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Chapter 1
INTRODUCTION

Weather affects virtually every person on the planet, every
day of the year. Consequently information on past, present
and future weather conditions plays an important part in
planning our daily lives. Although the provision of weather
and climate information to the community at large has long
been one of the main responsibilities of the National
Meteorological Services (NMHSs) of the now 188 Member
States and Territories of the World Meteorological
Organization (WMO), it is only during the past decade that
most NMHSs have begun to focus their efforts on the
provision of the highest possible quality public weather
services (PWS) to their national communities.

This dramatic increase in concern with the scope,
quality and utility of weather and climate information for
use by society at large was, to some extent, responsible for,
and has in turn been reinforced by, the establishment of the
WMO Public Weather Services Programme (PWSP) in
1991. But it has also presented a major challenge to the
NMHS:s of both the developing and the developed countries
as they strive to make the best use of the remarkable
advances taking place in the science, technology and public
policy for weather service provision. The purpose of the
WMO PWSP is to help ensure that every country is enabled
to draw on all the relevant knowledge and expertise within
the WMO system to build its capacity to provide the best
possible PWS to its national communities.

11 PURPOSE OF THE GUIDELINES

Capacity building requires significant investment so it is
important that use is made of the experience of others to
guide the development of the infrastructure and expertise
necessary for the provision of first-rate PWS at the national
level. The purpose of these guidelines is to equip NMHSs
with information and knowledge on how to build their
capacities in order to deliver the highest standard of PWS
possible with the available resources and the contemporary
state of meteorological science and technology.

While they cannot be exhaustive in addressing all the
scientific, technological and policy issues involved in
meteorological service provision, these guidelines do
attempt to provide a reasonably comprehensive view of
what is possible, and how that might be achieved.

Throughout the guidelines emphasis is placed on the
areas where PWS can contribute to public safety and
welfare. Also consideration is given to strategies for meeting
the needs and requirements of users, and narrowing the gap
between their expectations and the service outcomes. After
providing some introductory information about Public
Weather Services and the associated socio-economic
benefits, the two main areas covered by these guidelines are:
. The skills, competencies and tools needed by NMHS

staff to satisfy ever-changing user requirements.

*  The mechanisms by which NMHSs and their staff can
develop the required capacities.

1.2 CAPACITY BUILDING AND ITS
STRATEGIC IMPORTANCE

Capacity building is a generic concept that embraces all
those activities that need to be undertaken to strengthen the
capacity of an institution, or all the relevant institutions, in a
country to undertake, effectively, its full range of
responsibilities. It has been interpreted in the meteorological
context (WMO-No0.908, 2000) to embrace the creation of an
appropriate policy, legal and management framework for the
operation of an NMHS, its human resource development and
training, and the acquisition and use of appropriate
technologies including instrumentation, computing and
communication systems, buildings and other facilities
necessary for it to carry out its mission. In the context of
PWS, capacity building entails equipping an NMHS with
the necessary scientific, technological, policy, management,
communication and community liaison expertise to ensure
the highest possible quality, utility and societal benefit from
the basic meteorological services provided to the community
at large.

The importance of capacity building is emphasized by
it being one of the five strategic thrusts in the “WMO
Strategic Plan 2008-2011 and Beyond”. The other four
strategic thrusts are science and technology development
and implementation, service delivery, partnership, and
efficient management and good governance. Indeed capacity
building can make a contribution to supporting all
components of the Strategic Plan.

According to the Strategic Plan there are five capacity-
building strategic initiatives.

. Improve the capacity of developing and least
developed countries to provide user-relevant services
with targeted improvements in communication, client
relations and service delivery.

. Increase the capacity of Members’ NMHSs in
developing and least developed countries to align their
services with the particular needs of development in
their countries.

. Increase the scientific and technical capacity of
developing and least developed countries.

. Increase governmental and public education in
Member countries to create a more environmentally
literate populace.

. Increase the capacity of Members to address the
different needs and experiences of men and women in
the development of environmental products and
services.

It is expected that these guidelines will support these
strategic initiatives and lead to enhanced capabilities of
Members in developing countries, particularly least
developed countries, to fulfil their mandates.
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1.3 ROLE OF NATIONAL
METEOROLOGICAL SERVICES

The overall role of the NMHS at the national level has been
described by Zillman (1999). In addition a definitive
statement on the contemporary role and operation of
NMHSs was issued by the WMO Executive Council
(WMO, 2003). According to this statement the NMHS is
usually the primary (in many cases the only) institution
within a country which is responsible for acquiring and
providing data, information, products and services relating
to weather and climate and their application to those human
activities which are influenced by atmospheric and related
phenomena.. The role of the NMHS may be conveniently
defined in terms of its mission and the national goals to
which it contributes.

Mission and goals of an NMHS

The basic mission of an NMHS is to (a) observe and study

national weather and climate conditions in the global

context and (b) use the resulting meteorological and related
knowledge, data and products to fulfil national requirements
and satisfy international obligations.

Usually the NMHS takes the leading role, at the
national level, on matters relating to weather observation,
analysis and prediction. It provides weather forecasts,
warnings and current information and a range of
climatological services as well as air pollution data and
other environmental services for the general public and for
various sectors of the economy. In particular, the mission of
the NMHS involves the discharge of the government's
responsibilities to provide its national community with the
meteorological and related information that is essential for
the safety, security and general welfare of the community as
a whole — in other words, for the provision of the nation's
PWS.

The fulfilment of the mission of the NMHS in the
provision of services, especially its PWS, is ultimately
achieved through the contribution of those services to the
following national goals:

. Protection of life and property;

. Safeguarding the environment;

*  Contributing to sustainable development, making
effective use of national resources, enhancing the
performance of national economies and improving
quality of life;

*  Ensuring continuity of the observations of
meteorological and  related data, including
climatological data;

. Contributing assessments which serve as a basis for
policy-making;

*  Promoting capacity building;

*  Meeting international commitments;

. Contributing to international cooperation.

Role of the NMHS in integrated service provision

Increasingly in recent years, governments have looked to
their national meteorological, hydrological, oceanographic
and related environmental service agencies to adopt a more
integrated approach in the provision of essential

information, including forecasts and warnings, to the

community at large.

In particular, there is a growing tendency for NMHSs
to work together, either in partnership or as a single
governmental agency, to provide a consolidated set of
weather, climate and water services in forms that are best
suited to their diverse user communities. The following are
some other bodies that can help an NMHS deliver the PWS.
. Government agencies. In some countries there are

other government agencies which play a significant
part in the delivery of the total PWS (broadly defined)
to the national community. The most important
complementary agency for the NMHS, in its provision
of PWS, will usually be the national broadcasting
organization which is responsible for ensuring that the
official forecasts and warnings are delivered to the
community at large in a timely, accurate and useful
way.

. Private meteorological service providers. In some
countries where the NMHS role is seen as largely
restricted to the provision of the basic national
meteorological infrastructure and essential warning
services, the formulation and delivery of the non-
warning element of the PWS is entrusted to the private
(commercial) sector.

. The media. The role of the mass media is critical to
PWS provision in virtually every country. In particular,
in those countries where the NMHS is essentially the
sole provider of PWS, the establishment of an effective
partnership between the NMHS and the media is
essential to the quality and effectiveness of the service
in meeting community needs.

More information about the role of these various
bodies can be found in Annex A along with a discussion of
the role of information science and technology.

14 CONCEPT OF A NATIONAL
METEOROLOGICAL SERVICE
SYSTEM

It is useful, in the context of PWS, to characterise service
provision in terms of the operation of a total national
meteorological service system involving end-to-end
arrangements from basic data collection, through to service
delivery to end users by single or multiple provider
mechanisms and delivery channels. A model illustrating the
concept of a national meteorological service system is
shown in Figure 1.

A particularly important recent trend is to view PWS
as the essential core of an increasingly diverse suite of
environmental services needed by users in a wide range of
socio-economic sectors in addition to the traditional users of
weather services. The services involved will need to draw
on observing and data collection systems beyond the
traditional meteorological observation networks —
essentially the evolving concept of a Global Earth
Observation System of Systems (GEOSS) — to enhance
delivery of benefits to society in the following areas (GEO,
2005):

*  Disasters. Reducing loss of life and property from
natural and human-induced disasters.
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Health. Understanding environmental factors affecting
human health and well-being.

Energy. Improving management of energy resources.
Climate. Understanding, assessing, predicting,
mitigating the effects of, and adapting to climate
variability and change.

Water. Improving water resource management through
better understanding of the water cycle.

Weather. Improving weather information, forecasting
and warning.

Ecosystems. Improving the management and
protection of terrestrial, coastal and marine resources.

Agriculture. Supporting sustainable agriculture and
combating desertification.
Biodiversity.  Understanding,
conserving biodiversity.

Just as the established concept of the Global
(meteorological) Observing System (GOS) is beginning to
evolve into GEOSS, the essential suite of PWS must also
expand to include a wide range of publicly accessible
environmental services serving the needs of the community
at large.
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Figure 1: A model illustrating the concept of a national meteorological service system.

MISSION OF PUBLIC WEATHER
SERVICES

1.5

PWS comprise the provision of weather information,
forecasting and warning services in the public interest and
supporting to government agencies in their weather-related
decisions for the benefit of public safety and welfare. The
basic missions of PWS are:

to minimise loss of life, livelihoods and property due
to severe and high impact weather;

to reduce weather-related adverse socio-economic
impacts;

to assist communities exploit opportunities created by
prevailing weather in their day-to-day weather-related
activities;

to contribute to the sustainable development of society
and the earth’s system as a whole.

It is important for NMHS staff to share the mission of
enhancing the well-being of the community so that the
products and services provided by an NMHS are those
actually required by the users and not those the NMHS
thinks the users require. It is only through effective
communication and consultation with users that an NMHS
can ascertain the user needs and requirements for products
and services. Doing this allows the proper planning of the

end-to-end forecast process, from observations to the
production of forecasts, warnings and decision-support
tools, through to the dissemination and communication of
these products. The levels of accuracy, reliability and
relevance, as well as the degree of timeliness of the forecast
and warning products, are important elements for measuring
the usefulness of these products to the users.

For the PWS to be successful, in addition to their
accuracy, the products have to be disseminated and
presented in a way that allows the intended users to actually
receive, understand, believe and act upon the information.
An effective PWS programme will always aim to enhance:

. User awareness — to receive the information the users
must be aware of the services available and the means by
which they can be accessed.

. User understanding — to understand the information
the product must be presented in plain, concise language and
the users must know the meaning of the meteorological
terms used.

. User faith — for users to act upon the information
received, it is essential that they believe in it; this requires
the NMHS to have a public image of credibility and a
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reputation for providing reliable, accurate and timely
services.

Transformation of weather information to information
directly comprehensible and applicable by users will
increase the cost effectiveness of the PWS and may
significantly reduce the response time of users in critical
situations. In particular, translation of weather warnings to
disaster response/management information will enhance the
effectiveness of weather warnings and help people to
respond appropriately. To this end, multi-disciplinary efforts
by social scientists, environmental scientists and disaster

managers as well as meteorologists will be required. In
addition, active engagement of an NMHS in public
education, awareness and preparedness activities can help
the communities make best use of warnings and forecasts,
understand the potential impacts of severe and high impact
weather, and take appropriate mitigating actions. It would be
useful for an NMHS to develop its PWS mission so that
there is clarity about its purpose. Examples of PWS
missions from NMHSs in Australia, Canada, Hong Kong,
China, and United Kingdom can be found in Table 1.

Table 1: Examples of NMHS missions for PWS.

Bureau of Meteorology, Australia

media and the Internet.
Bureau of Meteorology, 2003

Contribute to the comfort, convenience and general welfare of the public and major community user groups
through the provision of relevant, accurate and timely weather information and forecasts through the mass

Environment Canada, Canada

environmental quality.

(http://www.ec.gc.ca/rpp/2003/en/toc.htm)

Through the weather and environment prediction business line, Environment Canada helps Canadians adapt to
their environment in ways that safeguard their health and safety, optimize economic activity and enhance

Environmental Canada’s 2003-04 Estimates: Report on Plans and Priorities

Hong Kong Observatory, Hong Kong, China

social activities during hazardous weather.

Provide weather forecasts and issue warnings to the public, special users, the shipping community, aircraft and
aviation groups in order to reduce loss of life and damage to property, and minimise disruption to economic and

Hong Kong Observatory Controlling Officer’s Report, The 2005-06 Budget, The Government of the Hong Kong
Special Administrative Region (http://www.budget.gov.hk/2005/eng/headl68.pdf)

UK Meteorological Office, United Kingdom

Met Office Annual Report and Accounts 2004/5

Create value for taxpayers, customers and stakeholders by using Met Office’s assets and capabilities to deliver
benefits to the public, the Government, the economy and the environment.

(http.//www.metoffice.gov.uk/corporate/annualreport0405/index.html)

1.6 SCOPE OF PUBLIC WEATHER
SERVICES

Decisions on what is to be included within the PWS of an
individual NMHS will vary according to the geographical
and socio-economic circumstances of each individual
country, as well as the public policy environment set by its
government. However, the WMO community now has
access to a well-developed intellectual framework and a
substantial body of international experience to guide
NMHSs in defining the scope of their PWS. It is particularly
useful, in this context, to consider separately the three
different dimensions of the concept of 'public . . . . weather .
... services'.

Public

The term 'public’ or 'general public' is usually taken to refer
to the community at large, as opposed to the separate

individuals who make wup the community. For
meteorological purposes, the definition of public is usefully
linked to the economic concept of 'public goods' (Stiglitz,
2000) which are defined (Samuelson, 1954) as those which
satisfy two requirements: non-rivalry of consumption (one
person's consumption does not reduce the amount available
to others) and non-excludability (it is impossible, or
extremely expensive, to exclude from benefit a person who
refuses to contribute to the cost). However, there are some
other considerations.

d There are many different 'publics', in which one
distinguishes the interests of the collective from those
of the individual within any of a number of major
subsets of the entire community (e.g. the travelling
public from the individual traveller or the informed
public from the individually expert citizen).

*  There are important distinctions to make on a
hierarchical basis between the public and private
interests, and needs and benefits at the international,
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national, regional and local levels (e.g. at the national
level, a service provided for the benefit of fishermen
may seem narrowly directed to sectional interests
rather than those of the whole community, but within a
fishing village the same service will clearly be seen as
directed 'at the public interest').

Weather

The scope of what 'weather' is considered to embrace ranges
widely from country to country, language to language, and
discipline to discipline. It seems appropriate to regard
'weather' as embracing all those physical (and, to some
extent, also chemical) processes and phenomena that are
manifested in the atmosphere on time scales from seconds
up to days and weeks, and including also selected
information on longer time scales into the past and future,
traditionally thought of as 'climate'. It is also worth noting
that in recent years the concept of 'weather' has been
expanded to embrace the variability of the ionosphere and
space environment on 'weather' time scales under the title of
'space weather'.

Services

The broadest definition of 'service' derives from the

economic concept of 'goods and services' and thus embraces

almost anything used or consumed by society that is not a

material good. In meteorological usage, one common

characterisation of the scope of services provided by an

NMHS recognises five broad groups of service as follows

(Zillman, 1999).

*  Past information: Provision of information on past
conditions from the historical record.

. Current information: Provision of information on the
current state of the atmosphere, oceans or surface
water.

*  Future information: Provision of forecasts (or
'predictions') of future conditions, especially warnings
of severe weather and climate events.

*  Advice: Provision of advice on meteorological and
related science and its application to community needs.

*  Investigation: Conduct of investigations into specific
scientific problems of the atmosphere and the
atmospheric environment.

A distinction is often made between weather
information (taken to mean current and historical
information), forecasts and warnings. Information includes
unprocessed data, analysis products such as synoptic charts,
visualisation products such as radar or satellite imagery and
even advice on the actions that should be taken in particular
situations to make best use of the information.

Definition of PWS

From these three separate perspectives on the elements of
the concept of PWS emerges the useful working definition
that PWS embraces all the atmospheric and related
information and products made available for the benefit of
the community at large with emphasis on, but not limited to,
information on processes and phenomena that impact on
society.

1.7 BASIC AND SPECIALIZED SERVICES

In recent years, WMO has introduced a very important
distinction between what are referred to as 'basic' and
'specialised' services which is useful in delineating the scope
of PWS in individual socio-economic structures and
systems. Both are built upon the long-established WMO
concept of the 'basic systems’, which underpin both the
public and private provision of meteorological services in all
countries. According to WMO (2003) basic systems, basic
services and specialised services can be described as
follows.

. Basic systems. These consist of the basic data
collection and processing infrastructure of an NMHS
which underpins the full range of services provided at
the national level and which may be regarded as a
basic service to present and future generations.

. Basic services. These are services provided by an
NMHS in discharging its government's sovereign
responsibility to protect the life and property of its
citizens, to contribute to their general welfare and the
quality of their environment, and to meet its
international obligations under the Convention of the
World Meteorological Organization and other relevant
international treaties and agreements.

*  Specialised services. These are services beyond, and
complementary to, the basic services which are
provided to meet the special needs of individual users
or user groups and which may include the provision of
special data and products, their interpretation,
distribution and dissemination along with special
purpose investigations and consultative advice.

1.8 SERVICES OF SPECIAL RELEVANCE
TO PUBLIC NEEDS

Among all of the environmental sciences, meteorology has
probably the most immediate impact on a society. Relevant
meteorological information can help users develop adaptive
strategies in response to changes in weather, climate and the
environment.  With  appropriate  knowledge, good
communications and reliable forecasts, different weather-
dependent sectors of the community can benefit from the
use of meteorological services and products in enhancing
the security and economic value of their activities.

When designing specific weather products or services
for a community sector, it is recommended that NMHSs
adopt a bottom-up approach with user involvement in the
design and testing phases. NMHSs can obtain user
requirements and feedbacks through regular liaisons
between a designated liaison officer and representatives
from the community sector. In such a way, NMHSs can be
aware of the changing user needs and requirements in an
evolving society, and at the same time users can derive the
greatest benefit from using the new services or products.

Timeliness in delivering the weather information and
warnings to users is a crucial factor for determining the
usefulness of the information. NMHSs need to formulate
strategies for disseminating weather information to the
intended users of different sectors in addition to the
community at large. Use of Geographical Information
Systems (GIS) and other spatial modelling tools can
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integrate biological, physical and socio-economic factors in
a holistic manner. The opportunity exists, more than ever
before, to obtain and provide information to users from a
variety of sources.
The following identifies the key services that can be
provided as part of the PWS.
. Warning Services for Disaster Prevention.
. Climatological Services.
*  Agrometeorological Services.
*  Hydrometeorological Services.
. Marine Weather Services.
. Aviation Weather Services.
. Road Weather Services.
. Urban Weather and Air Quality Services.
*  Biometeorological and Human Health Services.

1.9 SOCIO-ECONOMIC SECTORS THAT
BENEFIT FROM WEATHER, CLIMATE
AND WATER SERVICES

Various weather-sensitive socio-economic sectors utilize

weather and climate information to assist their decision-

making in response to the changes in weather and climate.

An overview of the societal and economic benefits from

meteorological and hydrological services is given by Rogers

et al. (2007).

It is of utmost importance for NMHSs to ensure that
their staff involved in service delivery possesses a good
understanding of the requirements of each sector and to
include this requirement as part of their training
programmes.

. Decision Makers and Policy Makers within
Government. Weather information helps decision
makers within the government formulate contingency
plans for natural disasters and develop policies about
environmental issues.

. Risk and Disaster Management Authorities. Climate
and real-time information helps emergency managers
determine the appropriate vulnerability reduction,
prevention and mitigation, preparedness and response
strategies in terms of socio-economic impacts.

. Marine Transportation and Offshore Operations. Use
of marine weather information assists mariners in
choosing a cost-effective sea route and oil drilling
operators in optimizing their operational schedules.
Also warnings of extreme weather and sea conditions
are crucial to the safety of mariners and seafaring
passengers.

*  Aviation. Weather impacts the safety of aircraft, its
passengers and crews, and adverse weather conditions
affect the costs of aviation operations and the
efficiency of air traffic management.

. Land Transportation. Use of reliable road weather
information and forecasts assists road transport
operators in taking prompt actions to ensure effective
traffic management, cost reduction in road
maintenance, and risk reduction of weather-related
road accidents.

*  Agricultural Community. Provision of weather and
climate information helps develop sustainable and
economically viable agricultural systems, improve
production and quality, increase efficiency in the use

of water, labour and energy, conserve natural
resources, and decrease pollution by agricultural
chemicals or other agents..

*  Fisheries. To promote sustainable development of the
fishing industry and to conserve fisheries resources,
use of weather and climate information assists
government agencies in the pursuit of fisheries
resources, conservation management and policy

making.
*  FEducation Sector. Education and outreach
programmes  stimulate  student’s  interest in

meteorology and hydrology, and promote their
awareness of hazardous weather, appropriate
precautionary measures and response actions.

*  FEnergy. Energy efficiency and effective long-term
energy planning can be achieved by using
observations, weather forecasts and climatological
data.

. Water Resources Management. Weather forecasts and
information about climate change support the
sustainable management of water and the effectiveness
of flood control services.

. Health. The public benefits from the results of
research on the relationships between weather and
human health, and the use of climate data to formulate
healthy policy and improve epidemic preparedness and
response.

*  Natural Resources Management. Climate and weather
information facilitates the development of natural
resources management tools and conservation planning
to protect the security of the community and to ensure
sustainable development.

. Tourism, Leisure and Sport. Providing weather
forecasts and warnings helps ensure the safety of
people engaged in outdoor activities and assists the
public in making choices on the locations and timing
of outdoor recreational activities.

. Financial Sector. Though severe weather imposes
negative impacts on the financial sector, such as
increasing inventory costs and socio-economic costs,
provision of weather information also provides new
opportunities in the financial sector (e.g. development
of insurance and derivatives markets).

i Construction Industry. Weather and climatological
information assists in the design, planning and
construction of structures.

*  Management of the Urban Environment. Provision of
information about weather and air quality can enable
the public to take appropriate actions to minimise the
weather impacts to human life in urban areas, and
support government agencies in formulating policies
and strategies in relation to urban weather.

d Land and Urban Planning. Climate information
contributes to land and urban planning in the aspects of
safety, human comfort and energy conservation.

. General Public. Weather information helps decision
making and planning by members of the public in the
face of day-to-day weather changes, as well as from
the standpoint of responding to severe weather events.
More information about the socio-economic benefits

from the PWS is given in Annex B.



Chapter 2
REQUIRED EXPERTISE AND TOOLS

In order for the staff of NMHSs to ensure that their national
communities receive the full benefits made possible through
advances in meteorological science, technology and public
policy, it is essential that PWS staff have the opportunity to
undertake more broadly based training programmes and
general capacity building than was considered necessary in
the past. The expertise they must acquire and the tools they
must use are now far more diverse and challenging. This is

partly due to the need for continual improvement in the
delivery of services. A schematic diagram illustrating the
improvement cycle of service delivery is shown in Figure 2.

Some of the significant new areas of expertise and
tools required to deliver the PWS which meet the ever
increasing expectations of users are summarised in this
chapter.

User
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Public
communication

Commuﬁ

outreach

Review
| mechanisms [
¥ il
User needs and Service .—Li\ser.
requirements > delivery > satistaction
and awareness
X
Performance

management [

Use of new
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Policy development
& program planning

Quality
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Figure 2: A schematic diagram showing the improvement cycle of service delivery.

2.1 PUBLIC POLICY DEVELOPMENT

Over the past decade, there has been a strong shift in
emphasis within governments in many countries towards the
abandonment of the rigid 'silos' that characterised traditional

public sector bureaucracies. There is now expected to be a
much more networked, holistic, whole-of-government
approach to the solutions of problems from safety of
transportation to natural resource management and natural
disaster reduction.
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It is no longer possible, in this changed administrative
environment, for NMHS staff to stand aside from the cut
and thrust of public policy debate within the government
system. It is important, therefore, for NMHS staff
(particularly those concerned with the design and delivery of
services which impact across the spectrum of government
and community needs) to become competent and fully
engaged in the public policy process. This requires at least
basic capacity building in legal and environmental affairs,
social sciences and modern approaches to public
administration and business management.

2.2 PROGRAMME PLANNING AND
MANAGEMENT

Historically, most meteorological staff tended to advance to
senior management positions in their NMHS through the
established chains of professional career progression based
on their meteorological expertise. But the past few decades
have seen a major shift to a situation in which senior staff

must expect to develop expertise in many facets of the
management of resources, staff and programmes. This is
particularly important for those NMHSs that have adopted,
or plan to adopt, any of the many outcomes-based
approaches to programme management that are now in
vogue in both the public and private sectors around the
world.

It is necessary, therefore, that the PWS staff of NMHSs
are given the opportunity for the development of expertise in
areas such as the following.
¢ Programme definition and formulation.

. Objective setting and task formulation.

. Prioritisation and resource allocation.

. Performance evaluation and quality control.
. Programme evaluation and reporting.

It is also necessary that staff are familiar with
contemporary management systems and techniques. Many
management models can be found in Have et al. (2003) and
some of the most widely used are given in Table 2.

Table 2: Some widely used management systems and techniques.

Management systems and
techniques

Description

Management by Objectives
(MBO)

A systematic and organised approach that allows management to focus on achievable
goals and to attain the best results from available resources.

Continuous Improvement

Continual improvement is an important component of quality management, for example
using Plan-Do-Check-Act (PDCA) cycle to drive continuing improvement.

Planning Programming
Budgeting System (PPBS)

A budgeting system that enables incorporation of planning aspects in the budget process
and development of plans and programmes in concert with the resources. The steps in
doing a PPBS may include preparation of a comprehensive list of services/products that
reflect the accomplishment of goals and objectives, using previously collected data on
costs of these services/products and determine the cost of each for a budget year, and
presentations to management as a series of programmes for funding in priority order
along with statements of implications if not funded.

Results Based Budgeting
(RBB)

Emphasis is on the outputs to be produced and consequent outcomes as opposed to input
budgeting where the defining feature is an emphasis on the inputs. The financial
management focus in RBB would be on controlling the overall (as opposed to individual)
expenditures and on ensuring that outputs are delivered within the agreed budget.

Balanced Scorecard

A performance measurement system that considers not only financial measures, but also
customer, business process and learning measures. The balanced scorecard translates the
organisation’s strategy into four perspectives, with a balance between internal and
external measures, between objective measures and subjective measures, and between
performance results and the drivers of future results.

Benchmarking

Systematic comparison of organizational processes and performances that provides new
insights into strengths and weaknesses of an organization. It illustrates possible
improvement, objective norms, new guidelines and innovative ideas so as to create new
standards and/or improve processes. Benchmarking can be internal (between different
units within an organization), competitive (with competitors), functional (within the
broader range of the business with similar processes), and generic (between unrelated
businesses).

Business Process Redesign
(BPR)

A fundamental reconsideration and radical redesign of organizational processes to
achieve drastic improvement of current performance in cost, quality, service and speed.
Value creation for the customer is the leading factor for process redesign, in which
information technology often plays an important role.
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Change Quadrants

The change quadrants model helps management to define an approach for successfully
managing organizational change. It can be useful in determining the change agents,
identifying active participants in the change process, and establishing the scope of the
change and the timing in order to maximise the success of change efforts. Four possible
change strategies are intervention, implementation, transformation and innovation.

Core Competencies

strategic intent.

Managers are encouraged to think inside-out as well as outside-in. The outside-in
approach to strategic management places the customer and the competition at the centre;
core competencies refer to a combination of specific, inherent, integrated and applied
knowledge, skills and attitudes of an organization that should be used as the basis for

2.3 METEOROLOGICAL ECONOMICS

It is becoming increasingly necessary in the design, funding,

management and  evaluation of  publicly-funded

programmes, such as the PWS provided by NMHSs, that
those involved are familiar with the economic basis for:

¢  Determining the total and marginal costs and benefits
of publicly funded programmes.

. Understanding the essential distinction between public,
private and mixed goods and the relative roles of the
public and private sectors in their production and
provision.

*  Assessing the societal benefits of non-market public
goods.

*  Determining the most economically efficient
approaches to funding, pricing and charging for the
provision of public, private and mixed goods.

*  Performing standard benefit/cost analysis for
programmes and projects.

The need for appropriate expertise in meteorological
economics is based not only on the requirements for a
coherent overall rationale for the definition and design of
PWS as part of the total operation of the NMHSs, but also to
provide an economically rigorous rationale for supporting
proposals for public funding for an economically and
socially optimum standard of PWS at the national level.

It is important, therefore, for PWS staff are provided
with a foundation in the following.

. Basic concepts of public sector economics.

. Interpretation of supply and demand curves for public
goods.

. Economic characterisation of meteorological services.

. Costing and pricing of goods and services.

. Overall economic framework for meteorological
service provision.

For further information about economic aspects of
providing meteorological services see Stiglitz (2000),
Zillman and Freebairn (2001), Freebairn and Zillman (2002
a, b) and Gunasekera (2004).

24 SOCIO-ECONOMIC ASSESSMENT

The societal value of the weather and climate information
available from NMHSs is often under-appreciated by
government as is the role these resources could play in
sustainable development, the alleviation of poverty, and the
mitigation of the impacts associated with natural disasters.
Governments may not recognise the inherent societal value
of the information that can be provided by NMHSs.

Consequently NMHSs need to proactively demonstrate the
socio-economic benefits of meteorological and hydrological
products and services.

Economic losses from hydrological or meteorological
natural hazards are increasingly significant and these
disasters gain the attention of governments and policy
makers. This provides an opportunity for NMHSs to
demonstrate the vital contribution they make to reducing
loss of life, property, and productive capacity. In addition
the case can be made for further developing a timely and
reliable warning and delivery systems which can lead to
improvements in mitigation actions and preparedness
planning (e.g. in the areas of water management, agriculture,
health and energy).

Various studies have been performed to assess the
economic value of meteorological information. A key
concept in measuring the economic value is the crucial
relationship between the economic value of meteorological
information and its impact on decision-making by users
engaged in weather- or climate-sensitive activities. There is
a range of analytic tools available for the valuation of
meteorological information such as those given in Table 3.

A study by Gunasekera (2003) demonstrated that the
estimated benefits of key public good meteorological
services to users far exceed the costs associated with the
provision of those services.

2.5 UNDERSTANDING THE IMPACT OF
FORECASTS

Weather forecasts aid decision making, from as simple a
decision as taking an umbrella when going out to a massive
community response such as an evacuation. In severe
weather situations, the desired response to weather forecasts
and warnings is a structured response in which effective and
prompt actions are taken to minimise the impact of weather
on human lives and property. The key factors leading to
desirable outcomes depend on how effectively the forecast
and warning information is translated to risk-based decisions
by wusers (including government agencies, emergency
managers, socio-economic sectors and the public at large) so
as to combat threats posed by weather hazards.

The challenge to NMHSs is to change the behavioural
pattern of users (ranging from policy makers to the person in
the street) in response to weather and climate information. A
good understanding of the needs and social behaviour of
users of weather information and services is required in the
adjustment process. However, different user sectors have
their own agenda and needs so the applicability of forecast.
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Table 3: Some analytic tools available for the valuation of meteorological information (Gunasekera, 2003).

Analytical tool

Description

Market-based approaches

Market prices are used as a measure of the marginal benefits to users of
meteorological information.

Normative or prescriptive
decision-making models

Meteorological information is viewed as a factor in the decision-making process
that can be used by decision-makers to reduce uncertainty. The model is based on
the Bayesian decision theory (Johnson and Holt, 1997) which takes explicit account
of how forecast information is utilized.

Descriptive behavioural response
methods

Based on the notion that the value of meteorological information is dependent on
their influence on the decisions of users engaged in meteorologically sensitive
activities.

Contingent valuation method

A non-market valuation method used by some analysts in relation to public good
meteorological information and is based on survey techniques and hypothetical
situations to elicit users “willingness to pay” or their “willingness to accept” for
hypothetical changes in the quantity or quality of a non-market good such as public
weather information.

Conjoint analysis

Similar to contingent valuation in using hypothetical survey format but requires
survey respondents to rank or rate multiple alternatives where each alternative is

characterized by multiple attributes.

information depends on the characteristics and roles of the
users, their understanding of what is provided, and the
extent to which the information meets their real needs.
Consequently the service providers need to know the users
requirements in terms of the key parameters and their
desired spatial and temporal resolution, regions of interest
and accuracy limits. In addition there needs to be an
understanding of how the services are used and the level of
expertise of the users. With all this information it should be
possible to maximise the usability of the services.

The capability of integrating weather forecasts into
other tools is essential to maximising the effectiveness of
forecasts in decision-making processes. For example,
rainfall forecast information integrated into a flood model
can be used to predict the possibility of flood, its severity
and time of occurrence. Advisories on flood risk can then be
produced to trigger user response. In this case, the users may
include government agencies, flood managers and people
living in flood-prone areas. For the agricultural sector,
integration of climate model forecast information with
remote-sensing data and soil information as input to a crop
model to predict crop production can produce useful
guidance. In essence, the weather warning services should
be risk-oriented.

Forecasts sometimes need to compete with indigenous
knowledge of the users. Regular interactions with targeted
user sectors, for example through training, are useful for
improving their understanding and usability of forecast
products, avoiding misconception, obtaining feedbacks,
building trust and common language, and most importantly
managing their expectations and perceptions. The ultimate
aim is to influence people and their behaviour so that they
can make full use of the weather services provided.

Uncertainty information about forecasts can facilitate
risk management, but it has to be conveyed in a format
applicable to the users through appropriate communication
channels. Users need to know how uncertainties in forecasts

propagate into uncertainties in the parameters of their
interest. The uncertainty information about forecasts can be
transformed into probability forecast of the change in the
warning status if user reactions are solely based on the
warning status. However, users with higher competencies
need to be encouraged to make intelligent use of weather
information and dynamic strategies, taking into account
their own social and business factors as well as level of
acceptance of risk in their decision making processes,
instead of merely acting upon the warning signals.

2.6 RESOURCE MOBILIZATION

Resource mobilization deals with engaging in preparatory
and implementation activities to secure funds, equipment,
personnel, training, and any other means to produce data,
products and services to meet the needs and priorities of an
organization.

There are three levels of resource mobilization, namely
local, regional and global. It is worthwhile having strategies
for resource mobilization in place in order to fulfil the role
of an NMHS and its baseline activity of providing quality
PWS.

At the local level, the PWS can be viewed as the
tangible service output of NMHSs along with measures and
targets for the PWS to ensure the service delivers value for
money from the viewpoints of government funding
authorities and the public. Justifications are required for
securing funds to continue with existing activities as well as
to support the development of new projects. In doing so,
NMHSs could prepare annual reports about their weather
services detailing their goals, service descriptions,
deliverables and achievements, use of financial resources,
performance measures (showing whether the past year’s



Chapter 2 — Required Expertise and Tools

11

target has been met, and evaluation of results according to a
set of performance indicators), as well as plans and targets
for the coming year. The targets might relate to the
reliability, timeliness, availability, popularity and usefulness
of weather information and warnings.

To develop and enhance PWS, NMHSs need to
formulate a strategic plan for the development of weather
data, products and services with well-defined objectives,
targets and deliverables, and a clear set of priorities.
Mechanisms are then required to review expenditure against
the budget and assess whether the service is developing in
an efficient, structured and co-ordinated fashion, especially
when several parties are involved in the development and
implementation processes. Roles and responsibilities of
different parties in mobilizing the funds need to be spelt out
clearly to ensure rationalization and efficiency in resource
mobilization. Also attaining flexibility in fund re-allocation
would allow for further development across a range of
products and services, thereby maximising the effectiveness
of resource mobilization.

At the regional and global levels, resources can be
mobilized from various sources of funding such as Trust
Funds, United Nations Development Programme (UNDP),
Global Environment Facility (GEF), United Nations Fund
for International Partnership (UNFIP), UN Foundations,
Banks (e.g. World Bank) and the private sector. They may
provide support, individually and collectively, to enhance
the capabilities of NMHSs and related regional and
international institutions. The funds could be used to support
priority programmes such as those related to poverty
alleviation, capacity building, modernization, environment
protection and regeneration, climate change adaptation,
water resources management and natural disaster mitigation.

Getting cooperation with regional groupings that are
typically structured according to economic benefits,
common heritage or geographical proximity is an advantage
when bidding for resources from external bodies. The
likelihood of success is higher if the priorities of the
NMHSs match those of the funding associations. It would
be of value if NMHSs developed their own multi-year
development plans in concert with national, regional and
international priorities. The plans should emphasise the
benefits to users of the products and services, and the
activities that could be undertaken to ensure that users’
needs and requirements are met. Such strategic planning
requires interaction with the users, development of effective
communication for providing products and services, and
feedback mechanisms about the usefulness and timeliness of
the products. The timing of submitting the proposal is also a
factor in successful application of funds. Plans for
improving services when a devastating weather event occurs
usually have a better chance of success.

Almost every example of success with securing
resources or support in kind for capacity building has an
element of strong personal contacts (Yerg, 2002). Dedicated
staff with motivation can earn the respect and trust of users
and funding organisations through frequent and consistent
contacts. In essence, a well thought out plan, the right
people (NMHS staff engaging in resource mobilization
activities) and good timing are key factors to successful
resource mobilization.

2.7 ADVANCES IN OBSERVATIONS,
FORECASTS AND PRODUCT
GENERATION

The improvement in the availability, density, quality and
types of weather observations is vital to the monitoring of
weather and climate as well as the provision of quality
initial data to run numerical weather prediction (NWP)
models. In the context of PWS, the observational data is
used to generate “current weather” for the public. Use of
network cameras in capturing the real-time picture of the
place and displaying the “current weather” arouses people’s
interest in utilising weather information in their daily lives.

The use of surface observations from a dense network
of automatic weather stations together with the application
of radar and satellite data is critical for issuing weather
warnings and nowcasting. They are also useful for television
and Internet broadcast particularly in severe weather
situations when they can help people “visualize” the weather
situation over a large area and the way the weather will
evolve.

The increasing availability of ensemble prediction
system (EPS) products from major NWP centres has opened
up new possibilities in probabilistic forecasting, especially
for risk assessment of potential inclement weather. Other
techniques such as time-lag model ensemble forecasting
(combined prognoses for the same valid time from model
runs with different initial times) and multi-model ensemble
forecasting (combined prognoses from different models for
the same valid time) are “poor-man” ensemble forecasting
techniques that can be employed by NMHSs with much less
computer resources. Time series of EPS outputs for various
critical weather elements such as temperature, wind, relative
humidity, precipitation and cloud cover in the form of EPS
Meteogram (EPSgram) can be generated for different parts
of the world (Figure 3). The availability of EPSgrams is a
valuable tool for producing site-specific products and
services, particularly for the medium range.

Probability forecasts are useful to those user sectors
that are competent in the use of such information in
assessing the costs and benefits of making weather-related
decisions. However, for applications of probability forecasts
in PWS, public education initiatives are required in order to
realize the potential benefits.

The advancement in nowcasting benefits most from the
development of remote-sensing technologies such as
Doppler radars and satellites. These provide moisture and
wind data which can be used in mesoscale models to
generate reliable forecasts of precipitation. These
developments provide opportunities for making nowcasting
products available to the public to facilitate their evaluation
and reaction to a rapidly evolving weather situation.

In order to maximise the benefits from ever-improving
forecasts in the reduction and mitigation of natural disasters,
it is necessary to transform timely and accurate weather
forecasts into specific and definite information or in the
form of decision-support tools that produce the desired
societal and economic outcomes. In response to the weather
related challenges of the 21st century, a ten-year World
Weather Research Programme, The Observing system
Research and Predictability EXperiment (THORPEX), was
established in 2003 by the Fourteenth World Meteorological
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Congress under the auspices of the WMO Commission for
Atmospheric Sciences (CAS) to accelerate improvements in
the accuracy and the socio-economic and environmental
benefits of one-day to two-week high-impact weather
forecasts. THORPEX creates a contemporary organisational
framework to address global weather research and forecast
problems whose solutions will be based on the collaborative

EPS Meteogram
Macau (36m) 22.7°N 113.44°E

efforts of operational forecast centres, academic institutions
and users of forecasts (see the THORPEX Research
Implementation Plan, WMO/TD-No. 1258). The outcomes
of THORPEX will provide enormous opportunities and new
initiatives for NMHSs to enhance their PWS.
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2.8 ADVANCES IN PRODUCT
DISSEMINATION AND DELIVERY

In recent years the advances in computing technology and

the emergence of new and more efficient processes of

communication, such as the use of the Internet, have
increased the user demand and expectation for accessing
more meteorological data and products by different means.

NMHSs would benefit from using new technologies for

production, communication and delivery of information.

Nowadays the products and information can be
delivered through increasingly more sophisticated and
efficient dissemination means. The most usual and common
way of reaching the public is through the mass media. Radio
represents a powerful weather broadcast medium, with the
capability of reaching remote communities, especially in the
developing countries. Other mass media to reach the public
are television and press.

Due to the development of new technologies in
communication, it is likely that mobile communications and
the Internet will become increasingly important in PWS
delivery. NMHSs are encouraged to explore the
dissemination of weather warnings and information via
mobile telephones.

The dissemination tools include the following.

d Fixed and mobile communications systems: Fixed
telephone lines/automatic telephone enquiry systems,
mobile telephones (e.g. Wireless Application Protocol
(WAP), SMS, Multimedia Messaging Service
(MSM)), pagers, handheld devices (e.g. Personal
Digital Assistant (PDA) and Pocket PCs), and fax on
demand.

e Internet: WWW (World Wide Web), FTP (File
Transfer Protocol), E-mail (Electronic Mail) and
RANET (RAdio InterNET)

There are many advantages of these dissemination
tools.

. Quality. NMHSs can issue their forecasts and
warnings through a medium over which they have
complete control.

. Visibility/Credibility. NMHSs can effectively become
their own broadcasters and be recognized as the
official provider of high-quality weather information.

*  Availability/Updates. The latest information is always
available and updates are provided as necessary.

. Visual. The meteorological information can be in the
form of images, including animated imagery.

d Capacity. Vast amounts of detailed information can be
made easily available.

It is worthwhile NMHSs putting effort into the
development of their web sites to display dynamic
information such as current weather, weather forecasts and
warnings, and climatological information. Also it is
important to include relatively stable materials for public
education to promote public awareness and understanding of
meteorological information.

The wuse of web sites as official sources
of weather information from various NMHSs such as

those for the Severe Weather Information Centre
(SWIC) (http://severe.worldweather.int/) and the
World Weather  Information Service (WWIS)

(http://www.worldweather.int/) have proved to be popular

and successful. Both of these web sites, sponsored by
WMO, were developed and hosted by Hong Kong, China.
SWIC provides the basic and official warning information to
the public and the media, while WWIS provides the official
weather forecasts and climatological information for more
than one thousand cities around the world.

29 PARTNERSIP BUILDING

The building of partnerships by NMHSs (e.g. with the
public sector, media, non-governmental organisations
(NGOs), academic sector, service providers and users) are
essential for the continued improvement of PWS provided
by NMHSs. Establishment of targeted strategic alliances
between ministries and/or user groups is an effective
mechanism to address the complexities associated with
cross-cutting issues. It is important, to this end, for PWS
staff to have the opportunity to participate in team- and
partnership-building training and experiential learning
activities using standard techniques. Some of these
techniques are described in Table 4

Government Agencies

NMHSs need to establish close links with relevant
government agencies to enhance weather information and
warning services as well as to ensure an effective flow of
information at all times, especially in case of severe
weather. In particular, it is worth NMHSs engaging relevant
government agencies as early as possible in the design phase
of the arrangements for issuing warnings and advisories
linked to the well being of people. The roles and
responsibilities of different parties should be formalised in
order to promote the sense of ownership and avoid
confusion. Formation of intergovernmental working groups
is useful for gathering expertise and gaining synergy to
tackle issues with common interest such as the environment
issues. Joint organization of exhibitions and talks covering
various weather-related disciplines will be effective in
increasing people’s understanding of the nature of hazards,
raising public awareness and preparedness of natural
disasters, and promoting the intelligent use of weather and
climate information.

Weather warning information has to be translated into risk-
based assessments with an emphasis on the impacts to users
in order to maximise the value of the information.
Appropriate advisories accompanied with weather warnings
are important for triggering effective response actions of
users to combat the threats of hazardous weather. In the
translation process of quantifying the weather risks, the
expertise required and the responsibility may not be under
the purview of NMHSs. As such, partnerships with other
relevant agencies are required for the development and
implementation of alerts and warning services, which
directly link to the effect of severe weather. For example,
quantitative studies of the relationship between flooding and
rainfall intensity require knowledge of the surface runoff,
capacity of the drainage system, and river flow.
Consequently hydrologists in the flood monitoring agencies
apply flood models to predict flooding using rainfall
forecasts as the meteorological input. It is only cooperation
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Table 4: Standard techniques used team- and partnership-building training and
experiential learning activities.
Technique Description

Belbin team roles

Belbin team roles describe a pattern of behaviour that characterises one person’s
behaviour in relationship to another in facilitating the progress of a team. The Belbin
roles include implementer, shaper, completer/finisher, plant (generates new ideas),
evaluator, specialist, coordinator, team worker and investigator. The value of Belbin
team-role theory lies in enabling an individual team to benefit from self-knowledge and
adjust according to demands being made by the external situation.

Myers-Briggs personality
typing

The Myers-Briggs personality type indicator was developed based on studies on
psychological types, temperament and behaviour. The four continuums of temperament,
namely introverted-extroverted, intuition-sensation, thinking-feeling, judging-
perceiving, which, when combined, give an indication of the underlying temperament of
the individual.

Thinking hats

Each “Thinking Hat” is a different style of thinking, which is used to look at decisions
from a number of important perspectives and to get a more rounded view of a situation.
There are six thinking hats, namely White Hat (look at the facts and figures), Red Hat
(listen to emotions and intuition), Black Hat (look at why this will fail), Yellow Hat (be
hopeful and optimistic), and Green Hat (look from a higher and wider perspective to see

whether the right issue is being addressed).

between meteorologists and hydrologists that makes flood
forecasting possible.

Emergency Managers

NMHSs have to work closely with emergency managers to
ensure that the severe weather warning systems function
effectively and efficiently in the prevention and reduction of
the impacts of natural disasters.

Collaboration between NMHSs and emergency
managers need not only be at the end of the process when
the emergency managers themselves need to take some
actions depending on the severe weather warning issued by
the NMHSs, but also before and during the development of
a severe weather warning system. It is good practice for staff
from NMHSs to work with emergency managers (a) in the
design phase of a warning service and (b) before, during and
after a severe weather event.

One of the most important aspects is that staff from
both the NMHSs and emergency managers should work
together as a team, since they are working for the same
purpose — to reduce the impact of severe weather on society
and to minimise casualties and losses due to severe weather.

There are several actions that can be taken to enhance
team working.

d Contact points. Assign people from the NMHSs and
the emergency managers to be the regular contact
points.

d Regular meetings. Conduct regular meetings, not only
between the focal points, but also the operational staff
of both services to review the operational arrangements
as well as to promote understanding.

*  Direct contact. Establish direct contact with the
operational staff of the emergency managers by
forecasters before and during the severe weather event.

*  FEducation and training. Provide education and
training for operational staff from both services on

topics relating to the general aspects of their
operational work so as to increase the mutual
understanding and recognition of what each services
requires to be effective.

Before, during and after a severe weather event an

NMHS could consider taking the following action.

d Before and during the severe weather event. Alert and
brief the emergency managers through the established
focal points. Update data and information in real time.
Use a variety of communication channels for reaching
the public to explain the severe weather situation.
Provide recommendations and advisories on
precautionary measures, and draw attention to
information provided by the emergency managers.

*  After the severe weather event. Review the severe
weather event and warnings issued with the emergency
managers. In association with the emergency managers
issue a press release and/or conduct a press briefing on
the severe weather event, the impacts to the region and
the warnings issued.

The Media

The media fulfil a natural and traditional role as “partners”
of the NMHSs in communicating weather information to the
community, especially during severe weather situations. The
public needs to be confident that when severe weather
occurs the media will disseminate information from the
NMHSs and the Civil Protection Authorities so that the
public get to know what precautionary measures are to be
taken.

It is important to have a good and efficient working
relationship between NMHSs and the media. Most of the
NMHSs have a long tradition of being a provider of
meteorological information to newspapers, radio and TV.
This provides a sound basis for developing good
relationships with reporters and editorial staff. The result is
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that all concerned will understand each others needs and the

constraints under which they work.

Nowadays the public expects meteorological
information not only for the region where they are living,
but also the places to which they travel for holidays or
business. So the national media need global weather
information to meet the demands of users. An important and
popular means of dissemination of global weather
information is television, though newspapers also have a
role.

The advent of international television networks now
enables weather presentations with global coverage to reach
wider audiences. Taking into account the demand of the
public and consequently of the media for worldwide weather
information and hazard warnings, this poses a challenge to
all NMHSs for developing an appropriate system for the
exchange of weather information and warnings.

In most countries, radio is widely accessed by the
general public. As it is responsive to updated messages, it is
usually considered as the preferred media for issuing hazard
warning messages.

Some recommended actions to help create good
relationships, improve the understanding of requirements
and enhance credibility are described below.

. Focal point. Designate a focal point for media liaison
(preferably a senior authoritative spokesperson) in the
NMHS who will give interviews, issue press releases
and organise press conferences.

. Regular meetings. Organise regular meetings with the
media and visits to NMHSs.

. Products. Introduce the available weather products to
the media.

. Training. Provide training to the NMHS personnel
who conduct weather presentations on TV and radio,
and generate text and graphical weather information
for the media.

d Guidance material. Create guidance material for
improving the presentation of forecasts and warnings
to ensure maximum clarity and understanding.

*  New technologies. Explore the use of new
technologies in  disseminating  meteorological
information via the media.

. Single source of information. Demonstrate the
importance of having a single source of information —
the official source, especially in the case of severe
weather warnings.

i Exchange of weather warnings. Develop an
information system for the exchange of weather
warnings on an international basis so that warnings are
issued in a timely and coordinated manner,
contradictory warnings which cause public confusion
are avoided and the “single voice” principle is upheld.

2.10 WORKING WITH ACADEMIA

NMHSs are facing difficult challenges arising from the
rapid developments of technology and communications as
well as the latest scientific advancements in numerical
models. Many studies are carried out not only at the NMHSs
but also at universities particularly in the area of NWP.
Enhancing the cooperation with universities or academic
institutions helps update NMHSs with the latest scientific

developments in meteorology, such as the improvements in

numerical models of the atmosphere and oceans.

Working together with academia can be established
through various ways:

. Research cooperation. Cooperation in research
activities and validation of the results of research, and
working together on projects involving data exchange.

*  Involvement in operational meteorology. Exploring
the feasibility of operational implementation of a
system and validating recent developments in
numerical models with a view to improving weather
forecasts and services.

*  Supporting university students. Complementing
theory learnt by students at the universities with
practical work at the NMHS and attaching final-year
university students to the NMHS.

. Promoting a career in meteorology. Organizing visits
to the NMHS for the students, promoting the NMHS to
the science students as a potential institution at which
to work, and working together with universities to
develop and produce educational packages to prepare
students to work at the NMHS.

*  Supporting school students. Conducting talks and
seminars at schools and interacting with the students
and teachers, printing regular brochures for distribution
in schools, and developing meteorology-related
educational packages for inclusion in school
curriculum for different levels.

2.11 PUBLIC COMMUNICATION

One of the most important purposes of the PWS is to

provide comprehensive and useful weather services to the

community. The NMHSs need to be aware of the public
demands and the best way of communicating with the public
in order to maximise the benefits to the community at large.

There are a number of ways to ensure that the public
can make effective use of the information provided.

. Language. Use appropriate, concise and user-oriented
language.

. Products. Develop user-friendly products based on the
understanding of the needs of the public.

. Guidance. Provide guidance to the public on how to
use the meteorological information.

. Uncertainty. Communicate uncertainties in weather
forecasts to the extent possible.

d Verification.  Publish  information
verification of forecasts.

*  Brochures. Produce and distribute brochures on PWS
of the NMHS.

. Two-way  communication.
communication.

. Public education and awareness. Promote public
education and awareness by, developing educational
products and services in cooperation with the media,
organising seminars or talks for teachers and students,
developing educational materials for different ages,
including PWS in the school curriculum, and
organising student visits to the NMHS.

It is worthwhile NMHSs taking action to identify
public needs and the extent to which they are being satisfied.

There are different ways to collect the required information.

about the

Implement  two-way
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*  Meetings and seminars. Conduct meetings with the
targeted user sectors and organise seminars on PWS.

d Visits, open days and exhibitions. Arrange visits to the
NMHS, organise an “Open Day” at the NMHS (which
can be scheduled with other special event, such as the
World Meteorological Day) and hold public
exhibitions.

d Questionnaires. Develop questionnaires on how users
evaluate the performance of the PWS of the NMHS,
distribute it to the user groups and/or display it on the
NMHS’s web sites.

. Web site. Provide an e-mail address on the NMHS’s
home pages to receive public comments and
suggestions.

. TV and radio forums. Participate in radio or TV
forums with the invited public.

*  Specialised staff. Designate specialised staff in the
NMHS for promoting and marketing PWS.

2.12 COMMUNITY OUTREACH

Community outreach tends to focus on the output of
information rather than the actual acquisition of knowledge,
yet to be effective, knowledge needs to be acquired.
Community outreach goes beyond a selected group of
learners and brings information to a much broader audience.
It engages potential learners and encourages knowledge
acquisition. Another important dimension of community
outreach is that of bringing into the NMHSs the users needs,
perspectives and expectations.

User Liaison

User liaison and consultation is an important component of

outreach. There is a need to enhance close relationship

between the service provider and the community. This can
be done by addressing the following issues.

. User satisfaction. Determine whether user needs are
met, and gain an understanding of the users’
capabilities and requirements so as to enhance their
satisfaction.

i Community understanding. Promote a better
understanding by the community of how services can
be and are provided, the infrastructure which is
required to support their needs, and the determination
to strive for a higher quality of service.

*  Staff motivation. Motivate the NMHS staff by sharing
with them the importance of their job and
demonstrating to them that their efforts are recognized
by the public, through interactions and feedback
received.

*  Service improvement. Stimulate the provision of a
better quality of service and bridge the gap between the
services provided and community expectations.

The broad objective of outreach is to enable NMHSs to
take measures that will enhance user satisfaction.

There are at least two broad categories of outreach: the
direct relationship between the NMHS staff and individuals
from the user communities and the “remote” approach in
which an outreach service is provided remotely and its
effectiveness is measured by some remote means.

Community Outreach Implementation

Some points listed below are

implementation of community outreach:

i Liaison and consultation meetings. Organizing liaison
and consultation meetings with representatives of user
groups in order to, discuss user needs and the service
provided, consider potential future developments,
review the quality of the service and update service
specifications, and register complaints or compliments
to be made known to staff with details of any action
taken.

*  Spokespersons. Using spokespersons can be a most
effective outreach tool and create recognition of a
credible source.

*  Surveillance methods. Using surveillance methods to
provide indicators of a gap or fault of the
meteorological service.

. Outreach support. Assessing whether the outreach
support activity for a certain programme area or for a
certain sector of the user community may be
inadequate or absent.

*  Measures of effectiveness. Using more than one
measure of the effectiveness of the outreach activity.

*  Expertise. Realizing that experts from other disciplines
such as psychologists, sociologists, economists and

important to the

marketing experts can contribute to a better

understanding of the evaluation results.

Though time and resource consuming, using
specialised channels of communication, especially

interpersonal interactions, are the most way effective of
shaping personal behaviours. Such specialised channels
need to be chosen with the characteristics of the target
audiences in mind. Reaching out to a homemaker and a
teenager should naturally entail different direct, channels
(Ho, 2005).

Community Outreach Evaluation

Each outreach activity or at least every activity area should
include an evaluation component that is executed as part of
the outreach activity. The NMHS will then know how well
the outreach activities are working and the services are
satisfying user needs. So it is essential to establish a basis
for measuring performance.

Quantitative evaluations can measure changes in
knowledge and attitudes, and qualitative evaluations can
give a better measure in