind structure and intensity within them. While the 

occurrence of wildfires is tied to long period weather regimes outside the scope of this 

project, the ability to manage fire and the incidence of fatalities are both closely related to 

small scale wind structure during a fire. Finally disruptive winter weather hazards are of 

greatest concern in middle and high latitudes where major economic and social impacts are 

particularly associated with mesoscale and cloud-scale processes that control the type and 

intensity of precipitation in freezing and near-freezing temperatures.  
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Each of the following sections, on the five selected hazard areas, addresses the impacts of 

the hazard, represented diagrammatically as an impact cascade, the key stakeholders who 

have to deal with its impacts, the options they have for reducing those impacts and the 

information they need to do so, the prospects for providing that information if the proposed 

research goes ahead and the benefits that could follow from that, with some examples of 

recent occurrences, and a response timeline showing lead times of decisions and actions by 

the main stakeholders. The latter are colour-coded as follows: 

 

Fig. 3 Key to timeline diagrams of actions by key stakeholders 

2.3.1 Urban Flood 

What are the direct impacts? ï casualties from drowning / collapse of buildings / burial in 

landslides; distress to people who have lost relatives / are injured / made homeless; 

displaced people, disruption to services (education, health etc), business interruption, 

surface water flooding; sewer overflows; landslides/mudslides; river overtopping; ocean 

overtopping; breach of levees / flood defences; transport links cut; water/energy 

infrastructure put out of action; closure of underground malls etc; disease from polluted 

floodwater; deposition of debris / sediment; morbidity from toxic material in sediment. 

Who are the interested parties? ï national government; city authorities; emergency 

managers; fire & rescue; voluntary response sector; transport, water & energy companies; 

businesses; public; insurance companies. 

What can they do to reduce the impact? ï have staff on standby; open rescue centres 

ahead of flood; operate upstream river controls; install temporary flood defences (e.g. 

sandbags); clear storm drains/channels of trash; move goods / vehicles / vulnerable people 

to less exposed locations, pre-position recovery assets, advance/defer deliveries. 

What information do they need? ï probability / timing / locations of exceedance of critical 

depth thresholds at key decision lead times; timing of defence overtopping / breach; velocity 

of flood flow; duration of flood; probability / timing/ speed of landslide; track record (how 

often does it happen when forecast? Is it likely to be bigger or smaller than forecasté). 

What could we provide from the HIWeather project? Improvements in coupled 

precipitation / river flow forecasting; in coupled precipitation / sewer flow forecasting; in river 

inundation forecasting and in coupled precipitation / landslide forecasting; coupled storm 

surge and ocean wave forecasts for vulnerable coastlines; provision of probabilistic 

information at a variety of lead times and spatial scales; guidance on how to communicate 

forecasts and warnings; 
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Fig. 4 Simplified impact cascade for flooding & flood-induced landslides. Blue/green shows 

the cascade of physical processes. Beige/brown are 1st & 2nd order socio-economic impacts. 

Red shows human impacts. Note multiple drivers of business interruption and human 

distress. 

What would be the benefits? Reduce scale of flood (through better use of flow controls 

and temporary defences); reduce damage to moveable property; reduce duration of water / 

energy infrastructure outages; reduce casualties ï especially at high exposure locations 

such as hospitals, community halls, etc; reduce economic loss to businesses; better social 

support to homeless; better response by insurers; faster recovery. 

Scenarios to consider include: Ouagadougou 2009, Flash flooding Toronto 2013; Central 

European floods 2013, Katrina 2005 & Sandy 2012 (Contrasting scenarios of Tropical 

Cyclone Landfall in US), La Plata 2012, Bangkok 2011, Queensland 2010, Boscastle 2004, 

St Asaph 2012 (early warning of flash flood enabled rest centres to be prepared), Colorado 

front range flood 2013 (emergency messages broadcast prior to event), Zhouqu mudslide 

2010, Oran mudslide 2009. 
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Lead Time (major river & coast floods)  
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Fig. 5 Selected timelines of mitigation actions taken by responders to floods  

2.3.2 Wildfire 

Direct impacts ï casualties from burns / smoke inhalation / stress; population made 

homeless (temporarily or over longer time period); loss of natural & crop vegetation 

resources; soil erosion or landslide in subsequent rain; mobilization of toxic material in soil 

Ą loss of water quality; property damage / destruction; stock loss; distress to people injured 

/ made homeless Ą Depressive illness / Post Traumatic Stress Disorder etc; loss of water / 

energy / telecom due to destroyed infrastructure; transport links cut; smoke impacts 

(respiratory illness due to poor air quality, impact on crops, e.g. grape taint, transport 

disruption); loss of business due to damage / transport disruption; disruption of public 

services due to damage / transport disruption; increased load on insurance helplines due to 

property damage; economic costs of clear-up; increased demand on ambulance / 

emergency rooms. 

Who are the interested parties? ï city / rural authorities; emergency managers; fire & 

rescue; health sector; transport, water, energy & telecom companies; businesses; public; 

insurance companies. 
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Fig. 6 Simplified impact cascade for wildfires. Blue/green shows cascade of physical 

processes and relevant parameters. Beige/brown are 1st & 2nd order socio-economic 

impacts. Red shows human impacts. 

What can they do to reduce the impact? ï have staff / equipment on standby; open 

shelters / rescue centres ahead of fire / evacuation; close access to vulnerable land areas, 

e.g. national parks; reduce burning-off; extinguish with water/fire retardant; contain with 

firebreaks; prepare people for evacuation, clear shrubs/ trees/ grass near structures; protect 

properties by spraying with water; evacuate vulnerable people / equipment / goods / vehicles 

to less exposed locations; community education; invoke personal bushfire plans. 

What information do they need? ï early warnings of potential scale (area, duration) and 

impact; probability of threshold exceedance (fire danger) at key decision points; probability of 

ignition (arson, lightning, carelessness); fire initiation, movement / spread velocity ï timing of 

changes, fire intensity / temperature; fuel state; smoke density, plume spread direction & 

speed, composition, height & thickness; track record (how often does it happen when 

forecast? Is it likely to be bigger or smaller than forecasté). 

What could we provide from the HIWeather project? Forecasts of extreme conditions of 

temperature / humidity / wind; improved observation & prediction of soil & vegetation 

moisture content in fire risk forecasts; provision of probabilistic information at a variety of 

lead times and spatial scales; improved prediction of wind gust fronts that accelerate / 

change direction of fire movement; best practice in fire propagation prediction; techniques for 

representing the impact of the fire on the wind field in fire propagation models; best practice 

in smoke dispersion from wildfires; improved estimation of smoke emission; best practice in 

fire risk index prediction; more effective communication of the meaning of high fire risk; 

prediction /communication of the health impacts of smoke inhalation. 
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What would be the benefits? Reduce scale of bushfire impacts; reduce down time of 

transport / water / energy infrastructure; reduce fatalities ï especially at highly vulnerable 

locations such as hospitals, community halls, etc; reduce economic loss to businesses ï by 

enabling them to temporarily relocate ahead of fire; more effective firefighting; reduce size of 

fire by enabling quicker reinforcement of firefighting resources; reduce distress to those 

affected by enabling quicker & more effective social support. 

Scenarios to consider include: Southeast Australia, Black Saturday, 7 Feb 2009 (early 

warnings enabled evacuation, but many people still died); Russia, 2010, California Rim Fire, 

Aug 2013; Greece, 2007, Indonesia, 2012, UK, 2011, Waldo Canyon fire near Colorado 

Springs, 2012. 

Lead Time  

-5d  -4d  -3d  -2d  -36h  -24h  -18h  -12h  -6h  -3h  0h  +1d  +5d  

Routine & Enhanced Forecasting          

   Enhanced Monitoring   

Mobilise staffing & resources           

 Heightened fire danger 

warnings 

         

 Deploy fire fighting equipment        

   Extinguish/Contain existing fires       

   Fire bans & evacuation advice      

      Plan evacuation      
 

       Back Burning    

         Warning    

         Evacuate    

         Deploy 

aircraft  

  

          Damping down   

           Refurbish/Rebuild  

Fig. 7 Selected timelines of mitigation actions taken by responders to wildfires 

2.3.3 Localised Extreme Wind 

What are the direct impacts? ï casualties from impact with flying / falling debris; property 

damage; people made homeless, transport links cut by fallen trees / property; water / energy 

/ telecom infrastructure damaged / destroyed; disruption of airport approach / departure 

schedules; road / rail delays due to reduced speeds; transport disruption due to accidents. 
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Fig. 8 Simplified impact cascade for extreme wind. Blue/green shows cascade of physical 

processes and relevant parameters. Beige/brown are 1st & 2nd order socio-economic 

impacts. Red shows human impacts. 

Who are the interested parties? ï national government; local authorities; emergency 

managers; fire & rescue;  ambulance / emergency room; transport operators / managers; 

water, energy & telecom companies; businesses;  public; public event organisers; marine, 

surface & air transport authorities. 

What can they do to reduce the impact? ï people take shelter / avoid travel; reschedule 

transport, maintenance / rescue staff on standby; move vulnerable people to safe refuges; 

general evacuation; cancel / relocate public event, pre-position transport assets for faster 

recovery, prepare for power outages. 

What information do they need? ï peak wind gust speed & direction; area and altitude 

affected; duration; timing relative to peak travel / working hours; likelihood of vehicles being 

blown over; likelihood of building damage; likelihood of trees being blow down; record of 

historical forecast accuracy vs scale/intensity. 

What could we provide from the HIWeather project? Improved prediction of local 

variation of mean wind intensity, especially associated with squalls, tornados, downbursts; 

improved relationships of wind gust to mean wind, taking into account orographic and urban 

environment influences; shared best practice in the relationship between wind speed and 

impact on trees / vehicles / buildings; improved methods for communication of risks from 

high winds; shared best practice on verification of local wind maxima & impact. 


























































































































