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NMHSs Provision of Impact-Based Information, 
Forecasts and Warning Products and Services

Introduction
The growing demand on NMHSs to provide impact-based forecast and warning products and services to assist the public and other users with decision making processes; requires close collaboration with relevant partner agencies for formulating such information.  
Given that this is a relatively new area of work for most NMHSs, the following is offered as guidance to help them consider how they might apply this concept in their own Services.
Weather forecasts and warnings have traditionally been expressed in terms of changes in the atmospheric conditions.  The responsibility of applying this information to their own context rested with users.
Increasingly, users demand that their weather service providers go beyond simple statements of expected weather conditions and to provide forecasts of the resulting impacts of such conditions.  In order to respond to user requirements, weather forecasts and warnings should therefore be made available in impact-based formats tailored to user-defined thresholds.  
This ensures that critical weather information is communicated and expressed to users in terms of the societal impacts.  This goes beyond describing the expected weather to include a translation of this information into how and when weather will affect the community, as described in the examples below.  This information should be made available to the community in a variety of easy to understand formats.

In the case of hazardous weather, impact forecasting identifies areas and assets which are most vulnerable to the hazard, and allows prioritization of areas where responder services need to be deployed.

Impact-based Forecasts
What are the essential differences between weather information and impact-based information?  The nature of human activities and behaviours is such that the impact of a weather event will be different from time to time or from place to place.  Impact forecasts attempt to capture the extra, non-weather-related variables which, when added to the weather, create the totality of impact.  By putting these variables together with the weather, a message of greater simplicity and clarity can be created to enable people to take actions, which in case of hazardous weather will help mitigate the overall adverse effects of the weather.
We might express these concepts mathematically as follows:

Impact = Hazard * Vulnerability * Exposure
Where

Impact

=
Totality of impact (or risk, or effect) experienced;
Hazard

=
Meteorological condition, which can vary with time;
Vulnerability
=
The inherent sensitivity of the person or system to the hazard;
Exposure
=
A time and space dependent variable which captures non-meteorological factors which affect the totality of the impact.

Take, for example, a severe convective rain event.  The hazard, in meteorological terms, might be described as a 10% chance of rain exceeding 50mm in one hour.  If this event happens over an empty mountainous region, the impact may be almost zero, as the vulnerability is very low.  If, however, it happens over a built-up, heavily populated area, the vulnerability is high, because of the density of population and the nature of the environment (hard surfaces, fast run-off, etc.).  Consider now the differences between the event happening on a weekend afternoon as against during morning rush-hour.  The impacts will again be different, but because of other variables which are not related to weather.
Impact forecasts can translate weather variables into other factors which enable quicker and more focused decisions to be made by those who must manage the systems which are impacted.  Examples might include:
Morning fog:

→
Flight delays

Low temperatures:

Surge in hospital admissions

Strong winds:

→
Wind energy outputs

Stormy seas:

→
Fish prices

Morning rain:

→
Commute times

Weekend sunshine:
→
Beach lifeguard provision
The need for this fundamental change in the delivery of hydrometeorological information is influenced by a number of factors:
a) Significant population expansion is taking place in hydro-meteorologically vulnerable areas, especially coastal regions.  This increased vulnerability translates into increased potential impact.  As a result, relevant information must be provided in terms that highlight risk to specific users, quickly delivered.  Examples of threats for which such risk-based information is required include: flooding; extreme winds from tropical systems; and tsunami threats.  The goal is for risk-based messages to contain necessary detail regarding timing and also threshold levels for specific users and/or locations.
b) Mobile devices are being increasingly employed to disseminate warnings and forecast information.  Mobile devices are suited to short, simple and direct messages.  
These devices enable also the graphical representation of impact as colour-coded information and/or contour maps that depict varying levels of impacts from one geographic location to another.  Examples of each of these types of information are provided in the next section.
c) While the practice of different NMHSs in providing “advice “ to the general public, based on the impact of the hazard varies according to their internal policies, there is a growing demand from government partners and the public to provide such advice where possible.  Alternatively, some NMHSs use generalised slogans that they wish the public to associate with specific hazards, such as flooding or tornadoes.  For example, the United States National Weather Service (NWS) uses the slogan “Turn Around - Don't Drown” in advising the public not to drive through flooded roadways.
The remainder of this document contains examples of how impact-based information is delivered by a number of NMHSs and how, in some cases, additional advice is also issued for users.
I.
Examples of Impact-Based Information
1) Individual (NMHSs) accomplish provision of impact-based information in a variety of ways.  For example, the United States NWS and the Croatian Meteorological Service have made progress in clarifying impact-based information by placing such information directly within hazard messages.  This ensures that the information goes beyond simply expressing the expected weather to an articulation of how the weather will impact the public and key partners.  Examples of how these messages have evolved are provided in Table 1 via the columns indicated as before – basic information only and after – impact included messages provided.  Table 2 shows the primary and secondary effects of a number of atmospheric phenomena.

-----------------------------------------------------------------------------------------------------------------------------------
Table 1: Examples of how the U.SA. and Croatia have evolved 
hazard messaging to include impact-based information
	Before – Basic Information Only
	After – Impact Information Included

	There is a 60 percent chance of thunderstorms this afternoon”
	Thunderstorms between 2:00 and 4:00 p.m. will likely cause 30- to 60-minute flight delays

	Thunderstorms will be in the response area this afternoon
	Responders should shelter due to the possibility of lightning from 2:00 to 4:00 p.m.

	Heavy snow with accumulations of 8 to 12 inches tonight
	Interstate Highway 80 will likely become impassable after midnight due to heavy snowfall

	Warning: sea state 4
	Moderate sea, with waves reaching 1.25 – 2.5 meters of height, will likely present danger to smaller vessels (speed boats, excursion boats…)

	Warning: gusts of Bora wind reaching over 100 km/h in Makarska region
	It will likely cause interruption in the maritime traffic, especially the ferry line: Makarska-Sumartin (island Brač)

	Warning: gusts of Bora wind reaching over 100 km/h in Dubrovnik region
	It will likely cause interruption in road traffic on Dubrovnik Bridge and delays in air traffic as well as the impossibility of entering the port of Gruž for cruisers


	Source:
	Initial Consequences:
	Knock-on consequences:

	Storms and Gales
	Strong winds (Gales)
Tidal surge
Snow
Lightning
Heavy Rainfall
Tornadoes

Hail
	River and costal flooding

Surface water flooding

Land instability

Wildfire

	Prolonged period of hot weather
	Heat
	Thunderstorms

Drought

Dust/Smog/haze

Land instability

Wildfire

	Prolonged period of dry weather
	Reduced rainfall
	Dust/Smog/Haze/fog

Reduced ground water flow

Water quality

Land instability

Drought

Wildfire

	Excessive cold with snow
	Cold snow
	Ice

Ice accretion

Wind chill

Fog

Surface water and river

flooding (snow melt)


Table 2 Example of interpreting weather conditions into resulting consequences: Met Office

2) Some NMHSs, such as the Australian Bureau of Meteorology and the U.S., NWS utilize a categorical system for prioritizing hazards.  These categories can (but need not necessarily) be based on variation in hydrometeorological parameters (such as increasing wind in the case of tropical cyclones) and clearly articulate expected impacts associated with each category.

Examples of the Australian categories for tropical cyclones and flooding can be found via the links below, respectively:
http://www.bom.gov.au/cyclone/about/intensity.shtml
http://www.bom.gov.au/hydro/flood/flooding.shtml
-----------------------------------------------------------------------------------------------------------------------------------
3) Similarly, the U.S NWS utilizes the Saffir-Simpson scale to categorize and convey the impacts of tropical systems based on increasing wind speed.  The link below provides access to details regarding this scale:
http://www.nhc.noaa.gov/sshws.shtml
-----------------------------------------------------------------------------------------------------------------------------------

4) Another useful means of conveying expected impacts is via a colour-coded system.  For example, the Hong Kong Observatory (HKO) uses a 3-level coded system described which can be accessed through the link below to express how increasing rainfall will impact various members of the public, including school authorities, farmers, parents, employers and outdoor employees.  Recommended action by these various user groups is clearly articulated in this manner:
http://www.weather.gov.hk/wservice/warning/rainstor.htm
-----------------------------------------------------------------------------------------------------------------------------------
5) Météo-France also combines impact and advice by using a colour-coded system via its Vigilance system, which can be accessed at the following link:
http://france.meteofrance.com/vigilance/Accueil
By clicking on areas of expected hazard, indicated by the yellow, orange or red colours, users can obtain useful impact information for specific areas of hazard.  Examples of the types of information provided may include the following:
· Road conditions may become very difficult all over the network, especially in forest areas where fallen wood may be an additional obstacle
· Power and telephone networks may suffer damage for a significant duration
· Significant flooding is likely at high tide near estuaries
· Chimneys and roofing may suffer damage or destruction
· Trees or branches are likely to break
· Light structures may be blown down
· Lightning may ignite some wildfires
· Sewage networks may overflow
-----------------------------------------------------------------------------------------------------------------------------------
6) The European project Emma – METEOALARM provides weather warnings and impact-based information across all of Europe.  These can be accessed via:
http://www.meteoalarm.eu
Details on this project are also contained in the PWS “Guidelines on International and Cross-border Collaboration in the Warning Process”, PWS-22, WMO/TD No. 1560, which describes efforts underway to deliver weather information across country borders.  This publication can be accessed via the following link:
http://www.wmo.int/pages/prog/amp/pwsp/documents/TD_1560_PWS22_en.pdf
-----------------------------------------------------------------------------------------------------------------------------------
7) Curaçao uses a colour coded system to express expectation of weather hazards:
http://www.meteo.an/SpecialBulletin_SSS.asp
-----------------------------------------------------------------------------------------------------------------------------------

II. Provision of Advice to Accompany Hazard Messages
In addition to the weather and associated impacts, some NMHSs provide advice for users.  Other NMHSs may not provide such advice depending on the nature of private/public partnership policies and the responsibilities of partner agencies.  But, they may offer additional information to the public and other key NMHSs’ partners to provide value beyond the weather and impact information.
1) The Australian Bureau of Meteorology incorporates advice directly into weather hazard messages, per below:
Emergency Management Queensland advises that people should:
· Move their car under cover or away from trees;
· Seek shelter, preferably indoors and never under trees;
· Avoid using the telephone;
· Beware of fallen trees and power lines; and,
· For emergency assistance dial 132500
-----------------------------------------------------------------------------------------------------------------------------------
2) The U.S. NWS utilises Call to Action statements in its warning messages, to provide recommended actions customized to individual hazard situations.  An example from a winter storm situation follows:
If you must travel, exercise extreme caution and allow extra time to reach your destination.  Let someone know your travel route and expected arrival time and have a working cell phone in case you become stranded.  Keep a winter survival kit in your vehicle, including a flashlight, food, and water.   If you chose to travel, be aware that you may become stranded and that it may take many hours for help to arrive.
-----------------------------------------------------------------------------------------------------------------------------------
3) Météo-France also provides advice on a variety of hazards. These can be accessed at the following web link:
http://france.meteofrance.com/html/vigilance/guideVigilance/consequence_conseil.html
Examples of advice provided includes:

· Do not EVER walk or drive on a flooded road;

· If possible, stay at home, get organized with your neighbours, and listen to your local radio;

· Have a reserve of drinkable water and the means for emergency lighting;

· Power generators must not be operated indoors;

· Do not try and fix your roofing;

· Do not ever touch a fallen power line;

· Stay informed with your local authorities and be prepared to evacuate your home if such an order is given; and,

· Do not seek shelter under trees
-----------------------------------------------------------------------------------------------------------------------------------
4) The UK Met Office provides advice within its colour coded system as shown at the following web link:
http://www.metoffice.gov.uk/weather/uk/advice/
The specific advice provided is designed to correspond with impact levels according to whether these impacts are high, medium or low.
-----------------------------------------------------------------------------------------------------------------------------------
5) Curaçao is currently developing a forecast system to enable dissemination of forecast and warning bulletins, which includes advice to the public, in three languages (English, Dutch and Papiamento).  Examples of such bulletins follow:
· Heavy showers leading to local flooding are possible/likely over sections of the island(s).  Residents are urged to avoid driving in flooded streets until the heavy rain has tapered off or ended and the flood waters have subsided.
· In case there are lightning strikes very close to your location (loud thunder, less than three seconds between lightning discharge and thunder), switch off and disconnect any sensitive electronic equipment.  Also disconnect any phone line from your computer.
· A funnel cloud, reaching the ground was reported at (time of occurrence) in 
St. Maarten/Saba/St. Eustatius and was moving toward the west-northwest.  It may move over the quarters of (location 1) and (location 2) at (time of expected arrival).
Residents in these areas are urged to take into account that strong to violent winds from varying directions are possible.  These winds are capable of causing significant damage to constructions and severe injury to humans and animals.  The public is strongly cautioned not to venture outside in case a funnel cloud is seen or heard.  Instead, protection against injury must be found in a small room (bathroom) or below strong furniture, like a table.
-----------------------------------------------------------------------------------------------------------------------------------
6) The HKO provides advice to the public on the impacts of rainstorms via its Rainstorm Warning System.  For example, when very heavy rain has fallen or is expected to fall generally over Hong Kong, China, and the amounts are expected to exceed 70 millimetres in an hour over a prolonged period, a Black Rainstorm Warning is issued and the following advice provided:
· Stay indoors or take shelter in a safe place until the heavy rain has passed;

· Employees working outdoors in exposed areas should stop work and take shelter;

· People having no safe place to go may take temporary refuge in any of the special temporary shelters opened by the Home Affairs Department;

· Employers are advised not to require their employees to go to work unless prior agreement on work arrangements during rainstorms has been made;

· People who are already at work should stay where they are unless it is dangerous to do so.

_____________
