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Foreword

This documetreflects the commitmenof mary individuak o the advancemetrof the
meteorobgicd professian in Canada Reackrs ae encouragedtabsob everything
containal in this reporf including the attached studies.

As the co-chais o the private sectotask force that preparkthis documentwe would
like to thark the maty private secto members bthe Canadia Meteorobgicd and
Oceanography Society (CMOSwho contributel ther time, skill and financesa the
developmen of this Canadia Meteorobgicd Industly Strategy. Vé woul al like to
acknowledge the couragard vision of the managemerof the MeteorologicbService of
Canada fotheir opennes o change athther encouragemenboth mord and financial,
to the CMGCS Privae Secto Tak Force o develop ths strateg paper.

An essentidbadkgrourd study fa this pape was carriel ou by Doug Russdland staf of
Globd Climate Strategies Internation@GCS) on vely shot notice amnl unde very
sevee time constraintsThe GCS$ study, dore for the Meteorabgical Servce d Canada
(MSC) under a contraavith CMOS produced sora resuls tha openel many eys about
the staé d the weather ahclimaie industry.

David Lewis ard the staf of HLB Decisicn Econanics underto& — agan unde very
tight time constrairg — afirst-eve econanic study of the weather industryniCanada.
Tha study openg eyes in othe ways by demonstratig graphicly how important
Canadas investmehin weather $ to the econom ard by al® showirg why changs are
neeced n the wg weather dat is accessed and ped.

Finally, the co-chais acknowledge, wht specihgratitude the role played by Jeff
Carruthers & Susse& Circle Inc- Le Cercle Ssse as advisor strategist, writeand
presentein dl phase o the devebpmen of this strategy In addition, ve thalk Ron
Jackson of Susse Circle for his usefliadvice ard his managemerof the HLB contract.

lan Rutherford PhD
Susan Woodbury ACM
Co-chairs
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Background

The Canadia Meteorobgicd and Oceanograplasi Sociey (CMOS), the nationasociety
of individuak arl organisatios dedcated © advancig atmospheci ard oceanc sciences
and related environmentdisciplines in Canadahas lorg hal an interesin creatirg the
right climate (® to speak so tha new weather ad climae pralucts am services flourish
in Canada.

With this obgctive in mind, privae secto membes o CMOS me with senia officials at
Environmen Canaa in October 2000. A tha meeting Marc-Dens Everel] the then
newly-appointé Assistah Deputy Ministe of the Meteorabgicd Service d Canada
(MSC), expressal interes in havhng CMGOS provice suggestions o how the private and
public sectos coutl develop a newppraach b weathe ard climae in Canada This in
turn triggered tle formation of a specibprivate sectotak force, with Environment
Canadas participation (primarily in an advisoy role), of CMOS, with the express
mandae d devebping a weather thustly secta strateg tha coul be considered by
CMOS am shared wh MSC ard othes within the federbgovernment.

Environmen Canaa provided a financiaontribution to suppot the wok of the task
force thraugh the sprig and summer The tak force undertok to produce a report
recanmending tre key ingrediens ard nex stegs for a weather scta strateg designed
to aeae tre righ kind of environmer for a significam expansio of the weather idustry
in Canada.

Membes d the private sectotak force (the "tak force") held ther first organizng
meeing in Ottawa in Februay 2001 (ge Appendx A for membership). Ond the first
initiatives o the graup was o propog a baskne stug of the meteoradgicd private
secor. EC contractd with CMOS t undertak ths stug to establik the number and
size (includng revenugof the key players Globd Chang Strategies International
(GCS9) undertod this task usirg a survg of Canadia firms ard individuak providng
meteorobgicd services The survg resuls wee then use to detemine the overadlsize
(in revenug of the industry.

The GC3 survey alo explorel issus thd industy responderst fet would need @ be
addressal in the near future The resuls d the GCS study “Baselire Statg o the
Private Meteorobgical Servces ®cta in Canadaare describedn sone detail in the
next section of this report A copy of the complete repois a@tached a Appendk B.

During its ddiberations the tak force identified a numberfassues ard irritants that
neeced to ke addresel in any sucessfllweather mdusty secto strategy These
included issus suroundirg acceas b and pricing bdata ar informatian praduced by
Environmen Canad ard usel by boh the private ah public sectos © produce "value-
added" pralucts amd servics for use by Canadiar ard foreign clientele.
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As the discussions proceeded into the summer months, the task force used an interim
report to the broader CMOS membership at the annual CMOS Congress (in Winnipeg) in
June 2001 to raise a number of questions. Participants at the Congress (private sector and
Environment Canada) confirmed that the task force was generally on the right track and
the task force began work on capturing the various ideas and proposals for afinal report,
to be published in the fall.

It soon became apparent that an economic assessment of the benefits of weather services
for the broader economy, on the one hand, and a comparison with the activities in the
United States, where private sector wegather services were more advanced, would be
extremely helpful. The notion of an economic study was raised in a meeting in June with
Dr. Everell of the MSC; he supported the notion, recognizing the value of such astudy in
providing economic context.

Through the existing EC-CMOS contribution agreement, MSC officials and CMOS
subsequently agreed to produce an economic study of the weather industry in Canada.
The study, entitled "Optimizing the Public and Private Sector Roles in the Provision of
Meteorological Services', was undertaken by HLB Decision Economics Inc. during
August and submitted to the task force in mid-September. The key findings of the HLB
study are highlighted in the next section of thisreport. The HLB Report itself is attached
as Appendix C.

The conclusions and recommendations of the task force, along with the HLB economic
study, were discussed at a special meeting of MSC senior management in Toronto on
September 23, 2001. (A copy of the discussion presentation is attached as Appendix D.)

One other survey, an informal e-mail survey of professors and students of meteorology in
Canadian Universities carried out by the private sector task force over the summer of
2001, provided important information about the academic portion of the weather sector.
(A copy of the e-mail survey questionnaire is attached as Appendix E.)
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The Importance of Weather

Canadas econom is, on the one handextremey weather sensitiyegiven its northern
latitude huge landmas ard dependencemoresouce extractionprimary industy and
vulnerabé transportatio links o distath markets An esimated $100-bilion+ is & stake
in important ectos o the econom like agriculture, transportation, tourism, energy,
manufcturing just-in-ime-delively and retd sales The financidand insurae sectors,
in turn, deped heavily e wha hgppers as a restibf good — and bad — eather.

On the other handCanadas large lard mass anl its relativey smal and spead-out
population and transportativinfrastructue male it tha mud harde ard more expensive
to gaher the weather informatio tha will allow accura¢ weather forecasgnanywhere
and everywhee in the country Thus, i should not ke a surprise that Caredpend more
per capiia for weathe infrastructure aah forecastiig than its neighbo to the souththe
United States.

If the suggestions thaglobd warming will resut in greater volatity in the weather —
more stormsmote draughts ard floods more extreme weather —ain fact true high-
qudity ard accurage weather forecasignwill becone dl the more importanfor Canada.

Because weathers so importanard becaus the information economg has mae it much
eager to find ou what 5 happenng acras tle country maja players ag increasingly
demanding to knav more abotithe weatherboth in terns o what is happenig nov and
wha is forecas to hgppen in the dag a even weeks aheadinsurarce companieseed to
anticipate arl asses risks @ sevee stormgas do airlinestrucking companiesCanada
Pod ard couriers The needa know hav to avoid sever weatherd an importan factor
for “just in ime” delively servicesElectrc utlities ard wate conservatia authorities
need to knav both short-tem ard long-tem predictel weather e they can regulae water
flows ard hydro-eéctric generatio and build up inventorgeto meet leatirg and cobng
demands.

The increasig sophisgation of corporate governmenard individud uses o weather
informatian will increa® the demaah for faster, moe accurag ard more custonized
weaher pralucts arl service and in the process, likely pte moe stress ahstran on
the existirg weather infrastructure.

The Private SectolTak Force bdieves this stress ahstran actualy creates a important
opportunity for private secto weather providersttake m an increasng shae d meeting
existing end-us needswhile at the sameitne creatig nev products ard servces to
respoml to emerging requirement§ heg same demasdwill also require greater
attention to — and investmerin — the core weather infrastructure tlgathes the weather
informatian dl across Canad ard then modes al of this informatian for future
timeframes o produce shorimedium ard long-tem weather forecasts.

It would appear thaCana@ ha a considerable amaowef “catch up” b play vis-a-vi the
United Stateswhele the private sectoplays a much grater proportionatrok in the
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overall weather industry and where the private sector has achieved greater market
penetration. The task force also believes that the Canadian weather sector has unique
opportunities to pursue in the United States, given its privileged access to the American
market. However, it is very difficult to build an export base for these services without a
significant home market, something that has been difficult to achieve in part dueto the
government dominance of the meteorological sector.
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Weather and the Weather | ndustr y — A Discussi on

As the discussios leadng o the find repot evolved each 6the studies undertakedy
the tak force contributed a crital piece d the puzzé that woud sere as tle bass for
the reconmendatios an the futue o the weatherridustry.

The Baseline studundertaka by GC$ revealal the size ad natue o the industy in
Canadaalorg with bast concers relatirg to the daminart playe in the sectqrthe MSC.
The HLB econanic stud reflected n econanic terns the concers abotithe need to
change the public/privag mix and to addes problems fodata access ahpricing both
concerrs wee holding back the growh of a viable private weatheesta in CanadaThe
informd e-mail surve of faculty and studers in meteorabgy gpearedd contradit the
widely held view tha the Canadia post-geconday systen could na meet tte challenge
assaiatad with a growh in demand fometeorabgists triggeral by potentidprivate
sector growth.

The daninane o MSC in the weather thustry — something thafigured praminently in
the other tvo stories — al® gopearedn the acadermisurvey with mary of the sudents
preferring governmenjobs © privae sectojobs The reconmendation sé ou a the
end of this repot are largey — although nbexclusivey — derivel from the resuls of
thes variots studies. Bades ae urgedd reviev the repors ard presentationin the
Appendics as thagh the were in fad an integrpart of this report.

The Baselin e Study

The Baseline studby GCS reveal@ an industy tha was smdler than many had
thought less than 100 firms with aggregaé annuarevenus o betwea $55-nillio n and
$65-million. Pelmorexis the daminart private sectoplayer It operats The Weather
Network/MétéoMédh ard provides weather service the media ad commercial
customes ard generate sone $30million in annuarevenue The MSG which was not
coveral by the GCS study, is the other dminart playe in the weatherextor It
generats sone $74-million in annuérevenue with $49millio n caming from
arrangemens with NavCanadaCoas Guad and DND, $1Gwillion in additional
“commercial” salesard the remande coming from government-to-government,
including federal/provinciearrangements.

It is worth noting thathe sudy faced challengein identifying companis ard did not
include aw large companis tha may hawe in-houg capabities, etc In this regardthe
study may no hawe captured # whok marketm Canada.

Accading to the GCS study, the industiy playes fel into a number bcategories,
including: climatabgy/globd change gener&consultirg servicesdat processig and
qudity contrd; training/educationresarch softwae designmodeling; forensic
meteorobgy; operationameteorologyroad weatherweather observingada services;
media weatherard weather derivatives.
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More specificly, accordig to the GCS report “Canadas$ privae Meteorobgicd Sector
is gnall ($55-$65M annuaevenug ard diverse The secto as a whoe has grown
relatively slowly ove the pas 15 years.”

The information in this repot is basd on an electrom survey distributel to 77
companie with operationsn the secto(37 regies received) 11 in-deph interviews with
a representative css sectia of firms, ard literatue ard Interné searches.

The GCS3 study fourd tha “Firms in the privagé meteoralgical cta typicdly envelop
a wide range bdisciplines including meteoralgists engireers instrumen providers,
software developershydrobgists private weather forecasternsaines am educators,
climatologists as wel as pdicy analyss am consultants.”

For the purposs o the reporf the® variots firms wee categorded as“traditional”
weaher servie provides (e.g, weathe forecasting briefing, training, veather data
gathering and analysis)environmentascierce aml pdicy devebpmen specidists; and
instrumentatio provides am softwae developers.

Firms wee fourd to rangen size from one-person owner/operatoestatishmens to
large firms tha provide meteorologicatelatal services as a payior branch of a larger
engineerng a consultig firm. Very few firms hal more than 15 meteorogical
professionad on staf or generatd more than $5 riflio n in revene eat year Nearly
two-thirds o the respondestindicated thg hawe experienced little-toengrowh in their
meteorobgicd staff levels durirg the pasfive years However of those representimthe
traditiond weather servicesegmentnearly ore haf reportel modera¢ © high levek of
staff growth In addition, early haf of respondig firms indcated thathey had
experierced dfficulties in finding qualified Canadians fiill availabk positions.

“The surve showel tha 41% d the respondig firms hae keen n existene for more
than 15 years 27% betveen 5 and 15ears ard 32% les than five years Companis are
distributed acress Canadabu the majority (neary two thirdg are located in
Ontario/Quelec am the Prairie ProvincesFirms cordud the majorily of their business
in the regios in which thg are locatedtargetirg primarily domestt coiporations and
governmentsalthaugh neary two-thirds o respondig firms indcated thathey also
condud sorre businss outsié o Canada.”

The GCS3 study identified a number bissue facing the private weatheresta as the
main impedimerg © growth including competitioo with the MSC for business anl stdf,
the cos of data obtained frommn MSC ard competition with US-basé companies When
askal to commehon competitorsresponderst clamed tha the Governmeinof Canada
was ther man competitoy while other Canadiaand US privae secto firms were
secandary competitors.

To redize ther potentidgrowth, respondents, particulsirthose in the traditionbweather
services segmentuggestd tha it would be necssay to moie cleary define the role of
the MSC 2 the MSC is nd in direct competitio with the private sectorin addition,
responders suggesttha increasd accessitlit y ard decreased cosf archived and
real-ime data woul lead to improve profitability and opportunitie for growth.
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To grow, private secto firms also eed to attracard retan professioné staff.
Responderst indcated conem ove the capacy of the Canadia education systen to
provide enaigh “job ready graduats in the meteoralgical/phystal sciences Firms in
the sectotypically need to condudocusel post-graduat leve training to incea® the
on-the-jdb functionaliy of newly recruited staff In generalthe MSC is seend ke able
to offer atractive salaries ahbenefi packages ahas a resulroutinely recruits trained
staff away from the private sectoraccordig to the GCS study.

Severdrespondert indicated thather alility to compee internationly could be
enhanced through increasj leves o formal suppot from the federdgovernment.
Many d thes respondestexpressithe belid tha the increased hing d Canadian
firms by the federbgovernmebhwould enhance theattractivenss b international
clientele Mary responderstindicated thaenhancemeastin the relatios between the
private secto ard the MSC are necessarto allow the Canadia privae meteorological
sector to achiee its full potential. A forma clarification of boundaris between the
private ard publc sectos was seerotbe a necessgiste in fadlitating an improved
levd of trug tha is requirel for fosterirg enhagemens in this relationship.

In terms o possibé futue strategiesthe GC3 study higHighted the following:
 MSC shoudl clarify its manda¢ aml associatd levd of services;

« Within the private sectatself, consideratio shoudl be given to the re-creatia of
a [rivate sectometeorologicbassociation;

* MSC should in pricing thei servicesbuild in coss coverig al expense borne
by the private sectore.g, taxes o ensue that f they are goirg to compeg¢ with
the private sectotha they do na artificially lower the prce fa servces i the
marke place;

« MSC ard the private sectoshoutl conside joint efforts b improwe post-
secandary edication programsincluding possiby taking on a joirt responsibility
for the operationktraining d meteorologichgraduates;

« Canadiam government shuld link with US Governmendepartments and
coordinae informatian gathering and distributioto hawe a unifiel North
American systen;

 CMOS coull play a rok in helphg grow the private sectoiincluding ongoing
profession&certification taking on responsitiitie s akin to tho® o the American
Meteorobgical Society ard perhaps providig liaisa between the government
and the private sector.

Many d the conclusios d the GCS study serve as the bass for further discussio by
the private sectotak force.
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The Academic Survey

The informd e-mal survey of meteorobgy departmetnheads am studeng & Canadian
Universities by the private sectdask force over tle sunme of 2001 al® providel some
additiond materid for review ard discussion Canadas post-secondgiinstitutions
produce a smahumbe (fewer tha 50 eab yea) of meteorobgisis am the respondents
believe that tle existig acadenu infrastructue had tle capacy to tran additional
meteorobgy graluates (and as a cordary, the curert infrastructue does nopreseha
barrier) to meet ay increasd demad for graduates This conclusio seemd to
contradi¢ sone o the assertios by responderstto the GCS study. The weak job
prospectsespecidy at MSC durirg the laie ' 905 hal in fad impacted @ suudent
enrolments in meteoradgy. In terns o the attiudes o the sudens themselves, e saw
an gppottunity in the private sectpmod would prefe to sty in Canadaif possible;
mog expresse a preferece far working in the publc sectoy becaus o higher beginning
salaries amd greater jd security.

The HLB Economic Study

The econmic sudy by HLB Decisian Econanics Inc, entitled “Optimizing the Rublic
and Privae Secto Roles in the Provisia of Meteorobgical Servicesviewed tlre curent
situation in the weather industry fro a dfferernt persgective. t agoplied econanic theory
and modes$ © the sector.

Note that as an econongianalysisthe stidy dos not addres noneconomic
considerationsn the formuléion of boh private and public policy. Stcconsiderations
might include for example, tb governmetnsector’'s wideg misson and commitments in
relation to the envonment.

The stug posel three questions:

1. Wha is the econanically optimal level of capitd investmemin meteoradgical
infrastructure?

2. Wha are the econamicdly optimal roles for the private ad public sectos in the
provision of meteorobgicd technobgy, reearch ad service® and

3. Wha pdlicy optiors exist fa optimizing the publc ard privae secto roles and
investmenlevek in the provision of meteorobgicd infrastructue ard prediction
service® Wha are the benefis arl coss o these options?
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The stug yielded five principa conclusions:

1.

Jug unde threeguartes o the expendituresf&nvironmen Canada’s
Meteorobgical Servees ¢ Canad $159 nillio n in fiscd year 2001) involve
meteorobgicd infrastructue activities arl outpus thd address a market failure
and thus belog in the federbdomain The remainng expenditurest665 million
in fiscd yea 2001, ae for the praduction of value-alded service tha would be
more efficiently provided by privae firms;

The federhgovernmenhas permited the value éthe capitdstodk of
meteorobgicd infrastructue o erode over t pas 25 years This erosio has
contributed measuralyito the nations sliggish rae o growth in praductivity and
Gross Domest Praduct Although & one-time EnvironmerCanadas five year
capital proposal ® Treasuy Board of $280 million would yield ne benefits of
$4.6 billion ove ten yeass (@ 69 pecert annuarate o return), even highe levels
of federd infrastructue investmenare econmically justified;

Environmen Canaé charge moe than the ojpnal price (moe than marginal
cosf for meteorobgicd infrastructue servicestherely preventing the
maximization of the econanic ard socid benefis o weather prediction Treasury
Board guidelins an cos recovey permt the use 6the marginacog pricing
framework. @ the other handhe subsidies imdied by the marginhcog pricing
rule presencertan econanic ard practicd problems Various pricng

possibilities ae available that seevtte interess o public pdicy (see Box Essay
in actud Report);

MSC does nd impute an allowance fonormd profit ard commercidrisk, taxes,
etc. into the pricesti levies for its value-addd producs aml services This places
private provides & a competitive disadvantage that ligiiher growth and
inhibits innovatia in the private sectaupply of such praducts ard servces.
Treasuy Boad guidelines permi the use dsud imputationsand

If the federbhgovernmehwere o withdrav from the provisian of products and
services in which no evidene d marke failure is goparentthe value éprivate
sector outpu ard employmentin the praluction of meteorobgicd services would
more than dable.

! This figure represessta one—time capit@roposato Treasuy Boar for the Pogran Integity Exerci |
(duly, 1999). ME subsquertly received som funding (5 millia ove five year} from this rejuest It
should be noted tt8 figure does nbrepresenhactual ME capitd spending plans.
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The HLB study drew sorre other econmics-basd conclusionsamomg them:

Eacdh one-petert improvemenhin weather predictio accurag yields & least
$1.02 bilion in socid benefis over a 30-ear perial and thathe deterioratia in
the capitdstodk has almost certaigl meant forego@ opportinities o improve
forecastilg accurag and tle associat socid benefis (an esimated $2.6 bilion).

Of the $2255 million in MSC outlays in fiscd yea 2001, a totbof $159 nillion
(71 pecen) are fourd to supparinfrastructue activities with the balance, $66.6
million (295 percen) supportirg the praluction of value-alded outpus —
acivities tha would be supplied more dficiently by privae firms (This finding
was basd on informatian availabé from MSC durng a sharstudy peria and
may therefoe be subjectat adjustmentNote that tle GC3 study identified $74
million as the figure for MSC cammercid revenuesincluding revenue frm other
governmerm agencies.)

If Environmern Canac were ¢ withdrav from the market fo value-alded
commerciad products amd servicesthere woul likely be a larger number of
private firms arm privatey generatd producs ard servces a greater private
sector investmehard innovation in value-aded canmercid forecastiig products
and servicesard lower consumer pdes fo value-alded canmercid products
and services.

The HLB study alo examine the impact ; marke size d Environment
Canadas withdraw&from the provisio of value-alded canmercid services.
Basal on its econmic analysisthe private sectoin meteorologicproducts and
services woutl expawl from its curert leve of abou $60 nillio n in totd annual
revenus o between $15% million and $186.2 itio n annudly (depending in
pat on the natue o the transition period) If averag revenus pe firm reman at
the curert levd (of abou $2 millio n in revenus a year), te number bfirms in
the Canadia marké would expau from abou 30 today to more than 110.
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Other Issues and Views

A numbe of othe issue arose durigp the ddiberatiors o the tak force aml its
interaction with MSC  Ore was a differencef @ersgective when it cane o exanining
the optiors opa to the governmehin terns d reducing MSC’s curert role in providing
numerous saalled “value-addd services;” in competition with the private sectoFor
the tagk force anl for the secto players interviewe during tle Baseline studyhe
“solutiorf was for the governmento ge ou of that pat of the busines anl insiead focus
on its coe strengthnamey the operatio of the core infrastructer o the national
weaher system The issue in this context was hov quickly could this haopen — in other
words the need to develop a “transition” plan.

For MSC, the issus (ard the potentidsolutiong are more complexFa one thee is no
clear, ample line between infrastructeram value-added service©ve time, revenues
from value-alded servces hae be@ usal to suppdractivities tha were underfunded
through normbappropriations — tb example citedsidat archiving, includng the
necessar quality contrd functions Sortirg ou how ard whee to draw the line could
turn out to k@ a chdenging proposition A relatel difficulty facing EnvironmehCanada
is the fact thane revenus lost whae value-adel servces ae elminated will not
automaticdly be replacedin pat or in whole through gpropriations In othe words,
MSC will not be able © easiy redirect resoures nav dedcated to value-added services
to core infrastructure services.

MSC al® consides thd it is importah to maintain tle “contractig out’ (also known as
“make @ buy”) option shoudl MSC phag ou providing “value-added” services.
However the tak force perspecti is tha contracting out shoud be reserved focore
infrastructue activities ad na usel for “value-alded” servicesfor the latter the task
force s recanmending thathe MSC ge out d thee busineses altogetheas som as
rea®nabl possibé ard tha it develop cooperativet with CMOS a transition plan to
manage the devolution.

It is worth noting tha sone o the “value-added” serviseae unlikely b be d intereg to
the private sectoin the near-term Examples cited ate the specialized wather services
provided by MSC to NavCanadgthe Canadia Coa$ Guad and tle Defence
Department At the sameitne, the tak force fee$ thd some other service— sub as
road weather forecastg— coudl be provided by ta private sectobu tha they need to
be dsentangled fro informatian and infrastructe shamg arangemerd tha MSC has
recernly developé with sone provincesterritories municipalities ard Crown
Corporations.

Anothe maja isste that wil require considerable discussidas the natue o — and
pricing for — dat that tle private secto(ard acadena client9 require from MSC in
orde for them to be able  provide praducts ard service (ard undertake research)he
consenss tha emerge during tle tak force discssiors is thda unformattel dat stould
be ather free @ & margindcog (with the latte relatel to bandwidh costs) Users
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should be prepared to [yaan additionafee f they wart (or need speciaformatting for
daa feed from MSC The tas force fet tha a not-fa-profit intermediay would be a
promising optian tha shoud be investigatd in detail.

The tak force al® concuded tha sore changs in dak access ahpricing am in the
withdrawd from “value-alded” servicesauld be accomplished qutquickly (say, in
monthg whereas othreissues migh take longer ¢ resolve The stromgy feeling wa that
both shoudl be pursud urgently with the immediag stej beig extremey importan to
demonstrag¢ progress ahthe longer-term activities @nimeframes beirg the ingredients
of a reasonable transitigplan. A numbeof companies ae concerned thalata access
agreemerg do nd reman in limbo unti all the issues & resolved.

A New Vision

The underlyng assumptia of both the tak force wok and ths find repot is tha the
public ard privaie sectos reed to wok togethe to maxmize the benef# from Canada’s
weaher ®ctor, for the generbpublic, for commercid clients for MSC, for the private
sector ard for acadenia. This view is refected n the Visian tha the tak force is
proposirg for the weather ector, namely:

“To develop a uniquglCanadia public/privae arrangemerso that:

» all citizers arl dl organizatiors hawe instamh accessd the criticd weather and
climate informatian they need a the lowes$ cog possible when they need t and
whereve they need it from competitie Canadia suppliers;

« al Canadia entities knov abou ard adapte the weather-relatérisks and
opportunities bette than thoe o any othe country n the world thus obtainng an
importart competitive advantage;

» the accurag of Canadia weather forecastqiimproves cecact over é&cade,
generatirg nd benefits fo the economy”.

The Vision which woull sere as tle hear of a new gcta stratey for the weather and
climate industry reflects the fact tha weathe ard climake are bdt particulary vital to
life ard business n Canada.
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Benefits from Achieving the Vision

Successfuachievemenof sud a Vision will have mary benefits amomg them:

« Canadia weather-sensite organizatios will be able © adapt quickt to
changng weather conditios ard dimate, improwe ther cog structue and
effi ciencies ard stay ahed of the competitionboth domest ard foreign;

» Canadias will have acces b new innovative weather ashclimaie “content”, to
help them plan ther business operations arecreationblives arl to protect
property ard lives;

» The Canadia financid secta will be able ¢ play a greater r@ in the burgeoning
weaher derivative market and

» The provincs ard teritories will have acces b nev ard more accurate weather
forecastilg for managng ther resources ahfor transportatia systems
optimization;

* Importar export opportunities will be opened up.

The weather-sensite/sectos d the econory — and tle econom as a whole — will
beneft substantidy, through the econmic ard socid benefits tha flow from improved
weaher forecastig ard its improvel availability to weathe-sensitive users And growth
of the weather industry W creae new jols in the knowledge econgnin Canadaby
providing opportunitis ard high-qualiyy jobs fa graduates d Canadia universities.
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Recanmendations

Recanmendation #1:

The Meteorobgicd Service d Canada (MSC) withdraw as quickly as practicd from
providin g “value-added” services that are a could be provided by the private
sector.

This withdrawal should be undertaken in an orderly fashion over the next five years
commencing immediately, based on atimetable and transition plan developed
collaboratively by the MSC and private sector representatives nominated by CMOS.
Thiswould allow MSC to focus on providing and improving its core infrastructure
activities and services.

To implement this recommendation, M SC should agree to the establishment of a joint
MSC/Private Sector Committee to:

» Establish immediately and fund a nine-member tri-partite committee, to:
» Establi the principls tha will guide the withdrawk

* Review, in detd, the lines d business carried o by MSC ard to identify
thos that potentially shodlbe incudel in the wihdrawa plan;

* OQOversee, 8 gpropriate the division between value-dded and core
services;

» |dentify priorities ard sequencing;
= Establi firm dates for MSC to ext commercid services.

Membershp of the commitee slould consis of three persos from MSC, three persons
from the ADM’s advisoy commtitee ad three nominated by CM® from the Private
Secor Tak Force. Tle firs meetirg of the canmittee slould ke hetl s soon as
possible with a progress port to be tabled by the ehaf the following three months.
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Recanmendation #2;

The MSC implemernt as soon & possibé (i.e, early in 2002) a n& pricing and data
access policybasal on “marginal cog pricin g”, for companies and institutions to
obtain both data and modeling services from MSC, for use in creating “value-
added” services for sale to public and private clients.

A first discussio with industy representativienominatd by CMCS slould take place as
soon &s possibleTo establib the principls for the new priang and dat access gizy;

* To agree m a definition of “margind cog pricing” that refects the concepused
in the HLB study and

* To establih a imetable fo implementatio tha is boh speed/ ard reasonable.

For the purpose d this first discussion‘margind cog pricing” would mean no-charge
for the actual information/dat(whic is beng developé for use by the pubic), with at-
cod charge for access.

To oversee the ongoiyp devebpmernt of the new pricng and da access pizy, MSC
should establis an implementatia tak force b interfa@ with CMOS representatiweof
the private sectoard the academic aomunity. The tag force slould be funded by
MSC ard be charged wit devebping a consensudrat padlicy by the el of fiscal year
200102, i.e., Marb 31, 2002.

Recanmendation #3:

The Government of Canada approve the proper funding/investmert in Canada’s
core weather infrastructure over the nex five years to rectify the erosio since 1976
and to sene as a bag for a viable improvemert of public-good forecas services by
govenment and “value-added” services ly the private sector.

This shoutl include an appropriate amaunt (initia lly estimated at $10-million per
year) in new appropriations funding, to dlow MSC to withdraw from value-added
services and to stqp using associate revenues to inves in A-base activities.

To suppot this recanmendationMSC should undertaked refine the HIB econanic
study if deemel necessay and a the appropriag ime, shae the stidy with officials of
the Finance Departmeard Treasuy Board.

MSC shoudl al® identify those resources (humanapitd and operating) thiaare
essantial to the core infrastructerthat ae currenty beng fundel (directly or indirectly)
by revene derived fron value-aded servicesThis in tum will require a carefland
urgert assessmdrof what services ae “core” aml slould continue ® be undertaken by
MSC ard wha servies ae “value-added” ashslould be covered by Bcanmendatio 1.
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Given the direct relationspibetwea Recanmendatio 1 and 3, te commitee
establishe unde Recanmendatio 1 slould overge the M& activities in this aea.

The MSC should repot quartery to CMOS ard othe intereste parties an both the
progress d and bass for its funding requests.

Recommendation #4:

The meteorological sector (public/private/academic) develop a multi-year
cooperative employment and training plan and examine the benefits of professional
certification of Canadian meteorologists, including the standards, testing and
organization to be used.

The multi-year pla woul be designed to fecas ard advertie job employment
opportunities ard maximie the usefcCanadia graluatesin orde to stabiliz hiring
from year b year It shoutl include a cooperative pteon hirng ard job posting and
could include joiri forecastilg of job hirings goprenticeships ahco-op programwith
the private ad public sectarard a secto-wide systen for postirg job gpportunities at
universities A smal committee shuld be establishe to overge thg woik and report
bad with recanmendatios within six monthsmembership mighinclude one private
sector ard ore acadmic member (bdt naminated by CMOS) a DG-levé MSC member
and a MSC emploe representative.

This sane canmittee shoud examine the pward cors d professionacertification of
Canadiam meteorabgists am include recoimendatios o this isse in its report In both
ca®s its recanmendatios ard reasomg slould be mae available publicly.

Recommendation #5:

The public and private sector examine how best to encourage innovation and
technology transfer, on an on-going basis, to ensure continued improvementsin
weather forecasting accuracy.

This work which shoudl involve boh MSC ard CMOS slould:

* Engage ldustly CanadaGrantirg Councils reeard foundations (fedefrand
provincial) to develop a goproach b tackke ths issueincluding the possibit y of
undertakirg the devebpmen of an Industy Canada-sponsaieroadmap”
exercie that woull examine future directiors ard barries © weathe ard climate
scierce aml technobgy.

* Examine tre feasilility (ard financing) d a stug/ on the barries preventing
greaer canmerciad secta suppot of researd and devepment on the pre and
cons d establishng a not-fo-profit institution to ad¢ as the catalysfor
commercializing ne scierce am technobgy; ard on the role dtax incentives for
R&D on weather ad dimate.
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Recanmendation #6:

The weather gctor, both public and private, shoud work collaboratively to develop
a communications/marketing plan to raise the public’s gopreciation of the value of
weather-related services.

This should include development of cooperative advertising and surveying, to sensitize
target markets to value-added weather services, and development of a collaborative web
site strategy, to highlight opportunities, detail available services and link to the web sites
of public and private weather sector partners.
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Next Steps

The private sector task force is committed to pursuing the implementation of all of the
recommendations in this report. Thiswill be accomplished in a number of ways,
including:

» Meeting with politicians and senior government officials to promote a dialogue on
the importance of the appropriate mix of public and private sector participation in
the weather sector, of improved access and pricing of critical weather data, and of
enhanced investment in the core westher infrastructure;

» Using the studies undertaken as part of this sector strategy study to help key
decision makers recognize the urgency of action by the federal government; and

» Participating in the ongoing dialogue needed to move the strategy forward;

» Determining whether the weather industry needs a private sector association,
apart from the CMOS private sector committee, and if yes, determining what role
the new organization would fulfill.

In this regard, the private sector task force members believe that considerable progress
can be made in avery short period of time (weeks, not months) by building on the work
and the dialogue that has already taken place.
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Appendix A: Membership of the CMOS Private Sector
Task Force

* lan Rutherford Canadia Instituie for Climate Sudies (co-chan)

* Susar Woodbury Semac Limited (co-chai)

» Beverly Archibald True North Weather Consuitig Inc.

* Robet Boggs World Weather Watch

* Neil Campbel] CMOS

» Philip JacobsonEnvironmen Canada

* Jean-acque RoussealCente e Rechercle en Calcu Appliqué (CERCA)
* Ambuly Stuart Weather Resard House

» Peta Taylor, York University

* Pau Temple Pelmorex
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Appendix B: “Baselin e Status of the Private
Meteorol ogical Services Secto rin Canada” by Global
Change Strategies Internati onal
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EXECUTIVE SUMMARY

Canadd s private Meteorologicad Sector is smdl ($55-$65M annud revenue) and diverse. The
sector as awhole has grown rdatively dowly over the past 15 years.

This sudy is intended to provide a profile of the private meteorologica sector, its padt, present
and views on its potentid in the future  The information in this report is based on an dectronic
survey digsributed to 77 companies with operations in the sector (37 replies recaved), 11 in
depth interviews with a representative cross section of firms, and literature and Internet searches.
A prdfile of the sector in 2001 emerged and is presented in section 4 of the report. Issues raised
during the interviews are summarized in section 5 and some condderations for deveopment of
future drategies to enhance the private sector are contained in section 6.

Baseline Profile

FHrms in the private meeorologicd sector typicdly envdop a wide range of disciplines,
induding meteorologids, enginears, indrument  providers oftware  developers, hydrologigts,
private weather forecasters, traners and educators, dimatologids, as well as policy andysts and
conaultants. For the purposes of this report, these various firms have been categorized as:

“Traditiond” weather sarvice providers (eg. weather forecasting, briefing, training, westher
data gathering and andysis);

Environmentd science and policy development specidids, and

Insrumentation providers and software deve opers.

Hrms range in Sze from one-person owner/operator establishments to larger firms that provide
meteorologicd-rdaed services as a pat, or branch, of a larger engineering or consulting firm,
and on to very few firms with more than 15 meteorological professonas on daff generdting
more than $5 million in revenue eech year. Nearly two-thirds of the respondents indicated they
have experienced little-to-no growth in ther meteorologicad daff leves during the past five
years. However, of those representing the traditiona weather services segment, nearly one hdf
reported moderate to high leves of gaff growth. In addition, nearly hdf of responding firms
indicated thet they have experienced difficulties in finding qudlified Canedians to fill avalade
pogtions.

The survey showed that 41% of the regponding firms have been in exigence for more than 15
years, 27% between 5 and 15 years, and 32% less than five years. Companies are distributed
across Canada, but the mgority (nearly two thirds) are located in Ontario/Quebec and the Prairie
Provinces. Firms conduct the mgority of ther business in the regions in which they are located,
targeting primarily domedic corporations and govenments dthough nealy two-thirds of
responding firmsindicated thet they also conduct some business outside of Canada
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Mog firms provide a wide range of sarvices. More than three-quarters of respondents indicated
that they provide sarvices in the area of dimatology and climate change. Approximatdy 50% of
the firms provide generd consultancy services, while the same number provide data processng
and qudity control services Roughly one-third of firms provide sarvices in eech of the following
aress. traning and education, research, software design and air qudity services.

The totd dze of the private meteorologica sector is difficult to edimate accurately, but would
aopear to be in the order of $55 — $65 million in annud revenue!  Approximately two thirds of
this reported revenue is dtributable to the traditiond wesather sarvices segment.  Although 90%
of responding firms reported meking a profit, nearly three quarters indicated that they have
experienced low to moderate growth over the past five years. Neverthdess, looking to the future,
two-thirds of respondents expect to achieve moderate to high growth in the coming five years,
driven largdy by dimae and dimate change-rdated opportunities and support to ongoing ail
and gas exploration operations.

In conddering factors contributing to growth, the key factors that firms fdt asiged in
fecilitating growth included the depressed vdue of Canada's currency, government subgdies or
incentive programs and the dedining cost and increesed avalability of gppropriste information
technology. Business and sdlary competition with the Meteorologica Service of Canada, the cost
of data, and competition with US-based companies were identified as the main impediments to
growth. When asked to comment on competitors, respondents clamed that the Government of
Canada was ther main competitor, while other Canadian and US private sector firms were

secondary competitors.
Issues

Respondents, paticularly those in the traditiona westher services segment, suggested that it will
be necessary to dearly define the role of the Meteorologicd Service of Canada so MSC is not in
direct competition with the privaie sector, before they can redize ther potentid growth. In
addition, respondents suggested that increased accesshility and decreased cost of archived and
redl-time data would lead to improved profitability.

To grow, private sector firms dso need to atract and retan professond daff. Respondents
indicated concern over the cgpacity of the Canadian education system to provide enough “job
reedy” graduaes in the meteorologicd/physcd scences Frms in the sector typicaly need to
conduct focused post-graduate level training to increese the onthe-job functiondity of newly
recruited gaff. In genard, the MSC is seen to be able to offer dtractive sdaries and benefit
packages and as aresult routingly attracts trained staff away from the private sector.

! These figures are derived from the responses to the survey, and input from CMOS members. Revenues from small
media outlets providing weather information were not included, and there may be additional revenue attributable to

the instrument providers. GCSI estimates this additional revenue would amount to no more than 10% higher than
the estimated range presented here.
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Severd respondents indicated that ther ability to compete internationdly could be enhanced
through increased levds of formd support from the federd government. Many of these
respondents expressed the bdief that the increesed hiring of Canadian firms by the federd
government would enhance their dtractivenessto internationd clientele.

Many respondents indicated that enhancements in the rdaions between the private sector and
the MSC ae necessay to dlow the Canadian private meteorologica sector to achieve its full
potentid. A formd darification of boundaries between the privaie and public sectors was seen to
be one way of fadlitaing an improved levd of trus that is necessary for fostering enhancements
in this rlationship.

Considerations for Future Strategy

In the interviews and surveys respondents were given the opportunity to provide ther
obsarvations and suggestions as to what might be done in the future to redize more fully the
potentid market growth in the private meteorologica sector.  Highlights of thelr responses
follow:

Within the private sector itsdf, congderation should be given to the re-cregtion of a private
sector meteorologica association;

MSC should darify its mandeate and associated leved of services,

MSC should, in pricing ther services, build in dl ther cods to ensure that if they are going
to compete with the private sector that they do not atificidly lower the price for services in
the market place;

MSC and the private sector should consder joint efforts to improve post-secondary education
programs, induding possbly taking on a joint responghility for the operaiond traning of
meteorologica graduates,

Canadian government should link with US Government depatments and coordinate
information gethering and distribution to have a unified North American system;

CMOS could play a role in heping the private sector grow, induding ongoing professond
catification, taking on responghilities akin to those of the American Meteorologica Society,
and perhaps providing liaison between the government and the private sector.
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1.0 PURPOSE

The Canadian Meteorologicd and Oceanographic Society (CMOS) has contracted Globa
Change Strategies Internationa (GCSl) to research and develop a profile of Canadd's private
sector in meteorological services.  This report addresses the past, present and potentia roles of
the privaie sector. It indudes summary information on revenues, gaffing levds and markets, for
pas and present markets and ther projections, as rdaed to the GCS review team by
representetives of the Canadian private sector in meteorology. The report dso  provides
information on private sector activity in other countries, induding the United States United
Kingdom and New Zedand.

2.0 METHODOLOGY
The assessment of the basdline of Canadd s private meteorological services sector involved:

A review of available literature and databases, both in Canada and internetiondly;
Ane-mall survey of 77 firmsin the Canadian private meteorological services sector; and,
Tdephoneinterviewswith 11 of the leading and largest firmsiin this sector.

Among the key sources consulted in the literature review were the 1983 Report of the Task Force
on Leve of Weether Services thel987 Atmospheric Environment Service (AES) Fve Year Plan
for Fostering Growth of Private Meteorology in Canada, the 1998-1999 AEP Alterndive Service
Delivery Review, and the 1998 AES Internationd Comparison Study of Nationd Meteorologicd
and Hydrologicd Services A saummay of the results of the internaiond scan (induding
Internet references) and the historica pergpectiveisaso found in Annex | of this report.

A detalled survey was prepared and reviewed by both CMOS and the Meteorologica Service of
Canada (MSC) before being digributed to rlevant firms, as identified by CMOS and MSC. A
liging of the firms contacted is incdluded as Appendix A. A copy of the survey questionnare is
included as Appendix B to this report. A total of 37 completed surveys were recaved. Both
quantitative and open-ended survey results have been analyzed.

2 The scope of Canada's private sector in meteorology is described in detail in section 3.3 of this report. The scope
of the sector ranges from small, one-person operations through to significant units of well-established engineering
and consulting firms to specialized “boutique” firms offering products and services to corporate and public sectors
in Canadaand abroad. This study examined firms who offer servicesin weather forecasting and data gathering and
analysis, servicesin air quality, climate change science and policy, instrument manufacture and devel opment, and
consulting services related to environmental issues.
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An indepth questionnaire was developed and approved by CMOS and MSC for use in the
telephone interviews that were conducted with 11 representetive firms in this sector, as identified
by CMOS and MSC. A liding of the firms that participaed in the tdephone interviews is
included as Appendix C, and asample of the interview guide is attached as Appendix D.

Results from the research, survey and interview stages were compiled and consolidated and
preliminary findings prepared. A review sesson was hdd with members of the project advisory
team to discuss the gopropriate interpretation of the findings and to decide their importance in
relation to the terms of reference for this dudy. This find draft report has taken into account the
comments from the project team.

3.0 BACKGROUND INFORMATION — KEY ORGANIZATIONS IN
METEOROLOGY IN CANADA

3.1 Meteorological Service of Canada (MSC)

The Meteorologicd Service of Canada is pat of Environment Canada  Its misson is to
anticipate and respond to the evolving needs and expectations of Canadians and their inditutions
for meteorologica, hydrologicad and rdaed information and prediction services thereby heping
Canadians adgpt to their environment in ways tha safeguard ther hedth and safety, optimize
economic activity and enhance environmentd qudity .

With tota 19992000 gross expenditures of $308 million, and net expenditures of $247 million
on Weather and Environmentd Predictionss, MSC dso ovarsess a $375 million infrastructure
and:

Provides wegther forecads and warnings of extreme weather events and hazardous air
quality;

Monitors atmospheric conditions and the quantity of water in Canedian lakes and rivers,
Forecadtsice and wave conditions on navigable oceans and inland waters,

Monitors and predicts the Sate of the dimeate;

Leads the development of amospheric science and rdaed environmenta prediction in
Canada; and

Is Canada's officid source for public weether warnings and the principle scientific authority
for gandards, information and advice on the past, present and future Sates d the atmosphere,
hydrosphere and cyrosphere.
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3.2 Canada’s Private Meteorological Services Sector

Canadds private meteorologica sarvices sector can be described as having a high leved of
breedth and heterogenaity. FHrms range in sSze from one person owner/operator establishments,
to larger firms which provide meteorological related services as a part, or branch, of a larger
enginegring or conaulting firm, and on to firms with more than 15 meteorologicd® professionds
on daf generaing more than $10 million in revenue eech year. Totd dze of the privae
meteorologicd sector is difficult to estimate accurady, but is somewhere in the order of $65 —
$65 million in annud revenue?

Activities conducted and sarvices provided by these firms cover a broad range and indude
indrumentation providers, software developers, hydrology experts, private forecaders, trainers
and educators, cimatologigts, as well as policy andysts and developers. For the purposes of this
report, these various firms have been categorized as

“Traditiond” weether sarvice providers (eg. weather forecadting, briefing, training, weather
data gathering and andysis);

Environmenta science and policy development specidigts, and

Ingrumentation providers and software devel opers.

3.3 Canadian Meteorological and Oceanographic Society (CMOS)

The Canadian Meteorologicad and Oceanographic Society (CMOS) is the nationd society of
individuds and organizations dedicated to advancing amospheric and oceanic stences and
related environmenta disciplines in Canada CMOS was officdly crested in 1967 as the
Canadian Meteorological Society and adopted its present name in 1977, However, CMOS
higory dates back to 1939 when it was known as the Canadian Branch of the Royd
Meteorologicd Society.

The Society’'s am is to promote meteorology and oceanogrephy in Canada, and serve the
interests of meeorologids, dimatologists, oceanographers,  limnologists, hydrologists  and
cryopheic scientigts in Canada. The Society comprises some 1100 members and subscribers,
including sudents, corporaions, inditutions, and others who ae involved in the educationd
functions, communications, the private sector and government.

3 For the purposes of this study, “meteorological professionals’ included individualstrained in meteorology (either
in university, post-secondary institutions, or in government) or who are professionals (e.g. engineers, administrators,
etc.) with experience in the delivery of servicesrelated to wesather, air quality, instrument design and development
and environmental policy.

* These figures are derived from the responses to the survey, and input from CMOS members. Revenuesfrom small
media outlets providing weather information were not included, and there may be additional revenue attributable to
the instrument providers. GCSI estimates this additional revenue would amount to no more than 10% higher than
the estimatedrange presented here.
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4.0 BASELINE PROFILE

The andyss of the survey and the 11 in-depth tdephone interviews suggest cdassfication of
three ssgments of company adtivities “Traditiona” Wesather Services, Ervironmenta Science
and Policy Devdopment®, and Instrumentation and Software Design’.  The following basdine
profile provides a description of the characterigtics and trends of the overdl sector and points out
any dgnificant variations across each of the above three segments  The prdfile is based on the
responses received to the dectronic survey, and confirmed by the 11 in-depth interviews.

4.1 Response to Survey

The survey was didributed to seventy-seven Canadian organizations involved in the ddivery of
private sector meteorologica services. Responses were received from 37 organizations. Of these,
46% ae involved in the provison of “Tradtiond” Weather Services, 38% are involved in
Environmentd Science and Policy Devdopment, and 16% in the area of Indrumentation and
Software Design.

The mgority of the largest known Canadian private firms involved in provison of “Treditiond”
Wesether Services responded to the survey. There is confidence that responses have been recaved
from more than 80% of the busness in this ssgment. The response rate dropped off for the
Environmentd Scence and Policy Devdopment segment, and dropped off further for the
Ingrumentation and Software Desgn ssgment. On followrup, many of the ingrument suppliers
commented that they do not condder themsdves as a pat of the private meteorologica sector
per se, ad as such saw little benefit from completing the survey.

4.2 Size of the Private Meteorological Sector

Responses were requested for both totl company revenue®, and spedificaly for the provision of
direct meteorological services Based on survey responses, it is esimated that annua revenue in
Canada's private meteorologica sector is in the range of $55 to $65 million. More then two-
thirds of the reported revenue is deived from the provison of traditiond weather sarvices
Figure 1 provides acomplete revenue breakdown by service ssgmernt.

® Traditional Weather servicesinclude, inter alia, weather forecasting and briefings, training, data gathering and
analysis

® Environmental Science and Policy Development servicesinclude, inter alia, consulting and engineering services
addressing air quality, climate change and other environmental policy issues.

’ The Instrumentation and Software Development segment is comprised of firmsinvolved in the design and
production of infrastructure required to support meteorological activities and includes, inter alia, radar design and
construction, monitoring equipment production and the software development for operation of the equipment.

8 In many cases, the “meteorological servicesdivision” is part of amuch larger corporation offeringawide range of
other services. To avoid skewing revenue results, only the revenue directly attributable to the provision of
meteorological servicesisreported in this study.
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When asked to comment on revenue $3,450,000 B Traditional Weather
growth over the lagt five years nealy Services
three quarters of the respondents | | 05m

haas O Environmental

indicaled low to moderae growth,
whereas the remaining quarter reported a
dOUHII’g, or more, of annud revenues !Instrumentati(_)n and
over tha period. Eighty-six percent of $45,350,000 | SOfware Design
regpondents reported  that they were
making a profit, and 29% described | Figure 1: Annual Estimated Revenue from Met Services
themsdves & profitable and growing | ($55-65Million)

quickly. Among Segments, al
Environmenta Science and Policy Devdopment firms indicatied that they were making a profit,
with 70% of the firms reporting growth. However, less than 50% of the Traditiond Weether
Sarvice providersindicated thet they were both profitable and growing.

Science and Policy
Development

4.3 Maturity of Sector
Low High e
profitable Profitable
growth growth yet, but and growing
33% 27% building for quickly
the future 29%
14%
Profitable
with
Moderate constant Profitable
th revenues / and slowly
gI'OW expenses growing
40% 30% 27%
Figure 2: Compared with Revenue from 5 years Figure 3: Current State of Business- Overall
ago - Overall

Difficult to find qualified Canadian
staff? - Overall

Yes

No 28%

52%

Figure 4: Current State of Business
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Fgure 5 shows that 41% of the responding firms have been in exisgence for more than 15 years,
2% beween 5 and 15 yeas and 32% less than five years. Among segments the
Insrumentation ssgment is seen to be paticulaly wdl-established, with two thirds of the firms
in exigence for over 15 years while nearly hdf of the Traditiond Weather Savices firms have
been in exigence for lessthan 5 years.

100%
more than 0-5years Omore than 15
15 years 32% 5% years
41% 06 - 15 years
50%
25% WO -5 years
0% — —
6 - 15 years RS Eg E So
27% S£8 s& g S8
ETE Ewda £&0o
228 5§25 ggw
= =0 2§58 g Eno
>0 > 250
(=) A @<
| 2

Figure 5: Number of Years in Business- Overall
Figure 6: Number of Years in Business

4.4 Range of Business Activities

Weather Derivatives
Figure 7 SWS tm the rmlrg flrl’nS Media - TV, Radio, Newspapers
conduct a wide range of activities. More than

three-quarters of responding firms indicated thet

Radar Services

Weather Observing

they provide services in the area of dimeatology
and dimae change Approximatey 50% of the
firms provide gened conaultancy savices
whereas the same portion provides dda
processng and qudity control services. Roughly
one-third of firms provide sarvices in eech of the
folowing aess traning and  education,
resserch, <oftware dedgn, and ar qudity
services.
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Road - weather
Hydrology
Instrumentation
Operational Forecasting
Forensic Meteorology
Numerical Modeling

Air Quality

Software Design
Research

Training / Education

Data processing and quality
control

General Consultancy Services

Climatology, Climate / Global
Change

y
0%

T T T
25% 50% 75% 100%

Figure 7: Percentage of Firms Reporting Activity

in the following Areas
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4.5 Geographic Distribution of Operations and Markets

As down in Hgue 8  regponding

organizations  headquaters ae  didributed Atlantic

across Canada, with 38% of organizations Prolvgg/s(:)es Ontario /
based in Ontario/Quebec, 27% in the Prarie Quebec
Provinces 1% in the Atlantic Region, and @ 5%

16% in British Columbia While the Traditiond

Wegher Savices sector is roughly evenly 3 N

dsributed by region, nealy hdf of the b Dritsh
Environmentd Scence and Policy 16%
organizations are based in Ontario/Quebec, and
goproximatdy one-third of the Indrumentation
and Software Desgn firms who responded to

the survey are heedquartered in British Columbia

Figure 8: Location of Organizational

Headquarters — Overall

United Responses  suggest  thet  busness activity is
states digributed in roughly equad proportions to the
e digribution of the organizationd headquarters
However, dthough none ae headquartered
Austral- there, goproximatdy 7% of the responding

<} organizations indicated thet they do conduct
77/ n: busnessin the Territories

None
38%

south . Nearly two-thirds of responding firms indicated
America Lo that they do business oversess (figure 9). In the
Traditiond Wegther  Savices  segmentt,
however, there is a limited penetration of
Canadian firms in foreign markets weether sarvices, owing in large pat to the highly developed
United States private sector.  In fact, out of the 17 respondents within this segment, 14 indicated
they did not conduct businessinternationdly.

Figure 9: International Business - Overall

4.6 Perception of Canada’s Private Sector Compared to Other Countries

In comparing Canadd's private meteorologicd services sector to those of other countries, hdf of
respondents congdered the Canadian sector to be in the bottom haf, whereas nearly one third
fdt that the sector was among the top five in the world.  Among ssgments however, the
Ingrumentation and Software Desgn ssgment had the mogt posgtive opinion of the Canadian
private meteorologicd sector rdative to that of other nations less than a quater of the
Traditiond Weather Sarvices segment raed Canada highly in this regard.  Nealy hdf of Al
respondents felt the United States had the most advanced private sector.
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Among the
top 5 in the
world

In the lower 29%
half

45%

Middle of
the pack
26%

Figure 10: How do you rate Canada’s private
meteorological sector? - Overall

100% O Among the top 5
in the world
50% O Middle of the
pack
0% _ M |n the lower half
T S E So
c 0o c C () ==
SE£2 o8 £ 5%,
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Figure 11: How do you rate Canada’s private
meteorological sector?

4.7 Target Markets by Economic Sector

Three quarters of responding firms indicated that domedtic corporaions, primarily in the energy
and trangport sectors and domegtic governments formed their principd target markets.  Whereas
two thirds of responding firms indicated that they conduct busness oversees less than one in
five firms conddered other nationa governments and internationd agencies to be key target
markets, and lessthan onein ten seeinternationa industry as akey target market.

International Industry

Canadian General Public

Other National Governments or
International Agencies
Canadian Federal or Provincial
Governments

Corporate Canadian Industry

0%

Figure 12: Target Markets - Overall

40%  60% 80%  100%
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4.8 Staffing Profiles

Nearly two-thirds of the respondents indicated they have experienced low growth (0-25%) in
thar meteorologicd daff leves during the pagt five years However, of those representing the
Traditiond Wesather Services segment, nearly one hdf reported moderate to high (25-100%)
levds of gaff growth. In addition, nearly haf of the responding firms indicated that they have
experienced difficultiesin finding quaified Canediansto fill available postions

100%
Moderate - OLow growth
High
growth 50%
36% B Moderate - High
growth
0% — T
— T - [l
Low Egg 22 § 2¢
S£8 g, B,
growth £E82 Egfa t£5
3Lc 2590 9545
64% S0 258T END
. 5% 3 2w0
49 o 28
Figure 13: Projected Staff Growth Figure 14: Compared with Staff Levels 5 years
ago.

Difficult to find qualified Canadian
staff? - Overall

No Yes
0,
5204 48%

Figure 15: Difficult to Find Qualified Canadian
Staff? - Overall

Private sector meteorology firms are typicdly smdl, with 61% condsing of less than 5 people.
Of the larger firms, only 17% have more than 15 professonds on daff. The Traditiond Weether
Savices ssgment is made up of especidly smdl firms with gpproximady 75% having fewer
than 5 professond daff. Among meteorologicd gdaff in dl three segments combined, 16% ae
PhD holders, 32% have Master’s degrees, 24% Undergraduate degrees, 16% Diplomas in
Meteorology and 12% are reported as holding no forma degree.
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16+ people
17%

6-15 people

22% 0-5 people

61%

Figure 16: Professionals on Staff - Overall

Under-

No formal graduate
degree degree
12% 24%
PhD
16%
Diploma in
Meteo-
rology
Masters 16%
Degree

32%

Figure 17: Estimated Staff Education Levels -
Overall

When reporting on gpproaches used to tran and update professond geff, mog firms indicated
they relied on learning by doing on the job, conferencesworkshops, persond reading/research,
inhouse traning (s Hgure 18). Limited use was made of government subddized

educaion/traning programs.

Government subsidized education /

training programs

Employer-paid tuition at universities

In house training

Personal reading / research

Conferences / Workshops

"Learn by doing"” on the job

0% 20%

Figure 18: Methods of Training - Overall

40% 60% 80% 100%

Members of the private meteorologicd sector consder themsdlves to be pat of the “knowledge
economy”.  Roughly 80% of respondents indicated that information technology is a key
component of therr work environment. About 90% of respondents were confident in their levels

of comfort in using advanced information technology.
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4.8 Outlook for the Future

Looking to the future two-thirds of
respondents expect to achieve moderate (5 to
20% per year) to high growth (more than 20%
per year), wheress the remaning third expect
revenues to remain congant or decline.

Regarding growth of daff, nealy two-thirds of
respondents indicated that they expect to hire
additiond g&ff in the next two to five years. In
the Ingrumentation and Software Deveopment
ssgment, goproximately  three-quarters  of  the
firms plan to hire, wheress 50% of those in the

Treditiond Weather Services segment expect to Increese daft levels. Depite these expectations

>100%

11% Same or

less
34%

50-100%
55%

Figure 19: What level of revenue increase do you
anticipate over the next S years? - Overall

for growth, haf of the firms expect to “top out” at lessthan 10 Saff.

100%

75%

ONo
HYes

50%

25%

%

Traditional Weather
Services

Environmental  Instrumentation and
Science and Policy ~ Software Design
Development

Figure 20: Are you planning on hiring more people in
the next 2-5 years?

20+ people
32%

1-9 people
52%

10-19
people
16%

A

Figure 21: What do you expect your staff levels to
be in the next 2-5 years? - Overall

Forty-two percent of firms expect only to be in
busness for the next ten years, 19% see their
organzationd life continuing for up to 15
yeas and the remaning 39% expect to be in
business for more than 15 years

16+ years

39% 0-10 years

42%

11-15 years
19%

Figure 22: How many more years do you plan to
be in business? - Overall
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4.9 Factors Affecting Future Growth

Respondents were asked to dassfy a
range of potentid factors as being dther
helpful to, or a hindrance to, the growth of
their firm. Key factors that hdped in

Government
subsidies /
incentive
programs

their growth indude the depressed vdue Low vale o
of Canadds currency, government Currency
subsdies or incentive programs and the Costef
dedining cost and increesed avalability of availability of
goproprigte information  technology. ~ costorpaa ppropraiett
Busness and sday compition with the Som e
Meteorologicd Savice of Canada, the companies
cod of data, and competition with US Compettion
based companies were identified as the Firms
man impediments to growth. When asked Compettion
to comment on competitors ~modt salary
respondents indicated thet most competition
competition came from the Government of s Sty
Canada and other firms in the private with USA
sctor (Fgure 23).  Findly, dthough only Avalabily o Fims
27% of respondents indicated that sday level staff qﬁﬂlﬂ'm
competition with the US dffected thar evel safto
busness nealy hdf fdt tha Say : : : : : .
compeiiton  with  the  Canadien Inh_bi 1 : ? * . ’
government affected their business o neourages
Figure 22: Factors Encouraging Growth - Overall
Europe Alot
United States
Canada Private Sector
Canadian Government Somewhat Not at all
30% 56%
0% 25% 50% 75% 100%

Figure 23: Major Competition - Overall

Figure 24: How has salary competition with the
Canadian government affected your business?
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4.10 Open- ended questions related to the Future

The survey conduded with four openrended questions on future prospects of private sector
meteorology in Canada. The following summarizes the most common responses.

“What are the main things that would need to change for your company to increase its
profitability in the meteorological sector?”

Twenty-five regpondents (about 68% of the totd) provided answers to this question. Conddering
respondents gave multiple answers, three issues received the highest response frequency:

Decreased competition with the Canadian government / a cdear definition of the role of the
Meteorologica Service of Canada (40% response frequency).

Increased accessibility and decreased cost of archived and reg-time data (32%).

Increased opportunities to provide services to the federd and provincid governments,
including government referrd of services (24%).

Other common responses included: awareness of the impartance of (private) meteorologica
products and services avalable (8%); removd of inter-provincid trade barriers (8%); investment
on behdf of the government and the private sector in training (4%); and more effective links to
research (4%).

“What are some key trends you anticipate happening in the Canadian Meteorological Private
sector?’

Seventeen responses (about 46%) were recaved for this question.  Numerous trends were
identified, but four commonly mentioned responses indluded:

Growth related to dimate and climate change opportunities (24% response frequency).
Gregter use of the Internet and wireless gpplications in knowledge ditribution (1796).
Gregter cgpacity of the private meteorologica sector to fulfill other industry needs (12%).
Changein public’ expectation that government will provide dl products and services (12%).

“What can the Canadian government do to help private sector meteorology in Canada?”
Twenty responses (54%) were received, with four issues being widdy noted:

Provide only badc services and information condstent across the country and adhere to a
certain mandate on the level of services (65% response frequency).

Improve access (et little or no cost) to data archives and red-time data sSreams, ensuring that
data quality and cost regime is equiteble internationaly (35%).
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Undertake meteorologicad research and devdopment and trander the technology to the
private sector (35%).

Support the private sector by awarding jobs to Canadian companies, incdluding initictives like
thereferra of MSC customersto private companies (20%).

“What can the Canadian Meteorological and Oceanographic Society do to help private sector
meteorology in Canada?”

Only sx respondents (about 16%) addressed the question. Four of these suggested hat CMOS
asg in the promotion and cgpacity building of the private sector, by educaing the generd
public and other industry sectors.

5.0 ISSUES

The 11 in-depth interviews conducted as part of this sudy were intended to seek the opinions of
senior executives in Canada's private meteorological sector.  These interviews, plus the open
ended quedtions in the e-mail survey, provide a glimpse into a number of issues in the following
caegories

1. Uncertainty regarding government policy

2. Daalssues

3. Sdfing Issues

4. Lack of Forma Support for astrong private sector

5.1 Uncertainty regarding government policy

Many respondents, including 40% of those who addressed the openrended survey question
regarding changes required to increase corporate profitability ndicated that a formd darification
of boundaries between the private and public sectors would fecilitate their growth. A dear
ddinegtion of roles would dlow an improved levd of trug, which interviewees viewed as
necessary for fogtering effective cooperative interaction between the public and private sectors.

Many interview respondents indicated that enhancements in the relations between the private
sector and the MSC are necessary to dlow the Canadian private meteorologica sector to achieve
its full potentid. Of those who answered the openrended survey quedtion in rdation to changes
necessaay for budness growth, eght percent of regpondents highlighted the exigence of
regulaory bariers that limited the ease and efficdency of conducting busness outsde of their
home province.
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5.2 Data Issues

Data issues condituted a dgnificant dement of the concerns rased by the respondents.
Approximately one third of respondents to the question of changes necessxy to build private
sector meteorology indicated that the Canadian government has an opportunity to enhance ther
effidency through an improvement in the management of the condderable data resources it has
a its disposd. The “gpeed of busness’ has accderated throughout virtudly every aspect of the
globad economy and the meteorologica sector is no exception. Many respondents expressed the
belief that both the oeed of trander and the ease of use of data received from MSC need to be
enhanced.

Concerns about the speed of information trandfer is potentialy accentuated by limitations on data
manipulation in the form that it is recaved from MSC. Some respondents reveded during
interviews thet they had to develop their own software in order to convert MSC data into a more
eadly manipulated format.

Improvements in the efficiency of daa trander are seen as necessary to prevent rdiance by the
Canadian private sector indtitutions on information sources in the United Staes If these
improvements ae made it will dlow MSC to play the role of “insurance agent” for the
collection, archiving and didribution of meteorologicd data that severd respondents have
envisoned as an gppropriate one for MSC. Thirty-five percent of respondents to the open-ended
urvey quedion regarding what the Canadian government could do to hep private sector
meteorology believe data accessbility (archives and reg-time data), data qudity monitoring and
ensuring that data cost regimes are comparable internationdly are governmenta issues.

5.3 Staffing Issues

As with awy geddized fidd of sdence traned professonds ae dways in demand.
Respondents indicated two primary issues that have affected their ability to acquire and retain the
humean resources.

The fird gaffing issue relates to the cgpaaty of the Canadian education system to supply enough
“job ready” graduates in the meteorologica/physcad sciences As a result, extensve post-
graduae training is required in order to increase their on-the-job functiondity.

A second, and not unrelated, issue is the cogt of labour. The rdatively high cogt of training both
new and exiding personnd is accentuated by percaved sdary competition with MSC, which is
able to offer atractive sdaries and benefit packages. Interviewees have identified the loss of
skilled professonds, and the assodiaed invesments in training, as an issue facing privae sector
organizationsin the meteorologicd fidd.
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Severd firms interviewed reported that they hed, as a result of these concarns, engaged in
atempts to atract professonds from outsde the country. A few respondents indicated thet
sdary competition with the MSC was an impediment to growth.  Some firms complained that the
MSC had made overtures to dtract ther trained saff away from them and into the government.

5.4 Lack of Formal Support for a strong private sector

Severd regpondents indicated that their ability to compete internationdly could be dgnificantly
enhanced through increesing levels of formd support from the federd government. About 20%
of respondents to the openended survey questions concerning changes necessaty for growth and
the role of the Canadian government in the development of private sector meteorology expressed
the bdief that the increesed hiring of Canadian firms by the federd government would enhance
ther busness Some inteviewees fdt tha this type of governmentd support would incresse
their attractivenessto internationa dientde.

6.0 CONSIDERATIONS FOR FUTURE STRATEGY

In the interviews and surveys, reposndents were given the opportunity to provide ther
observdions and suggesions as to what might be done in the future to fully more redize
potential market growth in the private meteorologica sector. From the feedback recelved and
the andyss of the current and pagt Stuation, there are a number of issues and opportunities that
future work on the privale sector drategy may want to condder. Thee condderdions are
eaborated in the following section under the headings of what group could/should teke the lead
in developing theminto actions

6.1 The Private Sector

The rather amdl and digperse Sze of the private meteorologicad sector is both an asst (in that
fewer competitors are in the market place) and a liability (in that it lacks the appearance of a
“criticdl mass’ cgpable of gepping in to fill vacandes left by government if and when it decides
to pull out of certan savice aess). As wdl, the rdativdy smdl sze of the individud companies
tends to dampen the enthusasm to share openly informaion among themsdves companies for
fear of idess beng ‘dolen’ or for fear of potentid loss of market opportunities. Consequently,
there appears to be no one voice to spesk on behdf of the private sector. Those respondents who
had been familiar with the short-lived 1987 Private Sector Meteorology Association (PSMA)
commented that the PSVIA had potentid but when government policy shifted, the PSMA logt
focus and rdevance. Now may be the time to re-condder an industry associdion as pat of the
overdl draegy.
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Others commented that more frequent exchange of personne between the government and the
private sector would be of vdue. Some remarked that such exchanges would only work if an
increased leve of trust were to be established between the government (in particular, the MSC)
and the Traditiond Weether Services ssgment in the private sector.

6.2 The Canadian Government

A mgority of respondents, particularly those in the Traditiond Weather Services segment of the
sector, fet that the Canadian Government must daify the mandate and associated leved of
sarvices to be provided by the Meteorological Service of Canada.  In fact, between 40 and 60%
of overdl respondents to the open-ended survey questions relating to private sector gowth stated
growth would be likely, provided a dear MSC mandate exised on levd of service — a mandate
which would decrease competition between the public and private sectors Many fdt tha a
renewed MSC mandate should not only limit the MSC to the provison of weather services for
the safety and security of the generd Canadian public, but thet it should dso contain a dause
amilar to the USA’s NOAA to ‘not compete with the private sector’ in provison of vaue-added
Srvices.

Other specific suggestions made by respondents are asfollows:

MSC should, in pricing thar sarvices, build in dl therr cogts to ensure that if they are going
to compete with the private sector, then they do not atificaly lower the price for sarvices in
the market place.

Redirect efforts to improve post-secondary education programs, as well as rasng avareness
of the avallability of meteorologicd jobs for graduates.

MSC and the privaie sector should consder taking on a joint responshility for the
operationd training of meteorologica graduates.

Canadian government should link with US Government depatments and coordinate
information gethering and didtribution to have a unified North American system.

Many interviewees fdt that the government of Canada was in the best pogtion to mantain core
ressarch and devdopment activities However, some noted that smdler projects could be
‘faamed out’ to the private sector where qudity, timing, and expertise were more advanced than
that of the government. Thirty-five percent of respondents to the openended question about the
role of the govenment in hdping private meteorological sector development suggested the
government should cary out meteorologica reseerch and devdopment and trander the
technology to the private sector. Technology trander indudes the trander of both “had’ -
equipment, etc. and “soft” - training and cgpadity building - technology.
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6.3 Canadian Meteorological and Oceanographic Society

Mog interviewees fdt that even though CMOS was not an indudtrid association, there were a
number of activities it could pursue to help the private sector meet its objective of growth. Some
interviewees fdt that CMOS could act as a certification board for news service people and other
individuals in the meteorologicd sarvice sector that do not dresdy have catification.  Others
believe that CMOS has the capacity to continue to act as the liaison between the Private Sector
and MSC. Some interviewees cautioned that if CMOS were to take on a more active role in the
govenment-private sector interface, there may be an inherent conflict of interes owing to the
large number of government employess who are dso members of CMOS. A few interviewees
fdt tha CMOS should benchmark the best of the American Meeorologicd Associaion's
activities and teke on a dmilar role to the Canadian Private Sector as the American
Meteorologicd Society (AMYS) does for their members. One suggestion put forth was the idea of
a North Americaen Meteorological Society that advocates for the entire continentd North
America. Some other suggestions that were made by respondents include:

CMOS could act as an educator to private sector to enlighten them on other services and
activitiestaking placein other countries.

Act as a clearinghouse and edtablish a more active webste that has avalable contracts and
opportunities for private sector to pursue.
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ANNEX I: SCAN OF INTERNATIONAL SITUATION FOR PRIVATE
SECTOR METEOROLOGY AND A SUMMARY OF THE HISTORICAL
PERSPECTIVE ON PRIVATE SECTOR METEOROLOGY IN CANADA

1. Overview of private meteorological services abroad: United States, United
Kingdom, and New Zealand

Given that the amosphere knows no political boundaries, internationd cooperdtion is prevaent
with respect to meteorologicd sarvices and products on sectord, regiond, nationd and
internationd levels  On the internationd front, the World Meteorological Organization (WMO)
is the authoritative scientific voice on the world's amosphere and dimate.  As such, the WMO
fadlitates worldwide cooperaion in the edablismet of daions chaged with making
meteorological and agpplied obsarvations, promotes the standardization of observaions and ther
dissemination and encourages research and training in meteorology and reated fidds’. WMO
guiddines regarding the rdationship between Nationd Meeorologicad Searvices (NMSs) and the
privale sector urge the later to respect the principles of internationd data exchange and
encourage their mutud collaboration to achieve the maximum information use.

Traditiondly, basc meteorologicd services, i.e daa collection and data qudity assurance, and
publicly issued forecasts and warnings and al aspects rdaed to nationd security, have been
provided by Naiond Meteorologicd Services (NMSs). However, the advent of advanced
telecommunication networks as well as cutting edge technology and equipment has not only
fedlitated the exchange and avallability of reatime or archived data but has dso expanded the
range of meteorologica products and services beyond just the weether. Environmenta concerns
such as ar and water qudity, globd waming and ozone layer depletion have dso created a
demand for gpplied meteorologica/atmospheric stience sarvices.  In some countries, NMSs have
ventured into the provison of gpecidized meteorological services and vaue-added products,
which, in some cases, haes resulted in confuson concerning the roles of the public and privae
sectors.  In other cases, the NMSs have refrained from provison d specidized sarvices and have
referred requests for such services to the private sector. In order to gauge some internationd
activities in private sector meteorology an internet scan was conducted for the following
countries the United States, the United Kingdom and New Zedand. The terms of this contract
limited the scan to information that is publidly avalable in other countries. The GCS research
team conducted a search of the World Wide Web for this information, and the web gStes visted
as part of this sudy are footnoted in the section that follows.

° http://www.wmao.ch
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United States

The Nationd Wesather Service (NWS) isthe U.S. federd agency supplying:

“weather, hydrologic, and climate forecasts and warnings for the United States, its
territories, adjacent wat ers, and ocean areas for the protection of life and property

and the enhancement of the national economy""".

The NWS recaives policy direction and funding from the depatment of Commerce and the
Nationd Oceanic and Atmospheric Adminidration (NOAA) and gopears to foster and support
privete sector organizations, consdering them  “critical intermediaries to make NWS information

available to all and to provide specialized services outside the NWS mission”. ! To this effect
the NWS webdgte contains a lig of (over fifty) links to U.S. based commercid meteorologicd
svice providers.  The lig was compiled in conjunction with the American Meteorologica
Society, the National Wesather Association and the Commercid Weether Services Associdion.

The scope and Sze of private sector meteorologicad operations in the U.S. covers a wide
goectrum. A large number of companies provide meteorologica intelligence in one or more of
the following aess agriculture, foredtry, energy, the environment, tdecommunications
trangportation (Intdligent Transportation Systems and road forecading), aviation, agribusiness,
condruction, leisure events and film. Also, weather risk management and weether forecasting
& goplied to legd and insurance indudries ae common markets. Services and products
fulfilling the environmentd enginesring/admospheric stiences areas  indude  research,  weter
management and flood control, ar qudity and noise pollution, ar modding, and remote sensng
goplications.  Media sarvices are not restricted to radio and televison broadcasts but are dso
provided for Internet and wirdess markets. A few companies desgn and develop meteorology-
related prototype hardware; others develop software and andyze data  Client bases range from
ardl-scde famers, homeowners affected by adverse weether and film producers to the U.S.
Department of Defense and NASA.

United Kingdom

The Me Officd? is the United Kingdom's (UK'S) ndaiond meeorologicd service, initialy
formed in 1854 as a department within the Board of Trade. In 1996 it became a Trading Fund,
the closest a government department can get to a commercid company, and in 2000 it launched a
new corporate identity. Traditiondly focused on the wesether, the new Met Office dso looks at
environmenta impects and offers a saries of consultancy services.  Consultancy sarvices indude
catified daements and legd reports, sawer flooding, fog dudies, weether sengtivity andyses,
Geogrgphic Information Sysems gpplications, dimate change goplications, anong others.  The

10 http://nws.noaa.gov

1 hitp://nws.noaa.qov
12 http://www.meto.govt.uk
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Met Office's Services for Business® web page indicates they serve these sectors academia,
agriculture, building and condruction, energy, the environment, hedth, insurance, legd maiters
marine and offshore, media, new media (web-based), trangportation, retail and manufacturing,
leisure, tdlecommunications, utilities and weather forecagting companies.  Unlike the U.S. NWS,
the Met Office does not offer links to private sarvices, Internet searches generate very few
company namesinvolved in the provisons of weether consultancy services

New Zealand

In New Zedand's case, the 1980s represented a period of increased pressures on government
funding for meteorology, a concomitant governmenta “user pays’ philosophy for specidized
svices and a move towads increesed autonomy and accountability for government
depatments. Competition with the private sector and reforms of publidy funded science
reslted in the formation of MeSavice in 19924, MetSavice, a State-Owned Enterprise,
focuses on operationd meteorology and weether forecading services geared towards the
Miniger of Transport, civil and military aviation, the media and indudtry. Services liged on ther
Corporate Information page incdude information presentation services (from weather data to
dock market daa), aviation sarvices (for domedtic and internationd airlines), nationa wegther
savices (data collection and andlyss), and sysems development. MetService is dso equipped
with a meteorologicd consulting service divison condsing of one meteorologis.  Internet scans
for private meteorologicd companies give few results subscriptionbased weether forecasts (for
the horticultura sector, for example) and software vendors.

2. Historical Perspective of Meteorological Services in Canada: State of the
Private Sector

For the lagt three decades increesng expectaions of levels of sarvice accompanied by
decreasing financid and human resources have placed pressures on Canadds nationd
meteorological servicew The issue of dlocaing more responghility for provison of savices to
the privale sector has arisen severd times but dear government policies on the demarcation
between public and privete roles are lacking. Three publications assessing the leve of sarvice of
Canada's nationd meteorological service and dso contaning suggestions and actions regarding
the interface between public and private sector meteorology provide a historicd context with
respect to meteorologica servicesin Canada

In 1983 the Atmospheric Environment Sarvice (AES) of Environment Canada (the forerunner to

today's MSC)"® commissoned a Task Force to recommend the approprigte levd of
meteorologica sarvices that the federd government should provide to the Canadian public. The

13 http://wwwv.metoffice.gov.uk/business/index.html

14 http://www.metservice.co.nz/index.asp

15 Report of the Task Force on Level of Weather Services, July 1983. Environment Canada — Atmospheric
Environment Service.
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Task Force described a saries of chdlenges the AES had been facing since the mid seventies
induding: increesing demands for more specidized and locdized meteorologicd sarvices new
computer, satdlite, weather radar, communication and automated wegther deion technologies in
relation to data acquigtion and forecading; a period of fiscd redrictions resulting in cutbacks in
terms of sarvices and weather centres, and the onset of program evauations and reviews, which
were amed a trimming government spending. The AES was able to maintain its generd leve of
savice by taking advantage of new technologies  Although new demands were not dways met,
programs in exidence took on increased regponghiliies and were dile to saidy some
expectations.  In the lae 1970s, sarvice cutbacks, paticularly the closure of weeather offices,
resulted in a strong public reection forcing several decisons to be reversed.  The government's
inability to implement the public weether service cutbacks led to a decline in infragructure with
regards to obsarving programs, research and training. The demands of larger user groups were
met by formd working agreements between government depatments. Private sector
meteorology emerged during this period, initidly as one-person shops, then as parts of larger
U.S. based firms and findly as Canadian consulting firms.  The nascent privaie meteorologicd
sector was regarded by the AES as supplementary to their service.

Based on company lisings with CMOS, the Task Force on the Levd of Weather Services, in
1983, found that the mgority of private companies.

“[were] not involved primarily in the provision of weather services. Rather they
offer[ed] services in other aspects of meteorology: the design, manufacture and sa le
of meteorological instruments, the undertaking of environmental quality studies; the
conduct of research and development; and engineering consultation. There [were]
only a handful of large companies whose business [was] the provision of weather
services, who [had] infrastructures comparable to a forecast office of the
Atmospheric Environment Service. The remaining firms, which appear(ed] to be
numerous. . .[were] small companies with one or two professionals. . .usually retired
federal meteorologists who [had] set up a consulting firm. The most visible and
talked about private meteorological firms [were] those based in the United States,
but providing weather services in Canada. They [were] most visible because of the
market they [sought] — the provision of tailored and personalized weather forecasts
to radio and television stations/.] Finally, there [were] meteorologists working for
large, highly weather -sensitive corporations such as hydro companies, and some
provincial departments such as the Enviro  nment Ministry of Quebec and the
Forestry Service of Alberta. '8

16 Report of the Task Force on Level of Weather Services, July 1983. Environment Canada—Atmospheric
Environment Service. p 62-63.
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At that time the potential market for Canadian private sector meteorologica services was
edimated & a hundred million dollars, of which only a fraction had been tapped. The Task
Force identified four mgor privete sector concernsthat had the potentid to inhibit their growth:

Compstition for busness with the AES and the need for role definition;

Difficulty in dtracting professond meteorologists to the workplace due to the lack of
graduates and sdary competition with government sarvices,

The need for the federd government to provide professond accreditation, dlowing ther
penetration into internationa markets, and,

Some form of protection from U.S. based meteorologicad firms.

The Task Force recommended the modification of the “Ingle sarvice” sysem to one recognizing
the roles and responghilities of other bodies including the private sector. The Task Force
recommended the definition of core, sdective and miscdlaneous sarvices, suggedting that privete
sector meteorologigts could perform the miscdlaneous services and the AES could contract-out
sHective sarvices. The Task Force recognized that the AES had had a policy to support the
privale sector that was never implemented. Findly, to hdp the devdopment of the private
sector, the Task Force offered the following concrete steps the formulaion of a clear
government policy, fostering open lines of communication (between the public and private
sector); the development of an accreditation system and setting of sandards to ensure the qudlity
of meteorologicd sarvices, and the deferd (on behdf of the AES) of miscdlaneous services to
the private sector.

In 1985, the Niglsen Task Force and the Auditor Generd recommended thet the AES ddineate
the sarvices they could provide Canadian public from generd revenue and the sarvices the
private meteorologica sector could supply. In May 1986 the Miniger of the Environment
agoproved AES Levd of Sevice policy, and the AES began devdoping a five-year plan to
strengthen private sector meteorology in Canadd’. The five-year plan had the dud objective of
fodering the growth of Canedian private sector meteorology while improving the qudity,
quantity and gpplications of meteorologica products and sarvices. The Plan assumed that equd
efforts would be made by the private sector and srong commitments for continued collaboration
on behdf of the govenment and indusry would reman condant. A Private Sector
Meteorologicd Association was formed for these purposes. The Plan enumerated the chdlenges
and agenda for action for the following rubrics

1) communications, involving open lines of idea exchange, accesshility to federd training and
funding programs,

2) policy development and implementation, creating a dear boundary between basc and
pecidized services, covering data accessibility issues, personne and technology trandfer;

1" Fostering Growth of Private Sector Meteorology in Canada: A Five-Year Plan, April 1987. Atmospheric
Environment Service— Environment Canada.
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3) maket and product development, including market identification and marketing drategies
and joint pilot projectsin R&D; and

4) increesed access to meteorologicd data, creeting better dissemination systems via private
Sector digtribution.

The 1987 Fve-Year Flan was left unimplemented. In fact, further budgetary condraints in the
late 1980's gave way to a period of aggressve codt recovery on behdf of the Atmospheric
Environment Sarvice:  As a reault, the private meteorologicd sector experienced little growth
between 1988 and 1996, especidly among those companies providing traditiond meteorologicd
SErVices.

As pat of government-wide downgzing and the move to examine dternaive means for ddivery
of sarvice to the public, Environment Canada, with the assstance of a number of recognized
conaulting corporations, conducted an Alternative Services Ddivery (ASD) study of the newly
named Atmospheric Environment Program (AEP), beginning in the spring of 19978, The ASD
sudy not only addressed the chdlenges jeopardizing the AEP's sudtainability but dso reported
on reationships between tre various sekeholders and andyzed the AEP's mandae, financid
udanability, organizationd dructure and  human  resources  management. National
conaultations covering a wide range of concerned Canadian dakeholders were hed across
Canada in the spring of 1998. Findings were summarized into four mgor caegories AEP'S
importance as a Nationd Program, AEP's mandate and role, program funding drategies, and
required program characteridics.

The mgority of stakeholders agreed on the fact that the AEP fulfils an important role in the
qudity of life of Canadians and should be mantaned as a naiond program.  However,
comments were made regading the fragmented naure of the AEPSs savice ddivey
mechaniams, providing examples such as inte-regiona pice discrepancies and levels of service.
Stakeholders saw the need for the AEP to have a clear mandate, favoring a legidated gpproach
with dlowances for flexibility in case of new requirements and issues  Definitions of public
good sarvices (eg. qudity forecadts, hazard warnings, ndiond data qudity standards, research
upport, ec) and AEPs involvement in commedd activities were conddered essentid.
Regarding funding, most participants agreed that public good services should be fully supported
by tax revenues but many drongly disagreed to any taxbesad subsdizing of commercid
activities.  Partnerships between the public and private sector were seen as ways to ded with
funding issues. In generd, participants fdt the AEP should have the fallowing characteristics

18 Environment Canada National Consultation on the Atmospheric Environment Program conducted by Price
Waterhouse Coopers, August 1998.
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“a coherent national program, a clear mandate, a strong scientific base, financial
flexibility, effective partnerships, staffing and compensation flexibilities, client
responsiveness, [and] program visibility.” *°

In 1999, the AEP became the Meteorologicd Sarvice of Caneda and, in an effort to revive a
collaborative spirit between the Meteorologicd Service of Canada (MSC) and the private sector,
the Canadian Meteorologicad and Oceanographic Society (CMOS) has formed a private sector
dearing committee with the express purpose of engaging the private and public sectors in
support of the development of Canadian private sector meteorology.

19 Environment Canada National Consultation on the Atmospheric Environment Program conducted by Price
Waterhouse Coopers, August 1998, p 4.
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APPENDIX A: ELECTRONIC SURVEY DISTRIBUTION AND

RESPONSE

1Responded
2Did not respond

38 Surveys Received

Company

1 Campbell Scientific (Canada) Corp.

1 Canadian Institute for Climate Studies
1Coastal Ocean Associates
1Enviromet International Inc.

1Fulford Meteorological Services Ltd.
1G.S. Strong, Meteorological Consultant
1Global Change Strategies International
1Houle-Rutherford Consulting Inc.
1John D. Reid

1Kipp & Zonen Inc.

1KNOWeather Consulting

1Levelton Engineering Ltd.

1Michel Houde Dynamics

1PAL Environmental Services

1PCI Enterprises Inc.
1Pelmorex/Weather Network

1Rodshaw Environmental Consulting Inc.

1Rowan Williams Davies & Irwin Inc.
1Saskatchewan Research Council
1 Satlantic Incorporated

1Sea Scan International Inc.
1Seimac Limited

1SENES Consultants Limited

1 Soilcon Laboratories Ltd.

1Tech-Knowlogy Consulting Services
1The Weather Van

1True North Weather Consulting Inc.
1Water Resource Consultants Ltd.
1Weather Madification Inc. Canada
1Weather Research House
1Weather-Sense

1WeatherTec Services Inc.

1WeatherWorks Consulting

1Wm.C.Thompson & Associates Ltd.

1World Weatherwatch
1Zephyr North

1Acres (St. John's NF office)
2ATC Management Systems / CAE
2Interior Weather Services Ltd.
2J.P. Management Consulting
2Alconsult International Ltd
2AMEC Earth & Environmental
2ARA Consulting Group Inc.

2 Array Systems Computing Inc.
2 Axys Technologies Inc
2DONMEC Consulting Inc.

2Dr. T.F. Consultants Ltd.
2Environ-Man Services Inc.
2EOA Scientific Systems, Inc.

2 Geophysical Disaster Computational FDC

2Penwell Group

2PFL Offshore & Arctic Technology Inc.
2Presentey Engineering Products Limited

2Serco Facilities Management Inc.
2 Sigma Engineering Ltd.
2SNG-Lavalin Environment Inc.

2 Spectrum Educational Enterprises

2STR Speech Technology Research Ltd.
2AGRA Earth & Environmental Limited

2GENEQ Inc.

2Geophysique G.P.R. International Inc.
2Labbate Climate Control Systems Inc.

2Oracle Telecomputing
2William 1. Pugsley
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2Cormorant Ltd.

20ceans Limited

2Unitec Canada Ind. Ltd.

2LMI Automotive
2Info-Electronics H.P. Systems
2Adga Group

2Environmental Remediation Eqt Cda
2JF Sabourin & Associates
2Envirometrex Corporation
2Frontec Logistics Corp.
2Hallam Knight Piesold Ltd.
2Lockweed Aie Terminals
2McDonald Dettwiller Associates
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APPENDIX B: ELECTRONIC SURVEY

Section | — Corporate Profile

Company Name:

Presdent / CEQ: Emall:
Meteorology Contact: Emal:
Company Headquarters Address:

City:

Province:

Postdl Code:

Telephone Fax:
Webste

Section Il - Current Status

1. Inwhat regions of Canada does your business operate/ have offices?
a. British Coumbia
b. Saskachewan, Alberta, Manitoba
c. Yukon, North West Territories, Nunavut
d. Ontario, Quebec
e. Atlantic Provinces (PEI, New Brunswick, Nova Scotia, Newfoundland)

2. Inwhat other locations does your business operate?

United States

Augra-Asa (induding Austrdia, New Zedand, and dl of Asa)
Africa

Europe

Other (please secify)

Do T

3. Numbersof yearsin busness
a 0-5
b. 6-10
c. 11-15
d 16+

4. Edimaed totd annud company revenue
a $0-—$100,000
b. $100,001 — $500,000
c. $500,001 — $1,000,000
d. $1,000,001- $5,000,000
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e.
f.

$5,000,001- 10,000,000
more than $10,000,000

5. Edimated revenues from meteorologicd activities

a
b.

c
d.
e

$0— $100,000
$100,001 — $500,000

. $500,001 — $1,000,000

$1,000,001 - $5,000,000

. more than $5,000,000

6. Compared with your revenue from 5 years ago, does this represent

)

b
c
d.
e
f.

A sgnificant (> 100%) incresse

. A modest (25 — 100%) increase
. A dight (0-25%) increase

Staying the course

. A decrease

Doesn't goply — company islessthan 5 years old.

7. How would you describe your business today?

a

b.
C.
d.

Profitable and growing quickly
Profitable and dowly growing
Profitable with constant revenues/ expenses

Not profitable yet, but building for the future

8. Inwhat type of partnerships are you currently engaged? (please check al that goply)

oo oo

Long-term joint-ventures
Project by project partnerships
Internationd joint-ventures
Internationd partnerships

9. Pleae check dl the categories that best describe your target market(s) for your
meteorological activities and then edtimaie what percentage of your totd revenue that

these categories represent.
Canadian % of your International % of your
Revenue Revenue
Canadian Federd or Other nationd governments
Provincid Governments or internationd agencies
Private Sector Trangport / Private Sector Trangport /
Trave Indugtry Trave Industry
Energy / Fossl Fuds Energy / Fossl Fuds
Industry Industry
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Gengrd Public Generd Public

Foredtry, agriculture Foregtry, agriculture industry
industry

Fnanad / Insurance Fnanad / Insurance
Industry Industry

10.Please check dl tha describe your company’s activities with respect to  your
meteorologica work.

W TOTOSITATTTQTO Q0 TP

Climatology, Climate/ globd change
Forensic meteorology

Operationd forecadting

Road westher

Air quality

Media— TV, Radio, Newspapers
Training /educetion

Radar sarvices (equipment, processing, image andyss, €ic)
Research

Westher derivetives

Numerica modding

Generd consultancy sarvices

. Westher observing

Insdrumentation - development and manufecture
Indrumentetion - sales

Data processng and qudity Control

Software design
Hydrology
Other (specify)

11.0n a scde between 1 and 5 (1= not very dependent and 5 = absolutdy critica to your
busness), pleese indicate how your company views the rdevance of advances in
informetion technologies. 12 345NA

12.0n ascde of 1 — 5 with 1 = impediment to growth 5 = fadlitates growth (and NA = that
it does not affect your busness a dl), how would you view eech of the following?

Criteria

Avallahility of qudified entry levd gt to hire 12 345NA
Avalablity of mid-senior leved gff 12 345NA
Sdary competition with USA based Companies 12 345NA
Sdary competition with Meteorological Service of Caneda 12 345NA
Competition from Meteorological Service of Canada 12 345NA
Competition from USA Companies 12 345NA
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Competition from other Canadian Companies 12 345NA
Cog of Data 12 345NA
Cog of / avalability of appropriate information technology 12 345NA
Low vaue of Canadian currency 12 345NA
Government subgdies/ incentive programs 12 345NA
Others? Please specify 12 345NA
13. Where does your mgor competition come from? (Please check dl that gpply)

a. Canadaprivate sector

b. Canadian Government (either federd, provinad, or municipa)

c. United States

d. Europe

e. Other

14. How has sdary competition with the United States affected your business?
a Notadl
b. Somewhat
c. Alat

15. How has sdary competition with the Canadian Government affected your business?
a Notadl
b. Somewhat
c. Alat

Section lll - Staff Profile
16. Totd Saff involved in Meeorologica Activities?
a 1-2
b. 39
c. 1019
d. 20+

17. Compared with your meteorologica saff of 5 years ago, does this represent

An infinite increase (we didn’'t have any meteorologicd d&ff 5 years ago)
A sgnificant (> 100%) increese

A modest (25 — 100%) increase

A dight (0-25%) increase

Saying the course

A decresse

Does't gpply — company islessthan 5 yearsold

@ popoT
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18. Professonds (Universty Trained) on Staff?
a 05
b. 610
c. 11-15
d 16+

19. Percentage with formd training/education in meteorology?
a 0-25%
b. 26-50%
c. 51-75%
d. 76-100%

20. What isthe education levd of your meteorologicd gaff? Give numbersin eech category
Undergraduate degree

Diplomain Meteorology (1 year beyond undergraduate degree)

Magters Degree

Ph.D.

No formd degrees, but proven experience

PoooTw

21. Of the formdly trained professond <aff employed by your company, aout how many
people do you have in the following age brackets?
a _ 20years—-30years
b. _ 3lyears—40years
C. __ 4lyears—50yeas
d. _ 51years—60yeas
e. _ 6lyeas+

22.Onascadeof 1-5, one=not a dl and 5= very high, how would you rate your d&ff’s
level of comfort in deding with information technology devices, complex databases,
large amounts of dectronic data, and complex software gpplications?

(12131415 [INA

23. Please check dl of the following gpproaches that are used in your training and updeting
of staff knowledge and kills?
a. Inhousetraning
b. Conferences/ workshops
c. Employer-pad tuition a universties
d. Persond reading/research
e. “Learn by doing” onthejob
f.  Government subgdized education/training programs
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24.Has it been difficult for you to find qudified Canadian daf to work within your
compary”?

a Yes
b. No

Section IV - Future Outlook and Expectations

25. Are you planning on hiring more people in the next 2 — 5 years?
a Yes
b. No

26. What do you expect your g&ff leve to bein the next 2-5 years?
a 1.2
b. 3-9
c. 10-19
d. 20+

27.Wha levd of revenue increase do you anticipate in the next 5 years?
a Sameorles
b. 50% higher
c. 100% higher
d. >100% higher

28. How many more years do you plan to be in busness?
a 0-5yeas
b. 6-10
c. 11-15
d. 16+

29.How do you view Canadds private meteorologicd indudry today in rdaion to the
private sector meteorologicd industries of other developed countries?
a. Among thetop fivein the world
b. Middle of the pack
c. Inthelower haf

30. Which of the fdllowing countries do you fed have more advanced private sector
meteorologica services (please check dl that apply):

United States

United Kingdom

Germany

France

Japan

CQp T
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f. Audrdia

0. New Zedand

h. Ity

I. Others(pleaseindicate)

31. Over the next 5 years do you expect that Canadd's private sector meteorologica industry
will improvein reion to thet of other countries?
a Yes

b. No

Section V - Open ended questions

32. What ae the man things that would need to change for your company to increese its
profitability in the meteorologicd sector?

33. Wha are some key trends you anticipate happening in the Canadian Meteorology Private
Sector? And in the International Meteorology Private Sector?

34. What can the Canadian government do to help private sector meteorology in Canada?

35.Wha can the Canadian Meteorological and Oceanographic Society do to hep private
sector meteorology in Canada?

36. Are there any other comments you would like to share?
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APPENDIX C: INTERVIEWEES

Company Contact Person Phone #

Campbd| Saerntific Brian Day — CEO 780-454-2505

Enviromet Internationd Inc. Claude Levlievre- CEO 514-384-9990

Levdton Enginearing R.G. Humphries- Met 604-207-5122

Pedmorex — The Weather Network Pierre Morrisstte 905-566-9511

Samec Limited Susan Woodbury - Met 902-468-3007

Zephyr North Jm dmon— CEO 905-335 9670

Westher Research House Ambury Suart - CEO 416-226-3675

World Wegther Weatch Mory Hirt— CEO 905-477-4120

True North Consulting Bevely J Archibdd -| 780-472-3664
CEO
SENES Consultants JamesW.S Young — Met 905-764-9389
X337

Rowan Williams Davis Irwin Inc. Mike Lepage - Met 519-823-1311
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APPENDIX D: INTERVIEW GUIDE

1. Canadian Private Meteorological Services Sector

o

How would you describe the current dtate of the Private Meteorologica Services
Sector in Canada? How does this compare with 5 years ago? With ten yearsago?

Whét do you expect the state of that sector to bein 5 years? In 10 years?

What ae the key compditive influences dffecting market opportunities in
Canada? Internationdly?

Where do you see new or expanding opportunities for the MPS?

Are you anvare of any activities, if any, is the privae sector, or the Government of
Canada are undertaking to promote the products and services of Canadd's private
meteorology sector? In North America? Globaly?

What do you see as current issues of traning in meteorology? Is it a problem to
engage traned professonds to work with you? How could MSC and the private
sector resolve thisissue?

How can catification be adminigered? Should CMOS hand it out? MSC?
Private Sector?

How often had you had to turn awn work because of a lack of capacity? How
quickly could you increase capacity if amarket opportunity crested a need for it?

2. Government of Canada

Whét do you see astherole for the Meteorologica Service of Canada?

What services or products (currently being provided by MSC) could be ddivered
through private sector meteorology service providers? Please explain why.

Does the private sector have the cagpacity to rdiably ddiver these products and
sarvices? If not, what needs to be done to build capacitiesin the relevant aress?

Are there functions that MSC is not carrying out, but perhaps should be? Please
explanwhy.
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Are there sarvices that are currently provided without charge by MSC but that
should be charged for?

Are you aware of ay programs operaied by other government departments (i.e.
Industry Canada, DFAIT) that provide support to the private meteorology sector?

What could/should the Government of Canada do to drengthen the private
meteorology sector?

3. International Jurisdictions

o

4. Canadian

o

What do you fed is the internationd market for Canadian privete sector
meteorological sarvices? Who do you fed aewould be the main dients? What
are the main sarvices provided?

What needs to be done in the Canadian Meteorologicd Community to assst
Private Sector companies to cgpture more of the internationd market?

Are you aware of the roles played by public and private sector meteorologicd
sarvice providersin other countries?

Meteorological and Oceanographic Society

Whet do you think the role of CMOS should be in supporting private sector
meteorology?

Does CMOS fulfill thisrole appropriately?

What activities or programs would you like CMOS to develop to assig in the
advancement of Private Sector meteorology in Careda?

Isthere anything ese you would like to add?
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EXECUTIVE SUMMARY

This sudy, commissioned by the Canadian Meteorologicd and Oceanographic Society of Caneda,
posss three questions rdaing 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.
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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.
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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.
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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 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.
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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 economicaly optimd roles for the private and public sectors in the provisgon 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 redive 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 andyss 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
daions, 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.
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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-rdaed 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-rdlated
infrastructure more than 16-fold in 1999/2000 ($4.7 billion versus $285 million).?

Ensuring the right level of investment in foundaiond public infrestructure 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, sewers weather 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
seed 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 makers 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 apublidly 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.
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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
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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 Envirorment 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)
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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
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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-senstive sectors are optimally 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 ub-sections present the detalled andysis 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
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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 described above have been quantified in a wide range of sector-spedific
dudies, the range and diversty of efects meke it difficult to ral-up the overd! benefit of weather
prediction throughout the economy on a sector by sector, benefit by benefit bess  Agaregae
(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 esimation 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

HLB Decision Economics Inc November 19, 2001 10



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

increases, fadlitates improved red wage rates and thus higher living andards. When in the 1990s
automobile manufacturers invested in date-of-the-art robotic 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. reseerchersin 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
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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 infrastructure leeds to
increased productivity and output, decreasing the cgpitd stock leads to reduced productivity and
output.  As shown earlier in FHigure 1, reduced federd investment levds led to materid 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 OQutput: 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

HLB Decision Economics Inc November 19, 2001 13
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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 accuracy yidds a leest 1.02
hillion in sodd bendfits over a 30-year period. Since the deterioration in the capitd sock has dmogt
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 avaiely 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 comprehensve, it does provide an indicaive, 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 hillion 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 benfits of an edimated $2.6 billion will have been forgone over the
period ($1.02 hillion per one-percant improvement in accuracy times a 2.5 percentage point
improvement yidds $2.6 hillion).
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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-possible 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 [ orecasts 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).

HLB Decision Economics Inc November 19, 2001 19



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

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 cos. 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 that 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 “ nontexdudability.” Non-exdudahility
means thet two or more consumers can Smultaneoudy use the same unit of sarvice and it is nat, in
gened, 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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HLB Decision Economics Inc.

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 thaose which are likdy to display the characteridics of vaue-added goods and services.

The assgnment of outputs and activities to each category was conducted on the basis of the principles
and criteriaoutlined above 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 rale 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. Andyds 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 dlimate 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 infragiructure 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 Caneda, $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 quarntitativaly less Sgnificant than the price gap in the case of infrastructure 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.
HLB Decision Economics Inc November 19, 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 values
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 assessmeant 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 infrasiructure 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 | n?:?ement 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 Adviceon  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  infrasructure 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 scae, nontexdudability 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 effidency (maximum net economic and sodd bendfits); and

2. Promation of the most effiaently-szed private sector in meteorologicd infrastructure sarvices
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Optimizing the Public and Private Sector Roles
in the Provision of Meteorological Services
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5 EVALUATION OF ALTERNATIVE FEDERAL POLICY DIRECTIONS

Section 5.1 looksfirg at the business case for Environment Canada 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 codts

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 FHgure 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

HLB Decision Economics Inc November 19, 2001 33



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

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
O&. M 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.

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

invesment, Smulations with the econometric modd presented in Appendix B indicate thet the optimd

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 invesment 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 innovetion in vaue-added commercid forecasting
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 Canedal's 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 capita 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.

Vi =bo+ bk + byl +bag + bat + bs.cu + e (SeeFigure A-1)

Following Aschauer, we also estimate a productivity equetion, relating output per unit of capita (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.calenglis/CANSIM.

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
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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
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Capital Stock (1.964462)
i -0.006027
Time Trend (1976 — 1992) (-0.811807)
. 0.003848
Time Trend (1992 — 2000) (0.755341)
. I 0.004523
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Regression Statistics
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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 /ess 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 Output 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 eguaion 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 esimete (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 . A 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
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
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Weather .
Social Benefits . .. | Total Events Total Valye of I..o*ss Prediction Loss Reduction/ Benefits Over
and Externalities Valuation Unit per Year (Valuation Unit Improvement IYear due to Weathei 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
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Total Value of Loss Weather Loss Reduction/
Social Benefits . .. | Total Events . A Prediction Benefits Over
and Externalities Valuation Unit per Year (Valuation Unit Improvement IYear due to Weathe 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
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APPENDIX C. ENVIRONMENT CANADA OUTPUTS CLASSIFIED BY
INFRASTRUCTURE AND VALUE-ADDED PRODUCTS AND SERVICES
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Grand total, all activities (Net Budgetary Expenditures): $160.7 M
Grand total, all activities (Vote Net Revenue): $64.8 M
Grand total, all activities: $2255 M
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 0.4 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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Appendix D: Presentation on A Meteorological Industry
Strategy for Canada

A METEOROLOGICAL INDUSTRY
STRATEGY FOR CANADA
INITIAL THOUGHTS FOR

DISCUSSION

Presentation by R. Ambury Stuart, Ph.D.
On behalf of the CMOS Private Sector Task Force
May 29, 2001

| want to say first of all that it is an honour to follow Dr. Everell in this session of the Canadian
Meteorological and Oceanographic Society, and to recognize and affirm the new directions that he is
urging for Canadian meteorology. Unlike the other sessions of this Congress where we will be
looking at highly specialized academic studies, this session is trying to look at the BIG picture, the
overall policies and ideas that will shape Canadian meteorology for the next ten years. In a moment
| will try to respond to Dr. Everell's vision of this future, and | will do so from my limited perspective as
a member of the private sector community of meteorologists.

First though, | think we need to understand again how we all participate in the BIG picture. | have
participated in conversations among government, university and private sector scientists long
enough to know that whenever we approach these discussions we all make sure that we have our
government, university or private sector hats firmly attached to our brains. Often these hats become
football helmets as we bash into one another. | would like to suggest another approach. We all work
for a single corporation which | will call Corporation Earth. Those of us in this room work for two
different branches of Corporation Earth which are the Atmosphere Branch and the Oceans Branch.
We live and work in a geographical area called Canada, but you don't have to work in either the
Atmosphere Branch or the Oceans Branch for very long before you realize how secondary and
irrelevant these human divisions into nation states really are. The atmosphere and the ocean don't
give a fig for national boundaries. It is the most natural thing in the world for us to think
hemispherically or globally when we do our work. Does it make any sense for example to have a
Canadian global climate model or a Canadian global weather prediction model? Maybe a made in
Canada meteorology or oceanography is just as unrealistic and finally unworkable as made in
Canada oil prices that the government tried to achieve with the National Energy Program in the 80's.
Anyone who has been to a gas station recently will know that that program failed. Surely the flow of
atmospheric and oceanic currents across national boundaries is just as disrespectful of these
boundaries as the economic forces of the global energy market for oil and gas. Why don't we stop
trying to kid ourselves and join forces with our counterparts in the United States?
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For most of us in this room these ideas are a kind of heresy that we reject right away. "Things are
different here in Canada", we argue with varying degrees of conviction. "We might just as well
become the 51st state and be done with it". This society - The CANADIAN Meteorological and
Oceanographic Society - exists to promote the advancement of meteorology and oceanography in
Canada. These dangerous and crazy ideas would suggest that this society become a branch of the
American Meteorology Society - just as we started out as a branch of the Royal Meteorology Society
over 50 years ago.

Let me say right now that | too reject these heresies. |, like most of you sense a value of being part
of our profession in this country, but | think that we must admit that our position is becoming harder
and harder to defend. The world is becoming smaller, national economies are being merged as
large trading blocks in Europe and North America are being formed. If we are going to maintain our
separateness as Canadian meteorologists and oceanographers, then we need to work harder at
doing this than we ever have before.

| think we must begin by learning to work together more effectively. If we don't hang together, then
we'll hang separately! Those of us who work in the private sector believe independent companies
have strategic and tactical advantages over government organizations and universities in the
application of private capital investment to meteorology. We would like to exploit these advantages
and grow our companies, but over the past five years or so it has been almost impossible to do this
for reasons that most people understand very well. Some companies have closed their doors, others
have given up on Canada, and still others have given up on meteorology. However, now it seems
the wind has changed. There seems to be a new interest in MSC to revisit the idea of partnerships
in more meaningful ways. And we in the private sector welcome that change - first with scepticism
and now with optimism.

Today | am going to report to you on a unique new attempt to build a Meteorological Industrial
Strategy for Canada. Notice that this strategy still believes in a distinctively Canadian approach to
this issue and for this reason alone it has value, not only to the private sector but also to everyone
who wants to maintain a unique Canadian profession.

The purpose of this talk is to present initial thinking on an industrial strategy for the "weather"
commercial sector, where weather includes meteorology, climatology, air quality and hydrology. You
need to know that this strategy has been developed by a Task Force made up mostly of members of
the CMOS Private Sector Committee, and while we are grateful to MSC for helping us with the
funding to do this study, we need to emphasize that none of the views to be presented here
necessarily reflect the views of Environment Canada. We are here to seek your feedback both in
this session and the panel discussion after the coffee break, and to move forward to take advantage
of opportunities.

We all know why weather is important from a commercial sector perspective - most of our industries
in Canada are affected by the weather, either directly or through transportation and energy costs. As
our technological capacity improves, we need to know weather information will become more and
more important.

Climate as well - especially climate change and variability - has important commercial sector
implications, especially in long-range planning and infrastructure decisions.

Despite its importance, the commercial weather sector today is quite small - $65 Million - which
includes MSC commercial activities outside intergovernmental "sales" like the large contracts with
Nav Canada, Defence, Coast Guard and the provinces. Together, the private sector and MSC
generate more than $130 Million in revenue. Inthe U.S., commercial services have a value of $1
Billion. There are about 100 firms in commercial services in Canada including traditional weather
services, environmental science and policy and instrumentation and software. Most are small with
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the exception of the Weather Network which accounts for about half of the non-MSC revenues in the
commercial weather sector.

These details don't matter very much. There are two players in the commercial weather sector today
- Pelmorex and MSC who together have about 70 per cent of the market and who have been
responsible for virtually all of the growth in the past decade.

Times are changing though. Government spending constraints have reduced contracts to private
companies for research and services forcing those companies to look elsewhere for revenues.
Some of the survivors and newer companies as well are moving into value-added weather and
climate services to non-government clients. The Weather Network has become the prime Canadian
source of weather information through the mass media including the Internet. The MSC is
refocusing on its core services most of which are in the public sector as opposed to the commercial
sector. Finally, the communications revolution is having its impact on commercial weather services
in a variety of ways. The availability of information of all kinds has stimulated increased demands for
weather information so that is a plus. However, the ease of access of Internet communications has
also increased the number of providers of this information and greatly increased the competition.
Like Corporation Earth, the Internet also has no respect for national boundaries.

MSC has announced that it needs more money for key infrastructure improvements, but it will have
to compete with all the other demands for government money, including for example the demand for
reduced taxes so that doctors, nurses, scientists, engineers and mobile high-tech industries don't
leave the country for more after-tax dollars in other jurisdictions. Without new revenues, MSC
services will deteriorate which will in turn make them vulnerable to suggestions that everything
except the raw observations be done south of the border. If the new infrastructure investment can be
secured however, public good needs will be better met, and we have a chance to develop a
commercial sector industry that returns strong economic benefits to industries that operate in
Canada and who have to deal with Canada's weather. With growing international competition, these
weather sensitive companies will need all the help they can get, and governments at all levels will
value the expertise that provides this help.

So our vision for the future is the development of a uniquely Canadian public-private partnership so
that all citizens and organizations have instant access to critical weather and climate information they
need, when they need it and wherever they need it, from Canadian suppliers so that the Canadian
economy knows about and adapts to the weather-related risks and opportunities better than any
other country in the world. This as | see it is our response to homogenizing effect of globalization
that would submerge our Canadian ship into a global sea. We are different up here because our
weather and its related risks and benefits are different. Also, it is not just a matter of dollars and
cents. If we plan our commercial and recreational activities with more attention to the weather then
we will expend less energy and pollute less. If we use less pesticides on a field because we better
understand the winds then less pesticides will end up in the ground water. We have unique weather
challenges in Canada that would not be a priority in a U.S. led initiative either in the private or public
sector.

What are the outcomes of such a vision?

¢ Canadian weather sensitive organizations will be more efficient economically and they
will pollute less.

e Canadians will have access to information that is specifically tailored to Canadian
conditions.

e The Canadian financial sector will discover the weather derivatives market and will open
up even more opportunities for weather expertise.

*  Public services will also be improved - things like improved highway weather forecasting
will be better.
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In addition to advantages to Canadians and Canadian business, the commercial weather itself will
become a valuable part of Canada's high-tech sector.
< Itwill lever Canada's advantages in research, technology, communications and
resources.
¢ It will develop leading edge content for Canada's Internet agenda.
« It will provide growth opportunities in the information, high tech and science sectors and
the career opportunities that go with that.
e It will grow very rapidly as new high tech initiatives often do from about $70 Million now
to $500 Million in 2011 which is about half the size of the current U.S. industry.

So how do we do this?

From government we need a collaborative weather network that collects timely, high-quality weather
information, forecasts and weather services, both for public good and as input for private sector
commercial products. By "collaborative", we mean a weather network where many players assist
Environment Canada in gathering the core information from which all participants benefit.

From universities we need training of the required professionals and cutting edge research that
serves both government and industry requirements.

From the private sector we need a weather industry that is recognized around the world as
innovative and competitive.

And now we get to the tricky part. We don't have an adequate commercial services sector now and
if we are going to get one then things have to change. Change is always difficult and difficult to
negotiate. In order to begin this process, the Task Force has planted some seeds in the form of
questions to begin discussion.

We need a new partnership model if we are going to be successful.

What could be a redefined role for MSC? Is it possible for them to focus on core infrastructure
collecting and analyzing activities that only they can do in gathering and analyzing weather and
climate information? Is it possible that they could provide data outputs at little or no cost to stimulate
new products and services?

How might the academic sector provide more qualified people and more targeted research products?
Is it possible that the private sector might become more actively involved in the allocation of
government R&D grants to universities?

How might the commercial sector outside MSC quickly expand its capacity for value-added services?
Is it possible or realistic to envision the private sector taking on more/most commercial weather
activities?

We need to expand the private sector.

What are the barriers? Is growth being blocked by small Market size? Do we lack Investment
Capital? Are we short of talented People?

What commercial services should be targeted first?

How should the commercial services people in Environment Canada respond to the need to expand
the private sector?

Are there better ways to distribute data?

What other government agencies outside Environment Canada might be helpful?
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Should the weather industry be better organized? How would we do this?
We need rapid transfer of data and the results of relevant research

How can we encourage this?

What are the barriers? Is it Investment capital? Organizational issues?

What other areas of science and technology need to be brought into play? Where is the expertise for
that?

Who in the government/university/industry mix does what?

How do we deal with legal issues around intellectual property?

We need qualified and energetic people.

Can future demands be met with current educational institutions?

Can we coordinate with Environment Canada's hiring needs better?

Should there be an accreditation standard for meteorologists?

Should there be a sector council to oversee growth? How can we tap expertise in Human
Resources agencies in federal and provincial governments?

Finally there are marketing issues

What are the market opportunities?

What kinds of products and services are needed?

How do we get the word out?

Would an industry-wide web site be useful? Who would run it?

Where do we go from here?

Following our discussions today, we intend to hone our thinking and carry out appropriate economic
research in Canada and elsewhere before completing our report in the fall.

The Task Force is grateful to MSC for support for this work. We have presented a private sector
perspective on what the future of our industry should look like if it is to become an effective player in
the Canadian economy. We believe that with more effective use of weather information, improved
efficiencies will also result in less waste and environmental degradation. This is truly a win/win
situation which will enhance the environment and will at the same time ensure that those of us who
consider the environment to be so important that we have dedicated our working lives to it to be able
to continue our work in Canada, whether it be as a public servant, an academic or an entrepreneur.

Thank you.

Note:

Dr. Stuart’s talk was accompanied by a slide presentation. If you would like further information on
this presentation or would like to provide feedback to the Private Sector Task Force, please contact
one of the co-chairs of the Task Force, Susan Woodbury swoodbury@seimac.com or lan Rutherford
ian@houlerutherford.com
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Appendix E: E-mail Survey Questionnaire for Faculty
Heads and Students of Canadian Meteorology
Universities

Context

A private secto weather stratggtak force d Canadiam Meteorobgicd and
Oceanographt Sociey (CMOS is devebping a meteoralgicd secta strategy for

consideratio by the federagovernmenthis fall. As pat of its work the tag group is
seeking the views o studens am professos in the academic sectes input for the task
force astidevelos the overd stratey ard specifc recanmendatios for action under
the strategyThe secto strategy would addrss roles, responsiltie s ar strategie o the

public sectoythe private sectoard the acadmic sector.

We would requestha you suppor our work by respondag o the questionsbelow, ly e-

mail by Augug 1, 2001.

Questions for students

1. What, in you view, are the challengesalcing studers pursuig a career in
meteorobgy?

2. When you think d your future jd prospectsdo you think d working in Canada

or esewhee (if in the U.S, specify}? Why?
3. Would you expetto work for the private sectoor for the public sector

(governmentnationador international) in an operationaole, resarch teaching,
consultirg or in anothe occupation whee you meteorobgicd training would be
useful? Why? Are ya thinking d employmen outsice d meteorobgy and if so,

where? Why?
4. How would you descrile you view of the prosped o working in the public

secbor, in the private sectar in academia Conside opporunities for entry-level

jobs ad advancemensalay levels interest-level/challergfactor?
5. Wha could be doned improwe prosped for working in the private sect@rin

what ways can the curert meteorobgy progrars (& universitie$ be altered to

better prepae sudens for employment?

6. One issue identifiedni the tak force’s woikk to dae is the needd smooth-otithe

hiring from year b year, especiall by large playes like the Meteoralgical

Service d Canaa (MSQ ard Pelmorex/Th Weather Networkls this sometimg
you feel reeds o be done andif so, hawe yau any thaights abot how this could

be accanplished?

7. Should accreditatio be standardized faneteorobgists and if so, how? Should

there be a standdrdefining a accredited meteogis and if so, what?
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Isit worth establishing away to accredit meteorologists?
What are your salary expectations for the your first job; in 5 years; in 10 years?

Questions for academics

1

10.

What, in your view, are the challenges facing the academic sector in meteorology:
from ateaching point of view; from aresearch point of view?

How could the academic sector help to fill the needs for more professionally-
qualified meteorologists? What in your view is needed to enhance meteorological
research in your institution? in Canada?

What is the training capacity of your institution? Can future demands be met by
existing Canadian post-secondary training capacity?

What should the appropriate roles be for academia, governments and the private
sector in carrying out meteorological R&D? What is you view about the current
level of funding by the private sector of R& D? What could be to encourage more
R&D in the private sector?

How could the private sector work with government and the academic sector in
providing input on the allocation of government R& D funds? Are there examples
where thisis already happening that the task force should examine?

What can be done to encourage/enable increased technology transfer between
universities/research establishments & the private sector? What are the
appropriate roles for each?

What are the barriers to commercializing new science and technology developed
in universities and other R&D institutions? Are there special tax incentives or
institutions that would help?

What are the critical areas of Science and Technology that could be applied to
weather & climate?

Isthere aneed for anew policy on licensing and intellectual property rightsin
connection with the results of academic research?

What are your major deterrents in setting up, organizing or pursuing
meteorological research programs in Canada?
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