ATTACHMENT A

THE METEOROLOGY ACT 1955

METEOROLOGY
No. 6 of 1955’
An Act relating to the Commonwealth Bureau of Meteorology.
[Assented to 23rd May, 1955]
[Date of Commencement, 20th June, 1955)

Be it enacted by the Queen’s Most Excellent Majesty, the Senate, and the ! louse of
Representatives of the Commonwecalth of Australia, as follows:

1. This Act may be cited as the Meteorology Act 1955. Short title
2 The Meteorology Act 1906 is repealed. Repeal
3. In this Act, unless the contrary intention appears- Dufirntion

“the Burcau” means the Commonwealth Bureau of Meteorology
established by Lhis Act;
“the Director” means the Director of Metearology.

4! 'This Act exlends to all the Territortes of the Commonwcalth., Extension to

Ternitories

5. (1} For the purposes of this Act, there shall be a Commonwealth The Common-
Burcau of Meteorology and a Director of Meleorology. wealth Bureau
(2) The Bureau shall be under the charge of ihe Director, who of Meteorology

shall, subject to the directions of the Minisler, have the
general administration of this Act.

6. (1) The functions of the Burcau are- Functions of
fa) the taking and recording of meteorological vbservations the Bureau
and other observations required for the purposes of
meleorology;
(b the {orecasting of weather and of the stale of the atmosphere;
{c) the issuc of warnings of gales, storms and other weather

conditions likely to endanger life or property, including
weather condilions likely to give rise to floods or bush fires;
{d) the supply of meteorological information;

'‘Amended by No.123 ot 1973



I ATTACHMENT B

BUREAU OF METEOROLOGY

CHARTER, GOALS AND OBJECTIVES

The Commonwealth Bureau of Meteorology is the National Meteorological Authority for Australia.
The ultimate legal basis for its existence is the Commonwealth Constitution which, through its
Section 51 {viii), empowers the Federal Parliament to make laws for the peace, order and good
government of the Commonwealth with respect to ' ... metearological observations’. The Bureau
was established by the Meteorology Act 1906 and formally came into existence on 1 January
1908 through consolidation of the separate Colonial/State Meteorological Services which had
existed prior to that fime. The Bureau currently operates under the authority of the Meteorology
Act 1955, which establishes the explicit legal basis for its activities and, together with the
Convention of the World Meteorological Organization and other national and international agree-
ments and treaties, provides the basic charter for its operation.

me—THE CHARTER OF THE BUREAU OF METEOROLOGY e ———

PURPOSE

The purpose af the Bureau of Meteorolagy is to contribute o Australia’s social, environmental, economic and cultural goals through the per-
formance of the functions of « National Meteorological Service in the public interest generally and in particular:

{a) for the purposes of the Defence Force;
(b) for the purposes of navigation and shipping ond of civil aviation; and

ey

(c} for the purpose of assisting persons and authorities engaged in primary production, industry, trade and commerce.

MISSION

The overall mission of the Bureau is to observe and understand Australion weather and dimate and provide meteorological, hydrological
and oceanographic services in support of Ausirolia’s national needs and international obfigntions. This overall mission involves four sepa-
rate basic missions:

* Moritoring Observation and data collection to meet the needs of future generations for reliable homogeneous national dima-
tological data;

* Research Research directed to the advancement of me1enr0[oﬁiml science and the development of o comprehensive descrip-
tion ond scientific understanding of Australia's weather ond climate;

e Services Provision of meteorological and refated data, information, forecost, warning, invesiigation and advisory services
on a nafional bsis; and

¢ Internationai  Coordination of Ausirolia's involvement in international meteoralogy.
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FUNCTIONS

The Metearology Act defines the functions of the Bureau as:
{a) the taking and recording of meteoralogical observations and other observations required for the purposes of metearology;
(b) the forecasting of weather und of the state of the atmosphere;
{0} the issue of warnings of gales, storms and other weather conditions fikely to endanger life or property, including weather condi-
fions fikely fo give rise to floods or bushfires;
(d) the supply of meteorclogicel information;
(e} the publication of metearological reports and bullefins;
(f)  the promotion of the use of meteorological informafion;
() the promotion of the advancement of meieorological science, by means of meteorological research and investigation, or
otherwise;
{h) the furnishing of ndvice on meteorological matters; and
(i) cooperation with the authority administering the Meteorological Service of any other country in relafion to any of the matters
specified in the preceding paragraphs.

POWERS

The Ad confers on the Director of Meteorology such powers os are necessary 1o enable the Bureay fo perform its statufary functions and in
particular to:
() establish meteorological offices and abserving stafions;
(b) arrange with any Department, authority ar person fo take and recard meteorological observations and transmil meteorological
reports and informatien; _
() arronge means of communication for the transmission and reception of meteorologicol reports and information; and
(d) arrange for the training of persons in meteorology.

SUPPORTING ACTIVITIES

Under the outharity of the powers of the Director, the Bureau carries out o number of supporfing activities s follows:
{a) collection and dissemination of metsorological and related environmental dota and preduds;
(b) analysis and prognosis of meteorological and related environmental conditions;
(c} archiving of meteorological and related environmenial deta and producs;
(d) provision of automatic data processing fucilities and support services;
{e) provision of engineering suppert services;
{f}  training in meteorology and other fields related to the aperations of the Bureau;
(g} provision of public information and public education in meteorology;
(h} aperation of  National Meteorological Library and provision of ather technical support services;
(i) conduct of necessary supporting research and development,
(i coordination of information on Austrolion scientific and technical programs in meteorology;
(k} establishment and meintenance of meteorological offices, observing stations and facilifies and provision of accommodation for
staff ot remate locations; did '
() provision of necessary internal management support services.

CHARGES

Under Section 8 of the Metearology Act, the Director may, subject 1o any directions of the Minister, make charges for the forecasts, informa-
fion, udvice, publications and other matter provided in pursuance of the Adt.

COMMONWEALTH  BY/ @B BUREAU OF METEOROLOCK



s THE GOALS AND OBJECTIVES OF THE BUREAU OF METEQROLOGY NS

GOALS

Al of the acfivities of the Bureau of Meteorology are directed ultimately at the following national goals:
o redudion of the social and economic impuct of natural disasters;
o economic development and prasperity of primary, secondary and tertiary industry;
safety of life and property;
nafional security;
preservation and enhancement of the quality of the environment;
community health, recreation und quality of life; '
efficient planning, management and operation of Government and community affuirs;
provision for the needs of future generations;
advancemet of knowledge and understanding of our port of the warld;
fulfilment of Ausiralia's international obligations; and
 promofion of Australia's inferests in the warld.

OBJECTIVES

OVERALL OBJECTIVE
To meet the needs of all Australians for the metearological information, understanding ond services that ure essentiul for their safety, securi-
ty and general well-being and to ensure thot metearological duta and knowledge are effectively applied to Ausirolia’s national and interna-
tional goals.

BASIC OBJECTIVES
o Climate record. To meet the needs of future generations for reliable homogeneous climatological dote.
o Scientific understanding. To cdvance the science of meteorology ond develop on integrated comprehensive description and sien-
sific understanding of Australin’s weather and climate.
o  Community welfare. To contribute effectively to:
- reduction of the sociel and economic impact of natural disusters;
- economic developmeni and prosperity of primary, secondary and fertiary industry;
- safaty of life and property;
- national security,
. preservation and enhancement of the quality of the environment;
- commonity health, recreation and quality of life; ond
- efficient planning, management and operation of Government and community affuirs;
through the development and provision of metearologicol and related services.
« International cooperation. To meet Australia’s international obligotions und advance Australia's inferests in and through internc-
fiona) meteorology.

COMMONWEALTH o BUREAU OF METEOROLOGY..
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ATTACHMENT C

CHARGING FOR METEOROLOGICAL SERVICES
Basic Principles

The Bureau's charging policy is set down in twelve principles which, inter alia, take into
account the primary public interest role of the Bureau, the "public good' characteristics of many
Bureau products, the recommendations of various inquiries (CIBM, 1976; Bosch, 1984: HRSCE
1986) and Australia’s commitment to various international Conventions and Regulations arising
therefrom. The twelve principles are:

Principle 1. The provision of the basic national meteorological infrastructure needed to collect
and process the data required to meet the needs of future generations, to fulfill Australia's
international obligations under the World Meteorological Convention and to support the
provision of basic meteorological services to the community is the responsibility of government
and should be fully funded through taxation.

Principle 2. Meteorological data collected at public expense should be regarded as public

property, accessible to all for the costs of making them available.

Principle 3. Meteorological data and products should be made available without charge to the

National Meteorological Services of other countries in accordance with the international

convention of free and unrestricted exchange between nations.

Principle 4. There should be a basic national meteorological scrvice (known as "The Basic

Service") cncompassing basic weather, climate and advisory services made available free of
charge to the community in the public interest,

Principle 5. The basic public forecast, warning and information service {The Basic Weather

Service) should be provided free of charge to the public through the media.

Principle 6. Services provided to other government agencics as part of the joint fulfilment of
shared missions in the public interest should be regarded as part of the Basic Service and should

not be charged for.

Principle 7, The user-pays principle should apply to all services provided in addition to the
Basic Service,

Principle 8. The costs attributable to each Service should be determined on an incremental basis

using a cost accounting system and should include salaries, operating costs, capital and
appropriate overheads.

Principle 9. Charges for services provided to other government agencies in support of direct
public interest missions or provided to fulfill Government requirements should cover direct costs
and overheads only.

Principle 10. Services provided to identifiable users in competition or potential competition
with the private sector should be charged for at commercial rates.

~ Principle 11, The charging schedule should be simple and the administration of the charging
system should be cost-effective; eg. debit action should only proceed when the charge for the
service exceeds the administrative cost of the recovery process. '

Principle 12. The charging policy should be implemented in a way which promotcs customer
and community goodwill,
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A study of the scope to enhance revenue
generation in the Bureau of Meteorology




ATTACHMENT F

FINAL (1999) GOVERNMENT RESPONSE TO THE

RECOMMENDATIONS OF THE SECOND SLATYER REPORT

RECOMMENDATIONS

GOVERNMENT RESPONSE

Bureau Funding

pam—y

The Government should place the
Bureau's funding on a rolling triennial or
quintennial basis,

recovery and commercial activities.

A subset of the Basic Service, termed the
Basic Product Set, should be produced. It
will contain the full range of
meteorological products normally
provided to the public via the print and
electronic media. The Basic Product set
should be reviewed regularly by the
Director of Meteorology.

L

The Basic Product Set should be madc
available free of charge to the public only
through the mass media and the Internet
and to not-for-profit emergency services.

Accepted. For effective operation the Bureau
requires stable, ongoing funding. New
arrangements, should be developed between the
Bureau and the Department of Finance and
Administration aimed at maximising the
Bureau’s earnings from specialised services in a
fashion consistent with the effective discharge
of its public interest responsibilities.

Modifications to the Charging Principles to enhance service provision through cost

Accepted. Slatyer suggests that a subset of the
present basic service, termed thce Basic Product
Set, should continue to be provided free of
charge. There may be good reason for
modifications to the basic subset products in
differcnt Regions, but generally the content of
the Basic Product Set should be consistent
between Regions. The content of the Basic
Product Set should be determined on the advice
of an independent committee, initially the
Implementation Committee (¢/f Rec 15), and
reviewed from time to time with the
Implementation Committee to recommend means
of review.

Accepted.




RECOMMENDATIONS

GOVERNMENT RESPONSE

Cost recovery should apply to those
products in the Basic Service that are not
provided through the Internet or the mass
media, or to not-for-profit emergency
services,

Services provided to other Government
agencies, in support of public interest
activities or as part of the joint of shared
missions in the public interest, could be
subject to reduced charging at the
discretion of the Director of Meteorology.

All services in addition to the Basic
Service, and all products customised for
particular users, should be provided on a
commercial basis by the Bureau in
competition with other meteorological
service providers.

Access agrecments with the individuals
and organisations should permit them to
customise Bureau products for particular
media outlets or for other users, but would
preclude them from:

. changing the wording of warnings

. preparing forecasts that differ
materially from those of the
Bureau

. altering basic data in such a way

that future users would be unaware
of the alteration.

. failing 10 acknowledge the Bureau
as the source of the basic data and
products.

Accepted. Access to the Basic Product Set
should be provided free through the Internet
or the mass media. Products that are in the
Basic Service but ontside the Basic Product
Set, as well as services that are provided
through mechanisms other than the mass
media or Internet, should be subject to
incremental cost recovery. Or, if they have
been subject to further value-adding by the
Special Services Unit (SSU), charged for at
commercial rates.

Accepted. As a part of its charging policy the
Bureau will prepare guidelines, with advice from
the Implementation Committee, to ensure that
reduced charging is offered on a consistent basis
and is also consistent with the Government's
overall competitive neutrality policics. The
guidelines for charging will not reduce the scope
for revenue opportunities in line with
Government objectives.

Accepted, with the reservation'that where safety
or public interest issues are involved services
may be provided by the Bureau on some other
basis.

Accepfted, with the reservations that:

Any restrictions on the use of Bureau
products must be consistent with the
Government’s Compctition Policy and
the Trade Practices Act (1974);

This recommendation applies to
commercial organisations, and to
organisations publicly re-distributing
Bureau data and products.

-




RECOMMENDATIONS

GOVERNMENT RESPONSE

o]

10

11

Charging for the products listed as a part
of the Basic Setvice should be based on
incremental cost recovery. That is, users
should pay the cost of making products
available over and above the cost of the
basic service, including a charge for system
maintenance and development.

| Australian Meteorological Data and Information
Servicer System (AMDISS)

The Bureau should phase in at the earliest
opportunity, and actively promote, the use
of AMDISS a5 the main means of access
to the Basic Service and the Bureau's
commercial services.

Financial Arrangements

Agreement should be teached with the
Department of Finance and
Administration on a basis for revenue
sharing that would provide adequate
mcenatives for the Bureau to seek to
maximise revenue generaton,

Compelitive Neutrality

The Bureau should aim to conduct its
commercial activities in such a way as to be
able to demonstrate competitive neutrality
if so required. To achieve this it will need
to review and revise its cxisting practices
for cost determination mechanisms, and in
doing so develop 2 new cost allocation
supplement to the Charging Mannal.

Accepted. The Bureau will continue to apply
incremental charging to its cost recovery
activities,

Accepted. Thedustralian Meteorological Data and
Information Services System (AMDISS) will be
progressively implemented over the next few
years as a corporate priority of the Bureau.

Accepted. The Bureau will enhance its service
distribution arrangements through the
retention of revenue under Section 31
arrangements in a manner consistent with the
effective fulfilment of the Burcau’s purpose
and objectives.

Accepted. 'The Burcau, assisted by the
Implementation Committee, will progressively
review and, where appropriate, upgrade cost
determination and cost allocation procedures to
ensute proper application of its charging policies.
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, ATTACHMENT 1

WORLD METEOROLOGICAL ORGANIZATION

BULLETIN

April 1999

Volume 48 No. 2

THE NATIONAL METEOROLOGICAL
SERVICE

Abstract

The national Meteorological Service (NMS) is a
fundamental component of the national infra-
" structure of all countries. Its basic purpose is to
meet governments’ responsibilities to contribute
to the safety, security and general wellbeing of

‘their citizens, to ensure the ongoing collection .~

and long-term custodianship of a reliable national
climate record for use by future generations and
to fulfi countries’ essential international obliga-
tions under the Convention of the World Meteoro-
logical Organization. Though the basic role of the
NMS has long been widely understood and greatly
valued by national communities, recent develop-
ments associated with the implementation of alter-
native arrangements for the provision of many
services that have hitherto been funded and pro-
vided by the public sector, have underscored the
need for a clear definition of the essential rationale,
charter, and modus operandi of the NMS to ensure
informed decision-making on future arrangements
for meteorological infrastructure operation and
service provision at both the national and inter-
national levels.

Introduction

Two of the most fundamental obligations accepted
by governments through the ages have been the
protection of the safety and weffare of their ctizens

Director, Australian Bureau of Meteorology and
President of WMO

The views in this paper are those of the author and
do not necessarily represent those of the Australian
Government or of WMO.

By JoHn W. ZILLMAN®

and the collection and safeguarding of important
historical records for future generations. For more
than a century, virtuaily all countries, large and
small, have fulfilled their obligations to minimize
the adverse impacts-of weather and climate on
community safety and welfare and to provide a
comprehensive and reliable national climate record.
through the operation of an integrated, publicly
funded NMS.

The original trigger for the establishment of
State meteorological institutions and for the free
exchange of information among them was to help
ensure safety of life at sea and to contribute to
better scientific understanding of the phenomena
of the natural world. But with the growth of civil
aviation and increasing awareness of the substan-
tial social and economic benefits accruing to ind
vidual citizens and to overall national ptanning and
development from the availability and application
of reliabie information on current and future
weather and climate conditions, the concept of
an NMS as an essential component of the basic
national infrastructure of all countries became
widely adopted around the werid.

Recause meteorological services in support
of the safety of life and property and the general
wellbeing of all citizens have long been seen in
most countries as a basic community necessity
and right, and because they possess the intrin-
sic properties of “public goods” (Harris,-1995),
their provision has always been accepted as a
fundamental responsibility of government. Only
in very recent times, as governments in some
countries have sought to divest themselves of

179
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many of their traditional responsibilities, have
there been suggestions that such services might
be provided through mechanisms other than the
traditional State-funded NMS; and alternative
approaches (WMOQ, 1999) such as the commerciak
ization, corporatization or privatization of meteor-
ological service provision have been canvassed in
several countries and pursued vigorously in a few.
These recent developments have, however,
impacted dramatically and mostly adversely on
the long-established tradition of international co-
operation among the NMSs of individual nations.
Because of the scientific complexity and global
interdependence of weather- and climate-forming
processes, meteorology is one of the most inher-
ently international of all fields of science and hurnan
endeavour. Since the establishment of the non-
governmental International Meteorological Organk-
zation (MO} in 1873, the NMSs of virtually all courr
tries have worked together in an increasingly close
global partnership, now under the auspices of the
intergovernmental World Meteorological Organi-
zation, a specialized agency of the United Nations
{UN), which has become widely regarded as a

model of international cooperation within the UN
system (Davies, 1986).

There is no doubt that the citizens of all
nations expect to continue o enjoy the range and
quality of meteorological services which modern
science and technology and the unique WMGO sys-
tem of international cooperation have made pos-
sible in the closing years of the 20th century. But
there is also reason to believe that this will only
remain possible if the foundation on which the.
WMO system of international cooperation is built,
the integrated data collection, research and ser-
vice role of the NMSs of the individual nation
States, is preserved and strengthened as a bas-
tion of cooperation in an increasingly competitive
and contestable world.

It is the purpose of this paper to take stock
of the role and operation of the NMS and to set
down some basic considerations which might
serve as a useful point of reference in address-
ing future arrangements for the provision of
meteorological and refated services at the
national level in the present uncertain and rapidly
changing times.

2%

wind Hadiaﬂon Hadlauon
Evaporation
Momentum Sensible
Transtes Heat
3

NSt '
\ \ OCEAN
. W W NN

_ l -Stratoéphere - T

Wind ATMOSPHERE

ﬂ Troposphere
Solar

N7

Wmd

Radiation

Evapo-
Sansible Transpiration

Figure } — The atmosphere as part of the total Earth system. Meteorology encompasses all aspects of the science of the
atmosphere, inctuding its chemical composition, structure and movement and the nuture and mechanisms of
weather and climate phenomena. It is particularly concerned with the integrated response of the atmosphere and
the underlying land and ocean to the incoming shortwave radiant cnergy from the Sun and its transfer and trans
formation through physical, chemical and binlogical processes and ultimate re-radiation to space at longer
{infra-red) wavelengths, [t deals with the phenomens of both the troposphere and the stratosphere and their cou-
pling with the underlying tand und ocean and the ionized layers of the upper atmosphere respectively.
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Meteorology

Meteorology is both a field of science and a pro-
fession. in the words of the Internationat Meteo-
rological Vocabulary (WMO, 1992) it is the “study
of the atmosphere and its phenomena”. More
explicitly (WMO, 1996} it is the “science of the
atmosphere, dealing in particular with its structure
and composition, interactions with the oceans and
land, movements {including weather-forming pro-
cesses), weather forecasting, climate variability

- and climate change” (Figure 1).

The phenomena of the atmosphere which
impact on society and hence fall within the domain
of interest of an NMS span a huge range of time-
and space-scales {Figure 2}. Although there is no
universally agreed dividing line, they subdivide
broadly, according to time-scale, into the phenom-
ena of weather and climate. While it is informa-
tion on the day-to-day sequence of weather events
and forecasting of their behaviour for a few days
to a week in advance for which NMSs are best
known (often in their role as national Weather Ser-
vices) it is important to realize that it is informa-
~ tion on the behaviour of the atmosphere on longer

‘time-scales (from months to centuries) both past

" and future, which is, in many respects, of even

greater longterm significance to humanity.

Meteorology thus embraces both weather and
climate {Meteorological Office, 1972) and
climatology, which is defined by WMO as the
“study of the mean physical state of the atmos-
phere together with its statistical variations in
both space and time as reflected in the weather
behaviour over a period-of many years" {(WMO,
1992), must be regarded as an integral part of
the science and profession of meteorology.
Although meteorology deals with all aspetts
of the atmosphere, including its composition,
structure and movement, many features of its
behaviour, especially when viewed over loag time-
scales, depend on its interaction with the under-
lying land and water surfaces and on processes
taking place within the oceans. On climate time-
scales, in particular, there is thus a substantial
area of overlap between meteorology and its sis-
ter sciences of hydrology (and related land-
surface processes) and oceanography (Figure 3).

Meteorological services as public goods

The timely and relfiable meteorological informa-
tion—especially forecasts and warnings—which
communities need to help ensure their safety and
security and contribute to their general dayby-
day convenience and welkbeing constitute what,
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in economic terms, are referred to as pure pub-
lic goods. The defining characteristic of pure

public goods (Baumol et al., 1992; Self, 1993; ~

Bannock et al., 1998) is that they are both:

e Non-depletable, in that their use by one
member of society does not reduce their
avaitability or value to everyone else; and

¢ Non-excludable, in that once they have
been made available to some members of
society, it is not possible, or at least not
realistically practicable, to exclude others
from benefiting from them.

Economic analysis further elaborates some
essential conditions which apply to the provision
of pure public goods as follows (Heald, 1983;
Bailey, 1995).

s  Because they are collectively owned and
no property rights can be vested in them,
markets will fail to exist for their provision;

»  The decision on whether they should be
provided, and.at what level, must be taken
by government;

s  The costs of their provision must be fully
‘met by taxation; and '

e  The beneficiaries are the whale of society':
and the total benefit to society is the greater
the more widely they are consumed.

While the provision of basic public weather
services to the community at large through the
mass media is often cited as the example par
excellence of a public good (e.g. Heilbroner and
Thurow, 1994}, other meteorological services
and phenomena can be identified which possess
only some of the characteristics of a public good.
It is important to recognize, in particular, the
economic characteristics of:

¢  Goods which are non-depletable but exclud-
_able, such as weather information additional
to the public service which, while potentially
widely useful, is only made available through
restricted communication channels to those

who are prepared to pay; and

¢ Goods which are norrexcludable but depletable,
such as the quality of the global atmosphere,
which is progressively depleted as more
consumers use it as a sink for paflution.

There is finally a class of private {or market)
goods which are both depletable and excludable
and for which markets will automatically develop,
such as specialized weather information, pre-

r!"’

pared and provided on a customer-specific basis,
which permits a decision to be taken that bestows
a competitive advantage not available to a sub-
sequent user. This is an area where, at least on
economic grounds, meteorological services
should be seen as being no different in principle
from other traditional goods and services and
where, except in the special situation of market
failure due to the high degree of specialization
involved or the limited size of the potential market
(e.g. in developing country economies), itis™
inappropriate to apply a public good perspective.
In economic terms, therefore, there is a clear
distinction between basic public meteorological
services made promptly and widely available
through the mass media in the interests of the
safety and welfare of the entire community (pure
public goods) and specialized services provided
to meet the needs of particular users {impure
public goods and private goods}, for which mar-
kets can be expected to determine, or at least
strongly influence, the optimum tevel of supply.

Social, economic and environmental
benefits of meteorological services

“The beneﬁts to a nation, its social structure, its

economy and its natural environment and, in par-
ticular, to the general safety and welfare of its

individual citizens from the provision of state-of- . -

the-art meteorological services have, historically,
been seen as self-evident and the resources needed
for their maintenance and continuing improvernent
self-evidently justified by the scope and scale of
the benefits derived (Zillman, 1997(a)). The bene-
fits to all of humanity from the effective integra-
tion of the two great technological developments
of the space age into operational meteorology,
through global cooperation in metecrological
satellites and numerical weather prediction {(NWP),
themselves have gone far towards repaying the
massive scientific and technological investments
of the superpowers during the cold war era. The
inability of governments in many developing coun-
tries to fund the provision of their basic national
meteorological infrastructure and essential pub-
lic services to optimal levels has reflected the
realities of shortterm funding pressures and
other barriers to technological uptake (Crouthamel
and Scotti, 1997), eventually to be made good
as part of the development process, rather than
any doubt that the increased investment would
repay itself many times over in the longer term.
Nowadays, under the pressures of intense
competition for both public and private sector
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'Figure 3 — The interrelated and overlapping sciences of oceanography, meteorology and hydrology (including related land-
' surface processes) dealing with the systematic observation (through monitoring), understanding (through
research) and prediction (through modelling) of the behaviour of the fluid Earth system and their useful applica-
tion through the provision of a wide range of services to national communities and exchange of data and prod-

ucts with the international community

resources in a rapidly globalizing world economy
(Bryan and Farrell, 1996; Kuttner, 1997; Mander
and Goldsmith, 1996; Gray, 1998&; Porter, 1998;
Soros, 1998; Yergin and Stanislaw, 1998), it has
become increasingly important to government and
industry priority-setting and decision-making that
the full range of benefits flowing from the opera-
tion of an effective NMS system be clearly docu-
mented and plainly evident to both the public and
private sector beneficiaries of its services. Over
the past decade, WMO has built substantially on
a number of earlier studies (e.g. Gibbs, 1964;
Mascn, 1966; Maunder, 1970; Freebairn, 1979)
to establish a broader understanding of bath the
methodologies and findings of research into the
valuation of meteorological services and to foster
further work in this area (WMO, 1990, 1994). Impor-
tant recent reviews are pravided by Anaman et
al. (1995, 1998), Nicholls (1996) and Katz and
Murphy (1997).

[t is important to recognize that the pre-
eminently important benefits of meteoroiogical
services in most countries are of a social nature,
relate principally to safety of life and limb, and

are targely taken for granted by the citizens of
virtually alt advanced countries. They include:

» The avoidance of the immense loss of life
that would occur, in even the best engineered
societies, If communities and individual citi-
zens had no source of advance warning of
the onset of hurricanes, typhoons, severe
storms, floods, blizzards, bushfires and other
severe weather events. While they still claim
more than 100 000 lives annually {Cornford,
1996, 1997, 1998; De and Joshi, 1998)
mostly in developing countries, there is little
doubt that this would be at least an order of
magnitude greater in the absence of the
severe weather warning systems that now
operate in virtually all countries;

=  The enormous contribution to the safety and
security of the travelling public, especially
those travelling by air and sea, through the
availability, under the overall framework of
international conventions on air transport
and safety of life at sea, of effective aviation
and marine meteorological services. While
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today's passenger aircraft and ships are
physically far less vulnerable to the elements
than those of earlier times, the numbers of
traveliers and the potential for loss of life
from a single mishap have increased dram-
atically over the past century. Every citizen
who flies in the 1990s flies far more safely
because of the coordinated global system of
meteorological services which support the
thousands of roundthe-clock decisions on
operating routes, flight plans, in-flight oper-
ations and take-off and landing procedures;

»  The ubiquitous contribution to the day-by-day
safety, comfort, enjoyment and general con-
venience of citizens through access to infor-
mation which assists in their decisions on
what to wear, where to go, what to do and
when to do it. Given the generally high levels
of skill now available in public weather fore-
casts out to at least three to five days and
the high percentage of citizens (in excess
of 90 per cent in some countries according
to surveys (e.g. Anaman and Lellyett, 1996;
American Meteorological Society, 1998))
who make use of the services, the aggre-
gate social benefit from community use of
public weather services is clearly great;

= Many other direct and indirect forms of social
benefit, including the ease of mind of having
access to the latest information on develop-
ments affecting threatened communities in
distant places, the cultural value of reliable
records of major natural events, the contri-
bution to the integrity of the justice system
from the many legal uses of official weather
records and the pleasure and satisfaction for
young and old from increased understand-
ing of the phenomena of the natural world.

While most of the most important social bene-
fits_of public meteorological services defy valua-
tion in strictly economic terms (what value a human
life?), many public good services and virtually all
those services which are of the nature of private
or mixed private and public goods also serve as
input to decisions which have direct or indirect
financiat impacts for individuals, households, firms,
industry sectors and national economies and may
thus be valued in money terms through the normal
techniques of economic analysis. The adaptation
of relevant economic concepts and methodoio-
gies to the special case of meteorological ser-
vices is described in Katz and Murphy (1997).
These include, in particular, use of the economic

theory of information value and decision-making
under uncertainty {Johnson and Holt, 1997) and
lead to the use of both prescriptive and descrip-
tive methodologies including simulation modelling
involving economic optimization (often based on
costoss ratio concepts), cost function analysis
and direct user surveys (Anaman et al., 1995).
Some of the major difficulties encountered include
those associated with the development and use
of appropriate transfer functions (e.g. crop mod-
els) to interface the meteorological information
with the economic decision process; and those
associated with scaling up from individual dect
sion situations to industry sectors and national
economies (noting that an economic advantage
for one firm based on good meteorological infor-
mation may turn out to be a disadvantage for its
competitor with, on occasions, little or no net
advantage in the sector concerned).

Studies suggest that, above a certain thresh-
old of forecast accuracy and skill which is well
below that of current state-of-the-art forecasting
systems, weather and climate information (past,
present and future) can contribute positively—
and in many cases, substantially—to economic

* benefit increased income and/or reduced costs)

in virtually all the hundred or more major economic
sectors normally recognized in national accounts.
Those for which significant benefits have been
identified include, in particular {(Freebairn and
Zilman, 1999): agricuiture; animal husbandry;
aviation; banking and financial services; commu-
nications; construction; disaster management;.
energy generation and supply; environmental
protection; fisheries; food production; forestry;
heaith and medical services; insurance; legal
services; teisure; manufacturing; maritime trans-
port; offshore operations; port and harbour man-
agement; retail; sport; tourism; urban planning;
and water resource planning and management.

The most comprehensive and quantitative
assessments have been carried out in the key
sectors of:

= Agriculture and animal husbandry, where sub-
stantial economic benefits are available from:

- Avoidance of crop losses due to protec-
tive or pre-emptive action in the face of
expected threatening weather (frost, hail,
rain, wind, flood};

- Protection of newly born ¢r newiy shorn
sheep from cold snaps or other extreme
weather events,
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- More efficient scheduling of time, man-
power and machinery in planting, manage-
ment and harvesting of crops in the light of
forecast weather and climate information;

- Efficient use of climatological probability
information in crop selection, irrigation
system design and investment in drought
protection measures,

- Increased production and sales from opt-
mum use of fertilizers, pesticides, etc in
the light of forecast weather conditions;

Aviation, especially national and international
regular public transport, where major operat-
ing cost savings are available, relative to the
nometeorologicakinformation situation through:

- Reduced fuel consumption as a result of
selection of optimal flight paths to take
advantage of forecast head or tail winds, etc.,

- Reduction in the fuel consumed in carrying
additional fuel to cover the risk of diversion
to alternate terminal airports, given reliable
forecast of terminal weather conditions;

- Minimization of the substantial costs {e.g.
for overnight hotet accommodation for pas-
- sengers) resulting from diversions due to
terminal weather conditions;

- Improved scheduling of fiight arrival and
departure in the light of observed and fore-
cast weather conditions;

Disaster reduction where, in addition tc the
enormaus social benefits associated with
the minimization of injury and foss of life,
effective meteorological services permit
major cost savings to individuals, organiza-
tions and governments through:

- Minimization of damage costs from wind,
rain, hail, fire and flood as a result of
emergency preparedness measures put in
place on receipt of hurricane or other
severe weather warnings;

- Minimization of search and rescue costs
and of international aid and rehabiiitation
costs of affected communities,

- Saving of the costs of deploying emergency
management {e.g. bushfire fighting) staff and
facilities in forecast no-danger situations,

- Minimization of the costs of drought relief
and recovery through effective stocking
policies and optimal use of relief aid in the
light of specific climate monitoring and
forecast services.

The several hundreds of valuation studies
conducted in these and other sectors such as
tourism, mining, waterresources management
and offshore operations, confirm the existence
of actual or potential economic benefits far in
excess of the total cost of operation of the NMS
system, often even from a single sector alone.
Benefit-cost ratios for individual services range
from of the order of 2:1 up to many hundreds to
one {Katz and Murphy, 1997). -

Despite these large direct economic bene-
fits available to individuals, firms, sectors and
national economies from meteorological sgrvices
supplied on a provider-customer basis in a mar-
ket or quasimarket environment, by far the lar-
gest economic benefit still accrues to nations
from the sum of the benefits of all the economic
decisions by individual members of the commu-
nity on the basis of the universally available public
weather service. Quite apart from the economi-
cally unquanitifiable social benefits associated
with increased public safety and security, some
useful methodologies have been developed {(e.g.
Walsh, 1979; Anaman and Lellyett, 1996} for
economic valuation of public good meteorologi

 cal services. Their application suggests an aggre-

gate economic value of the public weather service
far in excess of the total cost of both the service
itself and the entire national infrastructure which
supports it. Formal benefitcost assessments of
increased expenditure on improved service pro-
vision (e.g. Chapman, 1992} provide compeling
evidence for an increased level of investment in
even the most advanced Services.

Notwithstanding the much greater integra-
tion of economic and environmental values over
recent years, particularly since the Rio Earth
Summit in 1992, the potential benefits of meteo-
rological services to sound environmental man-
agement are so significant as to warrant sepa-
rate consideration in any national balance sheet
of the henefits and costs of maintenance of an
effective national meteorological service system.
The most obvious environmentat benefits from
meteorological services include:

«  The capability for consistent longterm mon-
itoring of some of the most basic indicators
of the state of the environment,

« Contribution to the minimization of release of
toxic substances and other pollutants into
the atmosphere, ocean and inland waters,

»  FEffective management of local environmen-
tal quality by control of emissions on days
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of forecast high air polluEion potential and
the lke;

« The gbservational and scientific basis for
addressing major global environmental issues
such as stratospheric ozone depletion and
human-induced climate change.

In the 1960s, Kingsland {1964) and Mason
{1966) offered preliminary estimates of the overall
economic benefit-cost ratio for NMSs of the order
of 10:1 to 40:1. Notwithstanding all the difficulties
and uncertainties involved, the substantial body of
research by the meteorological and economics
communities over the past three decades (e.g.
Teske and Robinson, 1994) provides no basis for
reducing these early estimates. All things consid-
ered, a conservative estimate for the significantly
improved meteorological services of the 1990s
(Zillman, 1997(b)} would suggest an overall benefit-
cost ratio for an effectively operating NMS system
of at {east 20:1.

The need for an official service

In addition to the fundamental public good ration-
ale for governments having assumed responsibit-
ity for funding the provision of the essential ele-

“ments of the NMS system, there have been three
powerful reasons why, historically, governments
have accepted resp0n5|blllty for the gmwsm n of
an official NMS:

»  First, the need for a high level of standardi-
zation and long term continuity in the obser-
vational networks which provide the commen
data needed both to secure a homogeneous
and high quality national climate record (suf-
ficiently reliable, for example, to detect and
map very slow long-term changes of climate
due to the enhanced greenhouse effect) and
to support operational forecast and warning
services for civil and defence aviation and

- other purposes which can impact critically
on the safety of life and property;

e Second, the need to ensure the highest lev-
els of professional integrity and objectivity
in the preparation of the forecasts which
bear on safety of life and property, based on
full cooperation from all possible providers
of data and avoiding the competition that
would lead inevitably to the withholding of
vital data and/or the provision of danger-
ously confusing information to the public,
especially in life-threatening situations; and
to ensure the existence of a single authort

tative source of warning information as a
basis for coordinated preparedness action
in potential disaster situations; and:

¢ Third, the need for a single authoritative
source of internally consistent information
and advice to meet the country's interna-
tional obligations under intergovernmental
conventions governing the provision of
meteorological support for the safety, regu-
larity and efficiency of international air navi-
gation and the safety of life at sea.

With the increasing dominance of market
economies in both the developed and developing
world (Bryan and Farrell, 1996), these considera-
tions apply with more force now than ever before.
It is essential to recognize that market forces will
not provide, and user pays regimes will not sup-
port the maintenance of, the longterm high-
quality data-collection and processing infrastruc-
ture needed o ensure the professionally sound
and reliable meteorological services which
modern communities demand and future genera-
tions are entitled to inherit. Neither, in an increas-
ingly litigious world, will the private sector be in a
position to accept the consequences of commu-
nity recrimination for deficient or erroneous. fore--
casts and warnings resulting from the level of
infrastructural underpinning and professional
competence that would result from. the operation
of market forces alone.

Legal and institutional basis

The legal basis for operation of NMSs varies
widely among countries. Some NMSs are formally
established under national laws (acts of parliament,
presidential or royal decrees, etc.) specific to
meteorclogical service provision, some are based
on the provisions of relevant sections of other
laws (e.g. on civil aviation or defence), some are
established and empowered by regulaticns or
other subsidiary forms of legisiation and some are
simply established by administrative decision of
the government of the day. In several countries,
the basic legal charter of the NMS sets out its
mission, functions and pawers in considerable
detail. In others there is just a brief outline of its
purpose and core functions and responsibilities on
deparfmental files.

Institutionally, some NMSs operate as self-
contained statutory agencies reporting directly to
ministers, prime ministers or presidents but hav-
ing a high level of operational autonomy and free-
dom from day-to-day political or bureaucratic
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control. Others are themselves constituted as
departments of state reporting to rministers or
their equivalents in non-ministerial systems. Still
others are established as parts of departments,
quasi-autonomous departmental outriders or sep-
arate agencies. In a few cases, former NMSs
have been re-established as corporations operat-
ing under standard company legislation and pro-
viding services under contract to government.

Terminology

Although both the concept and the terminology
have been well established for a long time, and
the original 1947 text of the Convention of the
World Meteorological Organization (WMO, 1990)
includes several references to the Meteorological
Services of Member States, there is no widely
accepted definition of a National Meteorological
Service. Established WMO usage refers to
national Meteorological Services {responsible at
the national level for meteorclogy}, national
Hydrological Services (responsible at the national
levet for operational hydrology} and national
Hydrometeorological Services (responsible at the

. national level for meteorology and operational

hydrology} with abbreviations as follows:

*  NMS—nationai Meteorological or Hydrome'- |

teorological Service;
*  NHS—national Hydrological Service;

*  NMHSs—national Meteorological and
Hydrological Services.

The Internationat Meteorological Vocabulary
(WMO, 1992) defines the term “meteorclogical
service” as “National or regional technical scientific
and administrative organization whose activities
are concerned with the different theoretical and
practical branches of metecrology” and identifies
“meteorclogical institution”, “meteorologicat office”
and "weather bureau” as acceptable synonyms.

For the purposes of this paper, a useful working
definition of the NMS is “an organization established
and operated primarily at public expense for the pur-
pose of carrying out those meteorological and
related functions which governments accept as a
responsibility of the State in support of the safety,
security and general welfare of their citizens and in
fulfilment of their international obligations under the
Convention of the World Meteorological Organization”,

The purpose and role of an NMS

The WMO Fourth Lang-term Plan (WMO, 1996}
points out that the ultimate purpose of all NMHSs
15 to contribute to the economic and social bene-

fit and welfare of their communities. The purpose
_of an NMS may thus be defined in terms of its con-
tribution to the following fundamental national goals:

»  Reduction of the impact of natural disasters;

s Economic development and prosperity of
primary, secondary and tertiary industry;

»  Safety of life and property;
» National and international security,

»  Preservation and enhancement of the
quality of the environment;

»  Community heatth, recreation and quality of iife;

« Efficient planning, management and opera-
tion of government and community affairs;

»  Provision for the information needs of future
generations;

e  Advancement of knowledge and understand-
ing of the natural systems of the planet.

According to the Fourth Long-term Plan, the
most important role of most NMHSs on a day-to-
day basis is to provide weather and climate infor-
mation, and forecasts and warnings of severe
meteorological and hydrological events, and to
ensure the assessment and forecasting of the
guantity and quality of water resources. As the
weather systems of the world are always interac-
tive, no one country can be fully self-sufficient in
providing for all of its meteorological services.
The national networks of meteorological stations
are integrated into a globat weather and climate
observing network under the framework of the
WMO World Weather Watch and the Global Cli-
mate Observing System. Thus, in carrying out
their day-to-day functions in support of national
economic and social activities, NMHSs serve
both the interests of their own citizens and those
of the wider global community.

The most important role of NMHSs mn aiding
longer-term national planning for sustainable
development is the collection, archival, interpre-
tation and application of climatological, hydrolog-
ical and related information. This role is a rapidly
growing part of the work of numerous NMHSs
and WMO has developed specific guidelines to
assist them in enhancing their contribution to the
goals of sustainable development (WMO, 1993).

Mission and functions

The overall mission of a modern integrated NMS,
operating within the international framework of
WMO, is to observe, understand and predict the
weather and clhmate of its country and to provide
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meteorological and related services in support of
its national needs and international obligations. It
is thus involved in an essentially five-fold mission:
monitoring; research; modelling; service provi-
sion; and internationai cooperation.

Although each country must be expected to
design its NMS in support of its mission according
to its own national needs and circumstances and
its allocation of other meteorologydinked functions
among its own particular combination of public and
private sector agencies, there are many basic
functions which have, historically, been common
to almost all NMSs, irrespective of size, economic
system, geographical region and state of devel
opment. The usual basic functions of an NMS of
a Member country of WMO may be summarized
as follows:

e The planning, implementation, operation and
maintenance of surface and upper-air observ-
ing networks over its territory;

e The provision and maintenance of systems
for the collection and quality control of the
observational data and their processing for
the provision of reaHtime weather, climate
and related environmental services, assem-
bly of the national climate record and sup- -
port of meteorological research; o

« The advancement of meteorological science
and technology and the development and
improvement of its own operations and ser-
vices through supporting research and
development;

«  The provision and operation of meteoroog
cal prediction models and systems appropri-
ate to its geographical region of responsibility;

»  The provision of a range of weather information,
forecast and warning services to the commu
nity at large, mainly through the mass media;

»  The provision, on either a public interest or
“user pays” basis, of a range of user sector-
specific operational meteorological services,
through the mass media and other channels,
to such major user groups as agriculture,
shipping, aviation and national defence;

»  The provision of meteorological support to
related environmental services such as hydro-
logical forecasting and air quality protection;

o  The maintenance of a national climate
archive and the provision of climate data
and climate monitoring and prediction
services,

P S

*  The provision of advice on meteorological
matters, as a basis for government policy
formulation, and for other purposes, to other
government agencies and to its national
community;

¢ The education of its national community on
weather and climate processes and issues
and in the beneficial use of meteorclogical
and related services;

s  The fulfilment of its obligations under the Cen-
vention of the World Meteorological Orga-
nization and the furthering of its national
interests by participation in the programmes
and activities of WMO.

Associated with these basic functions, and
carried out to varying extent by almost all NMSs,
is a range of other supporting activities which may
be managed as an integral part of the operations
of the NMS or may be provided from external,
including international, sources such as:

»  The provision and operation of telecommu-
nications systems for ensuring prompt and
reliable national and international exchange
of NMS data and products;

e The training of specialist meteorological
staff for NMS operations;

«  The operation of supporting information tech-
nology facilities; '

s The publication of meteorological reports
and bulletins;

»  The maintenance of a national meteorologi-
cal library of data and scientific publications.

The practice varies widely amongst countries
in respect of the extent to which the NMS is also
assigned national responsibility for monitoring,
research and service functions in the related envi-
ronmental/geophysical disciplines of oceanography,
hydrology, seismology and ionospheric physics.
Several NMSs also operate as, or include within
their meteorological responsibilities the functions
of, National Oceanographic Services (NOSs). Some
50 or more NMSs also include hydrological (espe-
cially flood forecasting and warning) responsibilities
and some are also responsible for seismological
monitoring and prediction. These arrangements
need to be understood in terms of the provisions
of the Convention of the World Metecrological
Orgarization, under which WMO is responsible for
operational hydrology within the UN System (com-
plementing UNESCO's responsibitity for scientific
hydrology) and shares the international responsiti-
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ity for operational oceanography with the 10C (intes-
governmental Oceanographic Commission) of
UNESCO but has no explicit formal responsibility,
at this stage, for seismology or ionospheric monk
toring and prediction.

Concept of operation

The basic concept of aperation of an NMS is sum-
marized schematically in Figure 4 in terms of the
essential components of its mission, which mir-
ror the integrating framework of Figure 3. Figure
4 depicts, in particular, the central role of the
basic observational, data-processing and model-
ling infrastructure in providing a common core of
information on which virtually all the services and
other outputs of the NMS (including research
findings and data and products for international
exchange} depend. In this representation, the sup-
parting component of research and other unallo-
cated common internal support activities, such
as personnel, property and financial services,
may be grouped separately or notionally atirip-
uted on a pro rata basis to the various services
and other outputs. Alternatively, but equivalently
in terms of its implications for cost attribution,
the basic infrastructure may be viewed as pro-

* yviding the foundation for a range of services and
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Figure 4 — The concept of operation of a national Meteoro-
jogical Service with an integrated monitoring-
research-modelIing-:,ervice-inlcmational mis-
sion. The basic national meteorological data
collection, processing and modelling infrastruc-
ture serves as 4 COMMOn core on which all the
services and other outputs of the NMS are
based. In this model of the operation of an
NMS, the peneral munagement und other sup-
purt cosis ae notinnally attributed prooats
aCriss the outputs. -

other outputs {including the research and interna-
tional outputs) with supporting research and
other support activity costs attributed pro rata
across the outputs as shown on the left side of
Figure 5. The right side of Figure 3 depicts a
different approach, in which the basic infrastruc-
ture and the incrementally costed services,
research and international exchange activities
are regarded as a separate set of outputs with
the general support costs attributed pro rata -
amongst them for output budgeting purposes.

The overall concept of operation depicted
schematically in Figures 4 and 5 is elaborated in
more operational terms in Figure 6. As shown
schematically in Figure 6, the operation of an
NMS is based on an array of observational net-
works and systems (both surface- and space-
based) to obtain information on the current (“initial”)
state of the atmosphere and the underlying land
and ocean. This information is collected rapidly
through a variety of communication systems and,
together with similar information from overseas,
is used by National Meteorological Centres (many
of which nowadays run some form of computer-
based prediction model} to produce forecast pat-
terns of the main meteorological variables out t0
a week or more in advance. These are then used
by the Nationa! Meteorological Centre itself, or
distributed to decentralized forecasting offices,
to support a range of information, forecast and
warning services to the community at large and
to the various major user groups. They are also
usually made readily accessible to private sector
providers of specialized services to individual
customers.

In parallel with these “real time” operations
and services, the basic data are channelied
through guality control and other processes into
the nonreaktime part of the NMS, whase princi-
pal task is to produce and maintain the national
climate data archive as the basis for a wide range
of climate services, including services to the in-
house and external research communities. Increas-
ingly, thanks to modern information technology,
the distinction between traditional realtime and
non-realtime activities of the NMS are disappear-
ing as NMSs implement fully integrated data-
pracessing systems and engage in the “seam-
less” provision of a wide range of interdependent
weather and climate services,

Monitoring and modelling

The role of the NMS as the national authority for
long-term monitoring of the state of the atmos-
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phere is of fundamental importance and is well
established in most countries. It is essential,
both to the integrity of the national climate _
record and the contribution which each country
makes to integrated global observation of the
atmosphere (Figure 7) under the WMO World
Weather Watch (Figures 8 and 9), that the moni-
toring function be carried out to the highest

¢ infrastruciure (here treated as an end in itself) and the incremental outputs (right)

standards using observational practices and
measurement techniques which conform to
agreed international standards. itis usual for
national observing networks to serve, as far as
possible, the totality of national needs with
essentially the same data being processed into
the climate record as are used for operational
forecast and warning and advisory services.
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Some countries employ a basic multipurpose
network configuration with additional, more spe-
ctalized networks for particular purpeses such
as aviation, agriculture, etc. Others also maintain
a limited number of higher-quality chmatological
stations for benchmark purposes and to detect
possible long-term trends in climate. Most coun-
tries employ a much larger network of opera-
tonal rainfall stations for climate purposes than
are normally available for real-time monitoring.

The routine national monitoring networks
operated by an NMS usually consist of:

« A small set of full synoptic and upper-air sta-
tions staffed round-the-clock and providing
two or four times daily upper-air and hourly
or haff-hourly surface synoptic observa-
tions. These are often collocated with
weather watch radar facilities;

*  Alarger network of surface synoptic sta-
tions operated on either a volunteer or
contract hasis, usually by non-NMS staff;

*  Amuch larger network of rainfall stations
usually maintained on a volunteer basis,

*  Anumber of special purpose observations
or networks (solar radiation, azone, otc))

operated either by NMS or other collaborat-
ing or contract staff;

with each of these contributing to the appropr-
ate compenent of the Global Observing System
of the World Weather Watch {Figure 8).

The data-processiitg and numerical model-
ling role of the global network of National Meteo-
rological Centres (Figure 8} and the communica-
tion channels through which they collect and
disseminate their data and products simitarly
serve as basic components of the World Weather
Watch Global Telecommunication System and
Global Dataprocessing System (GDPS). The GDPS
is made up of the data processing and modelling
(NWP) functions of the three-tiered system of
World, Regional/Specialized, and National Meteo-
rological Centres shown in Figure 9.

Research

The extent to which the national research role in
atmospheric science is integrated within the
NMS varies from country 1o country. Although
the scientific basis for meteorological service
provision makes it virtually essenhal that the

" MMS maintan some suppcerting research cagamik
Ity in arder to contirue to develap and improve
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Figure 8 — The Surface Observing Network of the Global Observing System of the World Weather Watch, based on some
10 000 synoptic stations operated by WMO Members

its services, some countries also maintain sepa-
rate national meteorological research agencies,
including meteorology departments in universities,
which interface with the NMS in the provision of
strategic research support for NMS operations
and services. One of the substantial advantages
of the integrated research-service model of oper-
ation of an NMS is the greater flow-through of
staff from research to services and vice versa
and the resulting more effective translation of
scientific progress into service improvement. In
those countries where the integrated model has
been adopted, the NMS is usually more likely to
be seen as a significant part of the national
scientific infrastructure.

The dual thrusts of the NMS research mis-
sion may conveniently be reflected in the charter
of its research arm, where it exists, through
identification of the separate objectives of:

»  Advancing the scientific understanding of
weather and climate; and

*  Supporting the internal operations and ser-
vices of the NMS.

arises in those countries which maintain a large
multidisciplinary government-funded research
agency is how to manage the domain of inter-
section between the NMS, as a monitoring,
research and service provision agency specializ-
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Figure 9 — The giobal network of National, Regional/Specialized and World Meteorological Ceatres of the WMO World
Wearther Watch and the relevant communications links of the World Weather Wateh (Global Telecommunication

System
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One of the more problematical issues which
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Figure 10 — A useful model for the division of research
roles between the national Meteorological
Service and the national multidisciplinary
environmental research agency

ing in meteorotogy (and closely related oceanog-
raphy and hydrology) and the muitidisciplinary
research agency which operates right across
oceanography, meteorology, hydrology and other

- disciplines but extends only slightly into the domain

of routine monitoring and service provision. A con-
ceptual model for the division of responsibility
found useful in some countries is shown schemat-

ically in Figure 10. Under this model, the NMS
concentrates its research effort near the appiied
end of the research spectrum with only a limited
involvement in fundamental research. The muiti
disciplinary research agency, on the other hand,
concentrates its effort at the fundamental end of
the meteorological research spectrum with a
much smaller amount of applied research and
development. An interagency coordination mech-
anism is usually needed to manage the interac=
tions and joint activities at the interface.

Service provision

The NMS is best known, in most countries, for
its role as the provider of a wide range of ser-
vices to virtually all sectors of the community. lts
services focus on the provision of information on
the state of the atmosphere (weather, climate
and, in several countries, air quality} and, to a
lesser extent, the state of the underlying ocean
and inland waters. These fall into five broad
groups {Figure 11}

»  Provision of information on past conditions
from the historical record;

«  Provision of information on the current state
~ of the atmosphere, ocean or surface water;

¢ Provision of forecasts of future conditions,
especially warnings of severe weather and
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climate events, including possible future
humarinduced climate change;

s Provision of advice on meteorological, hydro-
logical or oceanographic science and its
application to community needs, and

»  Conduct of investigations into specific scien-
tific problems of the atmosphere, ocean or
inland waters.

The boundary between what are colloquially
referred to as “weather” and “climate” services
is samewhat arbitrary and is located differently
in different countries. Air pollution monitoring
and forecasting is normally of greatest interest
on “weather” time-scales but fong-term trends in
air quality are of central importance to the deter-
mination of future patterns of global and regicnal
climate on decade to century time-scales.

While the range and organization of serv-
ices provided varies greatly from country to
country in response to national needs and capa-
bilities, there are several basically important
services which are given priority by most NMSs.

Severe weather waming services

In most countries, especially those which are
subject to frequent natural hazards such as hur-
ricanes, typhoons, tornadoes, severe storms,
floods, droughts and bushfires, the provision of
reliable severe weather warning services is
regarded as the highest priority function of the
NMS. In many countries, it is seen as the
primary rationale for its existence and, in
particular, for its operation as a publicly funded
arm of government.

Aithough, worldwide, the annual loss of fife
from natural disasters of meteorological origin
may frequently exceed 100 000, with economic
losses of more than USS 100 hillion, increasing
rapidly in recent years under the influence of
risMg population density on coasts, flood plains,
and other disaster-prone areas, there is com-
pelling evidence that these losses would be far
higher—prabably an order of magnitude or
more—were it not for the preparedness and
disaster-reduction action made possible by the
provision of early warning information from the
NMSs of the affected countries.

The warning services operated by NMSs
span a wide range of natural and human-induced
hazards {De and Joshi, 1998; Saltbones and
Nielsen, 1998; Zilliman, 1999) including watch
and/or warning services for:

«  Severe weather phenomena

- Blizzards and winter storms

- Fire weather (forest-, bush- and grass fires)

- Gale-, storm- and hurricane-force winds;

- Sand- and duststorms

- Severe thunderstorms (hail, lightning,
squalls, damaging wind gusts)

- Snow (snowstorms, blowing snow, Snow-
squalls, whiteout)

- Tornadoes and waterspouts

- Tropical cyclones (including hurricanes-
and typhoons)

- Turbulence

¢  Other hazardous weather conditions
- Cold snaps (cold waves, frosts, road, river
and lake ice)
- Fog and low cloud
- Freezing rain and drizzle, sleet
- Heat waves
- UV-B radiation exposure

«  Air quality hazards
- Acid rain
- Radioactive fallout
- Poisonous gas release
- Smoke haze
- Urban air pollution (brown haze, smog} .
- Volcanic ash

e  (Climatic hazards
- Crop diseases
- Drought
- Pest invasions (grasshoppers, mice, etc.)

»  Marine hazards

- Currents (rips and other dangerous
currents)

- lcebergs

- Sea ice {pack ice and fast ice)

- Storm surge

- Tsunami

- Waves and swell

»  Hydrological hazards
- Algal outbreaks (fow flow conditlons)
- Erosion and landslides
- Flooding (including flash flooding)

Of course, not all countries are subject to all
of these hazards and the warning role of the NMS
must be tailored to the particular needs and wiiner-
abilities of the country or region concerned. The
design and operation of the warning systems must
also draw on a2 wide range of other national organ-
izations and disciplines. t is particularly important
that the warning system operates as an integral
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part of a total national counter-disaster system
(Zillman, 1999} and that the meteorological and
hydrological waming service is embedded within the
broader public weather service to the community
to ensure a high level of responsiveness and essert
tial consistency of official advice in lifethreatening
situations. Although some countries allow the pub-
lic dissemination of conflicting public weather fore-
casts through the mass media, virtually all count-
ries insist on the public dissemination of only one
official warning service to avoid community confu-
sion and ensure the most effective preparedness
action possible in potentially life-threatening situa-
tions. The declaration of the Potsdam Early Warn-
ing Conference {EWC, 1998) stressed that “early
warning must be tailored to serve people’s needs,
their environments, and their resources. Success-
ful early waming requires unrestricted access to data
that are freely available for exchange. Utimately,
all resuling information must be credible, and emanate
from a single officially designated authority.”. In all
countries, the enlistment of the mass media as an

. essential partner in the operation of the warning
system is of critical importance to its effective-
ness in reducing the toll of natural disasters.

The actual operation of the warning system -

can be regarded as involving a number of fairly
well defined elements as follows (Figure 12):

s Data collection;

*  Routine monitoring;

+ Hazard detection (including detection of
environmental conditions conducive to
hazard genesis),

* Hazard prediction;

e  Watch and warning formulation;

» Information dissemination;

e Community response and feedback; and..
Postdisaster support.

Organizationally, these may be integrated
into the daily routine of the National Meteaxolog-
cal Centre or Regional Forecasting Office or, in
some countries, specialized warning centres may
be established with national watch-andwarning
responsibility for one or more groups of severe
weather phenomena.

A prerequisite for the effectiveness of a
warning service is a high level of awareness of
the threat and appropriate response action on
the part of the threatened community. NMSs
have a vital role to play in educating the national
communities on the nature and extent of the
threat of severe events and the optimum pre-
paredness and response measures, including,
especially, how to make best use of the informa-
tion provided through the public warning service.
This is particularly important in those countries,
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mostly in the tropics, where the frequency of nat-

ural hazard occurrence is usually fairly low. Sig- )

nificantly, however, it is often those countries
which experience severe events very rarely that
are most vulnerable when they do occur.

Public weather services

In virtually every country in the world, the most
publicly visible face of the NMS is the routine
public weather service distributed to the commu-
nity at large through the mass media, often supple-
mented by a variety of individual user-access
arrangements. The public weather service usually
consists of a set of current weather information
{maximum and minimum temperatures, rainfall, etc.,
over the past 24 hours), a description of the cur-
rent and forecast synoptic charts, and a set of
forecasts and warnings extending out to one to
10 days, depending on the skill levels achievable.

The emphasis given to the different delivery
systems varies greatly from country to country
but virtually all rely heavily on the cooperation of
the print and eiectronic media. Following the for-
mal establishment of the WMO Public Weather
Services Programme in 1991, increasing empha-
sis is being given in many countries to the con-
cept of a public interest partnership between the
NMS and the mass media in meeting an important
community need (WMO, 1996(b}}. Some countries
have established formal agreements between the
NMS and media organizations which specify the
general practices and standards to be observed
in communicating the information to the commu-
nity. Communities are generally intoierant of con-
flicting weather information in weather-sensitive
situations and NMSs find themselves under con-
siderable pressure to find ways of ensuring con-
sistency of output between media outlets. The
concept of an “official” public weather service is
especially important in this regard.

Beyond the mass media, a range of other
defivery mechanisms such as dialin facsimile and
recorded telephone messages, play a key role in
getting pertinent information to those in need.
Qver the past few years, the internet has emerged
as a major source of weather information for a
wide range of users complementing such special-
purpose communication systems as weather radic
and television weather channels which operate in
several countries.

Marine weather services

One of the most important roles of the NMSs of
rmaritime countries is the provision of marine

meteorological and related oceanographic ser-
vices in support of the safety of shipping and
other offshore activities. In addition to current,
wind, wave and weather conditions and forecasts
and warnings of gales and other severe weather
conditions for coastal waters in support of the
safety of fishing, coastal transport and pleasure
craft, which are provided by virtually all maritime
NMSs on a public interest basis, many NMSs also
fulfil their national obligations accepted by Con-
tracting Governments to the International Conven-
tion for the Safety of Life at Sea ((SOLAS), 1974)
and its subsequent amendments and revisions.
Under SOLAS, which, in its original form, was
created in the aftermath of the Titanic disaster,
the Contracting Governments undertake to
encourage the collection of meteorological data
from ships at sea and to cooperate in carrying
out a number of important activities in support of
the safety of marine navigation. These include:

» Warning ships of gales, storms and tropical
cyclones by the issue of information in text
and, as far as practicable, graphic form,
using the appropriate shore-based facilities

for terrestrial and space radiccommunica-
tion services; '

* |ssuing, at least twice daily, by terrestrial
. and space radiocommunication services, as

appropriate, weather information suitable
for shipping containing data, analyses, warn-
ings and forecasts of weather, waves and
ice. Such information is transmitted in text
and, as far as practicable, graphic form,
including meteorological analysis and prog-
nosis charts transmitted by facsimile or in
digital form for reconstitution on board the
ship's data processing system;

*  Arranging for a selection of ships to be
equipped with tested marine meteorological
instruments ... and taking, recording and
transmitting meteorclogical observations at
the main standard times for surface synop-
fic observations ...;

¢ Arranging for the reception and transmission
of weather messages from and to ships
using the appropriate shore-based facilities
for terrestrial and space radiccommunica-
tion services, '

»  Endeavouring to obtain a uniform procedure
with regard to the international meteorologi-
cal services already specified, and, as far
as practicable, to conform to the technical
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regulations and recommendations made by
WMO, to which Contracting Governments
may refer, for study and advice, any mete-
orological question which may arise in
carrying out the Convention.

National obligations under the 1988 Amend-
ments to SOLAS for the Global Maritime Distress
and Safety System (GMDSS) are met under the
auspices of arrangements developed through the
WMO marine broadcast system for the GMDSS.
Under this system, forecasts, warnings and syn-
optic and other meteorological reports are pre-
pared by specified individual NMSs and dissemi-
nated by a smaller group of NMSs which have
accepted responsibilities for defined ocean areas
{Figure 13). The defined Metareas are identical
to the IHO {International Hydrographic Organiza-
tion) Navareas for the dissemination of naviga-
tional warnings, with which the meteorological
forecast and warning services are fully coordinated.

Aviation weather services
As with shipping, there are two major groups of

- users for aviation meteorological services: the

domestic aviation industry and international civil
aviation. Domestic aviation requirements cover
the needs of both high-level regular public trans-
port and general aviation and are usually pro-
vided under the terms of domestic aviation legis-
lation. Meteorological services in support of
international civil aviation must be provided within
the framework of the Chicago Convention on
International Civil Aviation, which requires, inter

alia, that each country/State will provide, in its
territory ... meteorological services ... to facil-
tate international air navigation in accordance
with the standards and practices recommended
or established ... pursuant to the Convention. in
particular Annex 3 to the Chicago Convention:

»  Provides that the objective of meteorologk
cal service for international air navigation
shall be to contribute towards the safety,
regularity and efficiency of international air
navigation;

«  Provides that this objective shall be aghieved
by supplying operators, flight crew members,
air traffic service units, search-and-rescue
units, airport managements and others
concerned with the conduct or development
of international air navigation with the metec-
rological information necessary for the per-
formance of their respective functions;

» Requires each contracting State to deter-
mine the meteorological service which it will
provide to meet the needs of international
air pavigation;

'« Requires each contracting State to designate
~ the authority, referred to as the meteorolog-
ical authority, to provide or to arrange for
the provision of meteorological service for
international air navigation on its behalf.

In many, but by no means all, countries, the
NMS has been formally designated as the meteo-
rological authority for the purposes of the Chicago
Convention. Int others, the national aeronautical
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authority is itself the designated meteorological

authority but arranges with the NMS for the pro-

vision of the required services. In a few other
countries, however, a self-contained aviation
meteorological service exists separately from
the NMS but usually draws on basic information
and products prepared by the local NMS as
well as internationally provided products from
the two World Area Forecast Centres (WAFCs)
of the World Area Forecast System (WAFS) in
Bracknell and Washington.
in both its domestic and international roles,
the NMS (or other provider) is involved in produc-
ing a range of terminal (Figure 14), en route and
area forecasts of meteorological conditions includ-
ing significant weather information for wide distrt-
bution through aeronautical communication chan-
nels. At both the national and international levels,
the provision of the aviation meteorological ser-
vice is essentially incremental to, and often inte-
grated with, the public weather service with the
same staff in the same offices often engaged in
provision of both services. In a decreasing num-
ber of countries, the NMS maintains a number of
special purpose airport meteorological offices
for local forecasting and pilot briefing purposes.
~ In other cases, the NMS aviation meteorological -
- unit may be collocated with air traffic control or
in the operations centres of individual carriers.

Defence weather services

Both historically and currently, meteorologicat
services represent a critically important input to
the operations of all three arms of the national
defence force. Although, in several countries, the
armed services maintain their own meteorological
support services, in many others, the NMS is
charged with providing meteorological services in
support of air force, navy and army requirements.
In some cases, NMS personnel on air force bases
maintain their civilian status while, in others, they
semve in uniform. Naval tradition normally requires
uniformed meteorological staff at sea although
many former separate defence weather services
- are making use-of the economies of scope and scale
achieved from providing essential meteorological
services directly from the NMS. Historically, special
arrangements are put in place in times of war. -

Climate services

Except for a smali number of countries where the
national climate responsibility has been separated
from the weather service, the provision of climate
data, information, monitoring and prediction ser-

vices is becoming an increasingly important and
highly visible function of the NMS. Many countries
operate national climate centres which channel the
observational data collected for reaHime forecast-
ing purposes into a quality control and archival pro-
cess, which then provides the database for an
increasing range of climate-data services in support
of planning, design and operational management
in the rural, industry and various other sectors.

The international research effort into the
mechanisms of climate over the past two decades
since the establishment of the World Climate
Research Programme (WCRP) has provided the
scientific foundation for a vastly expanded and
more proactive role for the NMSs of all countries
in providing socially, economically and environ-
mentally valuable information on current and
future climate patterns fo their national communi-
ties. Particularly within the framework of the
WMO CLIPS (Climate Information and Prediction
Services) initiative and drawing on the output of
international climate monitoring and modeiling
centres within an operational framewark akin to
the operation of the WMO World Weather Watch
on weather time-scales, many NMSs are now
operating effective systems for the wide dissem-
ination of monthly and seasonal to interannual
climate forecasts in forms that are directly valu-
able to farmers, pastoralists, waterresource
managers, governmental planners, financial ser-
vices organizations and many others. There is
jitle doubt that the NMS role in the provision of
climate services, appropriately integrated with
its more widely known role in the provision of
public weather services, wilt be one of the most
dramatic growth areas over the next decade. It
will be important that NMSs work closely with
the potential user communities, as well as with
other government agencies providing related
services, to ensure that the full potential benefits
from their emerging capabilities flow on to both
individual users and the overall sectoral and
national economies,

Another vitally important dimension of the
climate services role of the NMS is the provision
of scientifically sound advice to governments and
national communities on the basis for, and evi-
dence of, humandnduced long-term climate
change. The NMS has a particular responsibility
to provide an effective conduit to its national
policy community for the scientific findings of the
WMO-co-sponsored Intergovernmental Panel on
Climate Change (IPCC) which was established in
1988 to provide objective assessments of the
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science, impacts and possible response meas- .
ures for humaninduced climate change. ' .

Environmental services

- In one important sense, all meteorological ser-
vices must be regarded as environmental ser-
vices in that they deal with the monitoring, under-

domestic aviation.

standing and prediction of the state of the most | e

fragile and pervasive component of the human

environment. In the narrow sense of services in .

support of environmental protection objectives,

the environmental role of the NMS may be char- .

acterized in terms of three main functions span-

ning a wide range of activities as follows: .

Support for poliution abatement and control

Support for nature conservation

Air pollution forecasting

Modelling of the atmospheric transport of .
contaminants

Support for the management of marine oil

spilis .

Provision of advice on appropriate times for
operation of pollution emitting facilities
Provision of wind- and solar-energy records
for research into alternative energy sources
State of environment reporting

Clirnate forecasting for improved fand
management

Drought monitoring and forecasting
Vegetation monitoring and modelling
Water-resources assessment

T Ay

Floodplain management
Beach protection

~ Input of climate conditions into landuse
- policy development. '

Support for national participation in global
environmental issues

Advice on the science and potential impacts
of climate change

Advice on the role of climate variability in
desertification

Advice on the behaviour of the stratospheric
ozone layer

Advice on the characteristics and behaviour
of Ef Ninc and other global climate anomalies
Contribution to global environmental moni-
toring,

Operation of climate change detection
networks as part of its integrated observa-
tional role -

Input to refevant international fora and
programmes such as the IPCC, Commission
for Sustainable Development, United
Nations Environment Programme and the
Conference of the Parties to the Framework
Convention on Climate Change.

In some countries, the responsibility for all

of these functions and activities sits alongside
that for the conventional NMS functions in a
single “meteorological and environmenlal protec-
tion" agency, albeit the environmental, regulatory
and enforcement roles are usually organizatior-



ally separate from those associated with the more
traditional NMS role.

More usually, however, the meteorologicat and
environmental roles are institutionally separate and
the NMS finds itself working alongside the national
Environmental Protection Agency and Nature Con-
servation Agency in either the same or different
ministries. The key guestions, then, for the NMS
become:

»  What services should it provide to the envi
ronmental agencies in support of the objec-
tives of nature conservation and environmen-
tat protection?;

e How does it most effectively work together
with its environmental counterparts on those
issues for which an NMS/environment part-
nership is essential to a sound outcome?

Organization

The organizational structures through which NMSs
perform their functions and deliver their services
vary widely, according to the pattern of historical
development and current national circumstances.
Some NMSs aperate essentially as ministe-
rial departments or as major parts of ministerial

departments such as transport, communications, -

environment, water supply, science, defence and
various others. Some are located with major chient
departments such as aviation, defence, agricutture
or environment, while others, as a matter of policy,
are located with a neutral policy or general service
ministry. As indicated above, some have a formal
statutory basis, while others are essentially depend-
ent on administrative decisions of the government of
the day for the charter for their ongoing operations.
Some typicat organizational structures adopted
by NMSs are shown schematically in Figure 15.
Setting aside the special features of those
NMSs which include national oceanographic or
hydrological functions, the typical NMS usually
invetves:
o A policy and administrative headquarters;

« A series of headquarters operational units
such as the National Meteorological Centre
(often including a National Climate Centre),
the National Meteorological Research Centre
(where this exists) the National Meteorologica
Library and the National Meteorological
Training Facility,

« A geographically distributed system of
observing stations and meteorclogical
service offices.

¥
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Within their headquarters policy structure,
many NMSs maintain small programme offices
responsible for the national coordination of key
activities such as observations, as well as ser-
vices to major user sectors such as agriculture,
aviation, defence and the marine community.

The role of the various headquarters oper-
ational units is to achieve the necessary coordt
nation and economies of scope and scale in
carrying out essential national functions and su-
pporting the decentralized provision of services.

While some services can be best provided
and disseminated centrally, the bulk of public
and user-specific meteorological services are
most efficiently provided as close to the user
interface as possible. It is thus usual to find a
structure of geographically decentralized mete-
orological offices, often with their boundaries of
responsibility coinciding with convenient adminis-
trative boundaries such as state or provincial
borders, which interact directly with their user
communities.

Funding
For most of the past century, most governments

- have accepted full responsibiiity for funding the

operation of their NMSs although, in most devel -
oping countries, the available funds have fallen.
far short of those needed to maintain the stan-
dards of infrastructure and service provision to
which the community aspires. In some countries,
both developed and developing, however, partial
funding has historically come from one or more
major user groups, such as the civil aviation
industry, either through volume-of-service-based
charges, incremental charging for user-specific
services, industry-specific taxation measures or
direct percentage-based contribution to the
costs of the total operation.

On the whole, however, in most countries,
the NMS has been seen, along with the police,
the army, the national radio broadcaster and a
few others as an essential component of the
national taxpayer-funded government infrastruc-
ture. This has provided a sound international
framework for the conduct of activities whose
benefits apply widely to the community and to
future as well as to present generations but it
has not made easy the assembly of the neces-
sary resources for effective operation.

Over the past two decades, with the wide-
spread intraduction of user pays regimes far
many former government-provided services,
several governments have experimented with

150



HRECTOR
1
| 1
AEIEARCH
AN ADMIMISTRATION SERVICES
TECHNICAL
EYETEME
1 ]
| S I 1 [ I 1 [ I ]
OBIERVAT COMMUMICA FEGEARCH TOLOGY APPLIED
AWNE =TWONE AMD AND TRAIMING FINANCE PERBONMEL FORECARTING CLIMA LI:'I'EmT
COMPLTING DEVEL OPMENT,
MRECTOR
AND
DEPUTY CVRECTDRS
il
i
| 1 : 1 i | ]
AESEARCH s
CENTRAL WEATHER GLIMA
ADMIMISTRATION OBSERAVATIONS ANG HVIC SERVICES
OPERATIONS DEVELOPMENT SE| ES
—-' REGION 1 I I l
Regions [ Cumme
1 Agminigtratinn Obasrvastinns Forscasiing » "'“" ow Sanvises Gervices
1 Cauerira o
L3
—| REGION N {— l I 1 l
Pagiorni = Woather Clmute
Agmimstration Cossrrations Forscasting "-::‘ Servicet Sarvicas
Centre
BOARD
CHIEF
EXECLTIVE
CHIEF SCIENTIET COMPANY SECRETARY
| ! 1 ]
ENERGY ANDC
TECHNICAL SERVICES BUSINESS DEVELOPMENT WEDLA SEAVICES TRAMSPORT SERVICES ENVIRONMENT SERVICES
MANAGER MANAGER MANAGER MAMAGER
. MANAGER
m— Fasearch _— Plarnirg b Fadk — Avimtian Sarvicas — Ermigy Sarvioes
. b wal
Obsarvanans — Markenng - — Taievision ——  Cetence Senvicas — Aqrurmmwu:m
+— Infocmation Tacrnalogy | — Finance and Farsonnel — Pross —1 Maring Servioes — Mining sarvioos
Mational
Memaneoingicat L] Govammanr Serdns - Ireerat ] L'"ds T'."::’"" L. £ rwironmental Seracas
Canire

Figure 15 — Schematic representation of thiee typical odels for organizational structuring of a national Meteorological
Service: o simple divisional structure (rop), appropriate, in particular, for Services without large regional
struclures; @ matrix model taededle), appropriate for Services with @ number of magor geographic subregions,
and i husiness unit model (hotam), suitahle for corporatized or commercially oriented services

P51




alternative approaches to funding the operations
of their NMSs. Among the various models now in
place are the following:

»  The fully taxpayerfunded NMS prowviding
essentially all meteoroiogical services to both
the community at large and major special-
ized user groups;

¢ The NMS in which the government funds the
core costs of the basic infrastructure (Fig-
ure 4} and essential public services; and
specialized services, based on the univer-
sally available information, are provided on
an incremental cost-recovery or commercial
basis either by the NMS itself, by a separate
financially decoupled commercial arm of the
NMS or by the national or international pri-
vate meteorological sector;

«  Arange of commercial or corporate models
including:

- The “partially commercialized” NMS in
which user charges are directed not just
towards the funding of the provision of par-
ticutar specialized services but also make
some contribution (pro rata or otherwise) to

- the core costs of the basic¢ infrastructure;

- The "fully commercialized" NMS or “trading

fund” operation in which all costs of oper-

" ation must be found from real or surrogate
customers, many of whom may be other
government departments and agencies;

- The “corporatized” or “privatized” service
in which the NMS operates, not as an arm
of government, but as a “business”, sub-
ject to normal company law and account-
ing practices and aimed at providing a div-
idend to its shareholders (which may be
the government itself).

Experience at present is insufficient to pro-
vid® a definitive assessment of the long-term via-
bility of the more recently introduced commercial
and corporate alternatives to the traditional model,
aibeit their introduction as part of across-the-
board public sector “reform” in several countries
has been a major destabilizing influence on the
overall international system (see below).

The overall level of funding (and staffing) of
NMSs varies widely among countries, reflecting
the wide range of national circumstances—size,
geography, population density, history, stage of
development, economic circumstances, govern-
ment policies an service provision—and so or,

also, in terms of nationail statistics, on what 15
and is not regarded as inciuded in the NMS

- budget. it appears, however (Figure 16), that
most NMSs are funded in the range of 0.001 to
0.04 per cent of national GDP and that meteoro-
logical staff numbers per 1 000 km2 range from
less than one up te 20 or more. There are,
however, several outliers to the distribution of
funding and staffing shown in Figure 16, reflect-
ing particular national circumstances, including,
especially, some very small island States, where
land area is not a useful indicator of funding
needs for the provision of services.

0L r r .

o

METECAOUOGICAL STAFF PER 1000 k 2

o (1]
METEOROLOGICAL BUDGET A5 PERCENTAGE OF GDP

Figure 16 — Worldwide distribution of funding and staffing
of NMSs in terms of the two key indicators of
NMS budget per unit of GDP (horizontal axis,
per cent of GDP} and NMS staff per unit of
land area of the country covered (vertical axis,
metcorological staff per 1 000 kmz)‘

Staffing

Although practices differ among countries, espe-
cially between the developed and developing
Members of WMO, and are determined to vary-
ing degrees by broader naticnat public sector
training and staffing policies, mast NMSs include
at least two major specialist staffing streams: a
technical specialist group trained in observa-
tional and/or equipment maintenance and/or
data processing and communication funclions;
and a professional stream of university-qualified
scientists, who are usually employed in opera-
tionat forecasting, research, systems develop-
ment and the provision of specialist professional
advice on meteorological matters.

WMO has historically recognized four separate
classes of meteorclogical personnet as follows:
»  Class |; university graduates capable of

engaging in both research and professional

service provision:
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e (Ciass li: applications/service specialists
usually without university graduate tevel
gualifications;

s  Class lll: senior technical personnel respon-
sible for planning and management of
observational programmes and operational
faciities;

o C(Class IV: basic meteorological observational
and support staff;

This system is currently under review with a view
to its replacement by a simpler, two-category
{meteorologist and meteorological technician)
system based on consideration of the necessary
basic educational fevel in the core disciplines and
additional training qualifications in a range of
specialist technical/applications areas.

Areas of specialization

Most NMSs, even the smallest and least developed,
are normally organized to undertake a range of
specialist functions and activities with the speciat
ization based either on technical functions {e.g.
meteorological telecommunications) or field of
application (e.g. aviation forecasting). Among the
most frequently identified fields of specialization
of NMS staff are the following (WMO, 1984):
dynamic meteorology; physical meteorology; syn-
optic meteorology; weather modification; numer-
ical weather prediction; climatology; marine
meteorology; aeronautical metearology; agricul
tural meteorology; hydrometeorclogy; atmos-
pheric chemistry and air-pollution metecrology;
meteorological instruments; meteorological tele-
communications; meteorological data processing;
meteorological satellite applications; and applica-
tions of meteorology to economic and social
development.

Planning and management

Most Directors and senior executives of NMSs in
both developed and developing countries have
traditionally risen through the ranks with observ-
ing and/or forecasting and occasionally research
hackgrounds, albeit a few countries have tended
to appoint Directors from the external academic
meteorological community and, in recent times,
several have come from a general administra-
tive, scientific or business background. On the
whole, however, the expertise of seniar NMS
staff is primarily in meteorology and secondly in
management. _
Over the past decade, as downward pres-
sures on resocurces have become more intense

in many countries and the traditional approaches
of public sector administration have given way to
the more business-oriented management approach
of the private sector (e.g. Osborne and Gaebler,
1992; Lange, 1998), NMSs have given increas-
ing emphasis to the introduction of modem
private sector management techniques and the
disciplines of corporate planning.

While the approaches to corporate planning
vary substantially from NMS to NMS, the intro-~
duction of long-term planning into WMO in the
early 1980s (Zillman, 1984, 1998} has had a
significant influence on the planning framework
for developing country NMSs in particular. The
WMO rolling 10-year long-term plans have been
used by many NMSs to set the broader environ-
mental framework for national planning, particu-
larly in respect of the likely future trends in rele-
vant meteorotogical science and technology.
Several NMSs have adopted the general plan-
ning methodology of the WMO Long-term Plan as
a basis for their own strategic plans with particu-
lar emphasis on capacity building in developing
countries. Many have adopted variants of the
overall programme structure of WMO as a basis
for their own meteorological service programme
planning and management.

WMQ has played a particularly important
role in assisting NMSs in the development and
implementation of appropriate management sys-
tems and processes. WMO-sponsored workshops
on management of Meteorological Services have
been held in most Regions and a substantial body
of expertise and literature has been accumulated
on the applicability and usefulness of various man-
agement models in the meteorclogicat environ-
ment. A particularly important WMO contribution,
supported by the Government of the Netherlands,
led to the development of a set of WMO Guide-
lines on Management of National Meteorological
and Hydrometeorological Services (WMQO, 1997)
which synthesizes much of the accumulated
experience of NMSs in a form which is particu-
larly appropriate for the use of senior. manage-
ment of small developing NMSs.

Performance assessment

While NMSs have a long tradition of systematic
objective performance assessment and there 1S
probably no profession in the world whose practi-
tioners face more directly, or more regularly, the
need to assess and build on the lessons from
yesterday's performance, the past decade has seen

I the disciplines of modern organizational perform-
|
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ance management introduced progressively into
many NMSs. To some extent, these have helped
reinforce the traditional NMS commitment to go
beyond the mere provision of refiable data and
accurate forecasts to help ensure that the recipt
ents of the information use it effectively in the
decision-making process to derive the full poten-
tial benefit available from the service. A perfect
forecast that is not received in time or is misinter-
preted or not used effectively is of litle or no vaiue
to the community. kt is thus important to assessing
the overall effectiveness of the NMS to consider
how well it is able to educate the potential user
community in the use of its services—a demand-
ing task in an era of mostly declining resources
and an ideological commitment to the need for
organizations to stick to their “core business”.
NMSs must, of necessity, seek to maintain a
balance, in their use of limited resources, between
careful systematic monitoring of their performance
in their core functions, especially in predictive
skill, and the search for the ultimate measures of
the effectiveness of their services in generating
maximum benefit for the user community, It is
important also, however, that they do not become
consumed by assessment for assessment’s sake
to the point where resources which could be
used to generate improved services and deliver
real benefit to the user community are directed
instead to the generation of performance
information which, while providing satisfaction to
the NMS itself, does not contribute usefully to
the progressive improvement of its services.

External interactions

Among the most important externai relationships
which an NMS must maintain with its national
community are those with:

«  Other government or volunteer agencies or
individuals who assist in its data-gathering
functions;

= The local university and other academic
meteorological communities in respect of
both national data availability for research
and carrying out of research in support of
service improvement;

» lis national print and electronic media which,
in almost all countries, play a vital role in
conveying essential public forecast and
warning services to the community at large;

*  (ther government agencies with which it
must operate in partnership in certain vital

i
»

community functions such as bushfire and
other emergency services agencies, police,
agricultural extension agencies aviation safety
administrations, defence departments, etc.,

+  Major user-sector representatives, such as
the aviation and shipping industries, rural
organizations, sporting bodies, efc. and,
especially

*  Private sector providers of specialized
meteorological services;

*  Private sector suppliers of meteorological
equipment and facilities.

The relationship with the private sector

Historically, in most countries, the NMS has pro-
vided the full range of basic public meteorologr-
cal services and some or all of the specialized
services for individual users or user groups.
Essential services to civil aviation and defence
have normally, because of their strong public
good characteristics, also been provided by the
NMS although, in several countries, additional
tailored services have been provided to indvidual
operators ort a commercial basis by private

- meteorological service companies. The USA has |

been notable for its long history of a public-
private partnership in which the NMS provides

‘those services that government must provide for

the protection of the safety of life and property
of all citizens and the private sector, with full and
free access to all the information and products
prepared by the NMS, provides the specialized
services on a commercial basis. Several other
countries have also followed this model to vary-
ing degrees and, in many countries, an effective
complementary relationship has developed
between the NMS and the private sector.

Considerable stress developed in these
relationships in many countries during the 1980s
under pressure of government policies requiring
NMSs to achieve higher levels of cost recovery
or self-funding and, in some cases, to move
aggressively into the commercial market for spe-
cialized services. At the same time, several pri-
vate sector operators, both national and multina-
tional, sought to cultivate markets in areas of
public service provision that had historically been
seen as the exclusive domain of the NMS. These
tensions over the “commercialization of meteoro-
logical services” in turn placed the traditional
WMO system of free and unrestricted exchange
of metecrological data and products under
Increasing stress (WMO, 1995(b)).
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Although the issues have evolved differently
in different countries, the delegations to the
Twelfth World Meteorological Congress (1995),
representing, as they are required to do, the
total interests of their countries including both
their NMSs and the private sector, agreed on
two important steps towards a framework for
fong-term stable relationships between NMSs
and the private sector at the global level:

« As one of its nine major policy objectives
for the next decade, WMO committed itself
“to build an effective harmonious and mutu-
ally supportive relationship between the
pubiic and private sectors of the meteoro-
logical and hydrological communities in the
provision of commercial meteorological and
hydrological services”,

«  Through unanimous adoption of its Resolu-
tion 40, the Congress agreed on a set of
guidelines on relations between NMHSs and
the commercial sector, which seek to define
the essential features of a working frame-
work of “sound, fair, transparent and stable

relations” between NMSs and the private sec-

tor, which will help to broaden and enhance
the free and unrestricted international
exchange of meteorological and related
data and products on which both sectors,
individually, and the global user community,
collectively, depend so greatly.

The operationalization of these broad palicy
commitments at the national level in line with WMO
Member countries' obligations under Article 9 of

the Convention of the World Meteorological Orga-

nization is clearly an evolving process, which is
being approached differently in different countries.
In most countries, the approach adopted appears
to be consistent with the understanding that:

»  The NMS should carry out the basic public
good responsibilities of government, partic-

ularly those related to long-term data collec-

tion and public-safetyrelated forecasting
and warning and, where it competes with
the private sector in commercial service
provision, should do so on a competitively
neutrat basis;

» The private sector should operate in a com-
plementary relationship with the NMS in
their communication and dissemination of
meteorological information which coutd
impact on public safety and should conform
with accepted trade and intellectual prop-

erty law and market principles in the pro-
vision of specialized services on a commer-
cial basis; but they should do so in a way
which recognizes the overarching global
importance of maintaining the continuity
and stability of free and unrestricted interna-
tional exchange of meteorological and
related data and products.

The NMS Director as permanent representative
One especially important feature of the role of
the NMS on the national scene in most countries
is the part played by its Director as Permgnent
Representative of his/her country with WMO and
hence as the coordination point for alt national
involvement, including that of both government
and non-government organizations and activities
outside the NMS, in the programmes and acth-
vities of WMO.

This arrangement, which most countries
have in place, although to varying degree, is
based on the provision of Regulation 6{a) of the
WMO General Regulations, which prescribes that:

Each Member shall designate by written notifica-

~ tion to the Secretary-General a Permanent Rep-
resentative who should be the Director of the

* Meteorological or Hydrometeorological Service to
act on technical matters for the Member between
sessions of Congress. Subject to the approval of
their respective governments, Permanent Rep-
resentatives shotld be the normal channel of
communications between the Organization and
their respective countries and shall maintain con-
tact with the competent autharities, governmen-
tal or non-governmental, of their own countries an
matters concerning the work of the Organization.

The nationa! coardination role of the Direc-
tor of the NMS is, to a substantial degree, under-
pinned by the role of the national members of
the WMO technical commissions. Although there
is no requirement on them to do so, many per-
manent representatives designate at teast one of
their members on each WMO technical commis-
sion from within their own Service thus providing,
to the extent that national liaison and coordina-
tion is achieved among the members of each
commission, a useful vehicte for ensuring co-
ordination amongst the various national activities
relevant to the individual WMO prograrmmes.

International cooperation

There is virtually universal agreement within the
international meteorological community, evidenced
by the unanimous adoption by the Twelfth World
Meteorological Congress of its Resolution 40
(WMO, 1995) that it is in the interests of all coun-
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tries to preserve the long-starfding practice of
free and unrestricted international exchange of
basic data and products between NMSs to assist
them in the provision of essential meteorological
services within their own countries and for the
extraterritorial areas for which they have assumed
responsibility in support of the safety, regularity
and efficiency of international aviation and shipping.

There is also a widespread agreement, fol-
lowing the 1992 Rio Earth Summit, that interna-
tional cooperation in monitoring the state of the
global environment and the free and unrestricted
exchange of the information collected must be an
integral part of any serious long term sirategy
for the sustainabie development of the planet.

It has, however, already become clear that
we are now confronted with the potential clash
of two powerful paradigms:

«  That of international and national cooperation
in the free and unrestricted exchange of
information and technology as part of a glo-
bal partnership aimed at supporting the pro-
vision of universally available meteorological
services within countries and underpinning
global strategies for sustainable develop-
ment—consistent with the Convention and
long-standing traditions of international co-
operation through WMO; :

e That of international and national competition in |

the provision of goods and services in response
to market forces and in consonance with the
General Agreement on Trade in Services (GATS)
and the rules and regulations of the World Trade
Organization. (Dunkley, 1997, Griesgraber and
Gunter, 1997}

This clash of paradigms has surfaced at the
national level in some countries in the form of
aliegations that NMSs, in the provision of their
important public forecast and warning services
to the community through, and in cooperation
witl the media, are in breach of national compe-
tition legislation. At the international level, it has
generated a wide range of tensions and threats
to the maintenance of the principle and practice
of free and unrestricted exchange in an interna-
tional system composed of NMSs which now
span the full spectrum of the funding modets
described above. There are at present encourag-
ing signs that more countries have begun to
recognize the essentiality of mutually respectful
coexistence between the explicitly cooperative
regime required for effective meteorological ser-
vice provision and that based on commitment to

£ L]

the achievement of efficiency through competi-
tion and contestability.

Conclusion

It is. clear that most aspects of the environment
within which the traditionai State-funded NMS has
operated, and even the nature of the NMS role
itself, are evolving rapidly. With communities’ and
nations' basic requirements for reliable meteoro-
logical data and services and the pressures for
their application to a wide range of eConomic,
social and environmental objectives continuing to
increase, it will be extremely important that the
evolution process be well and wisely managed at
both the international and national level lest, in
seeking to achieve the potential benefits from new
ideological paradigms and technological capabili-
ties, the essential foundations for what has
already been achieved are irreparably damaged
or destroyed. One expensive lesson for the cor-
porate world of the early 1990s was that the
degree of radical change called for, and often
implemented, was in reality disastrous to the fong-
term interest of the organization involved (Mac-
donald, 1998). .

It will be especially important that, in explor-
ing new approaches to public sector service
delivery modelied on the experience of the busi- -
ness world, national governments be fully informed -
of the unique nature of the internationat arrange-
ments which underpin meteorological service pro-
vision at the national level and of the damage that
would befall all nations if the precipitate actions
of one or more players were again to destabilize
the international system (Zilman, 1997(a), (b))

The stability of this system is critically
dependent on governments’ continued recogni-
tion that the availability of essential public meteo-
rological services to the standards now enjoyed
in many countries, and towards which others can
realistically aspire to progress, is the product of
a global partnership; a partnership which is based
overwhelmingly on cooperation rather than com-
petition and in which each country contributes
what it reasonably can to the common effort
while ensuring that its own use of the common
pool of information from which it draws to serve
its nationat community does not threaten the
wilingness and ability of others to maintain their
contribution.

The key responsibilities which governments
must continue to accept if the stability of these
overwhelmingly beneficial arrangements is to be
maintained may be summarized as follows:
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»  Funding of the infrastructure for integrated
collection of the meteorological and related
data needed to provide the national climate
record and underpin the provision of meteor-
ological services to the community at large;

*  Funding of those meteorological services
which are essential to community safety and
welfare and are of the nature of a pure pub-
lic good;

e  Guaranteeing continued free and unrestricted
access to the products of their national data
coliection and processing to the global com-
munity in fulfiiment of national obligations
accepted under the various international
environmental conventions and in accor-
dance with the letter and spirit of WMO
Resolution 40 {Cg-XIi;

. Contributing, within their capabilities, to the
international pool of knowledge of the
behaviour of the global atmosphere.

It follows that the interests of all nations, both
individually and collectively, will be best served ff,
as part of the current worldwide reshaping of the
public sector, governments:

«  (learly identify the charter of their NMS
through a legal or other formal instrument
which will provide ongoing protection of the
integrity and continuity of its core mission;

¢  Explicitly commit themselves to the ongoing
funding of the core public good functions of
the NMS;

»  Formally identify their NMS as the single off-
cial source of public forecasts and warnings
bearing on the safety cf life and property;

»  Putin place durable administrative arrange-
ments, consistent with national competition
policy and other relevant influences such as
international regimes for intellectual property
protection and trade in services, for ensuring
an appropriate competitive regime for the
provision of specialized services which go
beyond the official public service and which
are of the nature of private or market goods;

*  Formally confirm their commitment to the
principle of free and unrestricted international
exchange of essential meteorological data
and products and to rigorous adherence to
the lefter and spirit of Resolution 40 (Cg-XH.

As long as governments are provided with
the necessary information for informed decision-

making on the key issues and the meteorological
community itself is enabled to respond to the
enormous opportunities opened up through the
continuing rapid progress in meteorological sci-
ence and technology, there is no doubt that the
NMS will serve an increasingly vital role in contribut-
ing to the social, economic and environmental
progress of all countries during the next century.

For their part, one of the greatest challenges
facing NMSs will be to establish an effective part-
nership with the private sector operating within
their country so that the greatest possible bene-
fits can flow to national communities frorwtheir
combined and complementary strengths and
capabilities. The ultimate objective must be an
efficient, effective infegrated and user-onented
national and international environmental science
service system which exploits to the full the
enormous benefits which the atmospheric sci-
ences hold in store for the 21st century.
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3
expenditure on meteorological service provision. The final section provides a summary

and some conclusions.
2. Meteorological and economic background

Meteorological services involve the provision of information on the state of the
atmosphere (often subdivided into the overlapping domains of weather and climate with
air quality sometimes considered as a third category) and, to a more limited extent, that
of the underlying ocean, land surfacc and inland surface water. As illustrated in Figure 1,
these services can be conveniently considered as made up of five broad groups: provision
of information on past conditions from the historical record; provision of information on
the current state of the atmosphere, ocean, land surface and surface water; provision of
forecasts of future conditions, including warnings of severe weather and climate events,
general forecasts for the community at large and for a range of specialised users, and
projections of future climate including both seasonal to interannual and longer term
fluctuations and possible human-induced climate change; provision of advice on
meteorological, hydrotogical or oceanographic science and its application to community
needs; and conduct of investigations into specific scientific problems of the atmosphere,
ocean or inland waters (Zillman, 1999). In addition to their categorisation according to
the type of information provided, meteorological services arc also frequently subdivided,
on the basis of major user sector served, into basic and specialiscd services. Basic
services are those made freely available to the community at large, usually through the
mass media, in the public interest, while specialised scrvices involve value adding
talloring to the special needs ol individual users or groups of users. The World
Meteorological Organization (WMOQ) has distinguished between “basic’ and ‘special’
meteorological services in the following terms (World Melteorological Organization,
1990):
. Basic meteorological services are those services provided by a National
Meteorological Service in discharging its government’s sovereign responsibilities

to protect the life and property of its citizens, to contribute to their general welfarc
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and the quality of their environment, and to meet its international obligations

under the Convention of the World Meteorological Organization and other

rclevant international agrecments.

. Special meteorological services are those beyond basic services and may include
the provision of special data and products, their interpretation, distribution and

dissemination, and consultation advice.

Weather and climate conditions have pervasive effects on human welfare. Further, and
this is the important point in estimating the cconomic value of meteorological services,
the information provided by meteorological services can be used to change decisions in
ways which raise human welfare. At a general level, the benefits from the allocation of
scarce national labour, capital and other resourccs to the provision of meteorological
services arc given by the increase in human welfare that fiows from the better decisions
which result where outcomes are weather and climate sensitive. Measures of the
economic value of meteorological services include extra profits, lower costs, and
assessments of the willingness to pay, by houschold, business and government decision-
makers, for the information contained in the services which they use in formulating and

adjusting decisions to yield higher payoffs.

There is no exhaustive listing of either the economic choices and outcomes which are
weather and climate sensitive or of those choices which potentially could, or actually do,
use information provided by meteorological services. Potential beneficiaries of
meteorological services include: individuals; households; firms; government
organisations and institutions, economic sectors; regions; national economies; the global
economy: and future generations. Virtually every sector of every country makes some
direct or indirect use of general or user-specific meteorological services. These include:
agriculture; aviation; banking and financial services; construction; disaster management;
energy generation and supply; environmental protection; fisheries; forestry; health;

insurance; leisure; manufacturing; military; port and harbour management; retailing;
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transport; sport; urban planning; and water resource planning and management. Typically

there is a complex chain of communication, analysis, understanding and decision making
that operates between the provision of meteorological services and the realisation of the

potential benefits in terms of better outcomes for decision makers and for society.

One of the most fundamentally important of all the services periormed by NMSs is the
operation of the basic national and international mcteorological infrastructure which 18
necessary to provide the data base for assembly of the long-term climate record for use
by future gencrations as well as for the support of a wide range of real-time operational
services with immediate economic and social benefits for socicty. In economic terms,
meteorological infrastructure and weather, climate and air quality forecasts and warnings
have non rival consumption or usc properties. This means that the cconomic benefits to
sociely from meteorological services are given by the sum of the benefils reaped by the

very many and diverse users of the services, both now and in the future.

An economic [ramework for evaluating the economic benefits of meteorological services
and for determining the allocation of resources to these services can be expressed in
terms of a model of total benefits and costs, or a model of marginal benefits and costs
which is the conventional cconomic model of competitive supply and demand
determination of prices and quantities. The top panel of Figure 2 presents total costs and
total benefits of metcorological services as a function of the level or volume of services.
The volume of meteorological scrvices might be measured as units of historical or
current data on rainfall, wind, temperature, cte, or in terms of temporal or spatial
resolution of model output, or as measures of forecast accuracy and forecast lead time, or
by the scope of the service in terms of effectiveness of communication or tailoring to
specific user needs or, more generally, as the quantity and quality of information
provided on weather and climate. The total cost function, TC, reflects an up-front or
fixed cost component OA plus an operating cost component which is shown as a convex
function rellceting the need for increasing cxtra inputs per unit increase in the volume of

meteorological services, It should, however, be noted that, while some measurcs of
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volume (eg forecast skill) may require larger and larger increases in resources for small

increases in volume, modern technology makes it possible to produce almost limitless
increases in volume for other measures (eg the number of locations for which spot
forecasts can be produced as the output of numerical weather prediction models) with a
negligible incrcase in costs. The total benefit function, TB, represents the increase in
well-being of decision makers as the additional and improved meteorological information
enables them to make choices which lead to the avoidance of losses and the achievement
of gains which would not otherwise have occurred. A threshold volume (measured in
terms of skill, availability, etc) of meteorological services, OB in Figure 2, is usually
required before weather or climate sensitive decisions are changed. The total benefit
function, on the other hand, becomes concave and ultimately platcaus as increased
amounts of meteorological information lead to smaller and smaller additional benefits in

terms of better decisions.

The bottom part of Figure 2 shows the more conventional economic moedel of the demand
for, and supply of, meteorological services. The demand for meteorological scrvices, 1,
is in fact the marginal benefits curve, MB (or the first derivative of the total benefits
curve in the top part of Figure 2). [n the relevani zone for choosing the resources to
allocate to the provision of meteorological setvices, the demand curve is downward
sloping because extra information on weather and climate leads to smaller and smaller
additional improvements in the results of weather and climate sensitive decisions. The
supply cost of meteorological services, S, the marginal cost curve, MC (or the first
derivative of the total cost curve in the top half of Figure 2), is an upward sloping
function reflecting increasing costs of producing further increascs in the volume (quantity

and quality) of meteorological information.

The information on benetits and costs in Figure 2 enables determination of the level of
resources (o allocate to the production and use of meteorological services. The volume of
meteorological services Q* which maximises social well-being is given by the volume

where the supply and demand curves cquate. It also maximises the difference between
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total benefits and total costs in the top part of Figure 2. To the right of Q*, additional

resources used to increase the volume of meteorological services add more to costs than
to benelits and, in so doing, detract from national welfare. To the left of Q¥, too few
resources are allocated to meteorological services in the sense that marginal benefits

exceed marginal costs and net gains can be had by cxpansion.

In estimating the economic benefits of metcorological services, it is important to be clear
whether total benefits, as in the top part of Figure 2, or marginal benefits, as in the
bottom part of the figure, are being cstimated. That is, if the current volume of
meteorological services is Q¥, it is important to be clear as to whether total benefits,
shown as having the value V in the top part of Figure 2, are being estimated or marginal
benefits, shown as P in the bottom part of Figure 2. From the perspective of decisions on
whether o allocate more or less resources to metcorological services, data on marginal

benefits and costs need to be considered.

Most of the metcorological services depicted in Figure 1 have non rival consumption
properties. That is, once the information is available, its use by onc sct of users does not
reduce the information available for use by other users. In this circumstance, the social
benefits are given by the sum of the benefits of the different users. Figure 3 illustrates the
situation for just two users of a particular scrvice, eg. two individuals using a daily
weather forecast, or two airline companies using broadcast information on in-flight or
landing conditions. The marginal benefit functions (derived as derivatives of total benefit
functions) are MB, for user A and MB; for user B. For a given volume of information
Q,. user A values the last unit at P, and Py is the marginal value for user B. The value to
socicty is given by P = P, + P;. Generalising, when making choices for socicty about the
benefits of meteorological services with non rival consumption properties, the total
benefit and marginal benefit functions in Figure 2 should be the sum of benefits for all

uscrs as illustrated for the two users in Figure 3.



3. Measurement methodologies

Several techniques have been used to cstimate the total benefits, and in some cases the
marginal benefits, of meteorological services for particular groups of decision makers. In
terms of the concepts claborated in Figures 2 and 3, thesc are the curves TB, or MB,, or
the values V, and P,, where the subscript i denotes a particular group of decision makers.
For convenience, the different methodologies are discussed here under the sub-headings
of: markct prices; normative or prescriptive decision making models; descriptive

behavioural responsc studies; and contingent valuation studies.

3.1.  Market prices

In several instances, market prices can be used as 4 measure of the marginal benefits to
users of some types of meteorological services. The technique has applicability for those
services which have private good characteristics of rival consumption and case of
exclusion. For those scrvices with public good properties of non rival consumption and
high costs of exclusion, markets fail. Where the characteristics of non rival consumption
and excludability are combined to give mixed public and private goods, market prices
may provide some measurc of the benefit gained. However, the dominance of public
good properties, particularly for the basic infrastructure and for general public forecasts
and warnings, limits the applicability of market prices for valuing meteorological

Services.

In the case of private good meteorological services, such as specialised forecasts for
particular uscrs or value adding processing and interpretation of climatological data,
customers will purchasc the services up to the volume where the marginal value to them
equals the price. That is, recorded price and volume fall on the marginal benefit or
demand curve, MB — D in the bottom half of Figure 2. Price, then, is the marginal valuc

of the last unit of value added meteorological information to that group of buyers.
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There are examples where prices paid by intermediaries in the communication of

meteorological services provide a lower bound estimate of the value of the services to
final users. For example, in some countries, newspapers, TV and radio pay fees to their
NMSs, or to private meteorological service providers, for weather and climate
information which they (the media) then publish or broadcast to the community. They all
incur direct costs in presenting the weather and climate information - and the space and
time allotted to providing this meteorological information have opportunity costs. Media
outlets willingly incur these costs on the assumption that readers, viewers and listeners
value the metcorological information at more than the costs they outlay, either dircctly or

in putting up with advertisements.

Sometimes a monopoly supplier of private good meteorological services can be imposed
on particular users. For example, the NMS or a nominated private firm could be given
sole rights to offer and supply specialised services to a specific industry. In this situation,
in addition to charging the marginal cost for the value added information, the monepolist
also can add an up-front, Jump-sum charge. The lump-sum charge plus the user charge
cannot exceed total benefits, otherwise - cxcept in the situation of a regulatory
requirement to do so - the users will choose not to purchasc the value adding services.
The extent to which the total charges underestimate total benefits is a difficult empirical

problem.

An advantage of market prices is that they explicitly reveal the value users place on, and
are willing to pay for, particular categories of meteorological services. However, their
applicability is limited by the public good properties of much mcteorological

information.

3.2, Normative or prescriptive decision-making models

By far the most common set of techniques used to estimatc the benefits of meteorological

services has been the prescriptive or normative models. Johnson & Holt (1997) and



10
Wilks (1997) provide good outlines and references to applied studies. Simplified

optimising decision models for businesses (and also for households and governments, but
these have been few) under conditions of imperfect knowledge about weather or climate
conditions are solved. The models are resolved for different levels of meteorological
services provided. The gain in expected payoffs, including more profits, lower costs and
higher utility, are a measure of the marginal benefits of the increased scrvices, that is the
MB, term. The models have been applied to both climatological information and forccast

Services.

Most reported prescriptive model applications have been for individual decision makers.
In particular, changes in decisions following the use of extra or better meleorological
information are assumed not to alter the decisions of others, nor to change the prices of
outputs or the costs of inputs. The cost/loss model and the Bayesian rules for using
additional information, in this case more and morc accurate meteorological information,
are common (with excellent descriptions of the procedures and examples in J ohnson &
Holt (1997), and Katz & Murphy (1997b)). While most studics have an objective
function in the model for maximising profit or minimising cost, several use morc general
utility functions which recognise risk aversion. Simple one-period decision models have
been extended to multi-period problems which recognise the temporal interdependence
of decisions. The individual decision maker models can be, and have been, used to
measure the marginal bencfits of partial improvements in the accuracy of forecasts as

well as the benefits of perfect forecasts.

Results from the individual decision-making model can be extended to represent an
industry, region or larger aggregation of users and, in these models, costs of inputs and
prices of outputs can be allowed to change as part of second round reactions to the use of’
additional metcorological services. Models regularly used to evaluate the benefits of
research and development (R&D), and the distribution of these benefits, can be used (see,
for example, Alston e/ al, 1995). R&D lcading to the adoption of new technology or

better work and management practices increases output per unit input, or reduces costs
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per unit output. Similarly, a larger volume {(quantity and quality) of meteorological

services cnables producers to choose decisions which yield more output at lower costs.

By way of illustration, consider a single product market for an agricultural commodity,
such as corn, and (he use by farmers of skilful seasonal rainfall and temperature outlooks
to enable them to make better decisions on, for example, variety choice and the timing
and quantitics of irrigation and fertiliser to apply. The essential features of a partial
equilibrium model for this market arc illustrated in Figure 4 and claborated in the

appendix.

The main conclusions which emerge from such partial equilibrium models are as follows.
First, much as for the individual decision maker model, a lower bound estimate of the
benefits of meteorological information in improving decision making sensitive to
weather and climalte outcomes is given by the cost saving per unit output times the output
to which the cost saving applies. This output might be industry output, output {from a
particular region, or output of identified users of meteorological scrvices. The society
gain will be slightly larger to reflect increascd producer and consumer surplus (see
appendix) obtained from an increase in output. Second, the social benefits of better
decisions resulting from the use of metcorological services, such as from using a higher
volume of meteorological services, will be sharcd between producers of the products and
buyers of the products because the product price falls. In a market context, as oppused to
the single producer model where output price is held constant, some of the benefits of a
greater volume of meteorological services are passed on to buyers, in the same way s
are the benefits of other investments, say in R&D and equipment, which raise

productivity.

The market model can be extended as illustrated in Figure 5 and cxplained in the
appendix, to the case where only some producers effectively use additional
meteorological scrvices to improve their decision choices. Here, buyers of the product

gain from lower product prices, users of the extra services (the adopters) gain more from
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the cost reductions than the price fall, the non-adopting producers lose, and there is as net

gain for society in aggregatc.

Prescriptive models for estimating the benelits of meteorological services have a number
of advantages and disadvantages. If the models are realistic simplifications of a complex
real world in the sense that decision makers optimise the chosen objective function, the
assumed restraints are realistic, and the meteorological information is used to adjust
decision choices as assumed, then the derived estimates of the gains from better decisions
are good cstimates of the real benefits of meteorological services by the users. However,
realism of the models is a strong requirement — some would say an heroi¢c set of
assumptions. In principle, additional detail can be added to any model. Descriptive
behaviour studies, discusscd below, find that many decision makers do not respond in the
ways predicted by normative models. In particular, many households and firms do not
interpret and use meteorological information as assumed in optimising models. In
particular, the assumption of zcro costs for the information collection, analysis and
decision adjustment processes often over-simplifies decision making. If meteorological
information is valuable, as illustrated in Figure 5, in the longer run, competitive forces
for survival of the fittest will see the adopters and users of meteorological scrvices
dominate the non-adopters. Nonetheless, criticisms of over-simplification of many
reported prescriptive models are well made, and more attention needs to be given to

realism, including through drawing on the data from descriptive studies.
3.3.  Descriptive behavioural response studies

Descriptive behavioural studics can be used {o make estimates of thc value of
meteorological services by inferring values from the observed behaviour of individuals,
businesses and governments. User surveys of decision making, and espccially about the
use of, and responses to, meteorological information, natural experiments, potentially
laboratory experiments, and regression methods have been praposed, and there have been

some applications reported in the literature.



One sct of studies seeks information about 1ti31e decision making processes of individuals
and firms, and on how they use meteotological information in these processes. Stowart
(1997) provides a good overview and references to applied studies. Mail, telephone and
personal interviews may bec used for samples of potential users of meteorological
services. Responses are sought on decision choices whose outcomes are affected by
weather and climate, what information is used in making these decision choices and, in
particular, whether meteorological information is used, and if yes, how is it accessed,
how is il used to modify decision choices, and what decision changes are made. Further
information may be sought on what meteorological information users would like, and
how would they use it, with the questions being open-ended or for specific proposed

changes 1n services offered.

In special circumstanccs, natural experiments may be uscd to estimate the value of
meteorological services. These are cases of clearly measured differences in the supply of
metevrological services and data on observed changes in behaviour between the different
meteorological service states. Craft (1998), for example, uses the natural experiment of a
one-year closurc of about a half of the meteorological services to the Great Lakes in 1870
to measure cost savings in damage to shipping. Both political and economic
considerations caution against conducting such radical experiments. Another example of
a natural experiment is provided by observed decision changes during the 1997-98
Australian drought using forccasts based on models of the El Nifio-Southern Oscillation
phenomena relative to behaviour in previous droughts when no such forccasts were
available (Bureau of Meteorology, 1998). This provides the opportunity to evaluate
decision responses and the value of extra information resulting from the research,

forecasting and communication associated with the El Nifio phenomenon.

Regression models may be used to assess the effects of meteorological services on
decisions and 1o measure the value of the services. Decisions, for example, on enterprise
activity levels, or measurcs of economic performance such as yields, costs and profits,

may be regressed on conventional explanatory variables such as resource inputs, prices,



14
measures of technology innovation, and the volume of metcorological services. The

approach involves using the regression to estimate the contribution of more
meteorological services while accounting for the contributions of other explanatory
variables. The regression model approach requircs data with sufficient independent
variation of the different explanatory variables, including measures of the volume of
meteorological services, if the cstimates are to have reasonable precision or confidence
bounds. At this stage, the absence of data with sufficient variation seems likely to rule
oul the regression model for all but a few special cases which are close to natural

experiments.

The advantages and disadvantages of descriptive studies often are compared with those
of prescriptive studies, but they also can be seen as complementary tools. Descriptive
studies have the advantage of being based on, and recording, actual behaviour, and
therefore they can bc considered more realistic. However, in attributing changes In
decisions and extra benefits 1o meteorological services, and to increascs in the volume of
meteorological scrvices, a common difficulty is that other parts of the decision
cnvironment are also changing. Asking questions about decision responses to increases 1n
the volume of meteorological scrvices involves hypothetical situations which make them

vulnerable 1o the same criticisms thal are raised against prescriptive studies.

3.4.  Contingent valuation studies

An approach sometimes uscd to estimate the benefits of public poods, particularly
environmental scrvices but also defence and the arts, is the contingent valuation method.
Here users are asked to nominate the sum they would be willing to pay for a particular
level ol public good. Although the procedure is somewhat controversial, the contingent
valuation method has been used to obtain estimates of the value of metcorological
services by Chapman (1992) for the US, Teske & Robinson (1994) for Gireat Britain and
Anaman & Lellyett (1996) for Australia.
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'The general structure of the contingent valuation study method is as follows (for more

details scc Mitchell & Carson (1989) or Poriney (1994) and references therein).
Information is sought from a sample of users of meteorological scrvices, which may be
individuals or businesses. To be useful, the sample should be a random sample, and
“representative” samples need to be used with caution. Mail, telephonc or direct survey
methods may be used. With experience, most now arguc that the more costly direct
interviewing method is necessary lo ensurc respondents fully understand the context of
the willingness to pay questions and to allow for cross-checking of answers. An artificial,
or hypothetical, market situation is created in which users are asked to indicate, in
dollars, their willingness to pay as between different options. For example, what would
you be willing to pay to have access to currently available general forecasts relative to no
forecasts; or, if the accuracy of rainfall forccasts for the next season were 1o be increased
by 50%, what would you be willing to pay for this extra accuracy? A number of good
practice components of a credible contingent valuation survey can be noted (see, for
example, Hanemann (1994), and Diamond & Hausman (1994)). Tt is necessary to clearly
describe and illustrate the optional states being compared, and to ensure that respondents
understand the differences that they arc being asked to place a valuation on. Greater
realism is obtained by indicating the process by which their nominated willingness to pay
would be realised, for example by higher taxes or a monthly charge, and by asking
respondents to indicate their nominated dollar payment in the context of their income and

other expenditure choice options.

Once the answers on willingness to pay for individual users are obtained, the next step 1s
to aggregate these answers for a measure of society willingness to pay. For those
meteorological services with public good characteristics, especially non rival
consumption, the strict public good model, as depicted in Figure 3, would sum the
willingness to pay by each of the respondents, scaled up by their respective numbers in
the population of users. Alternatively, some studies use the estimated median willingness
to pay and multiply this by the number of users. The median estimate has support from

political theories of the median voter determining clection outcomes, including
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expenditure on public goods, and it has the advantage that extreme individual high and

low estimates of willingness to pay arc ignored.

The use of contingent valuation surveys to make estimates of the value of meteorological
services is likely to remain controversial, as is its use for estimating the benefits for other
public goods. The questions are hypothetical and many respondents may not know what
they really valuc about meteorological services and what they would pay. Others
recognise that any answer will do and that they cannot be held accountable for the
answers given. Besides, there is ample scope for the survey design and interview
procedures to bias estimated willingness to pay upwards or downwards. Good practice,
and this usually comes at considerable cost, can help to allay some of these criticisms of

the method, but it cannot eliminate the reservations.
4. Estimated Benefits

Summarics of over a hundred studies reporting estimates of the economic value of
mcteorological services for a range of uscrs are provided in Nicholls, 1996; Katz &
Murphy, 1997a; Anaman ¢/ al., 1998; and Stern & Easterling, 1999. Rather than
duplicate these reviews, this section highlights some particular aspects of the studies
relating to the procedures uscd, the estimated benefits reported, and the interpretation of

these estimates for the total benefits and marginal benefits of meteorological services.

Most reported studies with cstimates of the bencfits of meteorological services have used
prescriptive modcls of decision making by individual businesses, and then with a heavy
cmphasis on agriculture. Very few prescriptive studies have gone on to incorporatc
market reactions. Descriptive studies have been concerned primarily with the use made
of meteorological scrvices, and only a few have provided estimates of benefits. In recent
years, a number of contingent valuation surveys have been undertaken. Given that many
originally fully publicly funded NMSs now impose charges for some of their services

(recovering up to 50% of their total costs of operation in a few countries), and some

ha
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private sector value adding services have emerged, the usc of market prices becomes

more relevant. However, the dominance of public good properties of most meteorological
infrastructure and services described in section 2 will require further use of descriptive,

prescriptive and contingent valuation methods.

The available estimates of the economic benefits of meteorological scrvices cover a wide
range of activities and much of the economy. Most individuals and firms are dircetly or
indirectly affected by weather and climate, and, importantly, at least in principle, most
also can use meteorological services to alter decisions to achieve betler outcomes as
illustrated by prescriptive models. However, the descriptive studics find a significant
proportion of potential users, in many cascs more than a half, do not use metcorological
services in decision making, and this high level of non-use is reflected in a zero
willingness to pay found for many respondents in contingent valuation studies.
Nonetheless, it remains the case that very large numbers of individuals and businesses do
make extensive use of mctcorological services and they receive cconomic benefits from

the improved decision choices which result.

Estimated economic benefits from the use of meteorological services in reported studies
vary widely. Many of the estimates per individual or business are low, but many decision
makers often arc involved. For example, the Anaman & Lellyett (1996) contingent
valuation estimate of the average valuc of public weather services to Sydncy households
is just A$24 a year per householder, and for a number of agricultural decision predictive
model estimates the estimated gains are of the order of A$1 per acre (for example, Wilks
& Murphy, 1985; and Bosch & Eidman, 1987). But, often, there are millions of
households and acres to which these per-unit benefits apply. At the same time, some
studies of the benelits of metcorological services for large construction projects, for the
airlines (for example Leigh, 1995 and references therein), and for other large businesses
report cstimates in the tens of millions of dotlars. For these examples, there is usually

only a small number of other actual users of the particular meteorological services.
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Despite the number of innovative and excellent studies reported in the literature,

available estimates of the cconomic benefits of meteorological services are too himited
for the purpose of deciding whether teo many or to few resources arc allocated to the
production of meteorological services at the national level in most countries. The many
case studies of particular value adding services for specific users based on prescriptive
models and market prices are helpful for decisions on those specific value adding
services; in particular, in situations where the marginal benefits and marginal costs of the

value adding services can be compared.

However, fully informed decisions on the allocation of resources for public forecasts and
warnings and for the provision of gencral climatological data where the public good
propettics of non rival consumption and high costs of exclusion are dominant are difficult
on the basis of current estimates. Economic benefit estimates have been reported for only
some of the uses and for some of the users of these public good meteorological services.
In the context of Figure 3, we might have data for the MB, curve (ic. measures of
benefits for some users of the services) but we have no estimates for the MBg curve (ic.
measurcs of benefits for services and users not picked up in available published studies).
Further, we have little idea what sharc the measured bencfits are of the total uscr benefits,
ie. P,/P. Given the very diverse uses of metcorological services throughout the economy,
compiling the required inventory of the different uscs and estimates of the values of these
different uses clearly is an enormous task. Inevitably, some uses and users of public good
metcorological services will be missed, and, as a consequence, summed estimates of

measured benefits will underestimate economy-wide benefits of the services.

For most decisions on whether to add or reduce resources allocated to the provision ol
particular meteorological services, the key benefit mcasure is marginal benefits rather
than total benefits. Unfortunately, most of the so-far published studies focus on cstimates
of the total benefits of current levels of metcorological services. Of course marginal

benefit cstimates require some degree of hypothetical reasoning in the case of
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prescriptive models and some hypothetical questions in the case of descriptive models

and contingent valuation surveys.

5. Conclusions

The outcomes of an enormous number of decisions by individuals, businesses and
governments are wecather and climate sensitive, and potentially the decisions and
outcomes can be improved by using currently available meteorological services, with
further gains possible if the quality and quantity of services are increased. Normative or
prescriptive models clearly indicate the wide range of sources of potential economic
benefits of improved, and improved use of, meteorological services. Descriptive studies
and contingent valuation studies confirm that many do change decisions with the use of
meteorological services and that the information is valued. But, also, these studies
highlight the varicty of decision making methods, the dangers of oversimplification with
predictive models, and the fact that not all decision makers use meteorological services.
There is a growing number of examples of market transactions for metcorological
services, especially specialised value adding services for specific users, in which market

prices paid indicate significant cconomic benefits.

Because most meteorological services have public good properties, it will remain
difficult to obtain comprehensive estimates of either the total benetits or the marginal
benefits of the basic infrastructure, the climatological record or the public forecasts and
warnings provided to the community at large. The appropriate benefit measure is the sum
of benefits for all users of the public good information. Fven though a large number of
studies of the cconomic benefits of meteorological scrvices has been undertaken, they arc
better interpreted as case studics or anecdotal indicators rather than as a random sample

{rom an unknown population of potential users.

To assist in industry, national and international decision making on the provision and

funding of meteorological services, it will be necessary to continue to work with market
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prices, prescriptive models, descriptive models and contingent valuation methods for

estimating the economic value of the full range of meteorological services. The different
approaches have different advantages and disadvantages which vary across the spectrum
of meteorological services and users. For many users of meteorological services, the

different benefit measurement procedurcs complement each other.
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Appendix: normative market models

This Appendix devclops partial equilibrium, or single product, models for estimating the
economic benefits of the use of meteorological information, or of an increase in the
volume of information, to increase the average payoff from decisions whose outcome

performance is sensitive to realised weather and climate conditions.

Consider an agricultural commeodity, such as corn, and the use by farmers of seasonal
rainfall and temperature forccasts which enable them to make better decisions on, for
example, varicty choice and the timing and quantities of fertiliser and irrigation to apply.
The initial market situation for the corn market in terms of expected or average longer
term demand, supply, price and quantity is as described in Figure 4. Buyer demand is
given by the curve D and farmer supply by S, and together they detcrmine the market

price and quantity of corn at P and €, respectively.

Next, suppose the farmers are supplied with skillful seasonal forecasts which they use to
change their decisions on variety, fertiliser and irrigation levels. Using individual

decision models, perhaps for a representative farmer, but desirably for an appropriate
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random sample of farmers, it is estimated that, on average, farmer costs per bushel of

corn fall by K. K is the individual decision-making modecl estimate of the marginal

benefits, MB,, of using the meteorological information.

Lower costs flowing from the cffective use of reliable meteorological information will
shift down the farmer supply curve S by the expected cost saving K to S' in Figure 4. For
simplicity, a parallel downwards shift of the supply curve is assumed. The expected or
average longer term market for corn produced with the assistance of the metcorological
services is given by the same demand curve for corn D and the new corn supply curve S',
resulting in a lower market clearing price P' and a larger corn quantity Q'. Comparing the
initial market outcome and the new market outcome permits asscssment of the benefits of
using the meteorological services for buyers of corn, farmers and socicty. The lower
price benefits buyers. This benefit can be measured by the increase in consumer surplus
as area P'PAD, which also is (P - P} (Q + 0.5 (Q' - Q)). Farmers’ gain from the lower
cost of K per unit output, but market price falis. Since the price fall 1s less than the cost
reduction, farmers gain. This benefit can be measured by the change in producer surplus,
or quasi-rent return to farmer land and labour, as arca P'BG - PAC, which can be
expressed as (K - (P - P")) (Q + 0.5 (Q' - Q). The net gain for society is thus simply the
sum of the buyer plus farmer gain, ie the economic surplus gain of K (Q + 0.5 (Q' - Q)),
which is the area GCAB.

Some observations about the measured benefits of meteorological services, and the
distribution of the benefits, when second round responses of product prices are
recognised, should be noted. First, producers using the meteorological services continue
to gain, but a part of the initial cost savings is eroded by lower prices. Sccond, buyers
become beneficiaries from the fall in product prices, as they are from R&D and business
investment generally which lower production costs. The individual decision-making
model assuming constant product prices does not pick up this subtle redistribution. Third,
for the measure of society benefits from more meteorological services, the scaled up

estimate of the individual decision-making model, K where K is the cost saving per unit
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output and Q is industry output, is a slight underestimate of the actual gain, KQ + 0.3 K

(Q" - Q). In most cases, the gain associated with the extra product output, Q'-Q,is
relatively small. The main challenge for analysts is to oblain an estimate of K, the
average cost saving per unit output across the industry made possible by better decision
choice outcomes realised as a consequence of increased and improved metcorological

services.

A variant of the market model can be used to assess the distributional effects of
meteorological services which are used to advantage by only a subset of firms in an
industry or by firms in only one (or several) of many regions. Some firms may not usc
the services hecause the extra information is not applicable to them, because they are
unable or unwilling to use the extra information, or whatcver. A development of the
market model to illustrate this situation is given in Figure 5. Suppose corn farmers can be
split into two groups: adepters who use additional meteorological information to change
decisions which reduce production costs; and, non-adopters who, for some reason, do
not, or cannot, use the extra information. Initially the supply of corn by non-adopters
shown in the left hand panel is S, and that of adopters shown in the middle panel is S,.
Total market supply is given in the third panel by the (horizontal) summation of the
supply by non-adopters and adopters as S = 5, + S, Against market demand D, initial

period market price and quantity are P and Q, respectively.

With additional meteorological information that enables adopters to reduce their costs by
K per unil output, their supply curve shifts down to S'.. Mcanwhile, the supply curve for
non-adopters remains at S,. Then the new market supply shifls downto S' =S, +S' . As
a result with the unchanged market demand D and the new market supply S!, price falls
to P', and this fall applies both to adopters and to non-adopters. The adopters win because
the cost reduction K cxceeds the price reduction P - P'. But, non-adopters who have no

cost savers lose from the lower market price. Buyers gain from the lower price.



The simple illustrative models of Figures ?and 5 can be extended and gencralised in
many ways. They can be cxtended to several products and ultimately to a computable
general equilibrium model for thc cconomy allowing for second-round behavioural
changes to all product prices, input costs and factor rcturns throughout the economy, or
even the globe. Sumner ¢t al. (1998) illustrate how various types of trade restrictions and
other government policy interventions can be incorporated into models. The idea of
Figure 5 can be generalised to many catcgories of producers, with categories classified
by economic, social and other circumstances, and by the level of use of, or changes in the

volume of, meteorological serviccs.

References

Adams, R.M., Bryant, K.J.,, McCarl, B.A., Legler, D.M., O’Brien, J,, Solow, A. &
Weiher, R. (1995). Value of improved long-range weather information. Contemp.
Econ. Policy, 13: 10-19.

Alston, 1., Norton, G. & Pardey, P. (1995). Science Under Scarcity. Cornell University
Press, Ithica, 585 pp.

Anaman, K A, Thampapillai, D.J., Henderson-Sellers, A., Noar, P.F. & Sullivan, P.J.
(1995). Methods for assessing the benefits of meteorological servives in Australia.
Meteorol. Appl. 2: 17-29.

Anaman, K.A. & Lellyett, S.C. (1996). Contingent valuation study of the public weather
service in the Sydney metropolitan area, Economic Papers, 15(3), 64-77.

Anaman, KA., Lellyett, S.C., Drake, L., Leigh, R.J., Henderson-Sellers, A., Noar, P.F.,
Sullivan, P.J. and Thampapilla, D.J. (1998). Benefits of meteorological services:
cvidenee from recent research in Australia, Meteorol. Appl., §, 103-115.

Bosch, D.J. & Cidman, V.R. (1987). Valuing information when risk prcferences are non-
neutral: an application to irrigation scheduling. Am. J. Agric. Econ., 69: 658-666.
Bureau of Metcorology (1998). Annual Report 1997-98. Commonwealth of Australia,

188 pp.



24
Chapman, R. (1992). Benefit-Cost Analysis for the Modernisation and Associated

Restructuring of the National Weather Service. National Institute of Standards and
Technology, U.S. Department of Commerce, Washington DC, 105 pp.

Craft, E. (1998). The value of weather information services for ninetcenth-century Great
Lakes shipping". Amer. Econ. Rev., 88: 1059-1076.

Diamond, P. & Hausman. J. (1994). Contingent valuation: is some number better than no
number?, J. Econ. Perspect., 8(4): 45-64.

Freebairn, J.W. (1979). Estimating the bencfits of meteorological services: some
methodological questions. Proccedings of the Valuc of Meteorological Services
Conference, Bureau of Meteorology, Melbourne.

Gibbs, W.I. (ed.) (1964). What is Weather Worth. Productivity Conference, Melbourne,
Bureau of Meteorology.

Hanemann, M. (1994). Valuing the environment through contingent valuation, J. Econ.
Perspect., 8: 19-44.

Hickman, J.8. (1979). Proceedings of the Symposium on the Value of Meteorology in
Economic Planning. New Zealand Meteorological Service, Wellington.

Johnson, S. & Holt, M. (1997). The valuc of weather information. In R.W. Katz and
A.H. Murphy (eds), Economic Value of Weather and Climate Forecasts, Cambridge
University Press, Cambridge, 75-108.

Katz, R.W. & Murphy, A.H. (eds.) (1997a). Economic Value of Weather and Climate
Forecasts. Cambridge University Press, Cambridge, 217 pp.

Katz, R.W. & Murphy, A.H. (1997b). Forecast value: prototype decision - making
models. In R'W. Katz and A.H. Murphy (cds.), Economic Value of Weather and
Climate Forecasts, Cambridge University Press, Cambridge, 183-215.

Leigh, R.J. (1995). Economic benefits of terminal aerodrome forecasts (TAFs) for
Sydney airport, Australia. Meteorol. Appl., 2: 239-247.

Mason, B.J. (1966). The role of meteorology in the national cconomy. Weather.: 382-393.

Mitchell, R. & Carson, R. (1989). Using Surveys to Value Public Goods: The Contingent
Valuation Method. Resources for the Future, Washington, DC.

Maunder, W.J. (1970). The Value of Weather. Methuen, London, 388 pp.



25
Nicholls, J.M. (1996). Economic and Social Benefits of Climatological Information and

Services. WCASP-38, WMO/TD-No. 780 World Meteorological Organization,
Geneva, 38pp.

Portney, P. (1994). The contingent valuation debate: why economists should care". J.
Econ. Perspect. 8(4): 3-18.

Price-Budgen, A. (ed.) (1990). Using Meteorological Information and Products. Ellis
Horwood Series in Environmental Science, New York, London, 491 pp.

Stern, P. & Easterling, W. (cds.) (1999). Making Climate Forecasts Matter. National
Academy Press, Washington, DC, 64 pp.

Stewart, T.R. (1997). Forecast value: descriptive decision studies”. In R.W. Katz and
AH. Murphy (eds.), Economic Value of Weather and Climate Forecasts, Cambridge
University Press, Cambridge, 147-182.

Sumner, D., Hallstrom, D. & Lee, H. (1998). Trade policy and the effccts of climate
forccasts on agricultural markets. Am. J. Agric. Econ. 80: 1102-1108.

Teske, S. & Robinson, P. (1994). The benefit of the United Kingdom Meteorological
Office to the national economy. WMO/TD No. 630, World Meteorological
Organization, Geneva.

Wilks, D. (1997). Forecast valuc: prescriptive decision studies”. In R.W. Katz and
A.H. Murphy (eds.), Fconomic Value of Weather and Climate Forecasts, Cambridge
University Press, Cambridge, 109-1406.

Wilks, D.S. & Murphy, A.H. (1985). On the value of seasonal precipitation forecasts in
a ???/pasturing problem in Western Oregon. Mon. Wea. Rev. 113: 1738-1745.
World Meteorological Organization (1990). Forty-second Session of the Executive
Council: Abridged Report with Resolutions, WMO-No 739, Secretariat of the World

Meteorological Organization, Geneva, pl121.

World Meteorological Organization (1994). Conference on the Economic Bencfits of
Meteorological and Hydrological Services, Geneva, 19-23 Scptember 1994. WMO-
TH No. 630, Geneva.

Ziliman, J.W. (1999). The National Metcorological Service. World Metcorol. Organ.
Bull. 48:; 129-159.



26
LISTS OF FIGURES

Figure 1. Categorisation of meteorological and related services according to
environmental domain (ocean, atmosphere (including the overlapping domains of
weather and climate) and surface water) and type of service (past information,

current information, future information, advice and investigation).

Figure 2. Total (top) and marginal (bottom) benefits and costs of meteorological services
as a function of the volume of services. The curves TB and TC refer to total benefits
and total costs respectively. MB and MC refer to marginal benefits und marginal
costs which correspond to the demand (D) and supply (S) curves of conventionul

econnmic analysis.

Figure 3. Marginal benefits of non rival meteorological services as a function of the
volume of services. MB, refers to the marginal benefit for user 4, MB, for user B

and MB the sum of marginal benefits to both users.

Figure 4. The benefits of meteorological services for a commodity marke! such as corn.
S is the initial supply curve in a situation of no, or no use of, meteorological services
and D is the demand curve with the market clearing price of P and corn production
Q. S§'is the supply curve when the use of meteorological services enables the per
unii cost of production to be reduced by K. The new markei clearing price and

quantity of corn are P' and Q' respectively.

Figure 5. The benefils of meteorological services in a situation of partial adoption. 8,
and S, are the supply curves for producers in two categories, non-adopters and
adopters. These two curves are summed (horizontally) to give the market supply
curve S shown schematically in the right hand panel. Market demand D and supply
S determine the initial market price P and quantity Q.  The provision of

meteorological services lowers production costs for adopters by K per unit ouiput
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Different options for funding the provision of meteorological services and for
charging for the information provided are described and evaluated. The basic
infrastructure and general forecasts and warnings have public good properties of non
rival consumption and high costs of exclusion. For these, direct government funding and
free provision o all are favoured. Value added meteorological services for use by small
groups of specialised users have mixed good properties, and in some cases private good
properties. In this case, seifing fees at marginal incremental costs for value added
services is favoured for reasons of efficiency and practicality.  The other options
considered include government funding with zero price, and loading user fees for a

contribution to funding the public good supply costs.

1. Introduction

Historically, general taxation revenue allocated to government owned and operated
National Meteorological Services (NMSs) has been the dominant source of funds for the
production and dissemination of meteorological scrvices. This public funding strategy
has come under increasing pressure in recent years as a result of more and more claims

on limited taxation revenue, and greater emphasis on application of the user pays
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principle for government scrvices. Many NMSs now depend on fees lor services for part
of their income with approximately 20% of the annual budget of the Australian Bureau of
Meteorology met from user charges (Bureau of Meteorology, 1999) and up to 40% or
more in some countries. Also, there has been significant growth in the number and
importance of private scctor providers of valuc added meteorological services operating
on a commercial basis. The funding and pricing of meteorological services is part of the
broader national economic problem of allocating scarce labour, capital and other
resources among food, health, defence, environment and so on, as well as to

meteorological scrvices.

The purpose of this paper is to describe and evaluate diflerent options for the funding and
pricing of meteorological services. The oplions include: government funding from
luxation revenue and zero pricing; marginal cost pricing lor value adding services;
marginal cost pricing plus a loading on value added services with the loading being a
contribution to overhead costs: and two-part tariffs for value added services involving a
contribution Lo the costs of provision of the basic infrastructure. Comparison of the
different options depends importantly on the rivalry and excludability properties of the
different stages or components of meteorological service provision. Full government
funding has more advantages for the public good infrastructure which is characterised by
non rival use and high costs of exclusion. User pays fees become morc attractive for
value added services where private good characteristics of rival consumption and
especially ease of exclusion dominate. The different funding and pricing options for
different meteorological services are evaluated in terms of: revenue collected and fees
paid; guidelines for the cfficient allocation of resources to the production and use of
metcorological services; incentives for suppliers and users to adopt cost-saving

technology and o innovate; and feasibility and simplicity.

The rest of this paper is organised as follows. Section 2 describes the economic
characteristics of meteorological scrvices. with particular focus on the rival and

excludability propertics of different services. A simple upstrecam-downstream model tor



3

public good infrastructure and private good value added services is presented in section
3. Sections 4, 5 and 6, respectively, consider the different funding and pricing options for
the upstream public good infrastructure and public services, for private good value
adding meteorological scrvices, and for mixed good value adding services. Section 7
outlines some institutional structural options availablc to countries and Section 8

provides conclusions.

2. Economic characterisation of meteorological services

Meteorological services involve the provision of information on the statc of the
atmosphere and, to a more limited extent, that of the underlying ocean, land surface and
inland waters (Frecbaim & Zillman, 2000). These services convemicntly can be
considered as falling into five broad groups: provision of information on past conditions
from the historical record; provision of information on the current state of the
atmosphere, ocean, land surface and surface water; provision of forecasts of future
conditions, including warnings of severe weather and climate events, general forecasts
for the community at large and for a range of specialised uscrs, and projections of future
climate including both seasonal to interannual and longer term fluctuations and possible
human-induced climate change; provision of advice on meteorological, hydrological or
oceanographic science and its application to community needs; and conduct of
investigations into specific scientific problems of the atmosphere, occan or inland waters.
A substantial basic national and international meteorological infrastructure is nccessary
to provide the database for the long term climate record for future generations as well as

for the support of a wide range ol currcnt operational services (Ziliman, 1999).

Dconomic and social benefits of meteorological services arise when individuals,
businesses and governments make decisions whose outcomes are inlluenced by weather
and climate conditions and the information provided enables them to achicve better
outcomes than otherwise. Virtually every scctor of the economy in virtually cvery

country makes some direct or indirect use of general or user specific meteorological
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scrvices. Nicholls (1996), Katz & Murphy (1997), Anaman et al. (1998) and Stern &
Fasterling (1999) provide specific examples and reviews of published studies which have
reported cstimates of the benefits of a wide range of metcorological services. From the
perspective of an eflicicnt allocation of scarce national resources to the production and
use of meteorological services, the quantity provided should be that which cquates
marginal social benefits to users of the inlormation with marginal social or opportunity

costs of using the resources lor other purposes (Freebairn & Zillman, 2000).

A useful simplified representation of the concept of operation of an NMS is given in
Figure 1. In most countries, the basic infrastructure, data and products have traditionally
been provided by government and made freely available to all, including those inside and
outside the NMS. This free flow ol essential information extends across international
borders, as recently rcasserted through Resolution 40 of the Twelfth World
Meltcorological Congress (World Metcorological Organization, 1995). The basic
infrastructure provides the foundation for a range of further information processing
activities and generation of more useful forms of information for decision making by
individuals, businesses and governments. There is little point in having more than one
provider of the basic inlrastructure, and the need for strict adhcrence to international
standards and for long term continuily requires extensive government oversight if not

direct control and operation.

Basic weather and climate information, general public forecasts and warnings of severe
weather und climate events usually are seen us a basic community necessity and right,
and provision of the basic service (the next layer up in Figure 1) 1s generally accepted as
a lundamental responsibility of government. However, most of the dissemination to the
community usually oceurs through the mass media and, in somc countries, the media
themselves are charged fees for access to both basic and enhanced public weather
information. Individual users seeking access to the basic service through channels other
than the mass media are often charged the specific cost of access (e.g. through telephone

or facsimile) to the basic publicly available information.
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As we move further up Figure 1, the provision of special services entails value adding
and tailoring to the specific needs of particular industries, regions or even individual
users. For these services, the identity of users may be apparent and the specialised
information may be of little use or value Lo decision making by others. In these situations,
therc are opportunitiecs for charging for the value added services, beginning with
incremental costs and potentially adding more as a contribution to the costs of the basic
infrastructure il that is seen as appropriate from a policy perspective. Other issues arise as
to whether the NMS or private commercial service providers should provide the
specialised scrvices, and the conditions, including cost, of access to the basic

infrastructure, data and products become important policy issues.

From an economic perspective, the options for the funding and pricing of metcorological
services, and the achicvement of an efficient allocation of scarce resources to different
categories of services, depend on the rivalry and excludability properties of the different
types of service shown schematically in Figure 1. Meteorological services include those
with public good properties of non rival consumption and high costs of exclusion; thosc
with private good properties of rival consumption and low costs of exclusion; and mixed
goods with non rival consumption and lower costs of exclusion (Figure 2). There are also
mixed goods with properties of rival consumption and high costs of exclusion, but these

are relatively unimportant in the case of meteorological services.

Much valuable information provided by NMSs and other service providers for enhanced
decision making has the property of non rival consumption. Use of this information by
one decision maker does not reduce the quantity available to others,  Once the
information is available, the marginal cost of its supply to additional individual, business

or government decision makers is, in many situations, cluse, if not equal, to zero.

In the case of the basic infrastructure and the public weather and climate scrvices
provided by NMSs, the services are characterised by high costs of exclusion as well as by

non rival consumption. Oncc the information is available, it is available te all and it
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would be difficult or very costly to exclude potential users from accessing the
information and using it to improve the outcomes of weather and climate sensitive
decisions. Typically there is a very large number of users of the information, including
current users in a country, users in other countries and futurc generations. Further, the
total and marginal benefits of meteorological services both vary widely across the large
number of users, and the NMSs have little information on the individual user valuations.
Non rival consumption and high costs of exclusion mean basic meteorological

infrastructure and public weather and climate scrvices are classic public goods.

From the national perspective of the efficient allocation of resources to meteorological
services with public good characteristics, the chosen quantity of services should equate
the sum across users of the marginal rates of substitution in demand of the public good
and private goods with the marginal rate of transformation in production of the public
good and private goods (Myles, 1995; Stiglitz, 2000). This quantity would also equate the
sum of marginal benefits of the meteorological information to the different users with the
marginal cost of its production. Notc that all users would receive the same quantity,
because of non rival consumption, but their marginal valuations and willingness to pay at
this quantity are likely to vary widely from user to user. Given the nonexcludability
property, different users have an incentive to free ride and not to reveal their willingness
to pay for the scrvice. Private markets fail demonstrably in the provision of public goods,

including, in particular, in the provision of public mctcorological services.

In the case of specialised value added meteorological services, the possibility of the
supplier appropriating from users a fee for service and thereby avoiding most of the free
rider problems of a pure public good becomes a serious option. In many situations, the
enhanced decision making benefits of valuc added services arise for only a small number
of clearly identiliable users. Here restrictions via access to phone, lax, intcrnet or
personal contact with the supplier enable the supplier to exclude potential users at low

cost from the value added meteorological service. Small numbers of users mean also that
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i is easier to asscss the total and marginal benefits that the different users attach 1o the

specialised value added mcteorological services and, in turn, to bargain user fees.

Various examples of value added meteorological services can be given to illustrate where
costs ol exclusion may be small. Specially processed climatic data for use in the design
of structures in a particular area so as Lo be robust against extreme events, while also
minimising costs, are valuable initially to the developer and a few polential builders at
the tender stage and, once a successlul tender has been chosen, the data are valuable to
the developer and to the onc builder. Flight-specific presentation of forecasts tor use by
individual airlines can be restricted to the paying airline, or consortium of airlines, using
a particular route - as opposed to basic aviation meteorological services which are made
widely available in line with international conventions and national regulatory
requirements. Specialised meteorological information for use by farmers producing a
particular crop in a particular region to assist, say, programs ol weed and pest control can
be restricted to paying individual farmers or to a cooperative or consortium of farmers.
Even [or peneral weather forecasts, costs of exclusion can be low for the provision of
more detailed information, or for priority provision of the information, to a lLimited

number of media outlets.

Where valued added meteorological services have the combined properties ol non rival
consumption and low costs of exclusion, the appropriate economic classification is as a
mixed public and private good. In particular cases of a single user, or consortium of
users, consumption, in cffect, is rival and a private good framework can be applied. Tor
private goods, market forces of demand, based on marginal benefits ol metcorological
information to users, and of supply, based on the marginal costs of service provision,
combine to determine the price and the quantity produced and consumed of the private
vood meteorological service which maximises society welfare. For a mixed public and
private good meteorological service, the cfficient quantity equates the sum ol marginal

benefits of the diffcrent users with the marginal cost of supply. A price discrimination
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pricing strategy with user charges sct at the marginal value of the welfare maximum

quantity for each user will cquate society marginal benefits with marginal cost.

Figurc 3 depicts the economic classification of the various components of national
meteorological scrvice provision, with a distinction between information for national and
for international use. and categorisation by type of economic good, with a distinction
between  public good, mixed public and private pood, and privatc pood. The
categorisation by cconomic good is suggestive rather than definitive. For example, some
ees may be charged for the mass media, some specialised services may be offered free,
and technology can alter the costs ol exclusion and, in tumn, the cconomic classilication
of particular meteorological services. Nonetheless, there is a clear pattern of public good
properties of the basic infrastructure which is a necessary input for both basic public
weather and climate services and for specialised value added services. The more
specialised value added metcorological services have less general application, and
options for low cost exclusion are available. These opportunities lor cxclusion move such
metcorological services into a mixed good classification and, in an extreme case, nto a

private good classification.
3. A simple model

Consider a two-stage production process for meteorological information which improves
the decision outcomes for choices aflected by weather and climate. There is an upstream
provider of basic infrastructure and general forecasts with public good characteristics,
and a value adding downstream producer of specialised services with private good
characteristics. The NMS will usually be the upstream producer. Then, specialised units
{perhaps part of the NMS or, alternatively, independent commercial firms) use the public
vood information, plus extra resource inputs, to produce a more valuable set of tailored
meteorological information for specialised users, such as return-period estimates of

various wind speeds and rates of rainfall for the design of structures or forecasts of
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sailing and flying conditions for individual ships and aircraft and specific times and

routes.

A formal representation of the two stage production model is:

Q=fX) (1)

Q= f(Q, X) @
where Q is the quantity or volume of public good meteorological services, Q; is the
quantity or volume of privatc good meteorological services with j = 1, 2, .., n
representing different specific purpose value added information types for user class j, X
is the labour, capital and other resources used in producing the public good, and X is the
additional resources, in conjunction with the public good meteorological services input

Q, used in producing each value added specialised service.

The production functions in equations (1) and (2), together with information on the
resource input costs, can be used to derive cost and supply functions for the Q and Q,
products. Note, however, that the public good Q is a common cost input for all the value
adding Q; outputs. F'rom an ceonomic perspective, the allocation of the common cost of
the inputs X used to produce Q in the production of different value added Q; products is
not easily determined and requires data on demands and costs for each of the j = 1, 2, ...,

n value added products.

Demand for each private good Q; is given by the marginal benefits of better decision
making attributable 1o use of the meteorological information, or by the marginal
willingness to pay function. In the case of the public good Q, demand is given by the sum
of the marginal benefits of direct uscrs of Q plus the sum of the derived demands for Q

by each of the specialised scrvice providers as an input in producing each Q;.



4. Funding and pricing: public good

Against the criteria of economic efficiency and practicability, the public good
components ol meteorological services primarily should be government funded with
houschold and business users being charged only marginal attributable costs associated
with their provision to particular users. The non rival consumption property of basic
infrastructure and general weather and climate information means that the marginal cost
ol public good meteorological scrvices to a particular user of the information 1s
negligible, if not zero. Marginal attributable costs would include any extra processing
costs of the public good information for the specific needs of particular users plus

identifiable communication and distribution cosls to the user,

All users, and in fact all individuals and busincsses in society, are provided with the same
quantity of public good meteorological services. At this quantity, total and marginal
benefits of the information will vary widely from user to user. As well as the usual free
rider problems and the absence of incentives for individuals and businesses to reveal their
willingness to pay for public good meteorological services, the practical task of
measuring the benetits of the information to most users appears to be insurmountablc.
Further, the impacts of technological change result in frequent shifts in user valuations of
meteorological scrvices over time. The very high costs involved in excluding uscrs from
gaining access to public good meteorological services means that charging systems easily
can be avoided. All these practical considerations rule against the application of user fees

(o collect much revenue to fund public good meteorological infrastructure and services.

In determining the level or volume (quantity and quality) of public good meteorological
services to be provided, and the associated draw upon taxation funds, recognition must be
given to tax administration costs, tax compliance costs, and the deadweight or efficiency
costs of taxation on economic decisions. As a result, the social cost of a dollar of tax
revenue exceeds the dollar collected. In most countrics, government tax administration

costs in collecting revenue are around 1% of revenue collected. Individual and business
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costs of tax compliance costs can be of the order of 10% of tax paid (see, for example,

Sandford, 1995). Taxation distorts decistons on work versus leisure, on spending now or
in the future, on the choice of which goods and services to produce and consume. on the
form of business organisation, and so forth, with resulting efficiency costs, often in
excess of 20 cents per dollar of tax revenue (sce, for example, Musgrave & Musgrave,
1991; Myles, 1995; Campbell & Bond, 1997; Feldstein, 1997; Suglitz, 2000). Then, the
social cost of a dollar of tax revenue likely exceeds $1.30. In the special case where the
benefits ol public goods, in this case basic meteorological infrastructure, data and
products and general public forecasts, arc distributed roughly in the same way as is the
extra tax revenuc to fund them, Kaplow (1996) and Ng (2000) argue that, cven after
recognising the social costs of tax revenuc, government should expand public good
cervices 1o the level at which the social marginal benefits (that is the sum of marginal

benefits across all users) per extra dolar of government expenditure equals unity.

5.  Funding and pricing: private good

Consider nexl the funding and pricing of private good meteorological services. Generally
these are value added weather or climate forecasts or specially processcd data for the
particular decision needs of specific users, the Q, outputs of equation {2). Examples arc
services provided for offshore oil und gas operations, tourist operators, construction
projects, energy utilitics and groups of larmers. While there is signmilicant debate as to
whether the users of specialised private good services should also contribute 1o the
funding of the public good infrastructurc input Q, there is little controversy that they

should fund the incremental costs for the X inputs in equation (2).

One option, however, is to use taxation revenue to fund not just the basic infrastructure
but also the production of the value added services and provide them free of charge. That
is. both the Q and the X inputs in cquation (2) are funded from taxation revenue and the
price to users of Q is zero. Given the social opportunity cost of the value added

production inputs, X,, zero pricing of private good meteorological services will lecad to
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excess production and consumption with marginal social costs excecding marginal social

benefits. The national efficiency costs of excess production and consumption become
greater when duc recognition is given to the administration, compliance and efliciency

costs associated with the collection of tax revenues.

A more attractive funding and pricing option for private good meteorological services in
terms of efficiency and feasibility criteria is to charge users a price equal to the marginal
or identifiable incremental costs of the value added services. That is, users are charged a
price per unit of Q, information in equation (2) equal to the marginal cost of the X; inpuis
per unit of Q; output, and implicitly, or explicitly, leaving (or assuming) a zero charge on

the public good, Q, infrastructure input costs.

The revenue and funding implications for the NMS of a strategy of marginal cost pricing
of value added downstream services depends on the circumstances as depicted in
Figure 4 and analysed in more detail in the Appendix. If demand is at a quantity (Q,)
where the average cost of producing the value-added services is constant, marginal cost
pricing will cover the costs of the value adding X; inputs but there is no contribution to
the cost of the X inputs used in producing the infrastructure services. If average costs of
producing the value added scrvices are rising (as for quantity Q; in Figure 4), marginal
cost pricing covers costs of the valuc adding inputs and makes a contribution to the costs
of infrastructure; and the converse where average costs are falling (Q, in Figure 4). The
actual situation depends on demand and the technology for producing the value adding

specialised services, and it likely will vary for different scrvices.

The option of providing the public good meteorological service input Q frce of charge to
valuc adding providers, whether they be a component, preferably an independent
component, of the NMS or a private commercial firm, has both advantages and
disadvantages. Open and competitive access to a key input provides for contestability in
supply of the valuc added private good meteorological services. This unleashes

competitive pressures, with incentives and rewards for innovators to expand the
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technological frontier. If the contestability leads to prices and quantities where marginal

cost and marginal benefits are equated, static economic efficiency follows. However,

government expenditure to fund the public good basic infrastructurc costs still has to be

incurred.

Scveral options can be considered so that the price charged on the value added
meteorological services covers not only the costs of the extra inputs but also contributes
to the costs of provision and operation of the public good infrastructure. These include:

a tax levied on the marginal cost price of the value added product, or a tax on the inputs
used in producing the value added outputs, with the tax revenue being used as a
contribution to the cost of funding the public good input; or a two part tariff consisting of
a lump sum access fee and a per unit service charge set at marginal cost as above. The
access fec can be as high as buyer economic surplus (i.e. the area between the marginal
benefits or demand curve and the price line), and it becomes a contribution to the costs of

producing the public good input Q.

Some degree of monopoly right lor the supply of the value added private good
mecteorological service will be required for the two-part tariff system to be sustainable.
Monopoly power could come from economies of sizc, meaning it is much cheaper to
produce Q, with one supplier rather than having several producers, or from some form of
government regulation raising barriers to entry. In the absence of a monopoly, and
recognising the public good properties of non rival consumption and high costs of
exclusion to the use of the public good input, alternative supplicrs can enter the industry
and produce the value added meteorological services, (Qj, at marginal cost. The new
entrants avoid paying the access fee and thereby undercut the price of the incumbent
producer. Ultimately the new entrants drive the incumbent out of the market, with the
result that no contribution via an access fee is made to funding the cost of providing the

public good meteorological infrastructure and products.
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The static efficiency cffects of the tax and two-part tariff options for collecting funds to

contribute to the public good infrastructure meteorological services are different. The tax
option in effect shilts upwards the marginal cost and supply curves for the value added
meteorological service, Q;. This results in a higher price, a fall in consumption to a level
where marginal social benefits exceed marginal social costs, and an associated efficiency
loss from too little production and consumption ol the value added meteorological

service.

In principle, a set of Ramsey taxes with the tax set higher for value added meteorological
services with relatively low responses of quantity to demanded price. or lower demand
elasticities, will minimise the overall deadweight costs of meeting an aggregate revenue
target contribution lo the public good meteorological service input Q. Given the options
of funding the basic infrastructure services by taxation revenuc and incurring the social
costs associated with the administration and compliance costs of taxation and the
deadweight distortion costs of taxation, or funding them by input taxes on value added
services, Taffont & Tirole (1993) show that a non-zero markup improves overall

efticiency.

By contrast, the option of using a two-part tariff structure for value added private good
meteorological services to fund a part of the basic meteorological infrastructure involves
no static cfficicncy loss associated with too little consumption. The access fee elfectively
is a lump sum tax. [t is non-distorting in its effect so long as it does not absorb all the
benetits, or consumer surplus, to the usce of the value added service. Then, from a static
economic elficicncy perspective, the two-part tarifl is preferred to the tax markup model
for collecting a contribution to public good infrastructure costs. Howcever, the required
monopoly status of the supplier of the valuc added meteorological services necessary to
sustain the two-part tariff price may itself lead to cflicicney losses. A monopoly supplier
facing compelilive buyers can increase its own profit by restricling output of the value
added service below the socially cfficient level. But, since the excludability property for

a privatc good in the context of value added metcorological services generally requires
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that there be only a few buyers, or an organised cartel of buyers, a more likely market

structure is one of buyer concentration and monopsony powcr as well as seller
concentration and menopoly power. Such a bilateral monopoly bargaining industry
structurc may or may not choose a socially efficient quantity of value added
meteorological services. Alternatively, the users of the value added services may
vertically integrate and organise themselves to become the supplier of the value added
meteorological services and, in this context, choosc a level of output that ¢closely equates
marginal social costs and benefits; or regulations could be imposed on the monopoly
supplicr of the value added services to price according to0 marginal cost. Clearly
regulations are subject to various failurcs of their own, and hence they will involve some

errors and efficiency losses.

Probably a greater concern with monopely supply of privaic good value added
specialised meteorological services is the potential loss of dynamic efficiency. And these
problems arise with either a publicly owned monopoly, say the commercial arm of the
NMS, or a privale commetcial firm with solc supplier rights. Both the production of
meteorological services and the usc of meteorological services are subject to rapid and
often unpredictable changes in information technelogy and other innovations. A
competitive environment, particularly one that minimiscs barriers to entry ier new
suppliers of value added meteorological scrvices, provides incentives and rewards for
innovation and improvements in productivity. By contrast, a monopoly structure dulls the

incentives for, and rewards ol productivity improving innovations.

There are difficult-to-quantify trade-offs between the competitive structure und
monopoly structure models for providing value added private good meteorological
services for specialised users. Competition in the provision of specialised services 1s best
fostered by government funding of public good infrastructure services, but the associated
distortions associated with taxation o provide government funds involve social costs.
However, in the case of public good meteorological services providing bencfits across

most members ol socicty and if, as seems likely, the distribution of the benefits is
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roughly comparable to the distribution of the burden of the extra taxes paid for their

funding, Kaplow (1996) and Ng (2000} arguc that most of these costs can be ignored in
determining the output of public good meteorological services. By contrast, monopoly
providers can set user fees for the specialised private good metcorological services which
provide a contribution of funds to the public good as well as covering the incremental
costs of the private good scrvices. A competitive structure, and in particular the
opportunity for and threat of entry of new suppliers, is more conducive to innovation and
productivity growth than is a monopoly. Choice between the two options will vary with

circumstances and ultimately becomes an empirical issue.

6. Funding and pricing: mixed public and private good

Relative to the preceding discussion of private good meteorological services, funding the
services where mixed goods are concerned opens up the option of a more refined funding
strategy based on the principles of price discrimination in addition to those alrcady

discussed.

Mixed public and private good meteorological services have the properties of non rival
consumption and low costs of exclusion. For example, special purposc forecasts of flying
conditions (ie forccasts that go beyond thosc required to be generally available to
conform with regulatory requirements) are non rival for different airline companics
operating the same route(s) and the supplier can restrict the availability of the
information to the different airline companies. Other examples include individual farmers
in a similar climate rcgime, different utility companies supplying into a common market,
and different construction companies tendering for thc design and building of

infrastructurc in a particular region.

A supplier of a mixed good meteorological services may be able to distinguish between
the different potential users of the information in terms of the total or marginal benelits

cach places on the information. For cxample, one of the airline companies may operate
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more frequent flights, have aircraft with different sensitivities to weather conditions, or

have differcnt operational and management systems for using the meteorological services
to adjust decisions to achieve better outcomes than the other airline users of the non rival
services. Then, a revenue maximising supplier would charge the different airline
companies differcnt prices based on their assessed abilily or willingness to pay for the
same information. Such a price dis¢rimination strategy extracts greater revenue from the
users, and hence a larger source of funds to contribute to the costs of the public good

infrastructure, than the strategy of a common fee for all users.

7. Institutional structure options

The use of competition, even if only the threat of competition entry, to stimulate
innovation in both the supply of, and use made o, value added meteorological services
has been emphasised. Achieving a competitive structure raises questions about the
involvement, and by implication also the pricing practices, of the NMS. In particular, it
may be considered desirable to preclude the NMS from using its monopoly posilion in
the supply of the public good infrastructure w compete unfairly against private sector

suppliers of value added meteorological services.

One simple industry structure is to restrict the NMS 1o providing public good
metcorological services, including the basic infrastructure and general forecasts, with full
government funding. and leave the production of value added meteorological services
with private good and mixed good properties to private firms. Private firms would usc
the readily available public good services at zero charge. then cmploy. and pay market
prices for, extra resources to produce valuc added services, and charge what the market
will pay. The forces ol competition would provide elfective incentives and rewards [or
privale firms for developing and adopting innovations in both the production of value
added meteorological serves and in the uscs made of the information. With the NMS
effectively excluded and all having equal access to the public good meteorological

information, different private sector firms compete amongst each other on level terms.
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However, in additional to the safety considerations which may make il undesirable that a

major user sector (eg aviation) base its decisions on information which could be
inconsistent with the widely availablc public forecasts and warnings, at least three scts of
arguments against excluding the NMS irom involvement in the production of value
added services need o be considered. First, there may be economies of scope which
result in cost savings in using skilled forccasters, computers and other NMS resources in
joint production of value added services as well as the basic infrastructurc and public
services (although, as pointed out by a reviewer, private downstream suppliers could hire
or rent at market rates the services of skilled staff, computers, and so forth from the
NMS). Second, as has been noted earlier, the delineation of public good metcorological
services as the limit of the domain of the NMS is a vague and somewhat arbitrary
exercise. Further, the demarcation will change with rapid technological change, and it
will be subject to inefficient strategic and political gamesmanship. Third, for many, and
maybe most, value added serviccs, it is likely that economies of size will mean it is cost
effective to have just one supplier, although the importance and extent of cconomies is an
empirical issue and onc which may have different answers for different value added
services. Where economies of size are such as to favour a natural monopoly it may be
nccessary to choose between a regulated public supplier, the NMS, or regulation of a

private firm monopoly supplier and, in this situation, there is no clear answer.

Alternatively, the supply of value added meteorological services could be structured to
achieve a closc-to-level playing field for fair competition between the NMS and actual
and potential private scctor suppliers. The public good meteorological services used as
an input for producing value added services would be made available to all producers on
cxactly the same terms, of which a zcro price 1s one option, and the NMS sets prices for
the value added scrvices it produces to at least cover the incremental production costs, as
would a commercial private business competitor. While the delineation of what is a
public good to be funded by the government and provided free of charge to all, and what

is a value added meteorological service, will be arbitrary, so long as the distinction is
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clear and explicit, it has a limited impact on achieving competition in the value added

specialised meteorological services market.

8. Conclusions

Metcorological services which provide individuals, businesses and povernments with
information to enable them to make better higher-pay-off decisions span the spectrum of
public, private and mixed goods. The lines of demarcation are vague, and they change
over time. Given these real difficulties, a gencral strategy for funding the provision of

meteorological services to meet efficiency and feasibility criteria can be suggested.

Basic infrastructure data and products for national and international use, and basic public
weather and climate forecasts and warnings, primarily have public good properties. The
information is non rival in consumption, there are very many actual and potential users
from most sectors of the cconomy, and costs of cxclusion are high. Other than for the
identifiable costs of their distribution to individual users, economic efficiency and
practicality considerations mean these public good services should be provided free of
charge to actual and potential users. General taxation revenue should provide most of the

funds for public good meteorological services.

Specialised value added meteorological services provide extra information which
enhances decision making by smaller groups of individuals and especially businesses.
Here many of the specialised services have mixed good propertics of rival consumption
and low costs of exclusion. In some cases with one user, or effectively onc user, the non
rival consumption property can be ignored leaving a private good situation. The value
added services use both the basic infrastructure information as an input plus relatively
easily identifiable additional inputs for production. User charges for the value added
meteorological services set at the marginal cost of the additional inputs result in
economic efficiency. Further, the associated zero charge on the public good input

provides a low entry cost and ncutral field for competitive rivalry. Provided that, at
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current demand quantities, the average variable costs of the value added activity are

constant or rising, the marginal incremental cost pricing strategy will fund the costs of

the extra inputs.

Options to include in the price or user fee for value added specialised meteorological
services an extra charge lo contribute to the funding of the public good infrastructure are
controversial. In terms of the criteria of efficiency and extra revenue collected, a two-part
tariff is preferred to a tax on the value added outputs or on the cxtra inputs used in
producing them. Monopoly power is, however, neccssary to ensure sustainability of a
two-part tariff. Unfortunately, decisions by the monopoly supplicr are likely to involve
static and dynamic efficiency losses. These efficiency losses or costs have to be

compared with the social costs of using tax revenuc to fund the basic infrastructure.
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Appendix - marginal cost pricing and funds

Figure 4 shows a gencral picture of the average variable cost and marginal cost of
praducing value added mecteorological services. Avcrage variable cost, AVC,, and
marginal cost, MC,, associated with providing a particular valuc added meteorological
service, Q, refer only to costs of the valuc added input, X, and assumc a zero charge for
the public good infrastructure inputs, Q. Three plausible situations in Figure 4 can be
identified. These depend on the position of the demand curve for the value added

specialised metcorological services relative to whether average costs are falling, constant
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or increasing, with the three different situations shown with demand as D,, D, and D,.

The demand curves reflect the marginal value of the extra information to more effective
and higher pay-off decisions in the face of weather and climate influences. 1n case one,
demand at D, occurs where average variable costs, AVC, are falling because of
economics of size and scope, and by definition MC < AVC. Here, setling price equal to
MC, that is P,, rcsults in a short-fall of revenue in the sensc that the revenue colleeted,
P,Q,, is not enough to cover the value added input costs A,Q,. In case two, demand at D,
oceurs where average costs, AVC, are approximately constant, and by definition AVC =
MC. In this situation, pricing the value added private good specialised meteorological
service at P, = MC = AVC covers the costs of the extra, or value added inputs, X, but
provides no contribution to funding the public good infrastructure inputs Q. Case three is
where demand D is at a quantity where average costs, AVC, are rising, and by definition
MC > AVC. Here, marginal cost pricing, P;, generates enough revenue to cover the value
added inputs, X;, plus a surplus or contribution equal to P, - A; per unit value added
meteorological services output. This surplus could be used to contribute 1o the cost of

producing the overhead or public good infrastructure input, Q.
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LIST OF FIGURES

Figure 1. A schematic representation of the essential components of a national system
for provision of meteorological services. The hasic infrastructure, data and products
(sometimes referred 1o as 'basic systems’) underpin the provision af both the basic

service fo the community at large and special services to individual users.

Figure 2. The categorisation of meteorological services according to rivalry of

consumption and costs of exclusion.

Figure 3. A schematic representation of the upproximate relationships between the basic
underpinning national meteorological infrastructure and its various oulputs (data,
products and services) in ferms of their economic classification, the provisions
governing their international exchunge under Resolution 40 of the Twelfth World
Meteorological Congress and possible charging regimes at the national level. It should
be noted that the horizontal alignment of boundaries (broken lines) is approximate only,

and may vary from case to case and time to time.
Figure 4. A schematic representation of the implications of marginal cost pricing of

value added meteorological services for three different demand situations D), D, and D

AVC represents the average variable cost of the services and MC the marginal cost.
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Figure 1. A schematic representation of the essential componenis of a national system
for provision of meteorological services. The basic infrastructure, data and producls
(sometimes referved to as ‘basic systems’) underpin the provision of both the basic

service to the community af large and special services to individual users.
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Figure 2. The categorisation of meteorological services according 10 rivalry of

consumption and costs of exclusion.
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Figure 3. A schematic representation of the approximate relationships between the basic
underpinning national meteorological infrastructure and its various outputs (data,
products and services) in terms of their economic clussification, the provisions
governing their international exchange under Resolution 40 of the Twelfth World
Meteorological Congress and possible charging regimes at the national level. It should
be noted that the horizontal alignment of boundaries (broken lines) is approximate only,

and may vary from case (o case and time to time.
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Figure 4. A schematic representation of the implications of marginal cosi pricing of
value added meteorological services for three different demand situations D, D, and D,

AVC represents the average variable cost of the services and MC the marginal cost.




