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EXECUTIVE SUMMARY

This sudy, commissioned by the Canadian Meteorologicd and Oceanographic Society of Caneda,
posss three questions rdding to the formulation of a viable and effective private meteorologicd indusiry
drategy in rdation to economicaly optima federd government provision of weather sarvices?!

1. Wha isthe economicaly optimd levd of capitd investment in meteorologicd infragtructure?

2. Wha are the economicdly optimd roles for the private and public sectors in the provison of
meteorologica technology, research and sarvices? and

3. What palicy options exist for optimising the public and private sector roles and investment levels
in the provison of meteorologicd infrastructure and prediction services? What are the bendfits
and codts of these options?

As an economic andlyd's, the sudy does not address non-economic congderaionsin the formulation of
both private and public palicy.

The sudy draws on finendd, budggary and market data from Environment Canada and indusiry
publications and reports. Some unpublished information was supplied by Environment Caneda. As
such, the data usad here do not necessaxily reflect recent changes in MSC finances ad sarvices.
Environment Canada has indicated that any such differences are unlikdly to change the sudy’s overdl
condusons

The study yieldsfive prinipd condusions

1. Just under three-quarters of the expenditures of Environment Canadd s Meteorologica Sarvices
of Caneda ($159 million in fiscd year 2001) involve meteorologica infrastructure activities and
outputs that address a market falure and thus bdong in the federd domain. The remaning
expenditures, $66.5 million in fisca year 2001, are for the production of vaue-added services
thet would be more effidently provided by private firms,

2. The federd govenmentt hes pemitted the vdue of the cgpitd dock of meeorologica
infragtructure to erode over the past 25 years. This eroson has contributed measuradly to the
netion's duggish rae of growth in productivity and Gross Domedic Product.  Although
Environment Canadd's proposed $280 million,? five-year capita invesment plan would yidd

! The findings and conclusions presented here are those of HLB Decision Economics Inc. and do not necessarily
represent the views of the CMOS or of Environment Canada.

2. Notethat the investment program on which the analysis of optimal capital spending isbased aone-time
submission by MSC to the Treasury Board Program Integrity 1 exercise on July 24, 1999. Out of the total $216 million
in incremental capital and associated operating and maintenance dollars requested over five years, MSC has received
$20 million (over five years) to address critical occupational and health safety issues. It should also be noted that the
investment plan employed in the optimality analysis does not reflect the most current MSC investment planning
assumptions. Use of the Program Integrity 1 plan are used here to analyze optimal capital sums required and
associated benefits, incremental to the reference levelsin 2000/01.

HLB Decision Economics Inc November 19, 2001
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net benefits of $4.6 hillion over ten years (a 69 percent rate of return), even higher levds of
federd infragtructure investment are economicdly judified;

3. Environment Canada charges more then the optimd price (more then margind cos) for
meteorologicd infragtructure services, thereby preventing the maximization of the economic and
sodd benefits of weether prediction. Treasury Board guiddines on codt recovery permit the
use of the margind codt pricing framework. On the other hand, the subsdies implied by the
margind cog pricdng rule present cartain economic and practicd problems. Various pricing
possihilities are avallable that serve the interests of public policy (see Box Essay);

4. MSC does not impute an dlowance for normd profit and commerdd risk into the prices it
levies for its vaue-added products and services. This places private providers a a competitive
dissdvantage that limits their growth and inhibits innovation in the private sector supply of such
products and sarvices: Treasury Board guiddines permit the use of such imputations; and

5. If the federd government were to withdraw from the provison of products and sarvices in
which no evidence of market falure is gpparent, the vdue of private sector output and
employment in the production of meteorologica services would more than double.

HLB Decision Economics Inc November 19, 2001 Vi
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BOX ESSAY: THE ECONOMICS OF PRICING PUBLIC GOODS - AN OVERVIEW

The term “public good” is used in two different, albeit overlapping senses in the economics literature. One
has to do with “non-excludability.” The other concerns “absence of rivary in consumption.” Early onin
the literature, a broadcast from aradio or television tower was a commonly used example of public goods
in both senses of the term.  On non-excludability, the literature observed that once a station’s signd is
transmitted from its tower, any of its neighbours could receive it; no mechanism existed with which to
provide it only to those who were willing to pay for it. Regarding absence of rivary in consumption, the
time one neighbour spent being entertained by the signal was observed to have no effect on the quality of
the signal any other neighbor received.

Technology has altered this state of affairs in the last decade or so. DirecTV uses a satellite over the
Gulf of Mexico to beam a signal toward Canada and the United States. The reception of that signa by
one person neither increases DirecTV’s costs nor reduces the quality of the signal anyone else receives.
But these signals are subject to excludability. Any household can authorize someone answering a phone
at DirecTV to charge its credit card and, in return, instantly receive access to a fraction of the signal that
is“griking” its home. If the household pays an additional amount, it receives a bit more of the total signal.
The cost of billing the rousehold is DirecTV’s tota cost of serving it; if DirecTV provided the service
free, serving the additional household would cost DirecTV nothing.

For a large and growing fraction of what is produced these days, the margina cost of an extra unit of
output is trivial in comparison to its average total cost. The copy of the paperback nove that sells for
$3.95 at the supermarket checkout counter costs on the order of 20 cents to produce. Computer programs
that cost millions of dollars to develop are didtributed on compact disks that cost 25 cents or so.
Knowledge collected by MSC that costs it many thousands of dollars to produce can be sent to an
additional radio station or newspaper or producer of highly speciaized weather reports for atiny fraction
of many thousands of dollars. Suppose that MSC were to employ a DirecTV-type technology to provide
wegther knowledge only to those willing to pay a price that, when added over al paying customers, would
cover its costs of producing and distributing this knowledge. Such a procedure would exclude—possibly
very many—customers whose benefits from this knowledge fall short of this average-cost price but who
would happily pay the marginal-costs of serving them.

Micro-economics textbooks invariably point out that, when the price of a commodity exceeds the
incremental or marginal cost of producing it, additiona output would generate additiona consumer benefits
that would exceed the additiond costs of producing this additiona output. This being the case, the
textbook prescription is, “Set price equa to margina cost.” This prescription is costly when, as in the
cases presently at hand, the revenue from marginal-cost prices would fall short of total costs. Under such
circumstances, price could aways equal margind cost only if someone or some entity willingly aways
subsidizes the resulting deficits. In textbook discussions, governments are amost always assumed to be
the subsidizing entities.

HLB Decision Economics Inc November 19, 2001 vii




Canadian Meteorological and Oceanographic Society Optimizing the Public and Private Sector Roles
in the Provision of Meteorological Services

BOX ESSAY: THE ECONOMICS OF PRICING PUBLIC GOODS -- AN OVERVIEW ...
con’t

Governmental subsidies to equate price and margina cost have at least two problems. First, subsidies
require tax revenues. Taxes imposed on goods and services inevitably result in buyers paying more for
them than their sellers receive. Even in markets where prices would otherwise equal marginal costs, taxes
introduce the sorts of gaps between consumer value and supplier cost that subsidies designed to equate
prices and margina costs in other markets are aimed at eliminating. Conclusion: At a maximum, the
subsidy required to reduce the gap between price and margina cost in one market should yield benefits in
that market no greater than the costs the necessary taxes impose in other markets.

The second problem with governmental subsidies to individual markets: Their costs are borne by taxpayers
in general; their benefits go in considerable measure to those most actively involved in the subsidized
markets. Almost all of us benefit from the general weather reports we read in newspapers, hear on the
radio, or see in TV. Were these the only benefits that MSC provides, its optima level of output would
probably be considerably lower than it is presently. But it provides many other beneficia services. For
example, frost derts from MSC or independent entrepreneurs who use MSC data give fruit farmers time
to set up sprinklers, smudge spots, or other equipment to repel frost. The primary beneficiaries from such
reports are those who produce them, those who use them to reduce crop damage and, perhaps, fruit
consumers. Taxpayersin genera are not likely to be enthusiastic about such income transfers.

Because of such problems, subsidies designed to reduce gaps between prices and margina costs in
markets are unlikely to eliminate these gaps substantially even when they are very large. Fortunately,
sophisticated pricing techniques have been developed in the economic literature that promise to reduce
gaps between prices and margina costs in many types of market. Two techniques are particularly
prominent in this literature — “bundling” and “two-part tariffs.” Bundling: if consumers differ in the values
they attach to individua products in a related group of commodities, charging a single price for each of a
group of carefully designed bundles can increase both revenues and buyer benefits from the group. Two-
part tariffs. Charge an up-front fee that is independent of total purchases in a market together with a unit
price per unit that is closer to margina cost than an average-cost price. The up-front fee could,
aternatively, be associated with a group successively lower per-unit fees.

HLB Decision Economics Inc November 19, 2001 viii
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1 INTRODUCTION

Commissoned by the Canadian Meeorologica and Oceanographic Sodety of Canada, this sudy
posss three questions rdating to the formulation of avidble and effective private meteorologicd industry
drategy in relation to federd government provision of weether sarvices®

Wha isthe economicdly optimd levd of cgpitd invesment in meteorologicd infrastructure?

Wha are the economicdly optimd roles for the private and public sectors in the provison of
meteorologicd technology, research and sarvices? and

What palicy options exid for optimigng the public and private sector roles and invesment leves
in the provison of meteorologicd infragtructure and prediction services? What are the benefits
and codts of these options?

An*“optimd” investment plan is one that maximizes the economic and sodd benefits of various capitd
projects reldive to thar cost (where cog indudes both one-time capitd outlays on fadlities and
equipment and the yearly expense of maintenance and operations). Similarly, an optimd public-private
mix of adtivitiesis one that yidds maximum economic growth and sodd wel-bang & minmum-possible
costs and consume prices. While, in practice, economic andlyss does not reved the sngle-best
invesment plan, or the Sngle-bet public-private mix of adivities, it can identify mgor mismatches
between exising and optimd investment levds and market arangements. Economic andyd's can dso
identify those polides and invesment levds modt likdy to redress such mismaiches  Thee ae the
purposes of economic andyssin this study.

As an economic andlyd's, the sudy does not address non-economic considerations in the formulation of
both private and public palicy. Such condderaions might indude, for example, the government sector’s
wider misson and commitmentsin relaion to the environment.

Throughout the sudy, HLB employs finendd, budgetary and market data as available in Environment
Canada and indudry publications and reports Some unpublished information was supplied by
Environment Canada.  As such, the data used here do not necessaxily reflect recent changesin MSC
finances and savices. Environment Canada has indicated thet any such differences are unlikdy to
change the sudy’ soverd| condusions

1.1 The Context

Like roads, sawers and other foundationa public infrasiructure, meteorologicd infragtructure (sadlite
ddions, radars, super-computers and rdaed fadlities and eguipment) commands a ggnificant
commitment of economic resources. Evary year the andyss and prediction of weather and
environmentd condiitions reguire millions of dallars in capitd invesment; in Aaries for sdentigts and

% Thefindings and conclusions presented here are those of HL B Decision Economics Inc. and do not necessarily
represent the views of the CMOS or of Environment Canada.

HLB Decision Economics Inc November 19, 2001 1
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other professonds, in ressarch funding, and in the purchese of peddized forecadts by famers,
trangportation companies, radio and tdevison dations and the many other end-users of weather and
environmenta services. In the year 1999/2000, the capital ock of meteorological infragtructure was
worth amog $300 million (over 95 percent of which was owned by the federd government). In the
sane yedr, governments, private meteorologicd firms and households spent fully $285 miillion on new
prediction-rdated fadlities and equipment, research and devdopment, and forecadting products and
sarvices, or about $919.00 for every 100 Canadian residents.”

How much is enough? Nowithdanding the finendd magnitude of the resource commitment
summarized above, capitd investment in weather-rdated infradtructure is amdl compared to spending
on ather economicdly foundetiond public infragtructure. For example, government (federd, provincid
and other) expenditures in 1999/2000 on roads, arports, harbours and other trangportation
infrastructure totalled $4.7 billion, the federd share of which was $1.4 hillion. Private firms (toll roed
authorities, arlines and 0 on) invested an additiond $3.2 billion. Government investment done on
trangportation infragtructure exceeded totd public and private spending on  weether-rdated
infrastructure more than 16-fold in 1999/2000 ($4.7 hillion versus $285 million).?

Ensuring the right level of investment in foundaiond public infresructure ranks highly in the
federd government’s nationd priorities. Economic sudies prove that growth in netiond productivity —
the key to improved living dandardsin Caneda-- hingesforemost on the rate of capitd invesment. This
IS because higher rates of capital investment introduce better machinery, equipment and technology into
the economy which in turn enables workers to produce more output and higher qudity output per hour
worked. Studies demondrate that public capitd (roads, sawers weether daions ec.) isno less
important then private sector invesment (automahbile plants, housng Sarts etc) in Simulaing productivity
growth. Better roads, for example, mean lower digribution cods, meking Canedian firms more
competitive. More accurate westher predictions reduce the need for farmersto hold “ shock stocks’ of
sead inventories, and arlines can route arcraft around bad weether more safdy and codt-effectively.
Whether the current levd of investment in meteorologicd infragtructure is optimal from an economic and

sodd perspective isaquestion posed in this study.

Who should do what? Federd policy maekers dso recognize that the way in which public
infragtructure sarvices are ddivered effects the influence they exart on nationd economic growth and
sodd wel-being. Meeorologicd infragtructure and services are supplied to the Canadian economy by
both the public sector — principdly the federd government, and by private firms. The rdles played by
govenment and firmsin the “supply chain” of weether-rdated sarvices are rooted in the higtory (dating
back to the late 19" century) of weether forecasting as a scientific endeavour. Public and private roles
a0 reflect the evolution and inditutiondisation of weether prediction as apublidy provided service and,
beginning in the 1950s the emagence of some meteordlogicd sarvices as commerddly vidble
busnesses The mix of public and private provison of weether sarvices, like dl foundationd public
infragructure, has an important influence on the effidency and qudity of meteorologicd sarvices

*HLB from Environment Canada and Stati stics Canada sources. See Section 2 for details.
5 Transport Canada, Transportation in Canada 2000, Annua Report, 2000
® See Table 1in Section 2.

HLB Decision Economics Inc November 19, 2001 2
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avallable to indugry and households. The wrong mix can inhibit innovation, cause higher than necessary
prices and, ultimatdy, weeken the rate of growth in the nationd economy.  Compared with the United
States, where 55 perceant of the vaue of weether-rdaed infrastructure and rdlated sarvices is supplied
by private firms, the private share in Canada is 21 percent.  Whether this share is “too low,” “too
high,” or “about right” is another question posed in this Sudy.

1.2 Plan of the Report

The report is presented in Sx sections. Section 2 examines investment levels and market arrangements
& they exid today. It then andyzes the economic and sodd bendfits aigng from exiging
meteorologica services and market arrangements

Sation 3 explains the conditions for achieving optimd investment and market arangements and
examinesthe current Stuation in thet context.  Section 4 outlines dternetive directions for federd palicy
in reldion to optimizing capitd investment and the mix of public and private market activities The palicy
dternatives are evduaed and compared in Section 5 and Section 6 presents the Sudy’s condusions.
Technicd details and bibliographic information are gven in the gppendices

HLB Decision Economics Inc November 19, 2001 3
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2 MARKET STRUCTURE TODAY

This section examinestotal gpending in the provison of meteorologica services and provides asummary
andyss of the federd government's record of cgpitd investment Snce 1976. The respective roles of
the public and private sector are examined, followed by an andyd's of the economic benefits assodaed
with the provison of meteorologica sarvices,

2.1 Total Spending

As shown in Teble 1, totd spending on meteorologicd sarvicss in fiscd year 2000-2001 was $281-
291 million (the range reflecting uncartainty in the pending leves of private firms). Fully 79 percent of
the totd represented federd expenditures of the Meteorologicd Service of Canada (MSC), abranch of
Environment Canada. The baance, about $60 million (21 percent), represented the activity of privete
firms (measured on the basis of revenues - see Table 1).

(It should be noted that the Meteorologicd Sarvice of Canaeda (MSC), the organizationd entity
regpongble for ddivering Enviroorment Canadd's Weather and Environmental Products (WEP)
line of business, budgets for goproximately $8 million on non-WEP rlated activities over and above the
$2255 million shownin Table)

HLB Decision Economics Inc November 19, 2001 4
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Table 1: Spending on Meteorological Services in Canada and United States (FY
2000-2001)

Canada United States
(Millions of e
Current % of GDP' (Millions of % of GDP*
Current Dollars)

Dollars)
Total Private Spending $55-65' 0.005% $1,855-2,616* 0.012%—-0.017%
Total Public Spending $2255° 0.021% $1,787° 0.012%
Total Spending $280.5—290.5 0.026% $3,642-4,403 0.024%—0.029%

Notes to Table 1
All values expressed in millions of Canadian dollars, using an exchange rate of $1 Can = $0.6535 US.
1. Canadian GDP, FY 2001: $1,095,100 Million (Can$), Source: Statistics Canada, August 2001.
2. U.S. GDP, FY 2001: $15,426,434 Million (Can$), Source: U.S. Department of Commerce, Bureau of Economic
Analysis, August 2001.
3. Baseline Status of the Private Meteorological Services Sector in Canada, Global Change Strategies
International for the Canadian Meteorological and Oceanographic Society, July 5, 2001.
4. Estimates of annual revenues of the U.S. private meteorological sector are somewhat uncertain. They were
estimated at $780—1,100 million (U.S.$) in 1995 by Spielger David B., “ A History of Private Sector
Meteorology”, Historical Essays on Meteorology, 1919-1995, American Meteorological society, 1996.
HLB estimated the annual revenuesin 2001 based on the following information: the number of weather
services firmsis currently estimated at 267 according to the NWS, up from 200 in 1995; and the U.S. CPI grew
by 16.4% over the period 1995-2001. The estimates were computed as follows:
- Lower bound: $780 * (267/200) * (1 + 16.4%) / 0.6535 = $1,855 million
- Upper bound: $1,100 * (267/200) * (1 + 16.4%) / 0.6535 = $2,616 million
5. Planning Database, Pivot Table Version—January 5, 2001.
6. Breakdown:

- NWS: $1,087 million (Source: Budget appropriation for National Weather Service in FY 2001,

“Congressional Marks Table 2001”, National Weather Service, December 2000)
- Other Departments (Agriculture, Aviation, Defence, Energy and Environment): $700 million

Soending on meteorologicd sarvices in the United States and Canada is proportionatey about  the
same while the private share of totd U.S. spending is proportionately greater. Totd U.S. (public and
private) spending of $3.6-$4.4 hillion in fiscd year 2000-01 (Table 1) represented about $24-29 for
each $100,000.00 of Gross Domestic Product (about $1,277—1,544 for every 100 resdents). Tota
public and private spending that yeer in Canada was an estimated $26.00 for each $100,000.00 of
GDP (about $919.00 for every 100 residents).  An estimated 55 percent of the vaue of U.S. wegther-
rdaed infragtructure and rdaed sarvices is supplied by private firms, the corresponding percentage in
Canadais 21 percent.

2.2 Capital Investment

The government of Caneda has dlowed the vadue of its cgpital sock in meteorologicd infragtructure to
eode ove the pag 25 years. Over the peiod 1976 to 2001, federd cgpitd investment in
meteorologicd infrastructure failed to keegp pace with deprediation in the capital ock and priceinflation
(Figure L-left pand). Since virtudly dl such invesment is federd, Canedals sock of meteordlogicd

HLB Decision Economics Inc November 19, 2001 5
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asdts (sadlite gations, radars, lightning detection equipment and so on) has dedined continuoudy for
the past quarter century. Worth an esimated $350 million in 1976, these assts are worth less then hdlf
as much today (Figure 1-Pand 2). Although dedinesin the vaue of infrasiructure are not unique to the
wegther sector (roads, wastewater systems and other urban infrastructure have dso been dlowed to
Oeteriorate rldive to higoric values), the weekening vaue of meteorological assets bringsinto question
whether agriculturd and other weether-sengtive sectors are optimaly served by weether forecagting
sarvice providers.

HLB Decision Economics Inc November 19, 2001 6
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Figure 1: Canadian Public Sector Meteorological Services - Flows and Stocks of
Capital, FY 1976 — 2000 (in constant 2000 dollars)
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Notes to Figure 1

1. Public Accounts of Canada

2. Gross Capital Stock, Weather services business lines, Environment Canada. Calculated using depreciation rate of 10%[3],
reference capital stock of $333.405M in FY 1998 from note 4 below, as provided by MSC], and annual capital expenditures
[from note 5 below]. End-year, millions of constant dollars.

3. Weather and Environmental Predictions Business Line Plan 2000/2001 — 2002/2003, Environment Canada, January 26, 2000.
4. “Estimated Vaue of AEP A ssets by Functional Usage”, Environment Canada, June 21, 1998, provided by MSC. Includes
WEP and air quality related assets.

5. Public Accounts of Canada, FY1976 — FY 2000.

2.3 Public and Private Roles

As indicated above, the role of the private sector is sgnificantly more prominent in the United Sates
then in Canada.  The datidics summarized in Table 1 indicate that wheress privete firms account for
about 21 percent of domestic market activity, the private sector represents more than hdf the market in
the United States.  As shown in Section 3, this difference reflects a palicy and legidaive framework in
the United States under which the Nationd Weather Sarvice (NWS) is not permitted to provide
meteorologica products and sarvices that private firms dther can or do supply. Environment Caneda
does not redtrict MSC in thisway.

2.4 The Economic Value of Meteorological Services in Canada

Meteorologica sarvices areste vl ue and economic benefitsin two disinct ways

HLB Decision Economics Inc November 19, 2001 7
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By improving produdtivity in many of te nation’s key indudrid sectors and thereby fogtering
growth in the Gross Domedtic Product; and

By fadlitaing fewer weather-rdated fatdities and injuries less time sudk in traffic jams, less
degtruction of wildlife and hebitet, and other prediction-rdated improvements. Sodiety vaues
such bendfits but does not indude ther value in the accounting for Gross Domestic Product.

Bendfits in the firg category are cdled “privae’ bendfits (because they arise prindpdly in the privete
sector of te economy). This sudy finds that eech one percat increese in the net vdue of the
meteorologica capitd sock leadsto a 0.5 percent increasein totd factor productivity and a 1.8 percent
increese in the nation's GDP.  The predipitous dedine in the  vaue of the meteorologica capita stock
ove the pagt 25 years has thus contributed to the netion's duggish productivity growth and the
disgppointing growth in living dandards. HLB estimates that annuad GDP would have been $15.02
billion gregter hed the vaue of the meteordlogical capital Sock been maintained & its 1976 leve.

Bendfitsin the second category are cdled “sodd” benefits because, despite having monetary vaue, that
vaue typicdly is nat reflected in private sector transections. This Sudy finds that each one-percent
improvement in weether prediction accuracy yidds a leest $1.02 hillion dollarsin sodid benefits over a
30-year peiod. Snce the deterioration in the capitd sock has dmog cartainly meant foregone
opportunities to improve forecading accuracy, sodd bendfits will have inevitably been foregone
accordingly.

Thefdlowing two sub-sections present the detalled andydis of private and socid benfits respectively.

2.4.1 Private Benefits

As shown in FHgure 2, private sector benefits of weether and environmentd forecadts arise in many
different indudry sectors and in many different forms.  Agriculture is perhaps the mog obvious
benefidary. Studies show the vaue of frog forecadts to fruit orchard managers to be worth between
$20.00 and $41.00 per hectare per day in reduced bud damage and logt yidds” A 1995 study
assesed the vdue of greater crop yidds associated with improved accuracy in El NinClo forecadts at
$96 million (in 1990 dollars)®

" From studies summarized in, Richard W. Katz and Allan H. Murphy, Economic Value of Weather and Climate
Forecasts, Cambridge University Press, 1997 (re-valued by HLB to year-2000 Canadian dollars).

8 R.M. Adams and others, Value of Improved Long-Range Weather Information, Contemporary Economic Policy,
XIll, 1995

HLB Decision Economics Inc November 19, 2001 8
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Figure 2: Private Benefits of Meteorological Services
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In the trangportation sector, a recent study concluded thet trucking companies vaue reduced schedule
delays due to the anticipation of ice and other road hazards a $371.00 per hour. The adoption of just-
in-time production and didribution logistics in most manufacturing sectors have led to amuchincreased
reliance on highly spedidized westher forecadting products and services In the lumber indudtry, forest
products companies purchase specidized forecagts of lightning fires in order to plan harvest rotations so
asto avet timber losses. Aswadl, reduced actuarid risk in agriculture, trangportation and other sectors
diminishes codsin the insurance indudtry, with commensurate reductionsin consumer premiums

Although benefits like those destribed above have been quantified in a wide range of sector-spedific
dudies, the range and diversty of efects make it difficult to ral-up the overdl benefit of weether
prediction throughout the economy on a sector by sector, benefit by benefit bess  Agoregae
(economy-wide) modding and measurement techniques are, however, avalade and vidde It is
noteworthy in fact that such messurements have been gpplied to virtudly dl categories of public
infrastructure (roads, water works and so on) except meteorologicd assets. Based upon such sudies, a
wide consensus emerged that public infrastructure mekes a meesurable and Sgnificant contribution to
nationdl productivity growth.”

Accordingly, HLB has employed the aggregae method to edtablish whether meteorologica
infragtructure invesment gives rise to productivity growth in the nationd economy. We find thet the
effect is messurable, dgnificant and comparable in magnitude to impact of other forms of public
infrastructure.

Appendix A presants the detalled modds and estimation procedure. The findings are summarized
beow.

Measurement Framework

Red output (GDP) may be viewed as the product of the number of workers in the economy times the
production per worker. GDP growth comes from more workers, greater productivity per worker, or
both.'® The sze of the workforce is determined by net immigration rates and cydicd levels of
unemployment. Productivity growth comes from education, capitd investment, innovation and research

and deve opment.

Higaricdly, it has been productivity growth that has been crucid to Canadian economic growth. It is
wel known that the productivity of Iabour, in addition to reying on the quality of |abour, depends on the
totd quantity of capitd per worker. The gregter the capitd intengty per worker, the more leverage the
worker has on production. Less obvious, but of enormous economic importance, is thet productivity
growth, by enabling maenufecturers to offer the same or higher qudity products with smdler price

°E. Garlic, Infrastructure Investment: A Review Essay, Journal of Economic Literature, September, 1994; See aso,
Wisner, Robert, Infrastructure and Regional Economic Performance: Comment, New England Economic Review,
September/October 1991

1 More precisely, growth comes from more hours worked, more output per hour worked, or both. See Appendix A.
See also, David Lewis, The Role of Public Infrastructure in the 21* Century, Special Report 220, National Research
Council, Washington D.C., 1988
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increases, fadlitates improved red wage rates and thus higher living andards. When in the 1990s
automobile manufacturers invested in date-of-the-art roboatic production lines, for example, the vaue of
automobile output per worker increesad, and economic growth increesed with it.  Canedian
manufacturers thus became more competitive and red wage rates rose for thefird timein many years.

Public infrastructure investment has been found to be productive in the same way. Studies demondrate
thet improved highway capecity and pavement qudity, by reducing congestion and dday, endbles
menufecturers to adopt highly productive jud-in-time production methods, with commensurate gainsiin
productivity. We can hypothesize, therefore, that when weether forecadts fadilitate improved crop
yidds, reduced production ddays and so on, the forecadts are actudly fadilitating the production of
more economic output per hour, namdy productivity.

Econometric Model

To test the hypothess -- to messure the effect of meteorologica services on productivity and output
growth, Appendix A establishes “production function” equations that tes, for the period 1976 to 2000,
the datidicd sgnificance of the hypothesized cause-and- effect rdaionship between GDP growth, and
(1) the 9ze d the labour force (2) the change in the vaue of the sock of private capitd due to new
investment; and (3) the change in the vaue of the gock of public capitd due to new invesment.

Appendix A aso establishes “productivity eguations’ that test for the same 1976 to 2000 period, the
datigica ggnificance of the hypotheszed cause-and-effect rdaionship between productivity growth
and (again) the sze of the labour force, changes in the vaue of the gock of private cgpitd due to new
investment, and changesin the value of the stock of public cgpita due to due to new investment.

In the case of the public capitd sock (highways sewers, sthoals, government meteorologicd fadilities
and equipment), the meteorologica capitd assts have been separaied out in order to determine
whether their effect isdidinat and datigicaly Sgnificant.  The prindpd findings are asfdlows

Results

Basad on the econometric modd, we can condude that public invesment in meteorologicd fadilities and
equipment has agdigicaly sgnificant effect on productivity and economic output. Spedificdly:

Each ten percent change in the net vaue of the meteorologica capita dock leeds to a 05
percent change in productivity;

Each ten percant change in the net vaue of the meteorologica capitd sock leeds to a 1.8
percent change in the nation’ s Gross Domestic Product.

HLB Decision Economics Inc November 19, 2001 11
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These findings are dgnificant a the 99 percant levd of datidicd confidence. These findings are Imilar

in magnitude to those obtained by U.S. resserchersin rdation to the effect of other categories of public
infrastructure™

" See M. Shaw Nadiri and Theo anis P. Ammonias, Contributions of Highway Capital to Industry and National
Productivity Growth, Federal Highway Administration, September 1996

HLB Decision Economics Inc November 19, 2001 12



Canadian Meteorological and Oceanographic Society Optimizing the Public and Private Sector Roles
in the Provision of Meteorological Services

Shrinkage in the Capital Stock of Meteorological Capital Assets has Diluted
Canada’s Productivity and Economic Growth

The relaionships identified above hold for both increases and decreases in the capitd sock. In other
words, wheress increasing the vdue of the capita sock of meteorologicd infrasiructure leeds to
increased productivity and output, decreasing the cgpitd sock leads to reduced productivity and
output.  As shown earlier in FHigure 1, reduced federd investment leveds led to maerid shrinkegein the
meteorologicd capitd sock over the period 1976 to 2000. This is turn has meant less growth in
netiond productivity and GDP and, in conssquence, diminished persond income and househald living
dandards. In short, the dow-down in government meteorologica invesment hes diluted Canada's
productivity and economic growth.

Theimplications of shrinkage in the capitd gock are quantified in Table 2. The table shows that, based
on the modds developed in Appendix A, the average annud growth rete in productivity over the period
1976 to 2000 would have been 0.22 percent greater if the vaue of the meteorologica capital sock hed
been maintained at the 1976 levd. Seemingly smdl, the compounding effects of productivity growth are
such that average annud GDP would have been $15.02 hillion gregter then actudly achieved over the
25-year period.

In short, the fallure to sudtain the vaue of the nation’s meteorologica assets contributed to Canadal's
duggish paformance in productivity growth, output growth and growth in living Sanderds over the pest
two and half decades.

Table 2: The Impact of Government Investment in Meteorological Services on
Private Sector Productivity and Output: A Counterfactual Analysis (1976 —2000)

Average Average Level
Average .
Annual of Private
Annual Average Level .
. . . Change in Sector Output
Change in Productivity . -
Productivi Private Sector (Millions of
ty Qutput 2000 Dollars)
Under Actual
Meteorological
-0.26% 0417 3.03% 521,339
Investment
Levels
Had Investment
Been Sufficient
to Maintain the -0.09% 0.425 3.25% 536,592
Capital Stock at
the 1976 Level

HLB Decision Economics from econometric equations in Appendix A.

2.4.2 Social Benefits of Meteorological Services

As shown in FHgure 3, the sodd vaue of weather and dimate prediction arises in many sectors of the
economy. Market analyses demondrate thet, as an expresson of such vaue, firms and households are
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willing to pay for weether and dimate predictions thet reduce the risk of fadities and injuries, the
chances of being stuck in commuter traffic jams, the destruction of hebitat and wildlife and so on.*? In
economic analyss the amount people are willing to pay in order to obtain the bendfits of asarviceisa
direct meeaure of how much vaue they assgn to the service: Since sodid vaues are, by definition, not
accounted for in GDP, such vaues are additive to the economic benefits discussed in the section 2.4.1.

This sudy finds that each one-percent improvement in weather prediction accurecy yidds a leest 1.02
hillion in sodd bendfits over a 30-year period. Since the deterioration in the capital gock has dmost
catanly meant foregone opportunities to improve forecading accuracy, sodd bendfits will have
inevitably been foregone accordingly.

2 Private firms in Canada sell specialized weather forecasts and related products to industrial and household
consumers worth $60 million annually. Seealso, Richard W. Katz, et . al. (op. cit.)
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Figure 3: Public Benefits of Meteorological Services
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Measurement Framework

Eoconomic andyss and probability theory provide the messurement framework within which the
quantitative ggnificance of sodd bendfits can be examined. Presented in detall in Appendix B, the
framework is essertidly athree factor equetion, asfollows

Social Value =
the frequency of adverse incidents of type i, times
the reduction in adverse incidents of type i due to weather prediction, times

the economic value (based on peoples’ willingness to pay) of mitigated adverse
effects of incidents of type i.

The firg two factors are probabilities Condder “floods” Hoods occur within an uncertain but
quentifisble probability range. The frequency with which weether prediction will fadilitete mitigeting
behaviour and the avoidance of sodid loss depends upon the accuracy of the forecast and the nature of
loss (lives, injuries) and is dso quantifiadle within a probability range. Findlly, the economic vaue of
mitigated sodd loss is messurddle from willingness to pay Sudies. Such sudies employ avaiety of
techniques, indluding behaviourd research, dated preference surveys, hedonic price modds and market
research.

Findings

Appendix B presants HLB's gpplication of the sodid vaue equation over arange of sectors. Although
we do not congder the anadlyss comprehendve, it does provide an indicdive, if consarvaive, expresson
of the quartitative sgnificance of sodd benefits.  The results are summarized in Table 3 and a sdected
bibliography of rdevant indudry-levd andyss is given a the end of the report.  The findings reflect
event probabilities over a 30-year period and unit vaues of life, injury and other sodd factorsin generd
use by federd Departments and gpproved by the Treasury Board.

As reported in Table 3, the analyss indicates that each one-percent improvement in the accuracy of
wegther prediction yidds an estimated $1.02 billion in socid benefits over a 30-year period. Sincethe
number of sectors and sodid benefit categories covered in Appendix B is limited, there is an edimated
75 percent probability that actud socid benefits are greater than those reported Table 3.
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Shrinkage in the Capital Stock of Meteorological Capital Assets has Meant Fewer
Social Benefits from Improved Weather Prediction

Deterioration in the cgpitd dock has dmost certainly meant foregone opportunities to improve
forecading accuracy.  As shown later in the report, the Meteorologica Sarvice of Canada (MSC)
edimates that its proposed new investment plan will reduce the rate of system faluresand will likdy to
improve short-term (next-day) forecasting accuracy by about 2.5 percent. Assuming, consarvatively,
thet dilution in the cgpitd sock since 1976 led to missed opportunities for improved accurecy of the
same amount (2.5 percent), socid bendfits of an edimated $2.6 billion will have been forgone over the
period ($1.02 hillion per one-percat improvement in accuracy times a 2.5 percentage point
improvement yidds $2.6 hillion).

HLB Decision Economics Inc November 19, 2001 17
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Table 3: Probability Analysis of the Social Benefits of Meteorological Services in

Canada
Savings over 30 Years due to a 10% Savings over 30 Years for Each 1%
Sectors Weather Prediction Improvement (2000 | Weather Prediction Improvement (2000
Dollars) Dollars)
Agriculture
Crop Damage
Harvesting Loss
Plantation L oss
Chemical Spraying Loss
Other Losses
Total Loss/Gain $2,250,000,000 $225,000,000
Transportation
Air
Time Savings
(Flight Diversion and Cancellation,
Delayed Decision) $317,550,000 $31,755,000
Reduced Injuries & Fatalities $17,826,480 $1,782,648
Road (Car and Bus)
Time Savings $7,137,314,286 $713,731,429
Reduced Injuries & Fatalities $400,671,360 $40,067,136
Rail
Time Savings $45,364,286 $4,536,429
Reduced Injuries & Fatalities $2,546,640 $254,664
Marine
Time Savings $30,242,857 $3,024,286
Reduced Injuries & Fatalities $1,697,760 $169,776
Other Modes
Time Savings $30,242,857 $3,024,286
Reduced Injuries & Fatalities $1,697,760 $169,776

Total Loss/Gain

$7,985,154,286

$798,515,429

[Energy

Damage due to Power Outages N/A N/A
[Other Sectors
Forestry: Reduced Fire Intensity $5,177,779 $517,778

(GRAND TOTAL

$10,240,332,065

$1,024,033,206

HLB Decision Economics Inc. (Appendix B)
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3 OPTIMAL PUBLIC AND PRIVATE ROLES IN THE PROVISION OF
METEOROLOGICAL SERVICES

It is dear from the evidence in Section 2 that Canada has under-invested in meteorologicd infrastructure
over the past 25 years. Before addressing the question of how much to invest going forward, however,
it is necessay to tackle the broader matter of “who should do what.” Should the federd government
inves in meteorologica infragtructure, or should such investments be left to privaie meteorologicd firms?
Who should devdop and sl spedidized forecagting and adlyss sarvices, the government, private
firms, or some combination of the two?. In short, how should the market for meteorologica services be
organized. Unless the market is organized gppropriatdy, the provison of invesments, the conduct of
research and the ddivery of spedidized sarvices will inevitably be inefficent — nether the economy nor
society a-large will regp the highest-poassible economic and sodd rewards of weether and dimate
andyssand prediction.

3.1 The Economics of Optimal Market Organization

As shown in Fgure 4, the devdopment of weather forecadts and other meteorologica services
proceads through asupply chain thet begins with mgor capitd fadilities and equipment (satdlite ations,
terredrid remote senaing eguipment and syper computers), which in turn fadlitate complex dataanayss
and moddling and, ultimatdly, the production of soedidized forecagts for various end-usars. The supply
chanishighly cgaitd intendve at the front-end and more labour intengve a the other. A recent popular
stience article describes the supply chain anecdataly, but hdpfully. To pargphrase:

To decide whether to take an umbrella to work, people tune in to the TV or radio or
check a newspaper or website. In turn, these media buy their jrecasts from
commercial meteorologists or the federal government. The private forecasters
purchase the weather data they use to make predictions from either the federal
government or from commercial data vendors who have contracts to obtain and
process the raw data, radar and satellite readings from the federal government.
Investment in the satellite stations, radars and other data collection equipment is
financed by the federal government. In addition to supplying the basic data, the
federal government also makes its own specialized forecasts. (Jeffrey Rosenfeld,
Scientific American Presents, pp28-31, April 1999).
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Figure 4: Supply-Chain Architecture of Weather Forecasting
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The question we pose hereis which of the various adtivities in the supply chain should be the purview of
the federd government and which should be the domain of private firms? Economic theory providesthe
ansver: The government should undertake those activities that address a market fallure. Private firms
should do therest.

3.1.1 Attributes of Market Failure

“Market falure’ occurs when the cost Sructure and technology attributes of a sarvice are such that
private firms operaing in a competitive market environment cannat supply the optimd quantity, quality
and price Optimd here means the quantity, quality and price that maximize effidency, innovation and
vaue to the consumer. Mot goods and sarvices do nat exhibit such characterigics  Accordingly,
competitive supply in afree market leedsin most Stuaions to more or lessthe optimd outcome.

Maket falure does aise, however, in the private provison of goods and savices that exhibit
“increadng returnsto scale” adso known as economies of scde. Asshown in Hgure 5 (firg pand), the
cogt of such savices dedines sharply as the volume of output increeses. An important cheracterigtic of
this dass of goods and savices is that the unit margind cogt of supplying them lies beneath thar
average unit cod. Since the dlocation of economic resources is optimized by charging marginal, not
average cog, ™ private firms would atomatically cherge too much.  This is because private firms must
charge average codt in order to breek even and earn a normd profit. In charging too much, firms
supplying such goods and sarvices would lead consumers to reduce the quantity of service they choose
to purchase to aleve benegth that required for maximum economic and sodid benefits Governments,
on the ather hand, do nat need to breek even in order to survive and are thus better able to optimize
output levels and prices

Asshown in the left-hand pand of Figure 5, average and margind cogts are equd in the supply of goods
and savices that exhibit condant returns to scde (as the mgority of goods and sarvices in the economy
do). This means tha private, competitive provison yieds optimum quantities and prices becausg, in
sdting prices & average unit cogt (induding normd prafit), firms automaticaly sat prices a margind unit
cost aswell.

Market failure dso occurs in the private provison of services that exhibit the characteridics of so-cdled
“public goods.” Public goods are defined by an atribute cdled “ non-exdudability.” Non-exdudahility
means thet two or more consumers can Smultaneoudy use the same unit of sarvice and it is nat, in
gengd, posshble to prevent certain groups or individuds from daing 0. Hrms sseking to maximize
profits in this environment inevitably set prices too high, and produce too little service accordingly,
because they fail to acoount for the value of “externd” benefitsin thar pricing and production decisons

B Thisis afundamental and widely held tenet of market economics. For afoundational discussion, see Paul A.
Samuels, Foundations of Economic Analysis, MIT Press, 1948
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Figure 5: Definition of Optimal Public/Private Balance of Provision: Increasing and
Constant Returns to Scale
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3.2 The Current Situation in Relation to Optimal Conditions

In light of the discusson above, the chief criterion for government involvement in the provison of
meteorologica goods and sarvices is whether they address a market failure, ether because they exhibit
economies of scde or nonexcludability (i.e, they are public goods). Meteorologicd goods and
sarvices that exhibit ether (or both) of these characteridics are typically termed “infrastructure services’
wheress dl other goods and sarvices are termed “vaue-added” goods and services (see Figure 5).
The rule of economic optimization Sates that infrastructure sarvices should be provided by the federd
government and sold a prices equd to their unit marging codt.
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3.2.1 Current Division of Responsibilities Between MSC and the Private
Sector

Table 4 divides the exiding range of activities and outputs supplied by Meteorologicd Sarvices of

Canada (MSC) into those which are likdy to exhibit the characteridics of infragtructure goods and
savices and those which are likdy to display the characteridics of vaue-added goods and sarvices.

The assgnment of outputs and activities to each category was conducted on the basis of the principles
and criteriaoutlined aove and with cost and output data supplied by MSC, Environment Caneda. The
andydsis presanted in Appendix C and summarized in the box below.

How HLB Established the Division of Activities in Table 4

Economic criteria were used to assign WEP activities to the infrastructure category (the group
of services appropriate for public provision) and the value-added category. These are:

The activity is likely to exhibit “increasing returns to scale.” This indicates a risk of sub-
optimal provision if supplied by private firms in a competitive environment;

The activity is likely to exhibit the characteristics of a public good, with special reference
to “excludability.” “Excludability’ denotes a situation in which the supply of a service
cannot be restricted to those who are willing to pay. (National defense is an obvious
example). Private provision is obviously not viable under such circumstances.

HLB did not have access to the detailed data on unit costs and volumes (outputs) needed to apply
the criteria on the basis of a detailed modeling and accounting framework. Indeed, the analysis
needed in order to draw definitive conclusions on an activity by activity basis is extensive.

Instead, we obtained, from MSC, a detailed a spreadsheet of WEP activities (see Appendix C).
With the guidance of MSC staff!’? we inspected the technological characteristics and production
attributes of each activity in relation to conventional economic wisdom about the attributes of
goods and services that display increasing returns or the features of public goods. Activities
were assigned to the infrastructure category accordingly, all other activities were assigned to the
value-added category. The overlay of non-economic criteria could, of course, shift the
assignments obtained in the way described here.

Theresultsare givenin Table 4. Of the $225.5 millionin MSC outlaysin fiscal year 2000-01, atotd of
$159 million (71 percent) are found to support infrastructure activities; the baance, $66.6 million (20.5
percent) are found to support the production of vaue-added outputs: This meansthat just under three-
quarters of the MSC fiscd year 2000-01 budget involved attivities in which a government role is
economicdly judtified. Just under athird of MSC expenditures are in support of activities that would be

“HLB consulted with FMA-MSC and MSC’s Special Clients and Partners Directorate. Final allocations are the
responsibility of HLB alone.
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upplied more dfidently by private firms. Andyss reported in Section 5 below indicates thet private
firms in Canada are dready supplying some of the same products and sarvices as those liged in the
right-hand pand of Table4.

3.2.2 Current MSC Pricing
We examined MSC cogting and pricing policies and practicesin order to determine:
Whether infragtructure goods and services are baing priced a margind cost; and

Whether vdue-added goods and savices are being priced a average cogt (induding an
imputed alowance for normd profit and commerad risk).

Although HLB was nat supplied with specific cost and revenue data for the various outputs liged in
Table 4, we were given access to the costing principles employed in the establishment of prices™

In the case of infragtructure sarvices, we find that the principles of “full cost dlocation” in usetoday leed
to prices that lie dose to average unit cogt and, accordingly, lie subgantidly above the unit margind
cod. Inthe case of vdue-added sarvices wefind that prices lie dose to average unit codts, but do nat,
by design, indude an dlowance for normd profit and risk.

As explained aove, charging more than unit margind cod for infragtructure sarvices creates a sub-
optima demand for meteorologica goods and sarvices  Conversdy, charging less then average unit
oot for vaue-added sarvices places private firms a a competitive disadvantage. Growth in the number
of privae firms is inhibited accordingly, as is private research, devdopment and innovetion in the
provison of weether and dimate forecasting products and sarvices

3.3 Conclusion

Hve condusons gem from the andysisin this section:

1. Just under three-quarters of the expenditures of Environment Canadd s Meteorologicd Sarvices
of Caneda ($159 million in fiscd year 2000-01) involve infragtructure activities and outputs thet
addressamarket failure.

2. The feded govenmett has pemitted the vaue of the caoitd dock of meteorologica
infrastructure to erode over the pagt 25 years. This has contributed to the nation’s duggish rate
of growth in productivity, Gross Domestic Product and red persond income;

> Atmospheric Environment Service, Commerical Services: Full Costing Model and Revenue Distribution
Guidelines (undated) and Environment Canada, Commercialization and Management Practices Branch, Policy on
Revenue and Collaborative Arrangements: Financial and Administrative Framework for User Charging,
Collaborative Arrangements and Intellectual Property Licensing, December 4, 2000 (unpublished)
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3. MSC charges more than the optimd price for infrasiructure sarvices, thereby preventing the
maximization of the economic and sodd bendfits of weether prediction;

4. Anegimaed 30 percent of the expenditures of Environment Canadal s Meteorologica Services
of Canada, $66.5 millionin fiscd year 2000-01, are for the production of vaue-added services
thet would be more effidently provided by private firms, and

5. MSC does nat impute normd and risk into the prices it levies for vaue-added products and
savices This places private providers & a competitive disadvantage thet limits their growth and
inhibits innovation in the private sector supply of such products and sarvices.

Regarding condusion 3, this study has not determined the magnitude of the difference between optimd
infrastructure user fees and actud fees charged. Thisis because HLB did not have access to the specific
cost and revenue data needed to nake a sarvice-by-sarvice determinaion of optima versus actud
charges However, in light of the Sgnificant economies of scde assodated with sadlite-based
technology, remote senang and ather meteorological infrastructure, the policy of charging average cost
will inevitably yidd sgnificant gaps between margind codt-based prices and actud prices. On the other
hend, the high levd of taxpayer subsdy implied in the textbook prescription of margind cogt pricing
creates economic and practicad problems of its own. The Box Essay (after Table 4 bdow) addresses
possble solutions.

Regarding condusion 5, the difference between optima and actud fees for MSC vaue-added services
is quarntitetivaly less Sgnificant than the price gap in the case of infragtructure sarvices. Again, HLB did
not have access to cogt and revenue data for Spedific products. The cogting principlesin use, however,
indicate thet the only components missing from the optima economic price are imputed profit and risk.
While these factors are not inggnificant, they are likdy to creste a smdler divergence between optimd
and actud pricesthan in the case of infragtructure services.

The next Section identifies the range of palicy options with which these condusions can be addressed.
Section 5 then eva uates the options and Section 6 presents the gudy’ s overdl condusons
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Table 4: Environment Canada Infrastructure and Value Added Services Expenditures, FY 2000-2001.

Infrastructure Activities - Value Added Activities -
Expenditures Expenditures
(Millions of Current Dollars) (Millions of Current Dollars) Total
Net Budgetary Vote Net Gross Net Budgetary Vote Net Gross Budgetary
Expenditure Revenue (excl. Budgetary Expenditure Revenue (excl. Expenditures
P EBP) Expenditures P EBP) P
Research & 236 22 2538 83 14 97 355
Development
Production 42.8 0.0 42.8 214 33.6 55.0 97.8
Monitoring
Infrastructure 473 223 69.6 0.0 0.0 0.0 69.6
Service Delivery 13 37 50 13 05 18 6.8
National Support 147 11 158 00 00 00 158
Systems
Total 129.7 29.3 159.0 31.0 35.5 66.5 225.5
Source: Appendix C
18 All budget figures from Planning Database, Pivot Table Version— January 5, 2001.
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BOX ESSAY: THE ECONOMICS OF PRICING PUBLIC GOODS -- AN OVERVIEW

The term “public good” is used in two different, albeit overlapping senses in the economics literature. One
has to do with “non-excludability.” The other concerns *“absence of rivary in consumption.” Early onin
the literature, a broadcast from aradio or television tower was a commonly used example of public goods
in both senses d the term.  On non-excludability, the literature observed that once a station’s signal is
transmitted from its tower, any of its neighbours could receive it; no mechanism existed with which to
provide it only to those who were willing to pay for it. Regarding absence of rivalry in consumption, the
time one neighbour spent being entertained by the signal was observed to have no effect on the quality of
the signal any other neighbor received.

Technology has dtered this state of affairs in the last decade or so. DirecTV uses a satellite over the
Gulf of Mexico to beam a signa toward Canada and the United States. The reception of that signa by
one person neither increases DirecTV's costs nor reduces the quality of the signal anyone else receives.
But these signals are subject to excludability. Any household can authorize someone answering a phone
at DirecTV to charge its credit card and, in return, instantly receive access to a fraction of the signal that
is “griking” its home. If the household pays an additional amount, it receives a bit more of the total signal.
The cost of billing the household is DirecTV’s total cost of serving it; if DirecTV provided the service
free, serving the additional household would cost DirecTV nothing.

For a large and growing fraction of what is produced these days, the margina cost of an extra unit of
output is trivial in comparison to its average total cost. The copy of the paperback novel that sdlls for
$3.95 at the supermarket checkout counter costs on the order of 20 cents to produce. Computer programs
that cost millions of dollars to develop are distributed on compact disks that cost 25 cents or so.
Knowledge collected by MSC that costs it many thousands of dollars to produce can be sent to an
additiond radio station or newspaper or producer of highly specialized weather reports for atiny fraction
of many thousands of dollars. Suppose that MSC were to employ a DirecTV-type technology to provide
weather knowledge only to those willing to pay a price that, when added over al paying customers, would
cover its costs of producing and distributing this knowledge. Such a procedure would exclude—paossibly
very many—customers whose benefits from this knowledge fall short of this average-cost price but who
would happily pay the marginal-costs of serving them.

Micro-economics textbooks invariably point out that, when the price of a commodity exceeds the
incremental or marginal cost of producing it, additiona output would generate additional consumer benefits
that would exceed the additional costs of producing this additional output. This being the case, the
textbook prescription is, “Set price equa to margina cost.” This prescription is costly when, as in the
cases presently at hand, the revenue from marginal-cost prices would fall short of total costs. Under such
circumstances, price could aways equal margina cost only if someone or some entity willingly aways
subsidizes the resulting deficits. In textbook discussions, governments are almost always assumed to be
the subsidizing entities.
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BOX ESSAY: THE ECONOMICS OF PRICING PUBLIC GOODS -- AN OVERVIEW ...
con’t

Governmental subsidies to equate price and margina cost have at least two problems. First, subsidies
require tax revenues. Taxes imposed on goods and services inevitably result in buyers paying more for
them than their sellersreceive. Even in markets where prices would otherwise equal marginal costs, taxes
introduce the sorts of gaps between consumer value and supplier cost that subsidies designed to equate
prices and marginal cogts in other markets are aimed at diminating. Conclusion: At a maximum, the
subsidy required to reduce the gap between price and margina cost in one market should yield benefits in
that market no greater than the costs the necessary taxes impose in other markets.

The second problem with governmental subsidies to individual markets: Their costs are borne by taxpayers
in general; their benefits go in condderable measure to those most actively involved in the subsidized
markets. Almost all of us benefit from the general weather reports we read in newspapers, hear on the
radio, or see in TV. Were these the only benefits that MSC provides, its optima level of output would
probably be considerably lower than it is presently. But it provides many other beneficia services. For
example, frost aerts from MSC or independent entrepreneurs who use MSC data give fruit farmers time
to set up sprinklers, smudge spots, or other equipment to repel frost. The primary beneficiaries from such
reports are those who produce them, those who use them to reduce crop damage and, perhaps, fruit
consumers. Taxpayersin genera are not likely to be enthusiastic about such income transfers.

Because of such problems, subsidies designed to reduce gaps between prices and margina costs in
markets are unlikely to eliminate these gaps substantially even when they are very large. Fortunately,
sophigticated pricing techniques have been developed in the economic literature that promise to reduce
gaps between prices and marginal costs in many types of market. Two techniques are particularly
prominent in this literature — “bundling” and “two-part tariffs.” Bundling: if consumers differ in the vaues
they attach to individual products in a related group of commodities, charging a single price for each of a
group of carefully designed bundles can increase both revenues and buyer benefits from the group. Two-
part tariffs. Charge an up-front fee that is independent of total purchases in a market together with a unit
price per unit that is closer to marginad cost than an average-cost price.  The up-front fee could,
aternatively, be associated with a group successively lower per-unit fees.
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4 ALTERNATIVE DIRECTIONS FOR FEDERAL POLICY

What pdlides and invesment levds would maximize the net economic bendfits of meteorologicd
infragtructure investment and promote the mogt efficdent market sructure? This section identifies the
options and the ariteriafor their assessment. The assessmant itsdf isreported in Section 5.

4.1 Strategic Policy Options

The base case palicy framework is presented next, followed by an daboration of dternetive policy
directions.

4.1.1 The Base Case

The going-forward palicy and invesment framework is given in Environment Canedd's Weather and
Environmental Predictions: Business Line Plan 2000/01-2003 dated January 26, 2000. As
shown in Table 5, The Budness Plan (and subssguent amendments) cdls for $124.6 million in new
cgpitd invesment, plus an estimated $85.6 million in associated operaing and maintenance expenditures
(in current dollars).  Although this levd of cepitd invesment would hdp dose the infragiructure
invesment gep identified earlier, we find in the next Section thet more investment would be nesded to
maximize economic and sodid returns.

The Busness Plan does not antidpate any sructurd change in the mix of infrastructure and vaue-added
activities performed by Environment Caneda

4.1.2 Strategic Policy Options for Shifting Toward Optimal Provision of
Meteorological Services

The drategic palicy options available here are fundamentdly three

1. Adud the levd of MSC capitd invesment in meteordlogicd infragtructure to a levd that
MaximiZes economic retums,

2. Withdraw from the provigon of vaue-added products and services that would be more
effidently supplied by private firms and

3. Implement pricing polides thet (i) reduce user fees charged for infrastructure sarvices 0 as to
equate them with their margind cogt; and (i) increase user fees charged for federdly-produced
vaue-added services to incdude imputed profit and risk.
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Table 5: Canadian Public Sector Meteorological Infrastructure — MSC Capital
Investment Plan, FY 2001 - 2004.

2000/2001 2001/2002 2002/2003 2003/2004 Total
(Millions of | (Millions of | (Millions of | (Millions of
Current Current Current Current
Dollars) Dollars) Dollars) Dollars)
Incremental
Monitor the Capital 218 183 16.6 14.8 715
Atmosphere Incremental
0&M 2.6 24 2.7 33 11
Warn Canadians Incremental
of Hazardous Capital 25 65 55 81 226
Meteorological Incremental
Events 0&M 126 131 137 14.6 54
Information on ?Crﬁ;ental 1 0.7 05 05 2.7
Past and Present Inirr)ement a
limat
Climate O&M 0.6 0.6 0.6 0.7 25
Information on g‘crﬁgemaj 51 41 41 40 173
Past & Present IniFr)ement a
t ti
Water Quantity o&M 19 20 19 21 79
Warn Canadians g‘crg;‘e”taj 15 00 26 23 6.4
of Hazardous Lake In?:?aﬂent a
d Seal
and Sea Ice 0&M 1.0 13 13 13 49
Warn Canadians Icrgcrﬁl;ental 14 0.7 0.0 0.0 21
of Hazardous Air | n?:pr)ement a
lity Level
Quality Levels 0&M 0.0 0.0 0.0 0.0 0.0
Incremental
Science Advice on  Capital 0.7 0.7 00 00 14
Climate Change Incremental
0&M 05 0.6 0.7 0.8 26
Incremental
Science Adviceon  Capital 05 01 00 00 06
Air Quality Incremental
0&M 0.3 04 05 0.6 18
Incremental 345 312 292 297 124.6
17 Capital
Total Incremental
0&M 19.6 20.7 217 236 85.6

" Totals based on tabular values may exhibit rounding errors.
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Notes to Table 5.

“Environment Canada: Atmospheric Environment Program (Millions) Capital and Operating Requirements’,
Environment Canada, undated. Note that the program outlined above reflects a one-time submission by
MSC to the Treasury Board Program Integrity 1 exercise on July 24, 1999. Out of the total $216 millionin
incremental capital and associated operating and maintenance dollars requested over five years, MSC has
received $20 million (over five years) to address critical occupational and health safety issues. It should
also be noted that the proposed investment plan referenced above does not reflect the most current MSC
investment planning assumptions. Use of the Program Integrity 1 plan are used here to analyze optimal
capital sums required and associated benefits, incremental to the reference levelsin 2000/01.

In prindple, the optimd infradructure investment levd is that which achieves the maximum economic
return on investment. In practice, government departments are limited by the fiscd framework and
cannot necessaily receive Cabinet goprova for optima investment amounts. Section 5 assesses the
return on investment likey to be forthcoming from the base case investment plan (shown above in Teble
5) and examinesthe case for yet higher levels of invesment.

A withdrawd from the provison of vaue-added sarvices is commensurate with apalicy framework in
which federd government involvement is guided by the test of market fallure. There are different ways
in which such a policy framework could be implemented.  In the United States, for example, federd
policy dates that the Nationd Weether Sarvice shdl not provide a product or service that the privete
sector @ther does, or could provide. An gopedss office exigs to examine private dams of violaion.
Alternaively, Environment Canada could examine the detailed cogt dructure of each of its ctivities 0
as to determine whether or not they exhibit economies of scde, nontexdudahility or other evidence of
maket falure The adjusmentt of user fees to reflect imputed profit and risk represents a third
goproach. By “leveling-the-playing fidd’ between government and private provison of vaue-added
savices, the market would help determine whether a product or service is best provided in the public
sector, the private sector or both. Of course, a combination of these three implementation drategies
could aso be deve oped.

A pdlicy of federd withdrawa from the provison of vaue-added added services would need to be
implemented with due regard for the time required by private firmsto sep in. Withdrawing too aoruptly
would cregte the risk of U.S. firms stepping in to cartain sectors of the Canadian marketplace before
domedtic firms can edablish saious compditive beachheeds On the other hand, once such
beachheads were in place, the United States offers a well developed export market.  Alternaive
withdrawd drategies for baandng these risks and rewards are not congdered in this Sudy.

4.2 Evaluation Criteria
The sudy evduates the mgor drategic dternatives outlined abovein rdation to two principd criteria
1. Eoconomic efidency (maximum net economic and sodd bendfits); and

2. Promation of the most effiaently-szed private sector in meteorologicd infrastructure sarvices
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5 EVALUATION OF ALTERNATIVE FEDERAL POLICY DIRECTIONS

Saction 5.1 looksfirg at the business case for Environment Canadal sinvestment plan (as summarized in
Table 5 above). We find the expected return on investment to be high, in order of 69.4 percent. One
reason for the high rate of return isthe large backlog of cgpitd requirements. Dlay meansthat potentid
benefits have cumulated over the years and are being rdeased through capitd investment now.

Saction 5.2 asks whether higher levds of capitd investment would liberate greater benefits ill and
whether thar incrementa economic vaue would judify the incremental economic cogs

Fndly, Section 5.3 assesses the progpective effects of drategic options under which the federd
government would withdraw from the provison sarvices that do not exhibit evidence of market falure

5.1 The Business Case for MSC’s Proposed Infrastructure
Investment Plan

The infragtructure investment plan shown in Table 5 can be expected to yidd both private and socd
economic benefits. As discussad in previous sections, private bendfits arise in the form of enhanced
netiond productivity and Gross Domedtic Product. Sodd benefits arise in the form of vaues that are
not reflected in the netiond GDP acocounts: These indude the vaue of lives saved, injuries avoided, time
savings, habitat preserved and so on.

5.1.1 Private Economic Benefits

Basad on the econometric modd presented in Appendix B, the edimated present-day vdue of
increesed productivity and economic output due to the Environment Caneda invesment plan is $4.5
hillion. This assumes a tentyear economic life for new fadlities and equipment, a potentidly consarvative
number but one thet reflects the risk technologicd olsolescence aswdl as normd wear and tear.

5.1.2 Social Benefits

Under the measurement framework presented earlier, the magnitude of sodd benfits turns on the
extent to which new invesment is likdy to improve the accuracy of weether predictions Based on an
edimaed 25 percent improvement (see Hgure 6) and the earlier esimate of “socid benefits per
percentage point improvement in forecast accuracy”, the present vaue of the invesment plan's
projected socid benefitsis $88.4 million, as shown in Teble 6.

5.1.3 Net Economic Benefits

Given the projected bendfits outlined above, and expected cogts of $280.9 million (present vaue, in
condant 2000 dallars), the investment plan net present value is an edimated $4.6 billion. This
equates to an internd rate of return of 69.4 percent.  Although a return of this magnitude might ssem
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unexpectedy high for a public investmert, it is in fact characterigtic of retuns on public infrastructure
projects (such as roads and weter fadlities) that redress many years of ddayed modernization and
upkeep. In studies for the U.S. Federd Highway Adminisiration, Nadiri™® found the return on highway
investment in the United States to be 35 percent during the 1970s when the United States wias catching
up with many years of rddive neglect. Returnsfdl to “normd” leves— about 10 percent — theresfter.

'8 Nadiri, op. cit 1996
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Table 6: Business Case Assessment of MSC Proposed Capital Investment Plan, FY
2001 — 2010 (in constant 2000 dollars).

Present
Value (10
00/01  01/02 02/03 03/04 04/05 05/06 06/07 07/08 08/09  09/10 %
Discount
Rate)
Costs™
Capital
Spending 345 284 241 23 203 0 0 0 0 0 129.6
(Millions of
2000 Dollars)
Incremental
0&M
s 19.6 18.8 17.9 17.7 161 147 133 121 11.0 10.0 1513
(Millions of
2000 Dollars)
Total Cost

(Millions of 541 472 42 40 36.4 14.7 133 121 11.0 10.0 280.9
2000 Dollars

Benefit

Output
(Millions of 0.0 0.0 0.0 0.0 0.0 10177 9554 8966 8410 7835 | 4,499.2
2000 Dollars)

Social
(Millions of 00 00 00 00 00 212 19.3 175 159 145 88.4
2000 Dollars)

Total Benefit
(Millions of 00 00 00 00 00 10389 9747 9141 8569 8030 4587.6
2000 Dollars)

Net Present Value (Total Benefit — Total Cost) (Millions of 2000 Dollars) 4,306.7

Note: The program outlined above reflects a one-time submission by MSC to the Treasury Board Program Integrity 1
exercise on July 24, 1999. Out of the total $216 million in incremental capital and associated operating and maintenance
dollars requested over five years, MSC has received $20 million (over five years) to address critical occupational and
health safety issues. It should also be noted that the proposed investment plan referenced above does not reflect the
most current MSC investment planning assumptions. Use of the Program Integrity 1 plan are used here to analyze
optimal capital sums required and associated benefits, incremental to the reference levelsin 2000/01.

9 Environment Canada: Atmospheric Environment Program Capital and Operating Requirements Include Inflation
Factors. Note: Assumes anominal Incremental Capital cost in 2004/2005 of 29.7.
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Figure 6: Canadian Meteorological Centre Forecast Quality, 1958 — 2000.
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Weather and Environmental Predictions — Business Line Plan, 2000/2001 — 2002/2003,
Environment Canada, January 26, 2000.

5.2 The Business Case for Higher Levels of Infrastructure
Investment

Although this report does nat seek to quantify the theordticdly optimd level of meteorologica capita
investment, smulations with the econometric modd presented in Appendix B indicate thet the optima
leve is greater than that reflected in the Environment Caneda invesment plan.  In other words, up to a
catan point, higher levds of capitd invesment would yidd economic bendfits in the form of
productivity of nationd output that exceed the incrementd cgpitd and operating costs. While more
andlyds would be needed to provide a detalled esimate, initid Smulations indicate thet the currently
planned levd of invesment would nesd to be goproximatdy doubled to achieve maximum efficency.
One means of finandng such additiond investment would be through the diverson of budgetary outlays
presently dedicated to the provison of vaue-added products and services.
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5.3 The Economic Effects of Federal Withdrawal from the Provision
of Value-Added Products and Services

The primary effect of Environment Canada s withdrawd from the market for vaue-added commerad
products and services would be:

A larger number of private firms and privatdy generated products and sarvices,

Gregter private ssttor invesment and innovation in vaue-added commercid forecagting
products and sarvices, and

Lower consumer prices for vaue-added commercid products and services.

5.3.1 Impact on Market Size

Although the timing of market effects would depend upon the rate & which the federd government
trandtioned out of the provison of vdue-added commerdd savices, the long run implications for
make dze are ggnificant.  As shown in the market andyss presented in Tabdle 7 (the underlying
technica bags of which is given in Text Box 1), the private ssector in meteorologica products and
savices would expand for its current leve of about $60 million in totd annud revenues to between
$186.2 million and $159.6 million annudly. If average revenues per firm remain a the current leve (of
about $2 million a year), the number firms in the Canadian market would expand from about 30 today
to more than 110.

5.3.2 Impact on Innovation and Consumer Prices

At the upper end of the range given in Table 7, the vaue of totd private sector meteorologica products
and sarvices would grow to exceed the total vaue of such sarvices provided today by the federd

government and the privaie sector combined.  The latter figure is $169 million, comprised of $109
million in federdly provided products and sarvices (see Table 5) plus the $60 miillion in privatdy
supplied products and services. As shown in Table 7, the private sector could grow to $186.2 million
annudly, some 10 percent more then the combined vaue of federd and private srvicestoday. This
increase would likely represent a combinetion of factors, induding better prices and thus more demand,
but dso greater innoveation spurred by the additional competition for private busness
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Table 7 The Potential Canadian Market for Meteorological Services, by Service and
Value (Millions of 2001 Dollars)

Value of Services

Estimated Value of Services

Supplied by Private Supplied by Private Firms
Types Of Services Value-Added Services Firms under Current under Optimal Market
Market Structure Structure
Low High
Specific R&D
Software Development
Numerical Modeling
Weather Data Analysis
Services Provided by Data Processing & Quality
Public & Private Control
Sectors Weather Forecasting
Hydrological Data & Forecasts
Air Pollution $55-65 $1522 $1775
Media
Consultation Services
Public/Private A_V|at| c_m Weathq Forecasts
Partnerships L _|ghtn| ng Detectlon & Forest
Fire Prevention
Training & Continuous
Services Provided by Education
Private Sector Alone Forensic Meteorology
Micro Climate
Weather Data Gathering and
Archiving
Services Provided by E/I\{’]??)trrr]szration) Warnings _ 7.4 87
Public Sector Alone . i ' '
General Weather Services in
Sparsely Populated Areas
R&D
Semce? Provided by Though Canadian and U.S. firms
U.S. Private Sector & . . .
. tend to specidlize in different
Not Duplicated by . N/A
. . services, overall the array of
Canadian Private . S .
servicesissimilar in both countries.
Sector
Services Provided by
U.S. Public Sector N/A N/A
Alone
Total Services $55-65 $159.6 $186.2
HLB Decision Economics Inc.
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Notes to Table 7: The Potential Canadian Market for Meteorological Services

Value of Services Supplied under Current Market Structure

The annual revenues of Canadian meteorological firms are currently estimated at $55-65 million. The array of services provided in
Canadais very similar to the U.S. and we could not identify specific services provided in the U.S. only. Though it is suspected that such
additional services exist, they account for a very small share of the market. Therefore, under the current market structure the value of
the private Canadian market is $55-65 million.

Value of Services Supplied under Optimal Market Structure
To assess the value of the potential Canadian market under an optimal market structure, we need to know the value of services solely
provided by the MSC:
- Weather data gathering and archiving: Weather data gathering and archiving are not considered as true value added services.
Their value added can be estimated at $2 million approximately.
Weather warnings (including marine warnings): $3 million (a tenth of weather warnings, forecasts and information). On
average, the MSC releases 14, 000 severe weather warnings and half a million weather forecasts annually.
General weather services in sparsely populated areas: Their value is not known. These services account for avery thin share
of the potential market, thus their value is negligible.
Research and development (excluding marine weather R& D): $8.3 million

As aresult, the services solely provided by the MSC have atotal value of $13.3 million.

These estimates need to be adjusted to account for the potential size of the private sector based on the U.S. experience. Annual
revenues of the private sector are estimated by HLB at $1,855-2,616 million. Therefore, the market share of the US private sector
lies between 50.9% and 59.4%. In Canada, private companies account for only 21% of the market. Furthermore, we can reasonably
assume that the Canadian market will expand by about 10% ($28.5 million) as aresult of the entry of new firms on the market.

The total value of the market for meteorological services is currently estimated at $285 million. Thus the adjusted total value of the
potential Canadian private market is:

$285 million * (1+10%) * 50.9% = $159.6 million (low estimate)
$285 million * (1+10%) *59.4% = $186.2 million (high estimate)

The share of additional services to the private sector (i.e., services provided by the MSC aone under the current market structure) is:

$13.3 million * (1+10%) * 50.9% = $7.4 million (low estimate)
$13.3 million * (1+10%) * 59.4% = $8.7 million (high estimate)

The share of services currently supplied by the public and private sectorsiis:

$159.6 million - $7.4 million = $152.2 million (low estimate)
$186.2 million - $8.7 million = $177.5 million (high estimate)
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6 CONCLUSION

Thissudy yiddsfour prindpa condudons, asfalows

1. Jugt under three-quarters of the expenditures of Environment Canadd s Meteorologica
Savices of Canada ($159 million in fiscd year 2000-01) involve meteorologica
infragtructure adtivities and outputs that address a market failure and thus bdong in the
federd domain. The remaining expenditures, $66.5 million in fiscd year 2000-01, are
for the production of vaue-added services that would be more efficiently provided by
private firms

2. The federd government has permitted the vaue of the capitd gock of meteorologica
infrastructure to erode over the past 25 years. This erason has contributed measurably
to the nation’s duggish rate of growth in productivity and Gross Domestic Product.
Although Environment Canedals proposed $280 million five-year capitd invesment
plan would yield net benefits of $4.6 hillion over ten years (a 69 percent rate of return),
even higher levds of federd infrastiructure investment would be economicdly judtified.

3. MSC charges more than the optimd price (more than margind cogt) for meteorologicd
infrastructure sarvices, thereby preventing the maximization of the economic and sodd
benefits of weether prediction; and

4. MSC does nat impute an dlowance for normd profit and risk into the pricesit leviesfor
its vaue-added products and sarvices. This places private providers a a competitive
disadvantage thet limits thar growth and inhibits innovation in the private sector supply
of such products and sarvices. If the federd government were to withdraw from the
provison of products and services in which no evidence of market falure is goparert,
the vaue of private sector output and employment in the production of meteorologica
sarvices would more than double
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APPENDIX A. HLB ESTIMATION OF THE OUTPUT AND
PRODUCTIVITY BENEFITS OF METEOROLOGICAL SERVICES

1. Framework

Consder the production function:
Yi=A* (K, L, G)
Where:
Y = red aggregate output of the private sector;
A = ameasure of productivity;
K = aggregate stock of non-residentia private capitd;
L = aggregate employment of labour services by the private sector; and
G = non-military public capital stock, or public expenditures.

Here, we replace G by either a measure of the public stock of capitd used in the production of weather
services (westher forecasting equipment and the like) or a measure of public spending on westher
sarvices (eg., annua budget of the Meteorologica Service of Canada).

A smple estimating equation can be written as
log(Yy) = bo + bilog(Ky) + balog(Ly) + bslog(G) + e
or Vi=bo+biki+bol +bsg+e
We may dso consider additiond explanatory variables, including:
T = atimetrend; and

Cu = the capacity utilization rate in the private sector (or manufacturing/industrid sector only),
to control for the influence of the busness cycle.

YVi=bo+bi.ki+ byl +bag + bat + bs.cu + e (SeeFigure A-1)

Following Aschauer, we also estimate a productivity equetion, relating output per unit of capitd (y - K)
to the labour to capitd ratio (I - k) and the public capita to private capitd (g - K) ratio:

Vi~ ke = Do+ b1(k - k) +ba(q - k) + bat + bt + € (See Figure A-2)
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2. Data Requirement and Data Sources

Data Requirements:

Annual datafor Y, K, L, G and CU, for at least 20 years, preferably 30;

All varigbles are @ther end-year or mid-year vaues, we convert end-year to mid-year if needed;
All "money" varidbles (Y, K, and G) are expressed in constant dollars,

Capital stock data (K and G) are net of depreciation;

The public capitd stock (G) isinclusve of federd, state, and local equipment and structures,

L, the aggregate employment of [abour services by the private sector, is measured in hours.

Suggested Data Sources:

Most data are found on Statistics Canada website, at http://mww.statcan.calenglisCANSIM.

Variables Data Sources
Statistics Canada, CANSIM 11, Table 379-0004: Gross domestic product at
Y factor cost in 1992 congtant dollars, by Standard Industrid Classification

(1961-2000)

Statistics Canada, CANSIM 11, Table 031-0002: Flows and stocks of fixed
K non-residentia capita, by North American Industry Classification System
(NAICS) (1955-2000)

Statistics Canada, CANSIM |1, Table 279-0020: Labour force survey

L estimates, employment (actua hours worked) by North American Industry
Classfication System (NAICS) (1976-2000)

Statistics Canada, CANSIM 11, Table 028-0001: Industrid capacity utilization
rates, by Standard Industria Classification (1962-2001)

Statistics Canada, CANSIM 11, Table 031-0002: Flows and stocks of fixed
non-resdentia capita, by North American Industry Classfication System
(NAICYS) (1955-2000)

Statistics Canada, CANSIM 11, Table 379-0004: Gross domestic product at
G factor cost in 1992 congtant dollars, by Standard Industrid Classification
(1961-2000)

Measure of the public stock of capitd used in the production of weather
SEIVices.

Budget of the Meteorological Service of Canada

CuU

HLB Decision Economics Inc November 19, 2001 A-2



Canadian Meteorological and Oceanographic Society Optimizing the Public and Private Sector Roles
in the Provision of Meteorological Services

3. Estimation
Oveview:

1) We begin by estimating an Aschauer-like equation (output and productivity equations), where G is
the total non-military public stock of capitd. This alows an assessment of data qudity.

2) We replace G in 1) by total non-military public expenditures. Figures A1 and A-2 present the
regresson output for output and productivity estimations, while Box A-1 describes the data used in
these estimations.
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Figure A-1: Estimation of the Impact of Meteorological Infrastructure Capital Stock
on Private Sector Output, 1976 — 2000.

Dependent Variable:
Log of Private Sector GDP at Factor Cost, 1976 - 2000
. Coefficient
Variable (t-Ratio)
-6.570967
Constant (-1.483427)
. . 0.907837
Log of Private Capital Stock (2670732)
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Log of Hours Worked (5.120345)
Log of Meteorological Infrastructure 0.179366
Capital Stock (1.964462)
. -0.006027
Time Trend (1976 — 1992) (-0.811807)
. 0.003848
Time Trend (1992 — 2000) (0.755341)
. I 0.004523
Capacity Utilization (4736274
Regression Statistics
R-Squared 0.998576
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Figure A-2: Estimation of the Impact of Meteorological Infrastructure Capital Stock
on Private Sector Qutput per Unit of Private Sector Capital, 1976 — 2000.

Dependent Variable:
Log of Private Sector GDP at Factor Cost /ess Log of Private Capital Stock, 1976
— 2000
. Coefficient
Variable (t-Ratio)
-0.041931
Constant (-0.291178)
Log of Hours Worked less Log of Private 0.538751
Capita Stock (10.81978)
Log_ of Meteorological | nfrgstructure_ 0047109
Capital Stock less Log of Private Capital
(2.464922)
Stock
, 0.004667
Time Trend (1976 — 1992) (3.860399)
: 0.011192
Time Trend (1992 — 2000) (11.75748)
. I 0.003466
Capacity Utilization (7.803807)
Regression Statistics
R-Squared 0.980139
F-Statistic 187.5323
Durbin-Watson 0.963874
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Box A-1: Variable Definitions, Estimation of Private Sector Qutput and Productivity

Impacts

Variable

Description and Source

GDP at Factor Cost

Private sector Gross Domestic Product at factor cost, millions of constant dollars, end-year.
Statistics Canada, CANSIM 11, Table379-0004

Private Capital Stock

End-year gross capital stock —Canada, Private Sector. Calculated by subtracting Public Capital
Stock! from Total Capital Stock®. Non-residential, millions of constant dollars.

1. End-year gross capital stock —Canada, Public Sector, non-residential, millions of constant
dollars. Statistics Canada, CANSIM |1, Table 031-0002.

2. End-year gross capital stock —Canada, non-residential, millions of constant dollars. Statistics
Canada, CANSIM 11, Table 031-0002

Private Sector Hours
Worked

Actual hours worked - Canada, private employees, all jobs, annual averages, in thousands.
Statistics Canada, Labour Force Survey, Program A21187

Meteorological
Infrastructure Capital
Stock

Gross Capital Stock, Weather services business lines, Environment Canada. Calculated using
depreciation rate of 10%?3, reference capital stock of $333,405M in 1998*, and annual capital
expenditures®. End-year, millions of constant dollars.

3. Weather and Environmental Predictions Business Line Plan 2000/2001 — 2002/2003, Environment
Canada, January 26, 2000.

4. “Estimated Value of AEP Assets by Functional Usage”, Environment Canada, June 21, 1998.

5. Public Accounts of Canada, 1976 — 2000.

Capacity Utilization

Industrial capacity utilization rates for manufacturing industries, percent, as an annual average.
Statistics Canada, CANSIM 11, Table 028-0001

Constant

Equal to 1 in each period.

Time Trend

Equal to 1in 1976, incrementing by 1 each year.

HLB Decision Economics Inc.
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Derivation of Business Case Private Benefits Estimates

The edimates of output berefits provided in Section 5 are derived asfollows. The resullts depend upon
the theoretical foundation and associated regresson results provided above.

1.

Forecast independent varigbles from the productivity regresson modd for the period 2001 —
2010 (The right-hand sde of the eguation bdow, which corresponds to the productivity
equation above).

Y, = b0C+ ble + bsz + bsle + b4Tzz + bSCUt

Use regresson results and forecasted independent variables to cregie a forecast of the
dependent varigble (the left-hand Sde of the equation above) under different assumptions (see 3
below) regarding the coefficient on the log of meteorologica sock / Capitd stock variadle (b,
in the equation above).

Three edimates are caculated:
Regresson edimate (b, = 0.047109)

Low edimate = 95% probability thet the true coefficient exceeds this esimate (b, =
0.00964948)

Risk-adjusted esimate = 25% of low estimete (b, = 0.00241237)
For each etimate,
Cdculate the forecast output vaues under a“ no-invesment” scenario
Cdculate the forecast output vaues under the assumed capitd investment Sream

Bendfits from the capitd investment are assumed to begin in 2005/06, following the completion
of the invesment dream. The difference between the two forecads cdculated in 4 is
discounted to 2000 dollars (using a discount rate of 10%). The results are detalled in the Table
beow.
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Appendix Table: Estimates of Output Benefit Stream under Three Alternatives

. . Present Value
Coefficient Estimate 05/06 06/07 07/08 08/09 0910 | (10% Discount
Used
Rate)
Regression Estimate 13,284.8 12,401.7 11,5724 10,794.1 10,064.3 58,117.2
Low Estimate 38138 35771 3,353.7 3,142.9 29442 16,831.8
Risk-Adjusted Estimate 1,017.7 955.4 896.6 8410 7885 4,499.2
HLB Decision Economics Inc.
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APPENDIX B. HLB ESTIMATION OF SOCIAL BENEFITS
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Total Value of Loss Weather Loss Reduction/
Social Benefits . .. | Total Events . % Prediction Benefits Over
and Externalities Valuation Unit per Year (Valuation Unit Improvement IYear due to Weather 30 Years Source and Comments
Total Events) Ratio Improvement
Weather Related Gains to Report from Small Business Group on
Insurance Industry Weather and Insurance Industry.
Property and Casualty Claims [$ value of claim Number of claims
Crops Damage Claims $ value of claim  Number of claims
Life Loss Claims $ value of claim  Number of claims
Auto Claims $ value of claim  Number of claims
Total Loss/Gain $4,000,000,000 10.00% $400,000,000 $12,000,000,000
P.G. Aber, "Social and Economic Benefits
Weather Related Gains to of Weather Services, Assessment
Agriculture Sector Methods, Results and Applications”.
Number of
$ value of per hectares
Crop Damage hectare damage damaged
$ value of per Number of
hectare hectares not
Harvesting Loss harvesting loss  harvested
Number of
$ value of per hectares not
Plantation Loss hectare plantationplanted
$ value of per Number of
hectare loss of hectares
Chemical Spraying Loss chemical spray affected
Number of
$ value of per hectares
Other Losses hectare damage damaged
Total Loss/Gain 10.00% $750,000,000 $22,500,000,000

HLB Decision Economics Inc

November 19, 2001




Canadian Meteorological and Oceanographic Society

Optimizing the Public and Private Sector
Roles in the Provision of Meteorological

Services

Total Value of Loss Weather Loss Reduction/
Social Benefits . .. | Total Events . ok Prediction Benefits Over
and Externalities Valuation Unit per Year (Valuation Unit Improvement IYear due to Weathel| 30 Years Source and Comments
Total Events) Ratio Improvement
Weather Related Gains to Report from Small Business Group on
Energy Sector Weather and Insurance Industry.
Average number
$ value of of transmission
Transmission Lines Damage [transmission line lines destroyed
Average number
of poles
Power Poles Damage $ value of pole  destroyed
Average number
of towers
Steel Towers Damage $ value of tower destroyed
Total Loss/Gain 10.00% $200,000 $6,000,000
Weather Related Safety
Gains
In 1987, flood caused 2 people to die in
Montreal and tornadoes caused 27 to die in
Edmonton. In 1996, flood caused 25 people
to die in Canada. Thus over 14 years there
were 3 prominent events, or 3/14=0.21
event per year. On average each event
caused 18 deaths, or 3.86 deaths per year.
Since the price of life is $3 million, the total
IAverage $ value Number of lives life loss is $11,580,000 per year. (Small
Life Savings of life ($3 million) (3.86 lives) $11,580,000 10.00% $1,158,000 Business Group)
IAverage $ value Number of
Reduced Accidents of each accident accidents $409,508,000 10.00% $40,950,800
Injuries $50,000 2,598 $129,900,000
Property Loss $4,000 69,902 $279,608,000

Total Loss/Gain

$42,108,800 $1,263,264,000

HLB Decision Economics Inc
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Total Value of Loss Weather Loss Reduction/
Social Benefits . .. | Total Events . % Prediction Benefits Over
and Externalities Valuation Unit per Year (Valuation Unit Improvement IYear due to Weather 30 Years Source and Comments
Total Events) X Improvement
Ratio
Weather Related Gains to
Forestry
Cost of each Fire Average number
Load Sustained of FLSA due to
Reduced Fire Intensity IAction ($90) lightning (58,112) $5,230,080 10.00% $523,008
Total Loss/Gain $523,008 $15,690,240
Weather Related Gains to
Time
Average number Assuming 365 flight diversions per year.
$ value of each of flight Each flight diversion costs $40,000. (Small
Loss of Flight Diversion flight diversion  diversions $14,600,000 10.00% $1,460,000 Business Group)
Average number Assuming 365 flight cancellations per year.
$ value of each of flight Each flight cancellation costs.$150,000.
Loss of Flight Cancellation  [flight cancellation cancellations $54,750,000 10.00% $5,475,000 (Small Business Group)
Assuming 1 delayed decision every day
means 365 delays per year. Each delay
$ value of each Average number decision costs $100,000.
Loss of Delayed Decision delayed decision of delays $36,500,000 10.00% $3,650,000 (Small Business Group)
Total Loss/Gain $10,585,000  $317,550,000

IGRAND TOTAL

1,203,416,808 $36,102,504,240

HLB Decision Economics Inc.
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APPENDIX C. ENVIRONMENT CANADA OUTPUTS CLASSIFIED BY
INFRASTRUCTURE AND VALUE-ADDED PRODUCTS AND SERVICES
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Services

Grand total, all activities (Vote Net Revenue): $64.8 M
Grand total, all activities: $2255M
Expenditures Expenditures
(Millions of Current Dollars) (Millions of Current Dollars)
Infrastructure Activities Value Added Activities Gross
Vote Net Gross Net Vote Net
Net Budgetary
Budgetary Revenue | Budgetary Budgetary | Revenue Expend-
Expenditure (excl. EBP)|Expenditures| Expend-iture| (excl. EBP) itures
Total 129.7 29.3 159.0 Total 31.0 355 66.5
Research & Development 236 22 258 Research & Development 8.3 14 9.7
Cloud and precipitation physic 19 0.7 2.6 Numerical Weather Prediction 23 0.6 29
Severe Weather 0.45 0.15 0.6 Data assimilation and satellite 17 0.05 18
Climate modeling & Analysis 5.2 0.0 52 Marine weather research 0.0 0.2 0.2
Climate processes 4.0 0.2 4.2 Climate trends & data analyses 4.3 05 4.8
Ice research 0.0 0.4 0.4 Production 21.4 33.6 55.0
Hydrologic modeling & application 08 0.01 08 Weqther war.nlngs, forecasts 101 282 383
development and information
Stratospheric studies 26 0.2 2.8 Marine warnings, forecast and 03 01 0.4
information
Atmospheric science based assessment 0.9 0.1 1.0 Cllmale appl!catlons, forecast 0.6 13 19
and information
Atmospheric change adaption 15 0.0 15 .Ice Wam.' ngs, forecast and 0.7 22 29
information
Atmospheric change impacts 0.5 0.08 0.6 Hydrologlcal forecasts and 04 0.1 0.5
information
Raison 0.3 0.08 04 UV forecasts and information 0.0 0.0 0.0
Management & admin support 31 0.0 31 Nuclear and volcanic modeling 0.2 0.0 0.2
Scientific support to R&D 23 0.3 26 Electronic data processing AES 46 1.0 5.6
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Expenditures

(Millions of Current Dollars)

(Millions of Current Dollars)

Expenditures

Infrastructure Activities Vote Net Gross Value Added Activities Net Vote Net Gross
Net Budgetary Budgetary
Budgetary Revenue Expend- Budget'ary Revenue Expend-
. (excl. EBP) . Expend-iture| (excl. EBP) .
Expend-iture itures itures
Monitoring Infrastructure 47.3 22.3 69.6 Electronic data processing regions 14 0.1 15
Land-based surface networks 32 2.6 5.8 ;;F::: to the warning production 0.2 0.1 0.3
Aerological network 7.0 0.03 7.0 roduct development 0.2 0.1 0.2
Radar network 6.4 0.2 6.6 Management & admin support 16 0.5 21
Satellite network 0.0 0.0 0.0 Other support 10 0.0 1.0
Lightning network 0.1 12 13 Service Delivery 1.3 0.5 1.8
Marine network 0.8 0.0 0.8 Client consultation and feedback 12 05 17
Other data 0.0 0.0 0.0 Environment assessment 01 0.0 01
Inspection & maintenance 8.3 2.7 11.0
Engineering & technical support 3.0 1.0 4.0
Network planning 21 0.01 21
Climate network 0.5 0.0 05
I ce reconnaissance data 0.9 31 4.0
Inspection & maintenance (ice) 0.001 0.0 0.001
Engineering & technical support (ice) 0.6 47 53
Network planning (ice) 0.0 0.0 0.0
Water quality & quantity network 82 54 13.6
Inspection & maintenance (water) 15 11 2.6
Engineering & technical support (water) 1.19 0.012 1.2
Network planning (water) 0.8 0.0 0.8
Stratospheric Ozone/UV network 0.0 0.0 0.0
Archive & quality control 12 0.06 13
Management & Admin Support 15 0.2 17
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Expenditures

(Millions of Current Dollars)

Expenditures

(Millions of Current Dollars)

Infrastructure Activities Net Vote Net Bqu;;:; o Value Added Activities Net Vote Net Bqu;Z::ry
Budget.ary Revenue Expend- Budget‘ary Revenue Expend-
Expend-iture |(excl. EBP) itures Expend-iture |(excl. EBP) itures

[Production 42.8 0.0 42.8
Weather warnings, forecasts and information 20.1 0.0 20.1
Marine warnings, forecast and information 0.6 0.0 0.6
Climate applications, forecast and information 12 0.0 12
Ice warnings, forecast and information 15 0.0 15
Hydrological forecasts and information 0.8 0.0 0.8
UV forecasts and information 0.1 0.0 0.1
Nuclear and volcanic modeling 0.3 0.0 0.3
Electronic data processing AES 9.1 0.0 9.1
Electronic data processing regions 2.7 0.0 2.7
Support to the warning production system 0.5 0.0 05
Product development 04 0.0 0.4
Management & admin support 32 0.0 32
Other support 2.0 0.0 20
Service Delivery 21.4 33.6 55.0
Dissemination and special delivery system 0.9 33 4.2
Dissemination system design 0.0 0.4 0.4
Public out reach and education 0.1 0.002 0.1
Management and admin support 0.3 0.004 0.3
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Expenditures Expenditures
(Millions of Current Dollars) (Millions of Current Dollars)
Infrastructure Activities Net Vote Net Bqu;;:; o Value Added Activities Net Vote Net Bqu;Z::ry
Budget.ary Revenue Expend- Budget‘ary Revenue Expend-
Expend-iture |(excl. EBP) itures Expend-iture |(excl. EBP) itures
National Support Systems 21.4 33.6 55.0
Telecommunication general 3.2 0.3 35
Telecommunication water 0.0 0.0 0.0
Business planning 0.3 0.0 0.3
Evaluation and performance measurements 04 0.0 04
Policy, liaison & international affairs 0.0 0.8 0.8
WM O assessment 0.2 0.0 0.2
Communi cation support to WEP 0.2 0.0 0.2
Training and development 11 0.0 11
Management and admin support 0.6 0.0 0.6
WEP senior management 2.7 0.0 27
Management support to senior WEP

management 6.0 0.0 6.0
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