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 DOCPROPERTY  AgendaSubItemText2  \* MERGEFORMAT service delivery related to Aeronautical, Marine and Surface Transport
Moving towards a more integrated approach to service delivery for the transportation sector
1.
In view of the different approaches taken by aviation, marine and surface (including inland waterways) transportation sectors in response to requirements for safety, efficiency and continuity of operations in the face of adverse weather, an integrated approach to service delivery for transportation sectors (aviation, marine, surface) is required to maximize the benefits of the weather and climate impact mitigation strategies. Safe, effective and efficient operation of the global and regional transportation network is highly dependent on the production, dissemination, and application of accurate and timely weather information. Numerous studies have revealed the vulnerabilities of transportation sectors (i.e., road, rail, marine, aviation) to inclement weather and a changing climate. The impacts of extreme weather on transportation are generally well-understood (see Appendix); however, the ability to mitigate these impacts remains a significant global challenge across all sectors. 

2.
The interconnectivity of all modes of transport which has resulted in an intermodal network of various transportation systems means that any disruption in the operations of one of the elements of this network due to adverse weather will have a negative impact on the other elements (Figure 1)
. In a world which is increasingly interdependent for the provision of goods and services, the secure and efficient movement of people and goods requires a comprehensive understanding of the current and future weather impediments along the proposed route of travel in an integrated multimodal fashion.
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systems provide powerful tools for delivering timely, accurate, and useful information to users
across the surface transportation sectors. It recommended to the Executive Council to encourage
Members to take a leading role in addressing weather-related issues with their respective national
surface transportation authorities. It also recommended that NMHSs play an active role in
providing calibration and maintenance advice and support to instrument providers.

344 Towards a holistic approach to service delivery for the transportation sector

345 The Working Group welcomed the opportunity for discussions on a holistic approach to
integrated service delivery for a multimodal transportation sector and considered it a timely
initiative in view of the different approaches taken by aviation, marine and surface (including inland
waterways) transportation sectors in response to requirements for safety, efficiency and continuity
of operations in the face of adverse weather. It agreed that there are no international and few
national standards for road weather services even though some national and state/provincial
guidelines and established practices exist. This is in stark contrast with aviation or marine
transportation sectors which adhere to international standards regarding the provision of weather
information and services.

346 The Working Group considered the

347 it will require a well-integrated approach to maximize the benefits of the mitigation
strategies employed in multimodal (aviation, marine, road and rail) transport. The Working Group
recognized the complexity of the issue since there are multiple user sectors for land transport and
all need to be served according to their specific needs. These include the safety of the traveling
public through the provision of information on the condition of the road affected by fog, snow and
ice, and floods. Specialized services are also important to local authorities, highways agencies and
gritting contractors in reducing operational expenditure, ensuring efficient flow of traffic, reducing
the impact of weather on operations, and minimising exposure to risk and. The WMO has
recognized these shortcomings and proposes to study the current multi-modal and intermodal
transportation systems to identify synergies and gaps with respect to weather impacts. In this
connection, the Working Group welcomed the new initiative taken on an integrated approach to
aviation, marine and land transportation led jointly by the Aem, MMO and PWS Programmes and
recommended that the Council consider setting up an ad-hoc expert group to study this issue and
prepare a proposal to Cg-17 on a seamless integration of weather impact information and services
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3.
Such information can enable optimal decision making as it relates to route selection and optimization, mode of travel, and timing. In terms of standards for robust weather- and climate-related observing systems, dissemination methods and added value services, such as alerts and forecasts, some level of guidance for surface transportation does exist. However, there are no international and few national standards for this sector (albeit some national and state/provincial guidelines and established practices). Therefore, key stakeholders have far more difficulty accessing and employing the right weather data and information, even though the majority of the population travels by surface transport. This is in contrast with aviation or marine transportation sectors which are required to strictly adhere to international standards regarding the provision of weather information and services for those sectors. Far more accidents and deaths occur, per journey, on the road due to inclement weather and the impacts on economies are huge (see paragraph 21 of the Appendix), but less attention is paid to land transport and so it is essential that concerted efforts are made to provide effective weather guidance to all transportation stakeholders.

4.
The above mentioned sector differences, necessitate that work be done to provide comparable standards across all modes. Moreover, guidance should be delivered that will foster interactions, with a focus on weather and climate. The ultimate goal would be to enable a seamless transportation network where stakeholders share common weather-related situational awareness. In the end, this will facilitate safer, more effective operations in all transport modes. The WMO has recognized these issues and proposes to identify current multi-modal synergies and gaps with respect to weather impacts. Based on these outcomes, it is envisaged that suitable global guidance could be provided with the goal of seamless integration of land, marine and aviation weather information systems. 
5.
The ECWG-SD is invited to review the concept of integrated service provision for all transport modes as provided in this document, and to formulate recommendations for the consideration of the Executive Council as to how progress this concept, taking into account the WMO Strategic and Operational Plan (SOP) and the WMO Strategy for Service Delivery. 

__________

Appendix: 

Background Information

Service Delivery for Aeronautical Transport 
1.
The meteorological service for international air navigation (aviation MET) is often regarded as well regulated and performed specialized meteorological service. There are several factors that make the aviation MET one of the best practices in service delivery. These aspects are discussed below.
Relationship with users
2.
“The WMO Strategy for Service Delivery” puts a strong emphasis on the relationship with users. In aviation MET, the users of the service are well defined. They are also generally in possession of a certain level of knowledge of meteorology. Users are defined under 2.1.2 
(a standard) of the International Civil Aviation Organization (ICAO) Annex 3/WMO Technical Regulations, Volume II, as: operators (i.e., airlines), flight crew members (i.e., pilots), air traffic services units, search and rescue services units, airport management and others concerned with the conduct or development of the international air navigation. Furthermore, the Regulations require that, under 2.2.1 (a standard): “Close liaison shall be maintained between those concerned with the supply and those concerned with the use of meteorological information on matters which affect the provision of meteorological service for international air navigation”.
3.
The clear definition of users is very important for the successful performance of the service since it is a prerequisite for the proper definition of the user requirements. In the aviation MET, each group of users has specific requirements. For instance, there are different requirements for the time period of wind averaging for the reports that go to airline users and for those used by Air Traffic Services (ATS); different refresh rates or data representation also apply. The formulation of user requirements is carried out through an elaborate process engaging appropriate representatives of user’s organizations, such as the International Air Transport Association (IATA) and International Federation of Airline Pilots' Associations (IFALPA). Once a new or amended requirement is agreed to, it needs to be processed as amendment to the ICAO Annex 3 Regulations, to become either a standard or a recommended practice. 
4.
Among the advantages of having well defined users (or user groups) is the possibility to clearly formulate the overall objective of the service. In the case of the aviation MET, 
“the objective of meteorological service for international air navigation shall be to contribute towards the safety, regularity an efficiency of international air navigation (ICAO Annex 3, 2.1.1). Having these clear objectives defined, any service delivery element should be directly linked to at least one of the safety, regularity or efficiency.
5.
Receiving regular feed-back from users is a standing tradition in aviation MET. 
Airlines and pilots are proactive in submitting their feed back (quite often in the form of a complaint) with regard to the services received. This is useful for the resolution of any identified deficiencies in the service definition and delivery. There are also numerous fora where representatives of users meet with MET experts (e.g., ICAO study groups, OPS groups, regional MET groups, etc.).
Institutional arrangements for service delivery
6.
The service delivery in aviation MET is provided under a well developed international regulatory framework enforced through national legislation and regulation. ICAO Annex 3/WMO Technical Regulations, Volume II and related documents define the scope of services, related products and the functional requirements to service providers. These international provisions are normally transposed into the national civil aviation act/law and further augmented with standard operating procedures. One of the main reasons for having such stringent regulatory framework is the international nature of the aviation business. Airlines registered (or owned) by one country operate at airports in many other countries and overfly different national airspaces, as well as international airspace over oceans. Therefore, the aviation MET being part of the broader air navigation services (that include Communication, Navigation and Surveillance (CNS), ATS, Aeronautical Information Service (AIS), etc.) should be largely harmonized and seamless across the borders of national airspace.
7.
One of the important consequences of the highly regulated nature of the service delivery for aviation is that the roles, responsibilities and accountability of all stakeholders are well defined. Thus, in the aviation MET there are prerequisite requirements for each Member to designate a MET authority as a body having ultimate responsibility for the organization and provision of service. MET authority is often linked to the national regulator (normally, the Ministry of Transport or a special Ministry of Aviation). Furthermore, there are established requirements for the MET service providers, and, in some countries, becoming such provider is subject to licensing by a national entity. Thus, the question “who is who” in aviation MET normally has a clear answer.

Quality Management and competency standards
8.
An important obligation of the States’ MET authorities is to establish and implement 
“a properly organized quality system comprising procedures and processes and resources necessary to provide for the quality management of the meteorological information to be supplied to the users.” In addition, it is recommended that “the quality system established … should be in conformity with the International Organization for Standardization (ISO) 9000 series of quality insurance standards and should be certified by an approved organization”. 
9.
Aviation MET became the first specialized MET service where Quality Management Systems (QMS) is a global requirement spelled out in the ICAO and WMO Regulations. Furthermore, regional and national QMS requirements have been imposed on MET service providers. For instance, in the European Union (EU), a licensing regime for the provision of MET service to aviation has been introduced according to which any candidate for MET service provider should have an ISO 9000 compliant QMS. 
10.
Despite the difficulties in implementing QMS by some MET providers (most of them NMHSs in developing countries), the introduction of QMS was a success story. The feed-back from the NMHSs which successfully implemented it and got their ISO 9000 certification has been very positive, showing that tangible improvements of internal procedures and practices could be achieved. Another positive impact is the increased user’s confidence.

11.
In addition to QMS, WMO introduced new competency requirements for the aeronautical meteorological personnel (Aeronautical Meteorological Forecaster (AMF) and Aeronautical Meteorological Observer (AMO)) which became standard practice as of 1 December 2013. These requirements are another step towards global standardization which is called for by the aviation industry. WMO Members have been actively working on achieving compliance with competency requirements and WMO is providing assistance in the process. 
The positive experience of introducing competency requirements has been followed by other areas of service delivery where respective requirements are being developed.
Efficiency of service delivery
12.
Users are always concerned with the cost they pay for the service. Aviation users are very sensitive to safety. Thus, the general principle that the end-user should pay for the service, as a necessity to achieve the required level of safety, is normally not questioned. However, some users, in particular airlines, are also very concerned about cost-effectiveness and there is permanent pressure on service providers to reduce their costs. Under the ICAO and WMO leadership, significant efficiency has been achieved by establishing global and regional facilities for the provision of some of the services. The World Area Forecast Centre (WAFC) is one of the examples in which all the necessary wind, temperature and Significant Weather (SIGWX) for en-route operations are provided by two global centres. Another example is the provision of advisory service for volcanic ash (nine Volcanic Ash Advisory Centres (VAACs) globally) and tropical cyclones (seven Tropical Cyclone Advisory Centres (TCACs)). 
13.
Recently, a tendency of regionalization of services has been observed by establishing multi-national consortia for joint provision of different types of services. Moreover, 
with the planned restructuring of the airspace some MET services, as part of the air navigation service, will have to be provided on a multi-national basis. In Europe, where the airspace is highly fragmented, there is a strong movement towards larger multinational Functional Airspace Blocks (FAB) where the services will be provided under agreements between the participating countries. The expected savings of such approach amount to up to 50% of the current Air Navigation Services (ANS) costs. These changes will have serious impacts on NMHSs involved in aviation MET, thus there should be a careful forward-looking planning.
Cost recovery
14.
Another important feature of the aviation MET is that the user is willing to pay for the requisite services contributing to safety, regularity and efficiency. The international regulations for the air navigation service charges established by ICAO cover also the MET services. In general, the cost incurred for the provision of all “agreed” services should be included in the air navigation service charges paid by users (airlines) to the providers. Though this looks straightforward as a general principle, the practical implementation is not very easy. Nevertheless, many NMHSs do cost recover and the income from the aviation forms an important part of their annual budgets. WMO have been providing assistance to developing Members and Least Developed Countries (LDCs) in establishing cost-recovery mechanisms in order to ensure sustainability and quality of the aviation MET service.
Conclusions
15.
The main elements of aeronautical meteorology services described above present a good (if not a best) practice of service delivery. These are: clear definition of users and their requirements, and the related objectives of the service; transformation of the requirements into international regulations and standards (ICAO and WMO); appropriate institutional arrangements at national level (legislation and regulations); establishment of QMS and competency standards; strong demand for efficiency which leads to optimization of service delivery mechanisms (including global, regional and sub-regional multinational approach); and existence of cost-recovery mechanism that ensures sustainability and technological advancement. Most of these features are present in other service delivery areas but in different modalities and magnitude of weather-dependency. Nevertheless, some of the good practices of the aviation MET, such as the implementation of QMS and competency standards, as well as the development of international standard and recommended practices to mainstream and harmonize the services, could be applied to other sectors, thus contributing to a harmonized service delivery approach across WMO programmes.
Service Delivery for Marine Transport 
16.
The marine transportation sector is subject to a high level of international regulation through the International Maritime Organization (IMO). These regulations not only cover the transit phase of maritime transportation, but also, through regulations, such as those covering Port State Control, which are enacted through instruments such as the Paris Memorandum of Understanding (MOU). In addition, many member states have enhanced regulation such as the UK’s Port Maritime Safety Code. 

17.
Much of the regulation relating to maritime transportation is based on underlying principles of safety and the safe carriage of goods and persons. Included in this are Conventions, such as the International Convention for the Safety of Life at Sea (SOLAS) and the International Convention for the Prevention of Pollution from Ships (MARPOL), which are designed to minimize pollution of the seas, caused by dumping and oil and exhaust pollution. In addition, work is being undertaken to provide information to vessels operating in polar waters, in line with the Polar Code being developed by IMO.
18.
In the light of issues around marine pollution, the Joint WMO/IOC Technical Commission for Oceanography and Marine Meteorology (JCOMM) is already undertaking a fundamental review of the requirements for meteorological and oceanographic information in support of marine pollution incidents and a paper will be presented at the seventeenth World Meteorological Congress (Cg-17, Geneva, 2015) on this topic. This paper will consider all aspects of WMO/JCOMM in response to marine pollution incidents from all sources including oil, harmful and noxious substances, and the release of radioactive substances. It will also consider an appropriate global network of response centres for this work, similar to the existing RSMC network.

19.
Work is being undertaken in relation to the introduction of quality standards for marine forecasts. Relationships already exist between WMO, IMO and the International Hydrographic Organization (IHO) for the provision of safety information, and the planned joint WMO/IHO workshop scheduled for August 2014 highlight this relationship in a constructive way.

20.
Whilst the relationships between international organizations are robust in the provision of information related to safety, further work needs to be undertaken to expand the range of services to other areas, such as vessel efficiency, environmental impacts (through issues such as ballast water transfer), further integrated logistics at port level and the role of marine transportation in ensuring food security. 
Service Delivery for Surface Transport 
21.
While there are international standards described in the preceding paragraphs regarding the provision of weather information and services for aviation and marine transportation, there are no international and few national standards for surface weather services. And yet, according to a National Highway Traffic Safety Administration
 estimate published in 2002, in the United States alone adverse weather is estimated to play a role, directly or indirectly, in 7,000 fatalities and 800,000 injuries each year resulting from vehicle crashes. The estimated annual economic cost, just from weather-related crashes, amounts to nearly $42 billion. A study of the effects of snow, ice, and fog estimated that these weather conditions caused 544 million vehicle–hours of delay on highways in 1999. Weather has daily impacts on the passengers and goods carried by a nation’s rail, road and inland waterways and their intermodal connections to other transportation systems. These impacts affect the transit time, delivery, reliability, efficiency, and in the case of cargo, cost of all goods transported by these systems. 
22.
Based on the Weather Information for Surface Transportation (WIST) – National Needs Assessment Report in the U.S., strategic thrust areas were identified for improving and expanding the weather information, and next steps were proposed in those areas that would enhance the value of weather information to the safety, efficiency, and effectiveness of the surface transportation systems in that country. Similarly, in 2005, the China Meteorological Administration (CMA) and the Ministry of Communications signed a Memorandum for joint Development of Highway Traffic Weather Forecasting Work, in order to issue joint national expressway traffic weather forecasts
. This action was the start of a nationwide traffic weather forecasting service in China. These are just two examples of the recognition by governments of the growing importance of the impact of weather on surface transportation, in view of the rapid increase in the volume of surface traffic.
23.
Surface Transportation Sectors include Roadway (highways, roads, streets); Long-Haul Railways (rail lines providing intercity freight and passenger service, including their stations and depots); Marine Transportation Systems (coastal and inland waterways, ports and harbours and the intermodal terminals serving them); Rural and Urban Transit (bus services on streets and roadways, rail lines for city subways, and surface “light rail” systems); Pipeline systems (above and below ground pipelines for oil, gas, petrol); and Airport Ground Operations (all ground movement of vehicles, work crews and passengers). Transportation system managers, infrastructure operators, maintenance personnel, vehicle operators, shippers, and travellers are considered as the various user groups of weather information for surface transport. 
24.
The needs of these different user groups, for information content, are divers because of the different kinds of transportation-related decisions they have to make and the circumstances in which those decisions must be made. These users require appropriate weather information for improving safety and enhancing the efficiency and effectiveness of their activities. Highway maintenance managers concerned about freezing precipitation, pipeline operators worried about hurricane-induced storm surge, and vessel captains concerned about keel clearance in shallow water must take actions whose consequences depend critically on accurate and timely knowledge of weather and related conditions. It is very important that in every transportation sector, users get weather information tailored for the activity or decision-making process for which they are responsible. They must have access to focused, detailed, location-specific and relevant forecasts and situation reports through multiple channels. Decision support tools for road management rely heavily on accurate observations and prediction of a wide variety of weather events, including fog, heavy rainfall, snow, sleet, freezing rain, forest fires and smoke, sandstorms and blowing and drifting snow. Recent decades have seen a dramatic increase in the ability to both observe and predict these events across a variety of timescales. For example, conditions conducive to ice and snow build up can now be detected by sensors embedded in roadways and the onset, severity and duration of some major snowstorms have been predicted with several days of lead time
.
25
The impacts of extreme temperature and extreme precipitation on road and rail transport systems are particularly important. High temperatures can cause the tracks to buckle leading to derailment, and they can also affect bridges and highways. In the Alaska region, 
for example, sustained higher temperatures have thawed permafrost, weakening or destroying roadbeds built ups previously frozen ground. Precipitation accounts for most of the delays and accidents in motor vehicles. Intense rain can over time submerge roads and flood low-lying underpasses. Flooding can also cause road scouring and washout and damage railbed support causing overflow onto tracks. Major precipitation events can disrupt the entire surface transportation system, including goods transported by train, truck, ship and barge. Tropical and 
sub-tropical storms have great impact on transportation infrastructure in the coastal regions, 
such as airports, levees and canals, seaports, port structures, navigation channels, docking areas and navigation gates, piers and wharfs, docks, highways, railroads, tunnels and bridges, storm drains, pipelines and flood control systems. It is at the coast that the three critical modes of transportation interconnect: ships, trains and trucks all carry goods to and from ports. Port operations, especially the movement of goods from one mode of transport to another (ship to rail to truck), gets hampered during such events. The table below shows some of the most important weather parameters, category of weather advisories related to those parameters, and their impacts on transportation.
	Weather parameters:
	Category of weather advisory:
	Impacts:

	Precipitation elements
	Freezing precipitation, snow accumulation, liquid precipitation, precipitable water vapour, soil moisture, flooding, water body depths, fire weather


	Loss of traction and control, delays, reduced speeds, stresses on vehicle components and tyres, rules on tyre chains, wet road surface, road spray, flooding causing road closures, re-routing, weak and uneven braking, intermodal impacts,

softened railroad beds, roadbed scouring; drought causing risk of dust and smoke reducing visibility, highway closures, intermodal impacts from barge shutdowns



	Thunderstorm-related
	Severe storm cell tracks, lightning, hail, straight line winds


	Acute, rapidly changing conditions with multiple risks of collisions and damage from loss of control, impaired visibility; rock slides causing risk of collisions and delays, damage to infrastructure, 

blocked railroads

	Temperature-related
	Air and surface temperature, including maximum and minimum, first occurrence of season, heat index, cooling or heating degree days


	Stresses on vehicle components, infrastructure

and, at high temperatures, perishable cargoes, rail 

buckling, reduced speeds on rails

	Winds
	Wind speed
	Vehicle instability, loss of control, blow-overs

	Visibility
	Restrictions from fog, haze, dust, smog and sun glare, upper atmosphere restrictions from volcanic and desert dust
	Reduced speed, risk of collisions and damage from

rapid change

	Sea state
	Tropical cyclones including tracks and elements affecting evacuation routs, open-water sea ice, high surf, storm surge, abnormal high or low tides, freezing spray, hurricane winds, sea state, flooding, wind wave height, sea wave height


	Supply chain disruptions, road closures, extensive damage to infrastructure and vehicles,

obstructions blocked rails; sea-level rise, risk and damage

to infrastructure, changes in agricultural and manufacturing

production and shipments


Source: WMO Bulletin 58(2) - April 2009

26.
The primary roles in providing weather information for surface transportation are shared among many partners in the public and private sectors. In addition to the public sector, national and local government entities, private sector entities may also provide value-added meteorological services and products, observations and communication products and services. Partnerships between private and public sectors are critical in the provision of services to surface transportation sector where thousands of entities have roles in developing, maintaining and operating a country’s transportation system.
27.
While it is not possible to control the weather as it impacts surface transportation systems, it is possible to use the weather information more effectively in managing the operation of those systems, and mitigate the negative consequences of adverse weather for users. There is significant variation in requirements for information and services between different surface transportation sectors and within a sector, and these variations affect which weather elements are important and the threshold at which the user needs information to make key decisions. 
The scientific advances in meteorology, coupled with technological developments in communications systems provide powerful tools for delivering timely, accurate, and useful information to users across the surface transportation sectors. Members will benefit from taking a leading role in addressing weather-related issues with their respective national surface transportation authorities, and NMHSs can play an active role in providing calibration and maintenance advice and support to instrument providers.
__________
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Figure 1. The Intermodal Network of Transportation Systems
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