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The fourth Congress of the World Meteorological Organization
(Geneva, 1963) endorsed the concept of World Weather Watch
as a world-wide meteorological system, composed of the co-ord
inated national facilities and services provided by individual
Members and supplemented by international organizations. Its
primary purpose is to ensure that all Members obtain the mete
orological information they require for operational and research
purposes.
The conversion of this theoretical concept into practical pro
posals requires a thorough re-appraisal of the present world
weather system and the preparation of a new plan incorporating
all modern scientific and technological developments.
The preparation of such a plan is a task of great complexity
and size and the work has been divided into a large number of
specific detailed planning studies, each of which is an integral
part of the world planning exercises. Thus the results of the
studies will be taken into account in preparing the over-all World
Weather Watch Plan. Many of these planning studies have,
however, resulted in the preparation of reports each of which
contains a full and more or less self-contained account of one
particular aspect of the work. It is felt therefore that in addi
tion to using the reports in preparation of the over-all plan,
they should be given a general distribution. It has accordingly
been decided to establish a new series of WMO publications
known as World Weather Watch Planning Reports.
In particular, it is believed that the information in these
reports will be of interest and use to many national meteorologi
cal Services. In addition, such a distribution may enable the
proposals contained in the over-all plan to be better understood.
It is stressed that the contents of each report represent the
views of the author and should not be interpreted as necessarily
representing the official views of the World Meteorological
Organization.

El cuarto Congreso de la Organizaci6n Meteorologica Mundial
(Ginebra, 1963) confirmo el concepto de que la Vigilancia Meteo
rologica Mundial es un sistema meteorologico mundial, consti
tuido como resultado de la coordinacion de las instalaciones
y servicios nacionales ofrecidos por cada uno de los Miembros
y suplementado por organizaciones internacionales. Su finalidad
primordial es conseguir que todos los Miembros obtengan la
informacion meteorologica necesaria para sus actividades nor
males y para fines de investigacion.
La conversion de este concepto te6rico en propuestas pnic
ticas requiere una revision completa del actual sistema meteoro16gico mundial y la preparacion de un nuevo plan en el que se
incorporen todos los progresos cientificos y tecnicos.
La preparacion de dicho plan constituye una tarea de gran
complejidad y extension y por este motivo el trabajo se ha
dividido en un gran numero de detallados y especificos estudios
de planificacion, cada uno de los cuales forma parte integrante
de !as actividades mundiales de planificacion. Los resultados
de estos estudios seran tenidos en cuenta cuando se prepare
el plan general de la Vigilancia Meteorologica Mundial. Muchos
de los estudios de planificacion ban dado por resultado la pre
paracion de informes, en cada uno de los cuales se da cuenta
completa, mas o menos independientemente, de un aspecto
particular del trabajo. En consecuencia, se opina que, ademas
de utilizar los informes para la preparaci6n del plan general,
se les debe dar una amplia distribucion. Por lo tanto, se ha
decidido establecer una nueva serie de publicaciones de la OMM
denominada Informes de planificaci6n de la Vigilancia Meteoro16gica Mundial.
Se espera que la informacion contenida en estos informes
sera interesante y util para muchos servicios meteorologicos.
Por otra parte, la distribucion que va a hacerse de ellos contri
buira a que se comprendan mejor las propuestas contenidas en
el plan general.
Conviene hacer constar que el contenido de cada informe
representa las opiniones del autor y no debe entenderse que
refleja necesariamente el punto de vista oficial de la Organiza
cion Meteorologica Mundial.

Note concernant les Rapports sur la planification de
la Veille meteorologique mondiale
Le Quatrierne Congres de !'Organisation meteorologique mon
diale (Geneve, 1963) a approuve le projet de la Veille meteoro
logique mondiale, con�u comrne un systeme meteorologique
mondial qui comprend des installations et des services coor
donnes, fournis principalement par Jes divers Membres et com
pletes par les organisations internationales. Cette entreprise a
principalement pour but de permettre a tous les Membres d'ob
tenir les renseignements meteorologiques dont ils ont besoin pour
I'exploitation et la recherche.
Pour passer de ce concept theorique a des propositions
concretes, il est necessaire de revoir entierement le systeme
meteorologique mondial actuel et de preparer un nouveau plan
qui tiendra compte de tous les progres de la science et de la
technique.
La preparation d'un plan de ce genre represente une tache
immense et tres complexe et c'est pourquoi le travail a ete
divise en un grand nombre d'etudes de planification precises
et detaillees, dont chacune fait partie integrante des activites
de planification mondiales. Les resultats de ces etudes seront
done pris en consideration lors de !'elaboration du plan general
de la Veille meteorologique mondiale. Un grand nombre des
etudes de planification ont cependant abouti a l'etablissement
de rapports, contenant chacun un expose cornplet et plus ou
mains autonome d 'un aspect particulier des travaux. 11 nous
a done semble que ces rapports ne devraient pas seulement
servir a I 'elaboration du plan general, mais qu'ils devraient en
outre faire l'objet d'une large diffusion. C'est ainsi qu'il a ete
decide de creer une nouvelle serie de publications de l'OMM,
qui sera celle des Rapports sur la planification de la Veille meteo
rologique mondiale.
En particulier, les renseignements figurant dans ces rapports
devraient etre utiles a de nombreux services meteorologiques
nationaux. Par ailleurs, la distribution des rapports permettra
peut-etre de mieux cornprendre les propositions presentees dans
le plan general.
11 convient de souligner que le contenu de chaque rapport
represente I 'opinion de I 'auteur et ne correspond pas necessai
rement aux vues officielles de I 'Organisation meteorologique
mondiale.

,IJ;mrnap;c.i no IlJIRHHp0BRHIII0 BceMHpnoii
CJiym61>1 noroµ;L1
l.:leTBepTLifi H0Hrpecc nceMHPHOH MeTeOpOJIOrH<JeCHOii: Opra
HH3aU,Hl1 (llie11eaa, 1963 r.) o;a:06p11JI H,IJ,eJO coa;a:aum1 Bcemi:pnoil
CJiym6hI norO,IJ,bl HaH MHpoaofi: MeTeopoJior:wrnc1-rnf1 CHCTeMbI'
COCTOfIW,efi: 113 HOOP,IJ,HHHpyeMbIX HaU:HOHaJihHhIX Texm,rqecmi:x
cpe;a:CTB H CJiym6, o6ecneqHaaeMhIX OT,IJ,CJibHblMH qJieHaJIIIA npH
no.IU(eparne Mem;a:yuapo;a:HbIX opramrnau:m"r. I'JiaBI-Iafl 3a;a:aqa
BceMHpHotl: cnym6hI noro;a:hI aaHmoqaeTCH B o6ecnelfemrn acex
qJieHOB BMO MeTeOpOJIOrH'IeCHOli l'lHqJOpMau;ueti, He06XO,!J,HMOH
,!],Jiff onepaTITBHblX H HaytJHblX u:enefr.
;IXJIR Toro, qTO0bl BOIIJIOTHTb 3Ty TeopeTH'IeCHYIO H0Hu,enu,mo
n npaHTH'Iecirne npe;a:noiHeHHH, neo6xo;a:HMO npem;a:e acero Tw,a
TeJibHO npoaHaJIH3HPOBaTb COCTOflHHe cyw,ecTBYIOW,CH B HaCTOfl
w,ee apeMR MlIPOB0tl: MeTeOpOJIOrH'ICCHOf! CHCTeMhl H paapa60TaTh
IlJiaH C03,ll;aHHfl HOBOll CHCTeMhl' npe.a;ycMaTpHBaIOU.(Htl: HCilOJib30BaHlle acex COBpeMeHHb!X uay'IH0-TeXHH'IeCHHX ,ll;OCTHi-HeIIllii.
Pa3pa60THa nnana no.a;oouoro MaCllJTa6a npe.a;cTaamieT co6oti
3a.a;alfy orpOMH0fi CJIOJHHOCTU, B CBH3H C lJCM BCH 3Ta pa6oTa
0bIJia rro.a;pa3.a;eJieHa na 0OJibWOe qHCJIO ;a:eTaJibHbIX HCCJIC,ll;OBa
Hlill' Ham;a:oe 113 HOTOpb IX flBJIHeTCfI HCOT1>CJ\!JieMofi lfaCTb!O 06me11
rrporpaM\1bI rrna1rnpoaa1nm. Pe3yJihTaTbl aTHX 11ccne;a:ona1m:ii
6y.a;yT y<1TeHbI rrpH no.a;roT0BHe o6mero nnaHa co3.a;amrn Bce
MHpnon CJIYm0bl nor0,O:bl. n TO ;He Bpel\tn B pe3yJibTaTe ll11IOrHX
H3 3THX HCCJie,[(0BaHlltl: 6bJJitl COCTaBJieHbl ,ll;OHJia,IJ,bl, HaiH,ll;I,111 H3
HOTOPhIX npe.a;cTaBJIHCT co6ot'I 60Jiee HJIH Meuee caMOCTOHTeJibHhiii
OT'IeT O TOM HJIH l1H0M acneHTe BCeti ;noit ;a:e11TeJibH0CTl1. B Cilf!31!
C 3THM npe.a;cTaBJIHeTCfl u,enecoo6pa3Hh!M, IlOMIDI0 HCII0Jih30Ba
IIHR 3Tl1x .a;o,-ma.a;oa np11 rro.a;roTOBHe o6mero nna11a, opramrnoaaTb
TaHme 6onee umpoHoe pacnpocTpatteHHe Hx.
B COOTBCTCTBirn C 3THM ObJJIO npHHfITO pe,uemre C03,ll;:1Tb
noaym cepHJO ny6mrnau;m1 BMO no.n; naaaa1rnel\1 << JJ:om1a1.1:r,1
no nnam1poaaumo BceMHpuoii: cnyrn6bI rroro;a:hI ».
MHqiopMaU,HR, co;a:eparnw,aHCfl B 3THX ,ll;OHJia.a;ax, IICCOMHeHH0
npe;a:cTaBl:IT HHTepec Ii OHameTCR IIOJie3HOH ,ll;Jlfl MHOrHX 1-1a1u10HaJibHb!X MCTeOpOJIOrlllfeCI'rnX CJIYlH6. RpoMe Toro, pacnpocTpa
HCHHe 3THX ,IJ,OHJia.a;oB 6y;a:eT cnoco6cTBOBaTb JIY'IWCMY IlOHl'.IMa
IHIJO npe.a;JioiHeHHit, co.a;epmaw,0:xca B 06u1eM nnane.
Cne.a;yeT no.a;qepmryTb, 'ITO 3TH ,O:OHJia,ll;bl Bb!pama10T JIH'IHYJO
TOqHy apeHHR HX aBTOPOB li He npe.n;cTaBJIRJOT OqJHU,HaJibHOfi
II08HU,HH BceMHpHOil: MeTeOpOJIOrHlfCCHOt'I OpraHH3aU,HH.
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FOREWORD

During recent years, the World Meteorological Organi
zation has been paying increased attention to the economic
benefits that Member countries derive from their national
Meteorological Services. A study was made in 1966
mainly to survey the work which had already been done in
this field, and the results were published in WWW
Planning Report No. 4. This was followed by an informal
planning meeting early in 1967, which led to the publica
tion of Planning Report No. 17, giving guidance
on methods of evaluating the benefits of weather
services.

the scientific discussions at its twentieth session. The
present publication contains the full texts of the papers
which were presented during these discussions.

On behalf of the Organization, I should like to thank
all those scientists who have contributed to this publica
tion. Although much remains to be done in assessing the
economic value of meteorological services, the results
now reported already provide substantial evidence of the
soundness of investments hitherto made in meteorology,
and fully justify the increased expenditure which will be
required to implement th� plan for the World Weather
The nineteenth session of the Executive Committee Watch. In addition to giving encouragement to further
passed a resolution inviting Members to carry out studies work in this field, I trust that this Planning Report will
on the economic benefits in their countries of the work of prove to be useful in preparation for the World Meteoro
their national Meteorological Services, and to submit a logical Day to be celebrated on 23 March 1969, for which
report of the results to the Secretary-General. The the theme selected by the Executive Committee is "The
Executive Committee also chose this as the subject for economic value of meteorological services".

(D. A. Davies)
Secretary-General
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SUMMARY
Benefits of meteorological services in Australia
(W. J. Gibbs)
Starting by pointing out the great demand for meteoro
logical information from members of the public for
diverse purposes, the report then examines the use made by
agriculture and industries, and includes the part played by
the meteorological service in disastrous events such as
droughts, flooding, cyclones and bushfires, particular
stress being placed on the latter. The report concludes
by showing that in the year 1966/67 the estimated value
of benefits exceeded the budget of the Australian Bureau
of Meteorology by over twenty-seven times.
The economic advantages of the French National Meteo
rological Service (J. L. Giovannelli)
In considering the clients of the meteorological services,
it is noted that of public services by telephone, weather
forecasts are the most utilized. In reviewing the benefits
gained by agriculture, the service to which must still be
much improved, it is shown how meteorological advice
could save a vast amount of expense in vineyards. The
transport and power industries are reviewed, and also the
cyclone-warning system in overseas French territories.
The estimated annual benefit to the community amounts
to at least twenty times the annual budget of the French
Meteorological Service.
The economic benefits of meteorological services in the
United Kingdom (B. J. Mason)
After a short introduction, the economic benefits
derived by specific fields of the national economy are
examined and a benefit/cost ratio of at least 100: 1 is
suggested in the case of agriculture, the gas industry and
certain aspects of civil engineering. The potential value of
improved forecasts is considered, and the fact noted that
present meteorological knowledge is not being fully
utilized. In conclusion, the over-all benefits are estimated
to exceed the annual Meteorological Office budget by at
least twenty times.
The benefits of meteorological services in the U.S.S.R.
(E. I. Tolstikov)
The successful application of meteorology to many
sectors of the national economy is described; examples are

given relating to ice-formation on power lines and a
district heating-plant in Moscow. Weather-routeing of
ships and protection of crops from hail are also · dealt
with. Possible economic benefits of the hydrometeoro
logical services are assessed at four to five times the amount
of the annual budget.
Weather and the construction industry (R. M. White)
The method used for finding where the weather services
could best be utilized is described. The construction
industry was found to offer, after agriculture, the best
economic benefit potential in the United States. The
methods used to find out how meteorological information
could best help the construction industry to cut its annual
weather loss of $3,000 million are described. Finally, it is
suggested that WMO should encourage individual Mem
bers to conduct detailed studies into ways their Meteoro
logical Services could help specific industries.
The applicability of cost/benefit analysis in assessing the
value of meteorological services (N. Scott)
As there is an increasing demand for financial support
from governments by many sectors of the economy, a
cost/benefit analysis should help economists to determine
which projects offer the greatest benefits. This is
especially applicable in the case of "collective goods'' for
which there is no market indication of how much the
consumer is willing to pay. The various steps in such a
study are outlined. An appendix lays out four methods of
arriving at a choice between different projects.
Potential economic benefits from improvements in meteoro
logical information (J. C. Thompson)
It is suggested that the degree of probability of a certain
weather occurrence can be useful to a client particularly
interested in that event, so that he can weigh it against the
operational risk. Using these as the basis of a "model",
an assessment can be made of the economic improvements
obtainable with (a) optimum use of currently available
weather information, and (b) further advances in scientific
knowledge. Applying the "model" to actual forecasts
made for certain locations, it is shown that weather losses
could be cut by 2 per cent to 6 per cent in case (a) and by an
additional 5 per cent to 6 per cent if "perfect" forecasts
could be achieved.

VII

Economic benefits of the Meteorological Service of the Economic benefits of meteorological services in developing
Federal Republic of Germany (E. Si.issenberger)
countries (E. A. Bernard)
Examples are given of benefits derived from the general
forecast service, the Climatic Advisory Service and the
Agricultural Meteorological Advisory Service. In each
case, statistics of the value of the benefits are given; the
report concludes by recalling that the annual saving to the
construction industry alone amounts to approximately four
times the annual budget of the Deutscher Wetterdienst.

This paper calls for more investigation into meteoro
logical-climatological-hydrological problems of develop
ing countries. Contrasts are drawn between the meteoro
logical needs of advanced and of developing countries,
and it is shown how, in the latter case, a relatively
small investment can result in spectacular improve
ments.

vm

RESUME
Les avantages economiques des services meteorologiques
australiens (W. J. Gibbs)

logiques dont on dispose a l'heure actuelle. En conclusion,
il estime que le montant des avantages economiques
globaux de !'assistance meteorologique britannique repre
sente vingt fois celui du budget annuel du Service meteo
rologique britannique.

L'auteur du rapport commence par souligner l'interet
que le public porte aux renseignements meteorologiques et
qui se traduit par une demande tres importante aux fins
les plus diverses, puis il etudie l'usage que !'agriculture et
l'industrie font de ces renseignements et le role de I'assis Les avantages economiques des services meteorologiques
sovietiques (E. I. Tolstikov)
tance meteorologique dans la lutte contre certaines cala
mites, telles que la secheresse, les inondations, les cyclones
L'auteur rend compte des resultats positifs qui ont ete
et les feux de brousse, en insistant particulierement sur obtenus dans de nombreux secteurs de l'economie natio
ces derniers. En conclusion, il signale que, pour l'annee nale grace a !'assistance meteorologique. 11 cite des exem
1966-1967, le montant des avantages economiques de ples concernant notamment la formation de glace sur des
!'assistance meteorologique depasse de plus de vingt-sept cables electriques et le cas d'une centrale thumique
fois, selon les estimations, celui du budget du Service desservant un quartier de Moscou. II traite egalement de
meteorologique australien pour la meme periode.
la determination de la route optimale des navires et de la
protection des recoltes contre la grele. Selon ses estima
Les avantages economiques de la Meteorologie nationale tions, les avantages economiques potentiels de !'assistance
fournie par le Service hydrometeorologique de l'U.R.S.S.
fran9aise (J. L. Giovannelli)
pourraient representer de quatre a cinq fois le montant du
Si I'on analyse la clientele des services meteorologiques, budget annuel.
on constate que, de tous les services publics assures par
telephone, ce sont les previsions meteorologiques qui sont
les plus demandees. Passant en revue les avantages que L'infiuence des conditions meteorologiques sur l'industrie
des travaux publics et du batiment aux Etats-Unis
!'agriculture retire de !'assistance meteorologique qu'elle
(R. M. White)
rec;oit, et qu'il y a lieu d'ameliorer considerablement
d'ailleurs, l'auteur fait ressortir !'importance des econo
L'auteur rend compte de la methode utilisee pour
mies qu'un service de conseils meteorologiques peut per determiner les secteurs qui peuvent tirer le meilleur parti
mettre a la viticulture de realiser. 11 examine egalement le possible de !'assistance meteorologique. On a constate
cas des transports et de l'industrie electrique, ainsi que qu'immediatement apres !'agriculture c'etait l'industrie
celui des dispositifs de prevention contre les cyclones tro des travaux publics et du batiment qui pourrait en bene
picaux dans les territoires d'outre-mer franc;ais. Selon les ficier le plus largement. M. White decrit les methodes
estimations, la valeur economique globale annuelle de auxquelles on a eu recours pour etablir la maniere dont
!'assistance fournie par la Meteorologie nationale fran les renseignements meteorologiques pourraient etre
c;aise atteint, au bas mot, un montant vingt fois plus impor utilises au mieux par l'industrie du batiment pour reduire
tant que celui du budget annuel de ce Service.
les pertes annuelles qu'elle subit du fait des intemperies
et qui sont de I'ordre de trois milliards de dollars. En
Les avantages economiques des services meteorologiques conclusion, il suggere que l'OMM devrait encourager ses
Membres a proceder a des etudes approfondies sur la
britanniques (B. J. Mason)
maniere dont leurs services meteorologiques nationaux
Apres une breve introduction, !'auteur examine les pourraient contribuer a la prosperite de certaines indus
avantages economiques que des secteurs determines de tries determinees.
l'economie nationale retirent de !'assistance meteorolo
gique et il se croit fonde a avancer que le rapport entre les
L'application de /'analyse des couts et rendements a
rendements et les cofits est de l'ordre de 100 a 1 dans le
I' evaluation des avantages economiques de I' assistance
cas de l'agriculture, de l'industrie du gaz et de certaines
meteorologique (N. Scott)
branches du genie civil. 11 fait etat de la valeur potentielle
de previsions meteorologiques ameliorees et note qu'on ne
Etant donne que de nombreux secteurs de l'economie
tire pas tout le parti possible des connaissances meteoro- font de plus en plus appel a une aide financiere de leur

IX

gouvernement, une analyse des couts et rendements devrait pourrait eliminer une autre fraction de 5 a 6 pour cent
aider les economistes a determiner ceux des projets en pre de ces pertes, si I'on parvenait a etablir des previsions
sence qui sont les plus rentables. Cette notion est plus meteorologiques scientifiquement « parfaites ».
specialement applicable au cas des « biens collectifs »
pour lesquels il n'existe pas de marche, done pas d'indica
tions sur ce que le consommateur est dispose a payer. Les Les avantages economiques du Service meteorologique de la
Republique federate d'Allemagne (E. Siissenberger)
differents stades de cette etude sont resumes dans le
rapport de M. Scott, qui comporte un appendice ou
M. Siissenberger mentionne un certain nombre d'avan
!'auteur definit quatre methodes applicables, selon les tages economiques qu'il convient d'inscrire au credit du
cas, a differents projets.
Service de previsions meteorologiques, du Service con
sultatif de climatologie et du Service consultatif de meteo
rologie agricole. Dans tous les cas, il cite les statistiques
Les avantages economiques qu'on peut attendre d'une ame relatives a la valeur economique de ces avantages et, en
lioration des renseignements meteorologiques (J. C. conclusion de son rapport, il rappelle que les economies
Thompson)
realisees grace a !'assistance meteorologique s'elevent ap
L'auteur considere, par hypothese, que le degre de proximativement, pour la seule industrie des travaux
probabilite de !'occurrence d'un phenomene meteorolo publics et du batiment, a quatre fois le montant du budget
gique donne peut interesser un client dont l'activite est annuel du Deutscher Wetterdienst.
specialement influencee par ce phenomene, ce qui permet
a ce client de prendre toutes dispositions utiles, compte Les avantages economiques des services meteorologiques
tenu des risques qu'il encourt sur le plan de !'exploitation.
des pays en voie de developpement (E. A. Bernard)
Si l'on se fonde sur ces donnees pour construire un modele,
L'auteur de la communication souligne l'interet qui
on est alors en mesure d'evaluer les gains economiques
qu'on peut esperer realiser: a) en utilisant au mieux les s'attache a des recherches approfondies portant sur les
renseignements meteorologiques dont on dispose al'heure problemes meteorologiques, climatologiques et hydro
actuelle; b) grace aux progres de la science. En appliquant logiques des pays en voie de developpement. 11 met en
le modele aux previsions meteorologiques etablies pour lumiere les contrastes qui existent entre les besoins
des endroits determines, M. Thompson demontre qu'on meteorologiques des pays avances et des pays neufs, et
pourrait eliminer de 2 a 6 pour cent des pertes actuelle montre que, dans les pays en voie de developpement, des
ment imputables a des conditions meteorologiques defa investissements relativement faibles peuvent se traduire par
vorables dans le cas vise a l'alinea a), cependant qu'on des ameliorations spectaculaires.
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PE3IOME
Bw108M, o6ecne'l.f,U6ae.ubie .uemeop o.llOBU'l./,CCKu.uu c.llyJ1C- ayroTCH He n0JIHOCTblO. 8 3aRJIJOqeHIIe no,n;cqlI
6a.uu Aecmpa.lluu (Y. ,[(m. r1I66c)
TbIBaeTCH, qTo o6IIJ;1Ie Bhlr0)];bl no Rpa:ti:Hell Mepe n 20
paa npenMrnaroT ro,n;ono:ti: 6ro,n;meT MeTeopoJiorMqec
B HaqaJie ,n;mma,n;a no,n;qep1mnaeTCH 6oJihIIIOH Roro ynpanJieHMH.
cnpoc Ha MeTeopoJIOrliqecRyro 1ImpopMaIJ;1IIO OT oT
AeJihHbIX qJieHOB o6IIJ;eCTBa )];JIH pa3H006pa3HbIX
u;eJieit, ,n;aJiee paccMaTplIBaeTCH IICnOJib30BaHIIe 8TIIX Bbieo8bi, o6ecne'l.f,UBae.ubie .uemeo o.lloeu'l.{,ecKu.uu c.llyJ1Cp
cne,n;eHIIH B ceJibCROM X03HHCTBe II npOMhlIIIJieHHOCTH,
6a.uu e CCCP (E. M. ToJICTIIROB)
a Ta:Rme pOJib MeTeopoJIOr1IqeCR0H CJiym6bI nplI TaRIIX
paapyrn1ITeJibHbIX HBJieHIIHX' RaR aacyxlI' Hano,n;He
OnlIChlBaeTCH ycneIIIHOe npnMeHemrn MeTeOpOJIOI'l'.lll
HHH, IJ;IIRJIOHhl ll JieCHbie nomapbI, np1IqeM ynop BO MHOI'l'.IX OTpaCJIHX Hapo,n;Horo X03HHCTBa; ,n;aroTCH
AeJiaeTCH Ha nocJie,n;Hee o6CTOHTeJibCTBO. B ROHu;e npMMepbl OTHOCIITeJibHO o6pa30BaHMH Jib,n;a Ha JIMHl'.IHX
AORJia,n;a y1m8hIBaeTCH, qTo paccqHTaHHaH BeJIIIqlIHa aJieRTponepe,n;aq, a TaRme ,n;aeTCH npMMep pa:ti:OHH0H
BhlI'O)];bI, noJiyqeHH0H n 1966-67 ro,n;y, npeBhlCIIJia TenJiou;eHTpaJIII B MocRBe. B ,n;oRJia,n;e paccMaTpM
6ro,n;meT AncTpaJIIIHCRoro 6ropo no MeTeopoJior1I1I n naeTCH nonpoc o nporHoae rroro,n;hI no Rypcy Ropa6Jie:ti:,
a TaRme O 8aIIJ;MTe ceJibCROX03.HHCTBeHHhlX noJieH
�na,n;u;aTb ceMh paa.
OT rpa,n;a. Ou;eHMBaeTCH, qTo BepoHTHbie 8ROH0Ml'.l
qecR1Ie Bhiro,n;hI, 06ecneq1InaeMhie rM,n;poMeTeopoJiorM
8Ko1-to.Mu'l.f,eCKue ew108bi, o6ecne'l.f,U6ae.ubie Hair,uo1-ta.llb- qecRMMII CJiym6aMII' B 4-5 pa3 npeBbIIIIalOT ro,n;ono:ti:
1-tou .uemeop o.lloeu'l.f,eCKou c.llyJ1C6ou <[)p a1-tir,uu (lli. JI. 6ro,n;meT.
,[(monaHHeJIJIII)
PaccMaTp1InaH nonpoc o RJIIIeHTax MeTeopoJI0rlI Iloeoaa u cm oumMbcmeo (P. M. Ya:ti:T)
p
qemrnx cJiym6, 6MJIO OTMeqeHo, qTo Ha1I60Jiee pac
npocTpaHeHHhlM BII)];OM o6CJIYiRIIBaHHH RJIII8HTOB HB
OnMChlBaeTCH MeTo,n; HaM60Jiee pau;MoHaJibHOro l'.IC
JIHeTCH 06cJiyiR1IBaH1Ie no TeJieq>OHY II paCChlJIRa nOJib30BaHMH MeTeopoJIOrlfqecRIIX CJiym6. Bl>IJIO o6Ha
6roJIJieTeHeit nporH030B noro,n;hl. Ilp1I paCCMOTpeHIIII pymeH0, qTo IIOCJie ceJibCRoro X03.HHCTBa CTpOMTeJib
Bhlro,n;, noJiyqaeMbIX ceJibCRHM X03HHCTBOM, o6cJiy CTBO ,n;aeT HaM60JibIIIl'.le 8ROHOM1IqeCR1Ie II0TeHu;MaJib
sRIIBaHIIe ROTOporo nee eIIJ;e )];OJiiRHO 6hITb 3HaqlI Hbie Bhir0,ll;hl n Coe,n;MHeHHhlX lliTaTax AMeplIRM.
TeJibHO yJiyqrneHo, noRa8aHo, RaR MeTeopOJIOI'II
OnMChlnaroTCH MeTOJJ:hI, MCn0JihByeMhle ,n;JIH onpe,n;e
qecRaH IIm:popMaIJ;IIH MOiReT cnaCTII BIIHOrpa,n;HIIRII OT JieHMH Toro, RaR MeTeopoJIOrl'.lqecRaH IIHq>OpMaIJ;MH
orpoMHhlX pacxop;on. ,[(aeTCH o6aop no TpaHcnopTy II M0IBeT ORa3aTb HaM60JibIIIYIO II0M0IIJ;b CTpOIITeJibHOH
aHepreTIIRe, a TaRme no CIICTeMe npe,n;ynpem,n;eHIIH np0MbIIIIJieHHOCTII' C0RpaTIITb ro,n;OBbie noTepn OT
IJ;MRJIOHOB Ha aaMopc1mx Tepp1ITOp1IHX <DpaHIJ;IIII.
He6JiaronpMHTHOH norO;D;bI, ROT0pbie COCTaBJIHIOT 3000
PaccqlITaHHaH BeJIIIqlIHa ro,n;ono:ti: Bhlr0,n;hl ]];JIH 06- MIIJIJil'.IOH0B )];OJIJiapon. HaROHeu; BbICRa3bIBaeTCH npe,n;
IIJ;eCTBa npenMrnaeT no Rpa:ti:He:ti: Mepe n 20 paa JI0iR8Hl'.le o TOM, qT06h1 BMO npnanaJia lJJieHOB
ro,n;0BOH 6ro,n;meT <DpaHu;y3CROH MeTeopOJIOr1IqecROH np0B0)];IITb ,n;eTaJibHhle MCCJie;n;onaHMH TIO nonpacaM 0
CJiym6hl.
TOM, RaR IIX MeTeopoJIOrl'.lqecRMe CJiym6bI MoryT
ORaaaTb IIOMOIIJ;b OT)];eJibHhlM BM,n;aM npOMhllliJieH
HOCTII.
8Ko1-to.MU'l./,eCKue ebieo8M, o6ecne'l.{,UBae.uMe .uemeop o.llo
eu'l.f,eCKu.uu c.llyJ1C6a.uu e Coe8u1-te1-t1-to.u Hopo.lleecmee
BMuK06puma1-tuu (B. ,[(m. Me:ti:coH)
IIpu.ue1-tu.Mocmb a1-ta.lluaa Koa<fi<fiuir,ue1-tma aampamM/ebi
eo8M npu 01,f,Cl-t"Ke 31-tll'l./,Cl-tUJI, .uemeop o.llOBU'l.f,CC"KUX
IlocJie He60JibIITOro BCTynJieHIIH paccMaTpMBaIOTCH
C.llyJ1C6 (H. CROTT)
8ROHOM1IqecR1Ie Bhll'O)];hl, noJiyqaeMbie pa3JIIIqHhlMII
OTpaCJIHMII Hapop;Horo X03HHCTBa; npe,n;JiaraeTCH R0IloCROJibRY BO MHOI'MX OTpaCJIHX 8ROHOMl'.IRM Ha8q>q>IIIJ;eHT Bbiro,n; R aaTpaTaM, paBHbIH no Rpa:ti:HeH 6Jiro,n;aeTCH nee noapacTaIDIIJ;IIH cnpoc Ha q>MHaHco
Mepe 100:1 )];JI.JI CeJibCRoro X03HHCTBa, ra30BOH nyro n0MOIIJ;b co CT0pOHbl npaBMTeJibCTB, aHaJIM3 no
npOMhlIIIJieHHOCTM, B TaRme )];JIH HeROTOpbIX BII)];OB R084)4)1IIJ;II8HTY 3aTpaTbI/BbII'O)];bl )];OJiiReH nOMOqb
rpam,n;aHCROI'0 MaIIIIIHOCTpoeHIIH. PaccMaTplIBaeTCH 8R0H0MIICTaM onpe,n;eJIMTb, RaR1Ie npoeRThl MoryT
Il0TeHIJ;IIaJihHaH u;eHHOCTb ToqHbIX nporH030B II OTMe nplIHeCTII HaM60JibIIIYIO Bhlro,n;y. 8TOT aHaJIII3 oco6eH
qaeTCH TO o6CTOHTeJibCTBO, qTo conpeMeHHhle MeTe HO np1IM8HIIM )];JIH << ROJIJieRTIIBHhlX TOBapon >>, )];JIH
opOJIOrliqecRIIe 3HaHIIH B HaCTOHIIJ;ee BpeMH IICnOJib- ROTOpbIX He cyIIJ;eCTnyeT pbIHOqHoro MH,n;eRca, yRa3bl-
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Barom;ero IWRYIO u;eHy roTOB IIJiaTMTh noRynaTeJih.
ITpe,n;JiararoTcJI pasJI:HqHhle aTanhl no npoBe,n;eHMIO
TaRoro MCCJie,J];OBaH:HJI. B npHJIOr.R8Hllll ,n;aroTCJI qeThl
pe MeTo,n;a no Bhl6opy pa3JI:HqHhIX npoeRTOB.

IIome1-rq,ua.n,b1-tbie ax;o1-to.M,u'lleCK,ue ebieoflbi, no.n,y'llae.M,bie e

peay.n,bmame y.n,y'l.(,Ute1-tuR, x;a'l.(,ecmea .M,emeopo.n,oiu
'l.(,ecnou u1-tifjop.M,au,,uu (,I(m. R. ToMncoH)

YRa3blBaeTCJI, qTo HaJI:Hq:He ,n;aHHhIX O CTeneHM
BepOHTHOCTM orrpe,n;eJieHHOrO MeTeopOJIOr:HqecRoro
JIBJI8HMJI MOJReT 6h1Th ITOJI83HhlM AJIH RJIM8HTa' AJIH
ROTOporo 8TO JIBJI8Hll8 npe,n;cTaBJIHeT oco6hlii MHTepec,
C TeM qT06hl OH Mor ou;eHMTb onepaT:HBHhIH p:HCR.
11cnoJih3YH 8TH ,n;aHHhle B RaqeCTBe OCHOBhl AJIH
<< M0,)];8.JIM >>, MOJRHO ,n;aTh ou;eHRY 8ROHOMHqeCRMX
Bhlro,n;' noJiyqaeMhlX npH (a) MaRCMMaJibHOM :HCnOJih3OBaHMM HMerom;eiicJI B HaJIM'tJMM MeTeopoJIOr:HtJeCROH
MH<pOpMau;m1, (6) ,n;aJihH8HIII8M pacrn:HpeHMM HayqHhIX
3HaHMH. IloRa3aHo, 'tJTO cpaBHMBaJI << M0,)];8.Jlh >> C
q>aRTM'tJ8CRMMM nporHO3aMM, no,n;roTOBJI8HHhIMM ,J];JIJI
onpe,n;eJieHHhIX paiiOHOB' noTepM B pesyJihTaTe He6JiarorrpHHTHhIX MeTeopOJIOr:HtJ8CRMX JIBJI8HMH MoryT
6hlTh CORpam;eHbl OT 2 ,n;o 6 rrpou;eHTOB B CJiyqae (a) M
,n;onOJIHMT8JibHO OT 5 AO 6 npou;eHTOB B CJiyqae noJiy
'tJ8HMJI << OTJIM'tJHhIX >> nporHOSOB.

911;01-to.M,U"lecx;ue ebiio&bi, o6ecne"lueae.M,bte .Memeopo.n,oiu
'l(,ecx;ou c.n,ym;6ou <Pe8epamue1-tou Pecny6.n,uK,u I'ep
.M,a1-tuu (E. 3rocceH6eprep)
I1pHBeA8Hhl np:HM8phl BhlrO,[(, noJiyqaeMhIX OT
o6hlqHoii cJiym6hl nporHoaa, MeTeopoJiorMqecRoii
ROHCYJihTaTMBHOii cJiym6hl M RoHCYJihTaTHBHOii Me
TeopoJiorMqecRoii CJiym6hl CeJibCROro X03JIHCTBa. B
RaiR,IWM CJiyqae npHBO,Il;JITCH CTaTMCT:HqeCRHe ,n;aHHhle
0 B8.JIM'tJMHe Bhiro,n;. B ROHu;e ,Il;ORJia,n;a y1m8hIBaeTCH,
qTo ro,n;OBhle BhlrOp;hI TOJibRO CTpOHT8JihHOH npOMhI
IIIJI8HHOCTH npHMepHO B 'tJ8Thlpe paaa 60JihIIIe rO,[(O
Boro 6ro,[(meTa HeMeu;Roii cJiym6hl noro,n;hl.
9x;o1-tO.M,U"lecx;ue ebi808bi, o6ecne'llueae.M,bie .Memeopo.n,oiu
'l(,ecx;u.M,U c.n,ym;6a.Mu (E. A. BepHap)
B 8TOM ,n;oRyMeHTe rOBOpHTCJI O Heo6XO,[(MMOCTM
pacrnHpeHHJI HCCJie,n;oBaHHH MeTeOpOJIOrHqeCRMX' RJIM
MaTOJIOrMqecRHX H rH,n;poJIOr:HqecR:HX npo6JieM B
pa8BHBaIOID;HXCJI CTpaHaX. I1 pOBOAHTCJI COITOCTaB
JieHMe MeTeopoJIOrMqeCRHX HYIBA nepe,n;OBhIX M paa
BHBaIOID;HXCJI CTpaH M np:HBOAMTCJI npHMep Toro' RaR
cpaBHHTeJibHO He60JibIIIMe BRJia,)];bl B pa8BHBarom;HXCH
CTpaHaX MoryT ,n;aTb 3Haq:HT8JlbHhle pesyJibTaThl.
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RESUMEN
Beneficios economicos originados por los servicios meteoro
logicos de Australia (W. J. Gibbs)

beneficios totales son por lo menos veinte veces superiores
al presupuesto anual del servicio meteorol6gico britanico.

El informe empieza subrayando la gran demanda de
informaci6n meteorol6gica procedente del publico en Beneficios economicos originados par los servicios meteo
general y destinada a usos diversos, para examinar a
rologicos de la URSS (E. I. Tolstikov)
continuaci6n su utilizaci6n en la agricultura y en la
industria y hacer referencia al papel desempefiado por el
Se describe el exito obtenido en la aplicaci6n de la
servicio meteorol6gico en los acontecimientos desastrosos, meteorologia a gran numero de sectores de la economia
tales como sequias, inundaciones, ciclones e incendios de nacional; se dan ejemplos relativos a la formaci6n de
maleza, haciendo especial hincapie sobre este ultimo hielo en las lineas de transporte de energia y a las instala
punto. El informe concluye sefialando que el valor esti ciones locales de calefacci6n de Moscu. Asimismo se
mado de los beneficios para el afio 1966-1967 es mas de trata de la determinaci6n de los itinerarios de los barcos
veintisiete veces superior al presupuesto de la Oficina teniendo en cuenta las condiciones climatol6gicas y de la
Australiana de Meteorologia.
protecci6n de las cosechas contra el granizo. Los posibles
beneficios econ6micos del Servicio Hidrometeorol6gico
de la URSS se estiman en cuatro o cinco veces el importe
del presupuesto anual.
Beneficios economzcos originados por la Meteorologia
Nacional Francesa (J. L. Giovannelli)
Al pasar revista a los usuarios de los servicios meteoro16gicos se observa que los servicios publicos de predicci6n
meteorol6gica prestados por telefono son los mas utili
zados. Al examinar los beneficios obtenidos por la agri
cultura - la parte del servicio dedicada a esta debe todavia
mejorarse mucho - se demuestra que el asesoramiento
meteorol6gico puede ahorrar grandes gastos a los vifiedos.
Se examinan las industrias del transporte y de la energia
e igualmente el sistema de avisos contra ciclones en los
territorios franceses de ultramar. El beneficio estimado
anual que supone para la comunidad alcanza a por lo
menos veinte veces el presupuesto anual del servicio
meteorol6gico frances.

Beneficios economicos originados por los servicios meteo
rologicos de/ Reino Unido (B. J. Mason)

El tiempo y la industria de la construccion (R. M. White)

Se describe el metodo utilizado para determinar el lugar
en que se puede obtener un mayor rendimiento de los
servicios meteorol6gicos. Se estim6 que la industria de la
construcci6n ofrecia, despues de la agricultura, la posibi
lidad de mayores beneficios econ6micos en los Estados
Unidos. Se describen los metodos utilizados para deter
minar la mejor manera de ayudar a la industria de la
construcci6n, mediante la informaci6n meteorologica,
a reducir sus perdidas anuales de tres roil millones de
d6lares debidas al tiempo. Finalmente se sugiere que la
OMM anime a los Miembros a realizar estudios detalla
dos sobre las formas en que sus respectivos servicios meteo
rol6gicos pueden ayudar a las industrias especificas.
Aplicacion de los analisis coste/bene.ficio para evaluar los
beneficios originados por los servicios meteorologicos
(N. Scott)

Despues de una breve introducci6n se examinan los
beneficios obtenidos en sectores especificos de la econo
Debido a la existencia de una demanda creciente de
mia nacional y se manifiesta que la relaci6n beneficio/
coste es de por lo menos de 100 a 1 en el caso de la ayuda econ6mica dirigida a los gobiernos por muchos
agricultura, la industria del gas y ciertos aspectos de la sectores de la economia, el analisis coste/beneficio ayu
ingenieria civil. Se estudia la posible utilidad de unas daria a los economistas a determinar que proyectos ofre
predicciones mas precisas y se observa el hecho de que cen mayores beneficios. Esto se aplica en especial al caso
los conocimientos meteorol6gicos actuales no se estan de los « articulos colectivos » para los que no existen
utilizando en su totalidad. Para concluir, se estima que los indicaciones de mercado sobre la cantidad que el consu-
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midor esta dispuesto a pagar. En dicho estudio se esbozan
las diversas etapas. En un apendice se exponen cuatro
metodos para efectuar la eleccion entre diferentes pro
yectos.
Posibles beneficios econ6micos que se pueden obtener coma
consecuencia de/ mejoramiento de la informaci6n meteo
rol6gica (J. C. Thompson)

Se sugiere que la determinacion del grado de probabili
dad de ciertos acontecimientos meteorologicos puede ser
de gran utilidad para personas especialmente interesadas
en dicho suceso, para que puedan de esta manera estimar
el riesgo. Tomando esto como base de un « modelo »,
puede hacerse una estimacion de las mejoras econ6micas
que se pueden obtener con: a) la utilizacion optima de la
informacion meteorologica de que normalmente se dis
pone y b) un mayor progreso de los conocimientos cien
tificos. Aplicando el modelo a las predicciones realmente
hechas para ciertas localidades se demuestra que las per
didas debidas al tiempo pueden reducirse de un 2 a un 6
por ciento en el caso a) y en un 5 o 6 por ciento suplemen
tario, de poder realizarse predicciones « perfectas ».

Beneficios econ6micos originados por el Servicio Meteoro
l6gico de la Republica Federal de Alemania (E. Siissen
berger)

Se dan ejemplos de los beneficios derivados del Servicio
de Prediccion General, del Servicio Asesor sobre Clima
tologia y del Servicio Asesor sobre Meteorologia Agricola.
En cada uno de estos casos se dan estadisticas del valor
de los beneficios y el informe concluye recordadando que
las economias anuales realizadas solamente en la industria
de la construccion alcanzan, aproximadament, cuatro
veces el presupuesto anual de la Deutscher Wetterdienst.
Beneficios econ6micos originados par fas servicios meteo
rol6gicos (E. A. Bernard)

En este documento se solicita una mayor investigacion
de los problemas meteorologico-climatologico-hidrologi
cos de los paises en vias de desarrollo. Se sefialan los con
trastes que existen entre las necesidades meteorol6 gicas
de los paises adelantados y las de los paises en vias de
desarrollo y se muestra como, en el ultimo caso, una
inversion relativamente pequefia puede producir resul
tados e spectaculares.
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BENEFITS OF METEOROLOGICAL SERVICES IN AUSTRALIA
By W. J. Gibbs

Meteorology plays some part in all human activities, in media" weather service in Australia is one hundred
the home and in industry, in safety, in health and physical million dollars. *
comfort. In some instances, this is relatively unimpor
The general use by the community of the mass-media
tant, but in many the meteorological parameter is para
service
is frequently considered to be the least important
mount. The benefits of a national Meteorological Service
of
the
activities
of the Bureau of Meteorology. Emphasis
are not easy to assess, particularly in monetary terms,
is
usually
placed
on the benefits to agriculture; transport
which are usually used as a measuring stick for valuing
services
(road,
rail,
air and sea); building and manu
most goods or services.
facturing industries; commercial undertakings such as
Many of the benefits of a meteorological service are retail stores; power supply authorities; authorities
intangible, especially those relating to man's social responsible for protection against floods, bush fires, trop
activities. The dress of members of the community ical cyclones, gales and other destructive or dangerous
largely depends on the weather, as do their eating habits, weather phenomena. Beyond these benefits which accrue
from the regular application of meteorological advice to
social life and leisure activities.
many fields of human endeavour are the advantages
How can the benefits of a meteorological service, such which result from considering the effects of weather on
as forecasts, warnings and other meteorological informa major undertakings in national development. Examples
tion, be measured in such cases? The automatic dial of these are the applications in the planning of major
ling service for securing weather forecasts in capital cities agricultural developments, water-conservation projects
receives ten million calls per year, which is some indica such as that in the Snowy Mountains, construction
tion of the public need for weather information. of roads and railways, planning of air routes, as well as
Recently, a special dialling service was installed in Sydney considerations of defence strategies. Meteorological ser
to provide information on weather for boating activities; vices are particularly important to those people whose
in the first month, about 20,000 calls were made. There lives depend on the timeliness, relevance and accuracy
is obviously a very considerable general public interest of the forecasts and warnings issued for their protection.
in securing weather forecasts and other meteorological These people include the four and a half million passengers
information. This is also borne out by the space devoted carried annually by air lines in Australia, the quarter of
in newspapers to the regular printing of weather maps, a million people living in flood plains, the additional
forecasts, rainfall information, etc., the frequent inclu quarter of a million inhabitants of coastal areas of
sion of weather forecasts and other information in radio Queensland and Western Australia liable to the threat of
programmes, and the regular television presentation of tropical cyclones and the five million dwellers in rural
this information. The general community uses this for and urban areas subject to the risk of bush fires.
a wide variety of purposes, as was indicated in a conference
Any doubts regarding the value of meteorological
held by the Bureau in Melbourne in 1964, in which a services can be allayed by a measurement of the demand
wide cross-section of the community gave papers illus for them. Although the Bureau of Meteorology in
trating the way in which they used weather information. Australia has expanded dramatically in the last ten years,
Perhaps the most revealing of these were those papers its staff is still unable to cope with the ever-increasing
on the use made of meteorological services by the general demand both for services through the mass media of
public. This ranged from decision-making regarding communication and also for specialized services, in the
the clothing of children before leaving for school, use form of forecasts, warnings and consultative advice.
of taxi services, decisions relating to use of leisure time, Some examples of these will be given later.
selection of places for vacations. It is almost impossible
to place a monetary value on this extremely large volume
With the reservation illustrated in the foregoing discus
of information which is daily transmitted to the com sion, that it is impossible to make an accurate assessment
munity through the mass media. However, a conser
vative estimate of the annual savings from this "mass
* Throughout this paper, the figures refer to Australian dollars.
-1-

of the monetary value of meteorological services, I now
quote an estimate given in the Bureau's Productivity
Conference in 1964 ("What is Weather Worth" (1964))
which suggests that at that time the annual saving
amounted to three hundred million dollars, the Bureau's
annual budget being at that time about nine million
dollars.
Later studies have suggested that an increase in the
accuracy of forecasts and in the precision of consultative
advice would be worth at least an additional one hundred
million dollars per annum. These improvements can
only be achieved through meteorological research.
I now give some examples of the effect of weather on
various activities, and some estimate of savings which
may be achieved from meteorological services.
Agriculture
In 1964-65 the contribution of agriculture to the total
national income of 19,544 million dollars was 1,323 mil
lion dollars. It might be considered that an item con
tributing no more than 15 % to the total national income
should not be ranked first in the area in which the
greatest savings are likely to be achieved. However, of
all national activities, agricultural pursuits are probably
more weather sensitive than any others.
Two sources of sheep losses in South Australia are
post-shearing losses and· new-born lamb mortality.
Estimated post-shearing losses due to cold snaps average
$2.5 million annually. One severe cold snap in 1960
caused $1 million losses in off-sheared sheep. Losses
of lambs in the 0-3 days age group due to cold outbreaks
are estimated to be $3 million a year.
Yorke Peninsula of South Australia produces 40 per
cent of the State barley crop. The average annual loss
due to wind damage is between $1-$4 million. Grape
production is severely affected by downy mildew. In
South Australia, losses due to this disease in minor
outbreaks are estimated to be about $500,000, while in
years of particularly severe outbreak forecasts of rain
one month ahead could save $5-$6 million. For Jona
than apples there is an optimum stage of maturity, which
lasts for two weeks, for cold storage preservation. More
accurate determination of this optimum date could
increase the value of the yield by as much as $100,000
for South Australia alone.
In the Griffith area of New South Wales, 30-day
forecasts for rainfall and relative humidity could lead
to prior harvesting of peaches and saving from brown
rot, amounting to $1 million per annum. Similarly, in
this area warnings 2 to 3 days ahead of heavy rainstorms
could save the same order of financial loss by prior
harvesting of tomatoes and also of grapes.

Existing forecast and warning services save Australian
farmers and pastoralists a great deal, although the total
amount would be extremely difficult to determine.
However, there is no doubt that improved forecasting
services, especially with respect to the extension of the
period of validity of forecasts, could greatly increase the
savings effected. The potential additional economic
benefit from improvement of meteorological services to
agriculture is estimated at $50 million per annum.
Drought
Financial losses resulting from drought are an inter
mittent brake on the economy of Australia, and it is
obvious that the economy must be geared to provide
for drought occurrence as part of the scheme of things.
As each drought occurs, and for some time after it,
experts with variously based claims to authority tend to
pronounce on the improvidence of farmers and/or the
apathy of governments and on what the drought has
cost. What does drought cost and who suffers as a
result? Clearly each drought has an impact in varying
degrees on the life and financial situation of every Austra
lian, although the effect may come at a different time to
different individuals.
The volume of rural production for the fiscal year
1967-68 is expected to fall by eleven per cent from the
record level of the previous year and this is attributed
to the deficiency in rainfall during this period. Large
falls are expected in cereal crops with the normal growth
in wool and meat production seriously curtailed. It is
anticipated that a reduction of between 10 and 12 per
cent in the gross rural production in Australia to
$3,376 million as against $3,821 million for 1966-67
will result.
The recent drought in Australia resulted in a drop of
36 per cent in the wheat harvest and reductions of
60 per cent, 30 per cent and 15 per cent in the oats, barley
and rice crops respectively. In the two States of Victoria
and South Australia alone, drought reduced the sheep
population by more than 5 million and cut the wheat
production by an estimated 70 million bushels, while
wool production has fallen by some I O per cent.
The Australian Treasurer, Mr. W. McMahon, is
quoted as saying the 1967-68 drought will cost farmers
about $660 million. Farm income for the same period
would probably fall by more than 39 per cent, and this
would mean a decrease from $1401 million for 1966-67
to about $867 million, he added.
But what of the other losses to the national economy?
Losses which are difficult to assess but which nevertheless
effect the economy, such as the wool not shorn from sheep
never conceived and wheat not harvested from crops never
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sown. Then there are the repercussions throughout the
rest of the community: on the automobile industry, on
the men who have purchased trucks on hire purchase to
cart wheat and wool that was not harvested because of
drought, on the businessman whose loans are refused
because banks are unexpectedly committed to farmer
clients.
A less dramatic result of the drought, and the pro
tracted period of hot weather that accompanied it, was a
sharp drop in the sales of one of Australia's largest
chocolate manufacturers. It reported that domestic
sales in the first quarter of 1968 were less than those for
the same period last year, while export sales in 1967
fell by $1.25 million compared with 1966 and sales were
continuing at a lower level for the first quarter of 1968.
Although the occurrence of drought cannot be pre
dfoted, the Australian Bureau of Meteorology is under
taking a drought research programme based on the
statistical analysis of the monthly and annual rainfall
data. A scientific study of the areal extent of drought
and its frequency of occurrence is essential for proper
planning of agriculture, pastoral, industrial and economic
development so that long-term measures may be taken
to insure against drought effects. Thus indirectly, the
development and accuracy of long-range forecasting
techniques will result in considerable savings to all phases
of the national economy.
Even without an improvement in long-range forecasting
much can be done to minimize the effect of drought.
Severe drought frequently occurs at intervals of about
20 years or more, so that the current generation of farmers
is unlikely to have experienced or have a clear memory
of the last severe drought. This means that an alerting
of the farming community to the development of a period
of abnormally deficient rainfall can provide a useful
service even though no forecasting is involved.
This has been achieved in Australia during recent
droughts by the maintenance of a "drought watch" and
the issue of drought statements in which the severity of
the present rainfall deficiency is compared with that in
all previous years of record, and the probability of
receiving drought-relieving rains indicated.
Whatever the monetary effects of drought, the social
effects are undoubtedly significant. Most droughts spell
financial ruin for many small farmers with inadequate
financial reserves. The social impact on these farmers
and their families must be considerable.
Certainly successful long-range forecasting would do
a great deal to reduce losses due to drought and thus
benefit the national economy. The economic value of
accurate forecasts six months to a year ahead is difficult
to assess but would be of the order of tens of millions of

dollars for a country like Australia. Thus, although
problems requiring solution before an accurate method
of long-range prediction can be achieved are immensely
difficult, the possible returns from a successful outcome
warrant the devotion of considerable effort to this task.
Floods

Australia, although frequently known as the world's
driest continent, is also subject to disastrous flooding,
particularly in the short coastal streams along the east
coast. This is also the region of higher population
density so that the impact of floods is important in
constituting a threat to the safety of life and property.
The lower Macleay Valley (N.S.W.) experienced a
record flood in August 1949 which claimed six lives,
drowned 10,000 head of stock and caused damage of over
$2 million to public utilities and the commercial centre
of Kempsey. A New South Wales government investi
gating committee under the chairmanship of Mr. C. K.
Jacka estimated that a reliable forecast of river behaviour
could have saved upwards of $1 million, and certainly no
loss of human life should have occurred had such a
forecast been available.
A report of the Launceston Flood Protection Authority
on Flood Mitigation Measures for the City of Launceston
estimated that for a flood height of 22 feet (2 feet higher
than the present record flood), 75 % of the potential
damage of $700,000 in areas not protected by levees could
be prevented if 24 hours advance warning of the flood
height were available.
Although flood warning systems are in operation in
some areas, considerable improvement could be effected
by quantitative precipitation forecasts 24 hours or more
in advance. The benefits to be gained lie in the saving of
lives both human and livestock, and the transfer of
movable property. An an example of the financial loss
due to floods, the direct losses in the north coast of New
South Wales in May 1963, exceeded $2 million. More
than ten per cent of this loss was of livestock alone,
which could have been saved with adequate warning.
On the basis of one flood of this magnitude every two
years it seems reasonable to set the financial gains from
research leading to improved flood forecasts to be more
than $100,000 a year.
Tropical cyclones in the past have caused great devasta
tion in Australia. On average, each year between
December and April, 5 or 6 tropical cyclones affect the
tropical regions of Australia, particularly the Queensland
coast and the north-west coast of Western Australia, and
the average number of "cyclone days'' each year is
about 20. Precise figures for the damage caused by
tropical cyclones are difficult to determine, but some
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measure of their destructiveness can be gauged from the destruction of 1,400 homes, the loss of thousands of
estimated monetary value of over $1,500,000 for the sheep and cattle, with an overall financial loss estimated
structural damage alone wreaked on the north Queens at $41 million.
land towns of Townsville, Home Hill, Ayr, Prosperpine
The Bureau of Meteorology has been active in recent
and Bowen by cyclone "Connie" in February 1959, quite years in investigating the relationship of weather and
apart from stock and crop losses in the accompanying bushfires in order to improve its fire weather warning
floods. Tropical cyclone warnings cannot avert damage services. The importance of these services may be
to certain non-movable assets such as crops and structures; judged from the tremendous damage bush fires can cause.
they can however avoid loss of life and property on a very One of the worst fire seasons was 1951-52 in New South
considerable scale. The Bathurst Bay cyclone which Wales when losses were estimated at $12,000,000. The
devastated the Cape Yorke Peninsula in 1899 resulted in disastrous fires of January 1939 cost 71 lives and
the loss of 300 lives. Movable property such as ships, $4,000,000 in Victoria and losses of $2,000,000 in New
aeroplanes, motor vehicles and livestock are protected South Wales. Again, in 1942, 50 lives were lost in
by a warning system which safeguards movable assets in Victoria and claims for $3,400,000 fire damage were
Queensland and Western Australia which may be con lodged. In South Australia losses exceeded $2 million
servatively estimated at $100 million.
on one day-2 January 1955. Forest authorities are
very conscious of the possibilities of fire damage and at
the Forest Fire Control Conference held at Maryborough,
Bush Fires
Queensland in 1956, it was estimated that the States spent
over
$2 million in the year 1954/55 on fire protection.
Prolonged periods of hot, dry conditions during the
At
a
similar conference held at Scottsdale, Tasmania in
Australian summer in southern States, and the extremely
1962,
an estimate of $3,600,000 for the year 1960/61 was
dry winter experienced in most of tropical Australia,
given.
result in high risk of fire in grass lands and forest during
The extent of the destruction caused by forest fires in
these periods. Bush fires cause spectacular :financial
losses and tragic loss of life. The 1967 bush fires in Australia can also be gauged from the following table
southern Tasmania resulted in the loss of 61 lives, the for the period 1956-61 :

Season

1956/57
1957/58
1958/59
1959/60
1960/61

Number of
forest fires

Total area
burnt (acres)

Per cent of afforested
area burnt

1,999
2,908
1,175
1,504
2,667

344,399
2,078,341
456,438
1,313,803
1,294,339

0.86
4.88

1.10

2.51
2.47

"Special thanks are due to the Meteorological
The effects of weather on the incidence and extent of
forest fires can be seen in the last column which clearly
Bureau whose weather forecasts and information
have made it possible to remove the guess-work from
shows the variations due to different seasonal character
istics. Weather, in addition to producing the prolonged
fire weather forecasting and by this means to increase
fire control efficiency and to rationalise overall expen
hot and dry conditions conducive to the ignition and
diture.''
spread of bush and forest fires, can also be a direct cause
of the ignition of fires through the agency of lightning.
The Bureau's fire weather service is an integral part of
It is estimated that 23 % of all forest fires in Australia
the
various State fire protection services and must be
in the 1959/60 and 1960/61 seasons were caused by
regarded
as being effectively responsible for large savings,
lightning strikes.
several orders higher than the actual cost of the service.
The Bureau of Meteorology plays a leading part in
In South Australia the Regional Director of the Bureau
fire protection measures and the following statement in
the report on forest fire protection in New South Wales has been given authority, by State legislation, to proclaim
fire-lighting bans.
during the 1953/54 fire season is noteworthy:
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A further tribute of the efficiency of the Bureau's
fire weather service in South Australia was recently made
by the South Australian Minister for Agriculture in the
following statement:
"Fire bans are issued on the judgement of the Bureau
of Meteorology. The Bureau is in the best position
to judge and all factors are assessed. Occasionally
there is a very fine balance to influence the particular
decision. I am most appreciative of the good work
done by Mr. Hogan in this respect. When fire ban
legislation was first introduced bans were decided
upon the Minister's own judgement. In assisting in
this matter the Bureau of Meteorology brings far more
knowledge of factors than could possibly be obtained
by any one person.''
Most States are pressing for intensified fire weather
services which will only be possible if increased staff is
available for research and operational aspects.
Without the fire prevention and suppression services
operated by Forest Authorities and rural groups through
out Australia loss of life and damage would be very
much greater. All these authorities freely acknowledge
that the success of their measures for fire prevention and
suppression depends heavily on adequate meteorological
services.

as well as to protect installations and equipment at
airports from likely damage or destruction. The value
of such property runs into millions of dollars and the
savings effected are obviously significant.
Even with our existing meteorological service the most
significant contributory cause to the loss of aircraft is
the weather. Fortunately in Australia losses due to
weather have been rare, the last case clearly attributable
to weather being Viscount VH TVC which crashed after
the pilot lost control in a thunderstorm in the outskirts of
Sydney in November, 1961. As a result of this incident
a special thunderstorm turbulent forecasting service
JACMAS has been introduced at Sydney and Brisbane
and it is certain that such services provide a useful safe
guard to the millions of dollars of assets constituted by
the civil aircraft in Australia.
In addition to the civilian fleets, the RAAP operates
highly expensive and complex aircraft which can be
extremely weather sensitive. Here again meteorological
services provide a valuable "insurance" against loss.
It is understood that the supersonic civil aircraft to
come into service in the 1970s will be even more weather
sensitive than their subsonic predecessors, so that the
overall estimate of a saving of $14 million a year appears
modest and could increase rapidly in the future.

Aviation

Aviation is by far the greatest user of the services of
the Australian Bureau of Meteorology, and the savings
to this industry through the use of flight forecasts and
warnings is about $14 million a year. It has not been
possible to assess accurately weather-caused financial
losses to aviation in Australia as figures are not available
from the Department of Civil Aviation or the airline
companies. However, it seems reasonable to obtain a
first estimate by scaling down the United States figures
by 5 per cent (the ratio of Australian to United States
population), thus showing an annual weather loss of
$17.5 million.
As against this, a good example of how flight forecasts
cut down airline operating costs is that an average of
94 per cent of aircraft flying on domestic routes each
year for the last few years were not required to carry
extra fuel in case bad weather forced them to fly to
alternative landing fields. Had there been no efficient
forecasting service it is reasonable to assume that at least
50 per cent of these aircraft would have been required to
carry alternative fuel on the basis of "even chance'' of
the destination airport conditions being sub-minimum.
In addition to in-flight services, forecasts and warnings
of general weather conditions enable airline operators to
take timely action to protect their aircraft on the ground

Ocean Industries

Weather has always been a major consideration in the
safety and well-being of ships on the high seas or those
operating in coastal waters and of their crews and cargoes.
Today, even with large, speedy and well-found ships, the
weather no less impinges on the daily life of the mariner,
the professional fisherman, the yachtsman-and the
latest development in Australian's ocean industries, the
off-shore oil drilling rigs.
Each year thousands of ships enter and leave Australian
ports, some operating on overseas services and others on
the coastal and inter-island trade. They all depend on
weather information: forecasts of conditions prior to
departure and during the voyage, and warnings of likely
bad weather ahead. The Western Australian State
Shipping Service estimates that the saving of one day on
a sea trip due to the vessel being routed around rough
weather areas saves from $2,000 to $6,000 a day, depend
ing on the size of the ship. There are approximately
1,000 oil tanker movements to and from Australia each
year and if one day was saved on each journey-a con
servative figure-savings would be of the order of several
millions of dollars annually.
Increasingly important in the exploitation of Austra
lia's natural resources is the fishing industry. The value
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of forecasts and warnings to :fishermen in terms of safety
of life and boat is obvious. An idea of the financial
sums involved can be gained from figures for the crayfish
fleet at Geraldton, W.A. The approximate value of
boats at that one port is $5 million, of crayfish pots
$500,000 and of one day's fishing $20,000. In 1964-65
the gross return from fishing activity in Australia was
$43 million. From these figures it seems a reasonable
assumption that to the national fishing industry which
is almost entirely dependent on the weather, improved
short-range and medium-range forecasts could have an
annual value in the vicinity of $1 million.
Off-shore oil drilling is a relatively new industry to
Australia and already there are about a dozen rigs in
operation around the coast. These rigs, representing a
capital investment of millions of dollars, are highly
weather-sensitive and place great store in the forecasts
and warnings of general weather conditions as well as
forecasts of state of sea and sea swell, issued by the
Bureau of Meteorology. With an operating cost of
between $18,000 and $20,000 a day, and half a day
required to disconnect or connect the drill when a fore
cast of adverse conditions is received, accurate warnings
are vital to the operating safety and economical running
of each rig. On one occasion no action was taken on
a rig off the Victorian coast fo11owing a warning of bad
weather with the result that $500,000 worth of damage
was caused to the rig and drill.
The finding and exploitation of mineral deposits in
Australia have created a demand for harbour and loading
facilities to be constructed. The Bureau of Meteorology
has carried out studies into wave surge and sea swell at
the proposed harbours with the result that considerable
savings have been achieved through the siting and con
struction of wharves and installations to minimize damage
to harbour facilities and delays to shipping.
Building and Construction
The construction of buildings, bridges and other
structures is beset by many weather problems. The
president of the Master Builders' Association of Western
Australia recently estimated that accurate forecasts can
mean an annual saving of $ I million to $2 million in the
Perth area alone. With the building boom currently
being experienced in the other six capital cities, the
savings through forecasts of rain, high winds, temperature
extremes and other parameters which affect outdoor
operations could well range between $10 million and
$20 million a year. The design of dams and spillways
in connection with water storage schemes depends to a
critical degree on the maximum amount of rainfall
likely to be experienced. The cost of such construction

can be greatly reduced if an accurate estimate can be
made of this amount of rainfall.
Power Supply
An important user of weather services is the industry
concerned with production of heat, light and power.
Meteorological surveys preceding the establishment of
plants for the generation of power have clearly demon
strated the economic value of such studies. Light inten
sity, wind, rain and temperature affect the consumption
of electrical energy. The State Electricity Commission
of Victoria estimates that a 1 °F change in temperature
results in a 1 to 1.4 per cent change in energy consumption.
Energy generation plants are thus started up on the basis
of forecasts issued by the Bureau of Meteorology. From
figures impplied by the State Electricity Commission,
every accurate forecast saves the Commission about
$500 in unnecessary energy generation. A conservative
estimate of the further savings which could be achieved
by increasing accuracy of forecasts of rain and temperature
to the State Electricity Commission in Melbourne is
$100,000.
Health and Safety
There are strong reasons to believe that the weather
exerts a significant influence on the health of individuals
and the public as a whole.
The value of contributions in the meteorological
study of air pollution is incalculable for it involves not
only the alleviation of economic losses, but also savings
in the health, safety and lives of the people of the nation.
Allied to air pollution are the more general relationships
between human health and the weather.
Air pollution in Australia will inevitably increase, and
authorities will look to those with greater knowledge of
atmospheric effects to contribute to its solution. The
value of the further contributions could be very great.
The spread of spoors and other contaminants over
considerable distances is a meteorological problem,
information on which can contribute to medical research
into asthma and other bronchial or chest complaints.
The value of such research is considerable but is difficult
to estimate in quantitative terms. However, a study of
weather conditions and the incidence of asthma has been
initiated in South Australia and already the number of
inquiries from asthma sufferers and from the general
public attest to the interest in the investigation and the
potential value it will have to the community at large.
Improved warnings and their efficient dissemination can
provide major gains in efforts to ensure the safety of the
public.
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Consultative Services
An important and little known aspect of the services
provided by the Bureau of Meteorology is the professional
advice given to individuals and public authorities con
cerned with industry, commerce, transport and national
development. This advice regarding the effect of meteor
ological conditions on various aspects of human activity
is of great economic value in the nation's efficiency and
progress. The Bureau also provides a large volume of
information of a statistical nature, the demand for
which has rapidly increased in the last few years.
The Bureau's consultative service is concerned with the
interpretation of meteorological data and phenomena,
especially with reference to their effect on the activity
of the "client". This service has a considerable financial
value but one which it is difficult, if not impossible, to
assess. However, from the quantitative indications given,
it is obvious that this value runs into many millions of
dollars. With improved forecasting this value could
well increase dramatically.
Total Economic Benefits
As has already been emphasized, an accurate estimate
of the value to the nation of services provided by the
Bureau of Meteorology is extremely difficult, but it is
generally agreed that the overwhelming evidence points
to the attainment of significant savings as compared
with the overall cost of the services.
The annual budget for the Bureau of Meteorology for
1966-67 was $11 million, or approximately 90 cents per
head of population. The savings to the nation for that
period was in the vicinity of $300 million. By and
large, when the area covered by the Bureau's operations

throughout Australia and adjacent territories and the
ramifications and scope of its activities are considered,
the nation as a whole is getting good value for the money
spent.
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THE ECONOMIC ADVANTAGES OF THE FRENCH NATIONAL METEOROLOGICAL SERVICE
By J.L. Giovannelli
Preliminary Remarks
In the modern world the economy is assuming an
ever-increasing importance, to the extent of dominating
man's existence today. It has its place in every field:
sometimes in the forefront, sometimes in the second
place, always taken for granted. By including a scien
tific discussion on "the economic advantages of National
Meteorological Services'' in the agenda of the XXth ses
sion of the Executive Committee, the WMO recognizes
that meteorology does not constitute an exception
to this state of affairs. Is this science viable? Can we
improve its viability? This is what we shall try to
establish in the pages that follow.

present state of our knowledge, the needs of a potential
client cannot be met, it is important to tell him so to
avoid unfortunate misunderstandings and unjustifiable
criticism.
The general public knows meteorology only through
bulletins and notices, necessarily of small operational
value, issued by the press, radio or television. It is
necessary that the public should know that it is not
only in the form of forecasts, in which moreover much
may be lacking, that meteorological assistance can be
considered.
A systematic study of the market for meteorological
information would therefore appear advisable; it would
inevitably lead to an extension and a development of
requirements. But, let us not fail to add that the possi
bilities of the existing services .of the French Meteorolo
gical Service have already been reached and automation
could probably only partially satisfy an increase in the
demand coming from an ever-increasing range of users.

Even though, at least for the present, we must not
expect to be able to influence the weather or to modify
it, it is well known that meteorological aids have existed
for a long time and that they attempt to cover require
ments which, for some years, have been expressed in
more and more insistent fashion in all branches of the
national economy. The viability of this assistance
depends on the incidence of the effects of the atmosphere
The Clients of Meteorological Services
on the activity being considered, the aptitude of the user
In harnessing the various means and organizations
in utilizing the information provided, and the form of
available
to it, the French Meteorological Service pro
constitution of the requesting organization. When the
vides
meteorological
information in various forms by
users know what they require, what we can give them,
means
of:
and how to make the best use of the information,
- Meteorological forecasts
examples of good viability are as numerous as they are
- Studies or research on special cases
remarkable. This is the case with aviation, navies,
Studies and research in fundamental science
railways, electricity and gas authorities, and so on.
Communicating
data kept in the archives
On the other hand it must be noted that, failing compliance
Bibliographical
documentation
with these three conditions, agriculture has not yet been
- The choice, study and regulation of measuring
able to receive from applied meteorology the over-all solu
instruments
tion desired. We shall see, however, that in certain
The technical training of personnel.
clearly defined cases we have already obtained results in
this field which are as interesting as they are encouraging. The main economic sectors of the nation receive the
Thus, each time that it is possible to give a service meteorological information in a form appropriate to their
specially adapted to the requirements of the applicant, activity.
a better result is forthcoming from the information
provided. It is therefore advisable that the user should
be well and accurately informed of what is possible in
meteorology; that he should himself make a preliminary
study of the viability of the information he requires, and
that he should decide whether the collaboration of the
forecaster or the climatologist may, or may not, be
profitable to him and, if so, in what measure. If, in the

These sectors are:
- Aviation, the navy, fisheries and transport undertakings
- Agriculture and industries connected with it
- Commerce, industry, gas, electricity
- Town planning and tourism
- Hygiene and public health
- The army.
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An attempt has been made to establish the distribution
of costs incurred by the French Meteorological Service
in providing its assistance. It would seem that we can,
as a first approximation and to give a general idea,
establish the following percentages:
- Basic organizational structure (networks, transmissions, equipment)
33 per cent
from which all users benefit
- Civil aviation . . . . . . . . .
23 "
29 "
- Military aviation . . . . . . . .
7 ,,
- The navy (merchant and military).
4 ,,
- Agriculture . . . . . . . . . .
4 ,, "
- Other users . . . . . . . . . .
From figures published in the study of Mr. B. J. Mason
(The role of meteorology in the national economy
-Weather, November 1966) the following percentages
have been worked out for the United Kingdom:
24 per cent
- Basic expenses
41 " "
- RAF . . . .
- Civil aviation
19 "
10 ''
- Research
- Other services
5 '' ''

organizations using the telephone as a means of assistance
to the public. For the whole of France the number of
these calls for information by telephone (not including
the automatic reply service) amounted to more than
890 000 in 1967. The postal administration has thereby
obtained in revenue a minimum of 220 000 francs. 1
We may take it for granted that the number of these
calls would not diminish if the amount of the charge
payable by the user were doubled, the difference then
being receivable by the Meteorological Service.
Service for Aviation
It is doubtless in this field that the need for meteorolo
gical assistance is most self-evident. Without it, indeed,
aviation would have encountered very serious or insuper
able difficulties. To be sure, some of the difficulties of
aviation are in the process of disappearing on account of
improvements in aircraft building and equipment on the
one hand, and of the entry into operation of automatic
landing installations on the other. Nevertheless, the
part played by meteorology, both with regard to safety
and to earning capacity, is more significant than ever
due to the fact that airplanes continue to fly ever faster
and higher. In any case, the French Meteorological
Office co-operates increasingly in:
- preliminary studies on aerodrome siting
- air route planning schemes
- airline planning and management
- pleasure and business flights.

The issue of meteorological information is normally
made by means of regular bulletins (several times a day)
and by special bulletins prepared to meet particular
requirements. For the whole of France we arrive at the
following statistics :
per year per day difference since
1965
(1967)
- Number of bulle
It is certainly impossible to express in figures the earning
tins issued by the
capacity of a security service by assessing what would
national or re
happen in the absence of such a service. One thing
gional transmit
seems certain, namely the continuous increase in stated
t e r s ( i n c l u d i ng
requirements, as the following figures reveal:
television a n d
Service for aviation (issue of folder)
road information
- in 1965: 272 974
services) . . . .
25 677
73
- in 1966: 290 907
- Written aeronau
- in 1967: 317 683 (881 a day)
tical forecast ini.e. an increase of 16.5 per cent in three years
formation . . .
317 683
681 + 16.5 per cent
Other data for aviation
- Other information
1965: 2 218 981
for aviation . . 3 191 023 8 738 + 39
1966: 2 639 778
- Non-aeronautical
1967: 3 191 023 (8 738 a day)
information:
i.e. an increase of 39 per cent in three years
- by direct
The use of results obtained from research into the theory
channel
852 634 2 399 + 51 " "
and
practical organization of "least-time tracks'' 2
- by automatic
''
enabled
certain air companies as early as 1953, and
reply service .
768 043 2 104 + 66
The Ministry of Post and Telecommunications has
noted, for its part, an increase of 12.9 per cent in the
number of users of meteorological information by
telephone, thus placing meteorology above all other

1 All the amounts indicated in this report are expressed in new
francs (1968).
2 Bessemoulin, J. et Pone, R. - Determination des routes aerien
nes a duree minimum, Journal scienti.fique de la Meteorologie, Octobre/Decembre 1949.
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Air France in 1954, to save an average of 12 minutes' only with the development of "ad-hoe" light-aircraft
flying per transatlantic trip. Furthermore, it would equipment.
seem that the presence of fixed weather ships in the
Atlantic permits an economy of three minutes' flying per
Service for Agriculture and Forests
trip in the case of four-jet aeroplanes. The cost of an
hour's flying is estimated at 12 000 francs for aeroplanes AGRICULTURE
of this type. As the number of transatlantic flights is
Expressing an idea, which certainly forced itself on
about 5000 a year, the profit resulting from "L.T.T."
the
minds of men as soon as they began to sow and reap,
1
would seem to amount to 15 million francs (1965).
a
Danish
proverb 3 notes that "crops are affected by the
To this may be added profits connected with all the
incidents that other meteorological data make it possible weather rather than by the field", and nobody would
dream of denying the influence of meteorological factors
to avoid. These concern: 2
on farm productivity and the earning capacity of agri
- diversions or holdings in flight
cultural enterprise.
- flight cancellations
Assistance afforded to agriculture by the French
- additional passenger costs and resulting mainteMeteorological Office, whatever its present importance
nance
- additional loads of fuel carried because landing may be, is far from being complete. This is due, in the
first place, to the fact that likely users of meteorological
forecasts are not accurate enough.
information are scattered far and wide. There are
In a report drawn up in 1964, in connection with a debate 1 800 000 farmers and smallholders in France whom it is
in ICAO on "air-route dues", it was found that the materially impossible to inform individually. Moreover,
contribution of the French Meteorological Office could it is not easy to bring together groups of farmers who
be estimated at 36 million francs.
are able to say "These are our problems", and who can
help meteorology to solve them.
PLEASURE AND BUSINESS FLIGHTS
Consequently, in addition to the efforts being made to
In view of the continuous increase in the number of improve the quality and distribution of data, the French
airfields and aircraft available for pleasure and business Meteorological Office is striving to promote all groupings
flights, action undertaken by the French Meteorological that would enable questions to be asked and answers
Office aims at setting up a service system based no longer received on topics of interest to farmers. As things
on individual briefing but on the issue of special reports now stand, action taken by the Meteorological Office is
by automatic reply service which are later filed on magne directed towards:
tic tape in readiness for possible enquiries. It should be
- Long-term choices such as agricultural supplies and
noted that businessmen look forward to providing for
manpower, agricultural equipment and campaigns
other means of transport than flying in the event of air
- Operational activities, either at regional level (anti
travel being impossible, in which case twenty-four-hour
parasite action, defence against natural calamities,
validity forecasts would be necessary. It is worth
irrigation), or locally (choice of crops and varieties,
noting, however, that requirements in this field have yet
seeds, acclimatizing plants, anti-frost precautions).
to be fully defined by users themselves.
For the reasons mentioned above it is practically
impossible today, and may well remain so, to form any,
GLIDING
all-round notion of the advantages afforded to agriculture
In order to respond to the needs of glider pilots, the by the French Meteorological Office on national territory
French Meteorological Office is planning to complete as a whole. Even so, it is possible to illustrate this
bulletins for pleasure and business flights with a text assistance by means of isolated examples such as the
giving the extent of updraughts and the time at which following:
_they are likely to begin. This, however, can be achieved (a) It was stated at a meeting of the Chamber of Agri
culture in the Seine-et-Oise department that enquiries
into 18 crop varieties, conducted in 18 departments
1 In 1967, the French Meteorological Office spent rather more
with the help of various agronomical bodies, revealed
than 60 million francs on aviation (expenditure overseas included).
2 Mr. B. J. Mason points out, in the above-mentioned study,
that meteorological data had brought "a general
that his department enables aviation as a whole to save a sum
improvement of 10 per cent, rising sometimes to
equivalent to 10 times the amount spent on meteorological services
for aviation. He adds that no allowance has been made for losses
due to mistrust on the part of passengers for flights that seem
less reliable, since such losses cannot be assessed. In any case,
insurance costs would be greater under such conditions.

3
Quoted by M. Albert Detraz in his report to the Economic
and Social Council of France on the part played by the Meteorolo
gical Office on 26th and 27th April 1966 (J.O.R.F., 17th May 1966).
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25 per cent in the case of maize sowing, vine treat
ments and fodder gathering".
(b) Turning to the departments covered by the Vegetable
Protection Service in Bordeaux, it is possible to
state that for 37 500 acres of orchard land each
treatment costs one million francs, and for 750 000
acres of vineyard each treatment costs ten million
francs. Now the above Service and the Chamber
of Agriculture for the Gironde department consider
that meteorological information makes it possible
to save two and sometimes three treatments a year.
Thus in this sector, and for this region alone, meteor
ological earning capacity amounts to some 26 mil
lion francs a year.
(c) Meteorology also has a part to play in the choice of
the wine-harvest date. When conditions are good
oenologically speaking, grape-gathering must be
done before impending rainstorms break out.
Losses avoided are from 10 to 15 per cent of the
crop 1 which, in the Bordeaux area, varies between
1200 and 3200 francs per acre. Allowing for an
average vine return of 5000 francs per acre and for
an avoided loss of 10 per cent for vineyards as a
whole (750 000 acres) once in every five years
(with due regard to local climatic conditions), the
loss avoided would amount to 30 million francs a
year on an average.
(d) In south-eastern France, it costs 35 francs per acre
to treat vines with copper sulphate. Wine-growers
are of the opinion that meteorological data enable
them to save one treatment per year on an average.
Given a total area of 1 500 000 acres of vineyards,
the economy thus obtained would amount to
21 000 000 francs.
(e) Spring frost. We know of many cases in which
meteorological data on frost in spring were instru
mental in averting considerable damage by enabling
the crop to be saved or needless warming to be
avoided. This mainly concerns tree-growing but
also applies to vines and seed potatoes, etc. The
economy made in the case of orchards is reckoned
as being 400 francs per acre. In south-western
France, the gain amounts to four million francs
( 1966) for 25 000 acres of protected orchard land.
Thus fuel consumption involving a quantity of
20 000 litres was avoided in a single night on one
fruit farm.
The above instances give only a sketchy idea of the
assistance given to the agricultural sector in the French

economic system. The large number of scattered users
and their highly individual needs permit no assessment
to be made of all the advantages, gains secured or losses
avoided, which they derive from this assistance. In his
study mentioned above, however, Mr. B. J. Mason,
Director-General of the British Meteorological Office,
expresses the view that assistance given by his department
to agriculture in the United Kingdom amounts to at
least one per cent of its over-all revenue. Now the
annual product of French agriculture exceeds 50 000 mil
lion francs (1966). Adopting the percentage quoted by
Mr. Mason, we find an annual earning capacity of
500 million francs, or five times the budget of the French
Meteorological Office.
This estimate does not seem unreasonable for, if we
extend to the whole of France the figures just quoted
for the tree-growing and wine-growing sectors, the
following figures are obtained:
Orchards - total area: 815 000 acres
two treatments a year avoided with
gain of . . . . .
32 francs per acre
anti-frost campaign . . . . . . 160 francs per acre

Over-all gain . . . . . . . . . 192 francs
192 x 815 000 = approximately 156 million francs
Vineyards - total area: 3 100 000 acres
two treatments a year avoided with
gain of . . . . . . . . . . . 28 francs per acre
anti-frost campaign . . . . . . 160 francs per acre
40 francs per acre
choice of wine-harvest date, gain

Over-all gain . . . . . . . . . 228 francs
700 million francs
228 X 3 100 000 =
It goes without saying that the parcelling out of land
in France is such that many estates are too small for
farmers to resort regularly to large-scale treatments to
which the above examples allude. Taking, therefore,
not more than one quarter of the over-all gains estimated
above, we still find a total of 216 million francs for wine
growing and tree-growing alone.
FOREST PROTECTION

Forest fires play havoc every summer in the Mediter
ranean area. While the basic causes of this evil are
bound up with the peculiar features of the forest land
concerned, they are also influenced by weather conditions
when hot and dry periods, and winds of the north
westerly Mistral type, always dry and parching, are
concomitant. Furthermore, the ever-growing inflow of
sometimes careless tourists and campers during the
1 Rain before the wine harvest leads to a lowering of the alcohol
content and to partial damage to grapes which can be highly summer season has greatly increased the frequency and
extent of forest fires in this region.
prejudicial.
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The Meteorological Centre at MARIGNANE has
contributed to the fight against these fires since 1961 by
means of preventive assistance, both medium-term
(weekly estimate of the ground water reserve) and short
term (18- to 24-hour validity forecasts of weather condi
tions likely to favour the spread of fires).
These various forms of assistance enable bodies in
charge of the campaign to obtain better distribution of
the means at their disposal, greater efficacy of the action
undertaken by putting regional services and resources
on an emergency footing at the proper moment, and
quicker action in critical areas. Hence the establishment
of an "entente interdepartementale" to protect the
forest lands of Provence and Corsica against fire. When
routine weather reports mention serious risks of fire, the
above body attends to the distribution of these warnings
and the preparing or actual use of means of prevention.
It is no doubt difficult to express meteorological
earning capacity in this field in terms of quantity for, in
addition to timber losses, allowance would have to be
made for the depreciation in the value of land and estates,
not to mention loss sustained by tourist travel which
naturally foresakes districts with fire-destroyed, charred
and desolate landscapes; but thanks to knowledge of
changing meteorological parameters and better U:se of
protective resources, it is safe to say that a decrease of
20 per cent in burnt surfaces has been obtained by better
use of anti-fire resources. This yields an over-all earning
capacity of 4.5 million francs a year. It is no over
statement to say that, of this total, weather · reports
ought to be credited with 2 million francs at least. Simi
lar action is being taken in south-western France for the
protection of forests in the Gironde.
Parallel to this forest-protection service, the French
Meteorological Office assists in reforestation after joining
in the fight against destructive forces. Climatological
data and statistics are then used for ascertaining opti
mum reforesting conditions.
Meteorological Assistance to Shipping
This assistance has three main purposes:
(i) To increase security of transport and travel, including
that of pleasure craft;
(ii) To improve the conduct of harbour and shipping
activities and the choice of shipping routes; and
(iii) To improve the profitability of shipping.
To these may be added the assistance of shipbuilding
and the construction of harbour works.
THE SECURITY OF TRANSPORT AT SEA

Protection on the high seas is ensured by the issuing
of various reports in plain speech or in code, followed by

storm warnings if need be. In coastal areas the issuing
of regular reports, several times a day, is completed by
the broadcasting of special bulletins and warnings on
prevalent conditions on fishing grounds and haunts for
pleasure craft.
It is obvious that in this as in other fields where the
notion of safety has to be taken into account, it is practi
cally impossible to quote any accurate figure for the value
of meteorological aid. In the case of yachting, for
instance, it is certain that steps taken during the past
few years to give yachtsmen more accurate weather infor
mation have brought about a decrease in the number of
mishaps, without it being possible to determine any
percentage.1
THE CHOICE OF SHIPPING ROUTES

The French Meteorological Office has for some time
past been studying the practical working conditions of a
service to provide information for shipping and advice
for the choice of routes.
The brachistochrone 2 method will be used mutatis
mutandis in order to determine these minimum-time
routes, with due allowance for specific variable factors,
in particular the state of the sea and the height and
direction of the waves. Maritime meteorology may have
an earning capacity of five per cent due to the average
time gain as compared with the length of trips on stand
ard routes.
Meteorological Aid to Fishing
This is given in two ways, namely:
(i) By providing data on changing conventional para
meters (state of the sea, winds, fog) with a direct
impact on safety and working possibilities, to which
are added reports on ice-accretion risks (since the
buoyancy of a fishing vessel may be jeopardized by
such accretion); and temperature reports, which are
an important factor in the choice of fishing grounds
whenever the life, reproduction and migration of
fish rely on it; and
(ii) By providing climatological and hydrographical
data which help to determine fishing grounds a priori.
Meteorological earning capacity in this field obviously
cannot be assessed with any degree of accuracy. Allow
ing, however, solely for needless or hazardous trips
avoided thanks to weather reports, it may be said to
1 The number of sea-going yachts has risen spectacularly during
the past few years: in 1961 there were 26 614 craft of more than
two tons, whereas in 1967 there were 141 500; as regards craft of
less than two tons, there were 19 777 in 1964 and 34 921 in 1967.
2
See previous chapter on services to air navigation.
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account for two per cent of the total economy of the
fisheries. Now the total value of fish caught by French
trawlers in 1966 amounted to 716 million francs, so the
earning capacity of meteorological aid to :fisheries seems
to have exceeded 14 million francs that year.

Assistance to Land Transport
RAILWAYS

The change-over from steam to electric traction has
undoubtedly impaired the value of meteorological data
to some extent, since the protection of steam-engine
sheds against the effects of frost dwindles from year to
year. Even so, by reports on bad weather conditions
(frost, glazed frost, snow, fog, storms and rainstorms),
the Meteorological Office continues to contribute to
rail-transport operation and security. Confined to these
limits, the significance of weather reports is doubtless
fairly small. It seems reasonable, however, to assess it
at

of the total receipts of the National Railways,
1�00
which suggests an earning capacity of eight million francs
(1966). In this respect, the services rendered for the use
of refrigerator vans should not be overlooked.
HIGHWAY TRAFFIC

This type of protection has greatly developed in France
in the form of forecasts of special phenomena, forecasts
of cold spells and warming (the thaw-barrier problem), and
by information supplied to The Department of Civil
Engineering, the national automobile clubs, the Touring
Club de France, the national broadcasting network
(ORTF) road service, the highway police, and transport
fit ms.
The department responsible for highways and motor
traffic considers that 30 per cent of road accidents are due
to meteorological causes (17 per cent to bad weather
conditions themselves and 13 per cent to resulting damage
to roads). It is no exaggeration to say that the earning eaI
pacity of weather reports represents
of the amounts
1000
paid to settle accident claims, i.e. a minimum figure of
15 million francs (1966). To this must be added a form
of earning capacity which is very hard to assess, namely
the value of weather reports in decisions to set up thaw
barriers or to remove them at the right time and under
the right conditions. This operation is of great economic
significance since it makes possible the stepping up of
road transport by a suitable choice of routes, and also
the protection of carriageways made vulnerable by the
effect of intense cold.

Services for Certain Basic Industries
ELECTRICITE DE FRANCE (EDF)
One of the main problems EDF has to cope with is to
forecast the wash in dams in order to dovetail hydraulic
and thermal power production. Meteorological assist
ance thus assumes the form of quantitative forecasts
(still uncertain) of precipitations and also of temperature
forecasts which likewise have a part to play in the improve
ment of the distribution of electric energy. These reports
are completed by obscuration forecasts.
The technical management of EDF considers that the
concerted action of the means at its own disposal and of
weather reports from the National Meteorological
Office serves to improve hydraulic production in Central
France by two to three per cent. Even taking the lower
of these percentages, an earning capacity of 37 million
francs (1965) is obtained if one applies the over-all
hydraulic output in France.
Viewing the problem from another angle, EDF is of
the opinion that losses due to faulty timing would seem
to fall between the limits of 150 and 300 million francs
and that 20 per cent of these losses are already avoided
by meteorological aid, the earning capacity of which
would thus seem to range from 30 to 60 million of our
present francs.
In a word, it is safe to say that, on an average, the
lowest estimates obtained by two different methods
(37 and 30) reveal that meteorological assistance enables
EDF to make an annual economy of 33 million francs,
i.e. one-third of the budget of the National Meteorolo
gical Office.
GAZ DE FRANCE (G. DE F.)
The contribution of meteorology to the improvement
and use of gas power consists in providing temperature
forecasts. A temperature report is issued every day at
2 p.m. to all concerned, but very close standing contacts
are maintained afterwards, even at night, to inform users
of any changes to be made in the bulletin issued the
previous afternoon.
In the case of gas, as opposed to electricity, meteorolo
gical reports make little difference to productivity
properly so-called. They play a fairly considerable
part, however, in reducing equipment costs. Failing
temperature forecasts, the gas industry would be obliged,
as it was in the old days, to refer to graphs drawn up
from climatological documents, which already implies the
intervention of basic meteorological structures. 1
1 This method caused little inconvenience when gas was mainly
used for lighting purposes. The use of gas for heating, which has
greatly developed during the past decade, has faced experts in this
field with new technical problems.
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There are inevitable differences between a statistical
average and the actual daily temperature. These differ
ences are apt to be very great. Now a decrease of one
per cent on the expected figure represents an increase in
consumption of 400 000 m3 of gas. In order to meet
demands in accordance with differences in temperature
which, in the absence of forecasts, might reach several
degrees centigrade, the gas industry would be obliged to
have immense reservoirs at its disposal, and a gasometer
containing 600 000 m3 costs 10 million francs (1967).
With regard to the resulting over-equipment and the huge
additional running and maintenance costs which this
would entail, the department responsible for checking
the gas supply in the Paris area makes no secret of its
inability to work without daily weather forecasts.
National gas production was assessed at around
17 000 million francs in 1966. It is arbitrary but cer
tainly not unreasonable to assume that meteorological
information adds two per cent to the value of the gas
industry, in which case its earning capacity would amount
to 34 million francs (1966).
It may be added that weather reports are also used to
enable piping installations to be carried out under opti
mum conditions. They also come in useful, though to a
much lesser extent, for the flow of gas. It is reasonable
to admit, however, that earning capacity in these sectors
is strengthened by viability due to temperature forecasts
to the gas-consumption sector. Needless to say, it is
mainly in winter that the gas industry is in need of
weather reports, but the information they afford in other
seasons, even in summer, is not negligible.

THE PETROLEUM INDUSTRY

even though it ma)' not be obvious, 1 as witness the state
ment made by the ESSO-REP production manager in
October 1965 to the effect that "without meteorological
aid, I should work with my eyes shut".
Meteorological Services in Territories Overseas

Meteorological offices in French overseas territories,
where human and material resources have been growing
steadily during the past 20 years, afford permanent aid
to various users engaged in aviation, shipping, transport,
industry, etc. This assistance is constantly developing,
though it is not yet possible to express it in figures.
To this routine service must be added aid resulting
from devices set up to forecast tropical cyclones and
follow their course on behalf of countries in the inter
tropical zone. As soon as an area is threatened by some
tropical disturbance, a permanent watch is ensured and
special bulletins are broadcast by every possible means.
A very close contact is therefore kept with the technical
and administrative departments responsible for security
not only in main centres, but also in the smallest built-up
areas. There are three stages of emergency:
Stage 1 Warnings issued to security services as soon as
a cyclone is forseeable;
Stage 2 Warnings to the community at large as soon as
the threat is impending;
Stage 3 Enforcement of an ORSEC plan as soon as the
danger is imminent.
We propose to describe this special service with a note
of emphasis on the difficulties encountered by our
colleagues in these territories in pooling data capable of
yielding even an approximate value for the total economy
made possible by this assistance.

With a view to petroleum research in the Bay of
Biscay, ESSO-REP Ltd. has set up off-shore installations IN THE WEST INDIES
worth 43 million francs. Running costs amount to
Significant tropical-cyclone studies have been made
135 000 francs a day, to which must be added 13 500 francs
spent on insurance. The staff engaged on t�e prospecting recently in Martinique and Guadeloupe. From one of
platforms comprises 56 persons. It goes without saying the above, which is very detailed and concerns the cyclones
that weather conditions and the state of the sea are of 12 September 1928 and 27 September 1966, both of
determining factors in the conduct of this research.· The which struck Guadeloupe along an identical path, we
Bordeaux regional meteorological centre has therefore propose to take data on the loss of human life. In
provided for new forecasting methods and for an all 1928, meteorological services were non-existent, the popu
night service whenever the necessity arises. This service lation was 250 000, and the loss of life was 1200. In
consists of routine reports for normal boring operations, 1966, there was a population of 320 000 inhabitants and
shift reliefs, material supplies and of forecasts sufficiently
accurate to make possible a decision to abandon plat
1 The setting up and running of off-shore boring installations are
forms for security reasons.
Here again we find a case of assistance difficult to
express in figures. Yet the earning capacity is certain

easier in the Persian Gulf than in the Bay of Biscay because weather
conditions impose fewer restraints. Hence meteorological aid is
less exacting. The IMCOX Company provides this assistance to
petroleum research for an annual fee of 350 000 francs.
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only 27 victims lost their lives, mainly through fool
hardiness in venturing out of doors in spite of widely
distributed warnings to be cautious, following ORSEC
instructions coupled with emergency weather warnings.
The authors of these studies add that thanks to weather
reports from which aviation, shipping (no loss in 1966
as opposed to serious mishaps in the recent past), highway
transport and other users all benefited, the damage
avoided "may certainly be assessed at several hundred
million francs''.
REUNION

Meteorological assistance on this island during cyclone
periods may be summed up as follows:
(a) Community protection: the inhabitants repair to

places of safety or withdraw from areas likely to
be flooded;
(b) Aircraft and shipping protection: planes and vessels
leave the island to take the necessary precautions;
(c) Emergency storage of the sugar-cane crop; and
(d) Protection for property, furniture and working
equipment.
It is no exaggeration to say, in the case of Reunion too,
that the total amount of loss avoided runs into several
hundred million francs.
NEW CALEDONIA AND OUTLYING ISLANDS

Action undertaken in this territory to make meteorolo
gical assistance effective in the event of tropical cyclones is
very similar to steps taken in the West Indies and the
Indian Ocean. The following facts may be quoted from
a recent study by the Noumea Meteorological Office:
Protection of life and property. The community pays
careful attention to the issue of special reports with a
view to its own safety. Loss of life is very uncommon
(two fatal casualties in 1968 and one in 1961).
Service for agriculture: No special protection is appli
cable to food crops; these survive the destructive effects
of wind and water. It is possible, however, to take
steps for the protection of livestock, the over-all value
of which exceeds 100 million French francs. Half of these
animals live in areas which are frequently flooded, and
by withdrawing them in time from danger zones stock
rearers avoid a loss of 50 million francs.
Service for shipping: Irrespective of damage sustained
by warships, the Admiralty considers that economy due
to tropical-disturbance warnings in the Noumea area
enables the navy to save 300 000 francs (metropolitan).
These reports make it possible to put under cover all

mobile installations and light craft and to protect fixed
installations as far as possible. As regards merchant
shipping it is hardly possible to assess the advantages
which the port of Noumea derives from meteorological
services. These benefits are highly appreciable, for three
sizeable vessels per day are affected by harbour operations.
Now, when a ship does not sail away before heavy
winds begin to blow, it bumps against the staging for a
long time, damaging both the staging and its own hull
(as in the case of the SS Tahitien, a 17 000-tonner, in
1965). As regards fishing and pleasure craft: there
are about 3000 light craft in New Caledonia, the value of
which amounts to a total of 30 million francs (metropoli
tan). Taking 10 per cent of this value as representing the
loss avoided, which is doubtless actually much higher, we
have a figure of three million francs (metropolitan).
Local aviation: Warning prior to the passing of a
cyclone may also enable aircraft owners to save substan
tial sums. The over-all value of private aircraft for
business or pleasure registered in Noumea amounts to
two million francs (metropolitan). In case of emergency,
all these planes are flown away to airfields outside the
danger zone.
Industry: The general manager of a large public-works
undertaking readily admitted that weather reports enable
him to protect heavy machinery worth more than
500 000 francs (metropolitan) from rising flood waters.
This equipment usually works close to rivers and torrents,
whence it is transferred to higher ground at the first
emergency warning. The same is true of activities
connected with the nickel industry and of the earning
capacity of the Yate hydraulic dam.
Dwellings: As soon as a cyclone approaches, perishable
goods are put under cover by householders, who also
take all necessary steps to make fast roofs and outdoor
woodwork. There can be no doubt that all kinds of
damage, which it is practically impossible to assess, are
thus averted. This is proved by comparison between
the above-mentioned homes and dwellings where no
precaution has been taken.
Conclusion
On reaching the end of the somewhat short time
granted to me in which to ascertain the economic
advantages of the French Meteorological Office, I feel
that the all too frequent uncertainty of the estimates
put forward ought not to be overlooked. This is due
both to understandable reticence on the part of users to
reveal the profits they derive from information which has
hitherto been provided free of charge or cheaply, and to
the impossibility in many cases of expressing the influence
of weather factors on the fluctuations of economic
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activities. In order to come as close to the truth as
possible, and because this is a matter of general interest,
I feel that a far more extensive, detailed and accurate
study of meteorological earning capacity, conducted
with the co-operation of experienced economists, should be
decided on rapidly.
It is possible, however, to affirm here and now that
we are making an underestimate in assessing the economic
value of the National Meteorological Office at not less
than 2000 million francs, which is twenty times its
annual budget.
Nor is it unreasonable to think, although that neces
sarily implies new and significant budgetary measures,
that this value can be increased to a noteworthy extent

by the development of basic research, by the entry into
operation of modem techniques, especially automation,
and by more satisfactory contacts with users.
It should be pointed out here how fruitful is the grow
ing practice of quoting the degree of reliability of
weather forecasts in order to enable users to form some
idea of the risks incurred.
Finally, it is to be hoped that the various economic
sectors in the country will become aware that a relatively
trivial investment would make for new and substantial
advantages. And if this were to lead to the observation
that weather reports have still to acquire earning capacity
in certain of these sectors, and to the determining of
suitable ways and means of bringing this about, such a
result would not be negligible.
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THE ECONOMIC VALUE OF METEOROLOGICAL SERVICES IN THE UNITED KINGDOM
By B. J. Mason
The fact that every country supports a meteorological
service may be taken as evidence that weather forecasts
and advice are of considerable economic and social
value. However, as the demands for meteorological
services are nearly everywhere tending to increase and to
become more diverse and exacting, it seems important to
examine present commitments, anticipate future needs,
and apply the criterion of cost-effectiveness, if only to
make the best use of available manpower and resources.
The new era of powerful computers, satellites, rockets,
radar, etc. has brought unprecedented opportunities for
increasing our understanding of the atmosphere and for
applying this knowledge to the production of weather
forecasts of greater reliability and longer range; but
these new facilities are expensive, and the sharply rising
costs of an advanced meteorological service have to be
justified at least partly in terms of potential economic
benefits.
An effective and efficient weather service seeks to
improve the observation, understanding and prediction
of atmospheric behaviour; to disseminate this knowledge
quickly and widely; and to advise the community in its
use so that the great number of weather-sensitive deci
sions arising daily in all walks of life can be made in the
best interests of the economic and social welfare of the
country. Although there may be no immediate prospect
of controlling or significantly modifying the weather,
its favourable aspects may be better exploited, and its
worst aspects alleviated or avoided by acting upon
meteorological advice. This is widely realized in avia
tion, agriculture and some sectors of commerce and
industry but, in the U.K., there are many other weather
sensitive areas which do not take full advantage of the
services that are available to them, often at trifling cost.

Meteorological Services for Aviation
Meteorological Services throughout the world have
largely grown up with, and in support of, aviation. In
many countries, aviation is still the largest customer for
weather services which, in the form of information,
forecasts and advice, contribute to airline economy by:
(i) Increasing the safety factor and reducing the risks
of loss or damage to aircraft, passengers and equip
ment through adverse weather;
(ii) In-flight economies, through flight planning based on
forecast winds and other parameters that allow the
aircraft to follow the most economical route and
minimize delays due to unfavourable weather;
(iii) Helping to maintain regular schedules. Without
flight planning based on a weather-forecasting
service it would be impossible to maintain regular
flight and maintenance schedules, to give firm arrival
times at destinations and check-points en route, and
to operate air-traffic control effectively. Without
continuously up-dated information on terminal
weather conditions, many more flights would have
to be cancelled in marginal conditions and others
diverted unnecessarily.
(iv) Providing climatological data for the planning of
new routes and technical advice for the design of
new aircraft.

Last year, the U.K. Meteorological Office issued
1.25 million forecasts for aviation, about half of these for
civil airlines at an average cost of about £2 each. In an
earlier study (Mason, 1966), I estimated the value of
these services to the two major British airlines, BOAC
and BEA, to be at least £6.5 million with an over-all
benefit/cost ratio of 10 to 1. In this calculation,
The benefits of the weather service to the community, I included only the cost of diversions, the disruption and
being partly social, are difficult to evaluate in purely cancellation of flights, in-flight delays, extra fuel and
financial terms, but I think it important to attempt cost additional insurance, which can be roughly assessed in
benefit analyses even though, as in most economic financial terms. In practice, it would hardly be possible
problems, neither the data nor the assumptions can be to operate scheduled services without a weather service,
very firm. If, on the basis of conservative and sensible and if it were possible to estimate the true losses that
arguments, the benefit/cost ratios turn out to be very would result from a breakdown in scheduled timetables,
high, one can tolerate fairly large probable errors in loss of passenger confidence, etc., the economic benefits
would undoubtedly appear much higher.
arriving at actual numerical values.
Some estimates of the minimum benefits that certain
major industries derive from the services of the U.K.
Meteorological Office will now be given.

It is sometimes said that in the present era of large
jet aircraft, that can cross the Atlantic at great heights
in a few hours and with large reserves of fuel, aviation
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is less dependent on meteorology than it was ten or
fifteen years ago. This is true in only certain respects; of
course, requirements change, but as some problems are
solved new ones continually arise. With the increasing
air traffic and congestion, terminal weather conditions
for landing and take-off are more critical now than ever
before. For the same reasons, and because of the pressure
to reduce flight separation, there will be greater demands
on the accuracy of en-route forecasting, particularly
after the introduction of the jumbo-jets and the SST,
which will put a heavy premium on arriving at the
airports on schedule. The SST is also likely to raise
some new meteorological problems and highlight some
old ones in its take-off and landing, trans-sonic and
cruising phases. The rapid growth of general aviation
(private, executive, charter aircraft, etc.) is also posing
considerable problems for the meteorological services.
In the United States, the weather losses to general avia
tion are estimated to be more than twice those suffered
by scheduled airlines.
Aside from economic benefits, the paramount impor
tance of aircraft safety and the very professional approach
of pilots to weather problems will almost certainly keep
aviation a major, perhaps the dominant, customer for
meteorological services for many years to come, but it
should also be realized that there are other fields that
offer even higher economic returns. In the United
Kingdom, we are therefore giving increased attention to
agriculture, shipping, building, public utilities and a wide
range of other weather-sensitive industries, so that last
year the 1.2.5 million forecasts for aviation were matched
by an equal number of specific inquiries from other
sectors.
Services to Agriculture
In addition to the routine forecasts and special bulletins
which any farmer may obtain through radio, television,
the automatic telephone weather service and the press,
the Meteorological Office provides to individual sub
scribing farmers special warnings by telegram of pro
longed (more than 3-day) fine spells, severe frosts, etc.
Even more important are the investigations of particular
problems arising in agriculture, horticulture and forestry
carried out in collaboration with agricultural research
stations and advisory centres. The more important
problems include relationships between the weather and
the incidence of animal and plant diseases and pests, land
use, irrigation needs, milk and crop yields, meteorological
aspects of shelter for crops and animals, indoor climates
of animal houses and of potato and grain stores, and
wind and frost damage to trees.
Considerable success has been achieved in using
meteorological data as predictors of when to take pre
ventive measures against such diseases as potato blight,

apple scab, virus yellows in sugar beet, liver fluke and
swayback in sheep, and gastro-enteritis in calves, with
direct savings to the industry of several millions of
pounds a year.
The intelligent use of weather forecasts to avoid short
cold spells for the sowing of cereal crops, and of 1-3-day
forecasts and fine-spell warnings during harvesting may
improve yields by several per cent. Choice of the best
times for cutting and drying hay may lead to similar
increases in the yield and quality of the crop and a conse
quent improvement in the quantity and quality of winter
milk production.
I have estimated that the value of these special services
amounts to at least £10 million of primary production per
annum with a benefit/cost ratio of 100 to 1; independent
agricultural economists suggest that this is an under
estimate.
An investigation of particular importance at the present
time is being conducted into the origin and spread of the
recent severe epidemic of foot-and-mouth disease,
estimated to have cost the country £100 million. A
detailed analysis of air-mass trajectories for the critical
period makes it unlikely that the disease entered the
U.K. as an airborne infection from Europe or north
Africa. Regarding the internal spread of the disease
within the country, my colleagues are amassing some
impressive evidence to show that this probably occurred
by particles being carried downwind from infected sites
and deposited again on the ground by rain. If this is
so, it should be possible in future to predict the spread
of the outbreak and so allow of much earlier identifica
tion and isolation of new areas of infection. The
economic value of this could again be many millions of
pounds.
In addition to these special services, the farmer makes
great use of weather forecasts in the day-to-day planning
and execution of farming operations, and is thereby able
to make more economic use of manpower and equipment.
If this saves an average of only five minutes in an 8-hour
working day, it could be equivalent, if fully utilized, to
a 1 per cent increase in productivity, with a potential
value in Britain of up to £20 million in a year.
The Civil Engineering, Construction
and Building Industries
The siting and design of large civil engineering projects
such as new towns, motorways, dams and reservoirs,
coastal defences, power stations, etc. must take account
of climatic and weather factors that may affect their
safety and efficiency and assess these in relation to the
cost. Such decisions usually call for estimates of the
probabilities with which certain weather events may
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occur in the future based on the frequency of similar
events in the past.
The Climatology Branch of the Meteorological Office
receives about 10,000 inquiries a year for such information
covering a very wide field. Many important inquiries
require investigational work or field experiments before
satisfactory answers can be given. Some recent examples
of this applied research are:
(i) Detailed studies of rainfall, runoff and evaporation
in selected areas to provide information for the
efficient design of dams, reservoirs and urban storm
water drainage whose construction may involve
capital expenditure of many millions of pounds.
(ii) Studies of variation of wind with height to provide
design data for high structures such as television
masts, conventional and nuclear power stations.
(iii) The location and routeing of motorways to enable
information on the frequency and intensity of fog,
frost, high winds and drifting snow to be taken
into account in the economics of the plan.
(iv) The siting of new towns in relation to topographical
features and exposure to high winds, driving rain,
atmospheric pollution, etc.
The design of regulating dams and urban storm-water
drainage systems provides good examples of projects for
which the estimation of rainfall is of great importance.
In the case of regulating dams for water storage and
flood control, the information is required for both their
design and operation. For design purposes, the engineer
needs to know the probable maximum rainfall in the
relevant time-interval to be expected over the catchment
area which, together with estimates of evaporation and
water storage in the ground, allows the probable maximum
runoff and river-flow to be calculated.
The Meteorological Office has carried out several
such studies for areas at home and abroad. A parti
cularly interesting case was the huge Mangla Dam
project in Pakistan, which is estimated to cost some
hundreds of millions of pounds. We were asked to
estimate the probable maximum precipitation over the
catchment area in connexion with the design of the
spillway. An officer was also sent to advise on the
diversion of the river in relation to the cessation of the
monsoon; had flood-producing rains fallen during the
operation, the damage might well have been catastrophic.
About ten years ago the Meteorological Office, the
Road Research Laboratory and the Hydraulics Research
Station began a joint investigation into improved methods
of design of urban storm water drainage systems. The
annual expenditure on new and reconstruction work in
England and Wales is estimated to be of the order of
£30 million. The cost of each new system has to be

balanced against the consequences of its failure to cope
with a heavy storm. This turns on the amount, incidence,
distribution and intensity of rainfall, particularly of the
occurrence of very high rates over limited periods.
Basically, the designer requires to know the return period
of a given rainfall over a particular drainage area.
Return periods of rainfall at selected points can be
obtained by analysis of the records from automatic
raingauges, but point measurements will not, in general,
be representative of rainfall over an area.
To obtain the required data, the Meteorological
Office set up two arrays of carefully synchronized, open
scale recording raingauges to determine the relationship
between point and areal rainfalls, one over a flat region
and the other in hilly country. Using these data it is
now possible not only to estimate the rainfall over an
area for a given return period, but also to show how
this rainfall is likely to vary with time.
The experiments, one of which was operated for ten
years, cost the Office only £50,000. If they lead to
savings of only 1 per cent in the capital expenditure on
drainage systems over the next decade, its cost will be
repaid at least one hundredfold.
Turning now to the building and constructional side
of the industry, I believe that a lot more could be done to
reduce the losses caused by bad weather which in the
U.K. have been estimated at £100 million per annum,
equivalent to about 3.5 per cent of production, or about
9 working days. These losses are caused mainly through
lost or inefficient working days, idle equipment and
ruined materials. The worst aspects of bad weather are
rain or snow, low temperatures and high winds, the
efficiency of most building operations being seriously
reduced by the onset of rain, air temperatures below
freezing, and winds above 20 mph. Of course moderate
or heavy rain seriously affects all outdoor operations,
and only a few such jobs can be carried on efficiently if
both the ground and air temperatures fall below freezing
point.
The Meteorological Office has offered a "tailor-made"
weather service for each major construction site in the
country. Beginning with the design stage, we will
provide all the available climatological data and assess
ments that may be relevant to the siting, design and
construction of buildings in relation to such factors as
exposure to strong winds, driving rain and air pollution,
the incidence of frost, fog, rain, drifting snow, etc.;
and when construction starts, provide daily forecasts,
amended as often as necessary, to warn of any weather
conditions that may affect the day-to-day management
of building operations.
This service should allow builders to take protective
measures, postpone sensitive outdoor operations in
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favour of indoor work in bad weather, and to take
maximum advantage of fine spells. For a large site,
say with 500 men producing £1.5 million of building in
a year, the saving of one day in 250 would save £6,000.
If to this we add a sum (say £4,000) for the more effective
use of manpower, equipment and materials, reduction
in wastage and damage throughout the year, an effective
weather service should be able to save at least £10,000.
Our charges will probably not exceed £250 to give a
benefit/cost ratio of at least 40 to 1.
The Fuel and Power Industries
The demand for electricity is particularly sensitive to
temperature changes; in the U.K., a fall of 1 ° C increases
the load by 1.3 per cent in summer and 1.8 per cent in
winter. An error of 2 ° c in the forecast temperature
may therefore underestimate the demand by more than
1,000 megawatts on a winter's day. The Central Elec
tricity Generating Board insures against such errors by
running a spinning reserve capacity that costs about
£2 million per year.
In fact, the nine grid-control centres receive detailed
forecasts at 6-hourly intervals throughout the day of
temperature, humidity, wind, cloud cover, light intensity
and any other parameter that may affect the demand for
power. Less detailed forecasts are given for 6-21 hours
ahead together with a further outlook for 3-4 days
ahead. Furthermore, the industry received hourly fac
simile charts of weather conditions over the whole country.
Without this advice, the Board estimates that the reserve
capacity would have to be increased by at least 10 per
cent at an annual running cost of £200,000. They also
obtain further benefit from the forecasts in planning
their maintenance schedules and preparing reserve equip
ment to meet peak demand. The annual charge we
make for this service is estimated to give a benefit/cost
ratio of at least 20 to 1.
Ten years ago, when gas was used mainly for cooking,
the demand was not very sensitive to changes of temper
ature, and fluctuations could be met by balancing pro
duction, storage and consumption over several days. In
recent years, however, gas has become widely used for
central heating, and the demand is now very weather
sensitive. Climatological and current forecast data are
therefore essential in predicting the peak demand and
in coping with fluctuations without excessive storage
capacity or risking breakdown of the supply. By
making intelligent use of meteorological information, the
Gas Boards have been able to reduce storage capacity by
20 per cent or more, thus saving several millions of
pounds in capital expenditure and annual costs of,
perhaps, £500,000. Here, the cost of the service is small
and produces a benefit/cost ratio of more than 100 to 1.

The Office also provides a "tailor-made" service for
14 drilling rigs prospecting for oil and natural gas in the
North Sea. Forecasts are issued every 12 hours for
periods of up to 72 hours ahead, with amendments and
special warnings issued as often as necessary. The
forecasts cover all the main elements, but pay particular
attention to wind and waves. The wave height depends
on the wind speed and the fetch and duration of the
wind, the last two factors being interrelated. Given the
wind field, the forecaster estimates the maximum height
of the waves and the mean height and period of the
highest one-third of the waves during the forecast period.
Special forecasts are issued for the helicopters that
supply and service the oil rigs, up-to-date information
on the weather being fed back to the Meteorological
Office from instruments and observers on the oil rigs.
The Weather-routeing
of Ships
The object of weather-routeing a ship is to use all
available meteorological data to achieve the most favour
able passage, which generally implies getting the ship to
its destination in the minimum time with maximum
economy of fuel, minimum damage to ship and cargo,
and minimum discomfort to passengers and crew.
The weather routeing of aircraft has been possible for
many years because the flight time of an aircraft is
generally well within the period of validity of the forecast.
This is not usually the case for ships, where the voyage
may take several days or even weeks. However, with
the recent improvements in weather forecasting intro
duced by computer methods, it is now possible to produce
reliable forecasts of the surface wind field for 48, and
often 72, hours ahead; and so we now regard weather
routeing of ships across the North Atlantic as being a
practical proposition. Since March of this year, and
after a number of operational and "paper" trials, the
Meteorological Office has provided a routine service for
ships crossing the Atlantic; a special unit has been set
up in the General Forecasting Office at Bracknell for this
purpose. From the numerical predictions of the surface
wind field, forecast maps are prepared showing the
expected heights and frequencies of the waves, making
an allowance for the swell. Then, taking into account
the design characteristics and loading of each ship, it
is possible to estimate its speed and fuel consumption
along alternative tracks and to recommend an optimum
route for the first 48 hours. This information is given
to the master of the ship prior to sailing, and telegrams
are sent to the ship recommending any changes of course
every 48 hours or more often should the situation warrant.
From the outset the results, particularly for westbound
crossings, have been most encouraging. It is often
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possible to recommend a substantial diversion from the
normal route which, by reducing the time spent in severe
head or beam waves, may save as much as 10 or even
20 hours on a crossing. The savings in fuel, and parti
cularly in damage to cargo, are likely to exceed the
charges for this service by a very large factor, and we hope
to be dealing with several hundred voyages per year
within the first twelve months.
The Potential Value
of Improved Forecasts

The detailed daily forecast, essentially correct on about
80 per cent of occasions, may be used with considerable
confidence in planning day-to-day activities. Since
millions of such decisions, large and small, are made
every day, even a small improvement in the accuracy
and detail of the forecast would be of considerable
economic and social value. Probably the largest returns
would come from more accurate prediction, in space
and time, of the intensity and character of precipitation.
For this reason, the Meteorological Office is devoting a
good deal of effort to the numerical prediction of cloud
and rainfall associated with frontal systems. Using a
10-level numerical model of the atmosphere which
includes condensation and precipitation processes and
the effects of mountains, surface friction and convection,
integrations for periods of up to 24 hours have success
fully predicted the rainfall at only 25-mile intervals across
the British Isles and north-west Europe. Unfortunately,
the amount of calculation is so great that it takes eight
hours on the largest computer in the U.K. to make a
24-hour forecast. A computer 20 times faster and five
times more powerful than any computer now available
in the United States will be required before we make
these forecasts on a fully operational basis, but we hope
to achieve this within the next three or four years.
The other major advance to which we may look forward
within the next few years is a reliable forecast of the
essential features of the weather for five to seven days
ahead and perhaps a fair indication of general trends
for the next two to three weeks. This will be of great
economic value to all weather-sensitive industries in
which tactical decisions on the time-scale of a week are
important. Agriculture is an obvious example because
most of the important operations-e.g., ploughing,
sowing, harvesting, haymaking, crop-spraying, irriga
tion-have to be made on this time-scale. The economic
value of being able to make these decisions with confidence
a week in advance will be very great indeed; in Britain,
where the annual value of agricultural production is
£2000 million, it can hardly be less than £50 million per
annum. The weather-routeing of ships should obviously
be much improved as the period of validity of the fore-

cast becomes comparable with the duration of the
voyage. And among other industries to benefit from
reliable medium-range forecasting will be fuel and
power, building, food manufacture and distribution,
retail merchandising and the sport and recreational
industries.
Reliable forecasts for a month ahead are probably of
less potential value to the farmer than weekly or seasonal
forecasts, but they are of great potential benefit for
forward planning in many manufacturing and service
industries, where productivity or demand is much
affected by the weather. The Meteorological Office has
now issued bi-monthly forecasts of the general trend
of the weather over the next thirty days. Although they
are not as accurate nor as detailed as we would like,
75 per cent have been in moderate or good agreement
with events, and are being increasingly valued by industry
and the general public. In view of the empirical and
subjective methods employed, it would be optimistic
to expect a large or rapid improvement on current
performance. This must await a much deeper under
standing of the mechanism of the global circulation of
the atmosphere and of the factors that control and
influence long-term weather anomalies.
This is even more true of forecasts for a season ahead
at which we cannot at present make even a worthwhile
guess though even a very generalized statement--e.g.,
whether next summer (or winter) will be warmer or
colder, wetter or drier than average-would be of great
value in making planning and investment decisions in
large areas of the economy. Personally, I am optimistic
that detailed numerical studies of the general circulation
will ultimately allow something useful to be said on this
subject.
Market Research and Education

Irrespective of the benefits that may accrue from new
developments in meteorological research and practice,
much more could be done to exploit our existing know
ledge. Even in a weather-conscious country like Britain,
where the activities of the meteorological service are
relatively well known and publicized, there are many
industries and organizations that take little cognizance of
the weather in their planning and operations. This was
clearly brought out in a recent market survey carried
out among a wide cross-section of industries in N.E.
England in conjunction with the opening of a new
Public Weather Centre in Newcastle.
Of the 1964 organizations that were approached, 1509
completed an initial questionnaire and 366 of these were
interviewed. Quite a high proportion of those inter
viewed were not aware that they could obtain more
detailed advice on local weather than is available through
the mass communications media but felt that they could

benefit from such information if it were available. For
example, 62 per cent of the manufacturing companies inter
viewed made use of the daily public forecasts but only
13 per cent obtained regular information direct from
meteorological offices or their agents. Half of the regular
users said that they needed more detailed information,
especially on such factors as frost, snowfall, rainfall and
wet or icy roads, and 25 per cent of the firms did not know
that information on local weather was available. 74 per
cent of the farms made use of the weather forecast, but
nearly all relied on the radio, press or the automatic tele
phone service and very few made regular enquiries at a
forecasting office. About half of these present users re
quired more information than they were getting. Of the
farms not obtaining regular forecasts, 60 per cent were
unaware that information on local conditions was avail
able, but 40 per cent of them said they could benefit from
it. Half the farmers interviewed would prefer the Meteoro
logical Office to telephone them, 25 per cent would prefer
to telephone the Office, and 10 per cent would like to
receive charts. It was estimated that in this rather poor

farming area the potential economic value of meteorolo
gical advice based on the current daily forecast would be
£2.6 million per annum.
Without accepting all the conclusions of this survey, it
does serve to illustrate that a great deal of further publicity
and education is required on the availability and potential
value of meteorological services. In this connection the
Meteorological Office is collaborating in the production
of 13 half-hour television programmes that show, in
some detail, how short and long-range weather forecasts
are produced and how weather and climatological
advice is utilized in the major weather-sensitive industries.
There is little danger of the meteorologist becoming
complacent with either the quality or utility of his pro
duct but I think that we can fairly claim to be making
an important contribution to economic and social life.
I estimate that the value of meteorological services to
the U.K. economy to be at least 20 times their cost,
and I confidently expect this ratio to increase considerably
over the next decade.
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THE BENEFITS OF METEOROLOGICAL SERVICES IN THE U.S.S.R.
By E. I. Tolstikov
Like other natural resources, such as minerals and
forests, climatic and hydrological resources are among
the factors which determine the pattern of a nation's
productive effort, and also the location of areas suitable
for agricultural production, hydroelectrical-generating
stations, wind-generating stations, heliothermal installa
tions, and also the layout and planning of towns, and so
on.
In some cases, these resources are used as providing
a form of energy (thermal, wind and hydromechanical),
whereas in others they are used as raw materials (water,
air).
The accurate evaluation of the climatic, agroclimatic
and hydrological resources (their abundance and their
fluctuation in time and space) will improve the yield on
capital invested in industry, agriculture, transport, etc.,
and increase productivity in various sectors of the
economy.
While weather and hydrometeorological phenomena
are influential in crop growth, in transport of all kinds,
in the building industry and other forms of industrial
enterprises, it must not be forgotten that they also
influence the performance of the human being.
Unfavourable hydrometeorological conditions (low
air temperatures, strong winds, precipitation, fog, glaze,
etc.) seriously impede work in many productive sectors
of the economy, and can have harmful effects on installa
tions, on sowing, on forests and on soils, and so give
rise to extensive material damage.
A thorough knowledge of existing weather conditions
and their variations during the recent past will permit a
more rational (and better-founded) organization of the
operational processes involved, and measures can be
taken to protect vulnerable objects from harmful weather
conditions, reducing damage and preventing loss of life.
Now, what methods are there for assessing the economic
value of the information collected by the meteorological
services?
From work on this subject, done in recent years by the
U.S.S.R. Hydrometeorological Service, the following
basic approach has been worked out for assessing the
economic benefits derived by agricultural and industrial
productivity from use of hydrometeorological infor
mation.

The form of hydrometeorological information can be
divided into two groups:
The first group consists of information to be used for
preliminary calculations:
(a) In planning the pattern of productive effort;
(b) In building projects (hydrometeorological charac
teristics serving as criteria);
c)
In planning the construction and output of heating
(
plants, hydroelectric power stations, reservoirs and
water supply systems and in ship-routeing.
This information includes, for instance, weather fore
casts; monthly and three-monthly forecasts of the volume
of water reaching hydroelectric power stations; forecasts
of the quantities of water available in rivers and channels,
for irrigation purposes over a given period; and other
similar forecasts.
(d) In the adoption of protective measures against the
harmful effects of certain weather phenomena
(hail, glaze and rime, frost, flooding, molten lava
streams, avalanches, snowstorms and so on).
Quantitative evaluation of the economic advantages to
the national economy accruing through the use of this
type of information is quite feasible.
The second group consists of information of an essen
tially advisory nature which enables the various sectors
of the national economy to know the hydrometeorolo
gical conditions in which work can or cannot be carried
out, to estimate accurately how long an operation will
take, and to take measures for the safety of those taking
part. This group includes:
(a) Routine information on meteorological, hydrolo
gical and agrometeorological conditions;
(b) Weather forecasts and hydrological forecasts;
(c) Information or surveys of a general nature, and
consultations.
This group includes the hydrometeorological documents
which, by reason of their low reliability (e.g., limited
accuracy of long-range forecasts) or late appearance
(after the end of the time allowed for the preparation of
plans by the organization), cannot be put to direct use
for planning or for technical projects.
Although information in the second group is of great
importance for the national economy and the people, it
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is difficult, indeed often impossible, to assess their
economic value in quantitative terms.
Let us consider a few examples of estimates of the
economic benefits derived from the use of hydrometeoro
logical information in the following forms of productive
activity.
Long-term Planning
(a) For putting new land to agricultural use, for
planning where to plant new crops and for carrying out
land-improvement schemes;
(b) In preparing plans (technical and economic
reports) for industrial buildings,· towns, roads and rail
ways, airports, communication and electricity-trans
mission lines, electric power and district heating plants
and other industrial or agricultural structures;
(c) In preparing designs of standard buildings and
structures suitable for different climatic zones, and also
in working out general economic standards for technical
purposes (the requirements in respect of working condi
tions of machines, apparatus, buildings, instruments,
etc.).

In solving such problems, it is usually necessary to
have meteorological statistics indicating the mean and
extreme values of basic meteorological parameters, and
frequency tables which are prepared by the meteorolo
gical services in the form of climatological handbooks.
In these cases, the economic benefits of using meteoro
logical information are gained by:
(i) The reduction in the cost of conducting meteorological
investigations to obtain the information, essential
for long-term planning, concerning hydrometeoro
logical conditions in regions selected for economic
development. The cost of hydrometeorological
research has been found to amount to 8-10 per cent
of total allocations for research;
(ii) Meteorological observational data showing that, in
given conditions of temperature and humidity, it is
possible to grow wheat, sugar beet, cotton and other
more valuable crops, instead of those previously
cultivated in a particular area. In such cases, the
economic benefit is the increased income obtained
from producing the new crops.
Planning Industrial, Transport
and Agricultural Structures
and Public Buildings
The meteorological statistics most commonly used in
constructional planning are:
(1) The mean air temperature (daily, monthly,
annual, etc.) and the maximum and minimum air temper-

ature acceptable for a given type and category of struc
ture with the frequency of recurrence;
(2) The average wind speed and the maximum and
minimum wind speed and their frequency of recurrence
acceptable for a given type of structure;
(3) The average and maximum amount of precipita
tion during a given period of time, and its intensity;
(4) Complex climatological characteristics, such as
the combination of low temperatures, high humidity
and strong winds, which determine conditions of work in
the open air, heat losses of buildings, etc.;
(5) The average, greatest and least depth of frozen
soil;
(6) The average and greatest thickness of ice deposit
and the frequency of recurrence acceptable for different
types of electric-power transmission lines;
(7) The frequency of waves of various heights, and
many other hydrometeorological indicators.
If, as a result of observations, a previously estimated
climatological parameter (wind speed, thickness of
glazed ice or rime, wave height, etc.) for a certain region
can be modified, this can bring about corresponding
changes in the subsequent costs.
Let us consider some economic benefits gained by the
construction industry through using climatic data.
The economic benefits of the use of hydrometeorolo
gical data in building depend on the following basic
components:
(a) Reduction in the cost of hydrometeorological
investigations (organizing a network of stations and
carrying out field research) in areas selected for con
struction.
(b) Reduction in building costs through a reduction
in the size and strength of structures as a result of more
accurate (reduced) estimates of hydrometeorological para
meters (wind speed, thickness of ice deposits, depth of
snow, height of storm waves, etc.); reduction in the
loads on structures caused by wind, ice, snow or waves;
reduction in the wall-thicknesses of buildings as a result
of more accurate estimates of temperature minima and
the corresponding wind speeds and air humidity; reduc
tion in the dimensions of structures exposed to water
(tunnels, bridges) on roads and railways as a result of
more accurate estimates of maximum flood-level.
( c) Reduction of damage to buildings and losses from
transport or industrial stoppages which may result from
underestimating the effects of wind, storm waves, snow
or ice, the intensity of rainfall and other hydrometeoro
logical factors which may endanger buildings and techni
cal equipment.
Let us illustrate the situation with a few examples:
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In the absence of meteorological observational data in preparing the work programme at a district heating
any area selected for building, a special hydrometeoro plant, where daily air temperature forecasts issued by the
logical investigation should be conducted, and the Hydrometeorological Service of the U.S.S.R. are used.
expenditure on such a study amounts to 0.2-0.3 per cent
On receiving the weather forecast for Moscow for the
of over-all building costs. Thus, the use of the data
next
24 hours, the chief controller of the Mosenergo
provided by meteorological services in the construction
heating
system determines, from separate curves for
industry is economical if it results in savings of the order
each
heating
plant, the temperature of the water in the
of 2,000 to 3,000 roubles on every million roubles invested.
system necessary to produce the required output of
In estimating wind effects and ice loads on long heat; on the basis of that figure, he plans the work of
distance electric-power transmission lines, the whole each heating plant for the next 24 hours. In the absence
territory of the Soviet Union is divided into five climatic of a forecast, the heating system controller would use
regions to each of which is assigned an estimated maxi the actual temperature in fixing the work programme of
mum amount of glazed ice and rime deposit occurring heating plants, and too much heat would be produced if
once in five or ten years.
the weather turns warmer; while if it turns colder adequate
heating in flats and houses is not guaranteed. When
On the basis of meteorological observations carried
weather forecasts are used (provided they are not less than
out up to 1950, the area around Ulianovsk was assigned
80 per cent accurate), these shortcomings are avoided,
to the third climatic region (thickness of ice deposit,
and preliminary estimates show that fuel savings amount
15 mm). But, on the basis of data obtained in the period
on an average to between 20,000 and 30,000 roubles per
1950-1965, it was observed that the thickness of the ice
season at each heating plant.
deposit on transmission lines never exceeded 10 mm.
Strong winds, heavy rain, ice storms, fog and low air
As a result, the Ulianovsk district could be redesignated
-in respect of ice/wind loads-from the third to the temperatures seriously hamper outside building work and
second region, and the estimated storm-ice load was add considerably to the cost of building.
reduced to 5 mm. This meant an average reduction of
The use of weather forecasts in preparing programmes
1,000 roubles per kilometre of line in the cost of building of work for the next 24 hours (or 2-3 days) makes possible
two-phase 110 Kv or single-phase 220 Kv transmission more rational use of building equipment and labour,
lines.
ensures the protection of building material and, on an
average,
reduces damage due to adverse weather condi
If the total planned length of electric-power transmission
tions
20-30
per cent. Thus, for example, in many areas
lines in the Ulianovsk district is taken as 1,000 km, the
result of the introduction of new climatological data is of Siberia where extensive building operations are going
on, wind speeds of 12 m sec·1 and over are experienced
a saving of 1000 x 1000 = 1 million roubles.
on 30-50 days a year, and in these conditions construc
If the design of some construction was based on an tional cranes cannot be used.
under-estimate of a hydrometeorological parameter (e.g.,
Large building organizations use weather forecasts for
maximum wind speed or thickness of ice deposit) and
preparing
work schedules for the coming day, and where
this results in the destruction of or material damage
wind
speeds
of 12 m sec·1 or more are forecast, the work
to the construction, the economic benefit is determined
by the difference between the cost of the damage and the schedule is arranged not to include the use of cranes, so
additional cost of building, based on the correct hydro. that workers and equipment can be used for other purposes.
This considerably reduces losses in working time and
meteorological data.
idleness of equipment.
The Use of Meteorological Information
and Forecasts for Planning
Industrial Operations

If, in planning programmes of work (for 1-3 days or
more) in a number, of branches of industry, transport
and construction, forecasts are used instead of assuming
that the current weather will be maintained throughout
the planning period, substantial savings will be made.
As an example of estimated economic benefit, let us
consider the use of a daily forecast of air temperature in

In this case, the difference between the material damage
caused by severe weather conditions when work is
planned without the use of forecasts (on the basis of
current weather) and when planning is carried out (and
charts are prepared) with the aid of forecasts, represents
the economic benefit.
The Selection of Economically
Advantageous Routes for Shipping

Wave-height is the most important factor affecting the
speed of ships at sea. When sailing head-on against
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7-metre waves, a modern ship loses 30-40 per cent of
its speed. Experience has shown that the avoidance of
extensive rough sea areas reduces sailing times by up to
5 per cent of the total duration of the run, despite a
certain lengthening of the distance travelled.

Use of Weather Forecasts for Protection
from Harmful Weather Phenomena

Considerable economic benefits can be obtained from
the use of weather forecasts in taking precautions against
the consequences of weather phenomena such as ground
frost, hail, floods, landslides and avalanches.

During the period 1965-1967, about 1900 ships adopted
courses recommended by the hydrometeorological ser
Thus, orchards (in the blossoming season), fruit and
vices, resulting in savings of 14,500 hours of sailing time, crops can be protected-thanks to frost forecasts-by
or approximately 4 million roubles. The additional such measures as smudge-pots, irrigation and spraying;
cost of organizing the service of weather-routing did and loss of crops can thereby be reduced by 20-40 per
not exceed 320,000 roubles.
cent.
UNESCO experts have calculated that, by 1975, it
The economic benefits through the use of weather
will be possible to make savings of 10 per cent in the forecasts is calculated in this case by the difference be
average sailing times of ocean-going ships, which would tween the profits from protected and from unprotected
mean savings of about 750 million dollars a year for the plots-orchards, vineyards, cotton fields or other crops.
world's shipping services. In addition, in this connexion A comparative estimate of the very moderate cost of
there are significant national savings by virtue of a reduc maintaining the protective equipment and purchasing
tion in losses of ships, men and cargo through storms at various materials (maintenance of anti-hail devices and
sea. The average cost to world shipping resulting from rockets and the cost of smoke equipment, which is
damage and losses due to unfavourable weather conditions 2-3 roubles per hectare protected) shows the high effi
is estimated at 150 million dollars a year. Most of ciency of applying these methods in agricultural areas
this is due to captains being ignorant of current and which are subject to hailstorms or late spring or early
expected weather conditions on the ship's route over a autumn frosts.
sufficiently large ocean area to enable them to avoid
Considerable economic benefits are also gained when
storms. Hence, the advantages of weather routeing
are beyond doubt. Not one of the 1,900 vessels following flood forecasts are used to enable protective measures
routes recommended by the hydrometeorological ser to be taken against the effects of floods on various types
vices ran into conditions threatening loss or damage to of installation and timely evacuation of movable assets
cargo. However, a number of cases of damage to from the area threatened with inundation.
vessels not following these recommended routes occurred
In this case, the economic benefits are estimated by the
in the North Atlantic during 1965-1967.
value of goods, foodstuffs, machines and equipment
The number of ships following courses recommended removed or protected in time from the flooded area.
by the Hydrometeorological Service is expected to double According to initial information obtained by the hydro
in the next few years. The better use of available hydro meteorological services of the U.S.S.R. from agricultu
meteorological information and further improvements in ral organizations, the use of flood forecasts in this way
the organization of the service, even without any marked reduces material damage due to floods by 20-30 per cent.
improvement in the quality of forecasts, will increase the
Water-supply services in the U.S.S.R. now make
average savings in sailing times from 3-4 to 5-6 per cent
extensive use of monthly or quarterly forecasts of river
which, in all, will give a yearly saving of 15,000-18,000 discharge in their practical work for the planning of
ship-hours, or approximately 5 million roubles.
reservoirs, hydroelectric power stations, irrigation sys
tems, water transport and other activities. In addition
to the use of forecasts, the average statistics of river
Hydrometeorological Services to Fishing
flow over a period of many years are also used in the
planning of practical operations in the abovementioned
It is known that many fish species (sardines, khamsa,
fields. The introduction of the use of forecasts in
some kinds of herring, etc.) attain economic concentra
planning made it possible to raise the efficiency with
tions when the water at the ocean surface approaches a
which water resources are exploited by 10-15 per cent
certain temperature. The introduction of the use of
and to obtain correspondingly higher profits.
successful water-temperature forecasting based on the
measurement of surface temperatures by means of air
Within the limits of this article, it is not possible to
craft-borne radiation thermometers will improve the describe in detail all the methods of estimating the
planning of fishing-fleet operations and raise catches by economic advantages of using hydrometeorological
10-20 per cent.
information and forecasts.
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data indicate that with an area of 1.5 million km2 pro
tected from hail in the Soviet Union in 1967, savings of
roughly 40 million roubles out of an over-all benefit of
about 500 million roubles were obtained. Thus, econo
mic benefits of the Hydrometeorological Service could
Great economies can be obtained from work on the easily attain 1000 million roubles, or 4 or 5 times the
protection of agricultural crops from hail. Incomplete amount that is spent on maintaining the entire service.

It is to be hoped that the present report will permit
an exchange of information on the work being done in
this field by the meteorological services of various coun
tries, and will point the way to further developments.
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WEATHER AND THE CONSTRUCTION INDUSTRY
By R. M. White
One of the main problems in assessing the economic
benefits of meteorological services is not, as sometimes
stated, that governments do not realize their importance.
They usually do. The problem is really that so little has
been done in making quantitative assessments of the
benefits that· derive from them.
While it is often difficult to acquire quantitative esti
mates of economic benefits, it is not impossible. The
Environmental Science Services Administration has a
wide variety of specialized services such as those for
agriculture, aviation and forestry, and they seem to be
greatly appreciated by the user groups who request and
receive them.
The United States is subjected to very severe and
devastating kinds of weather. In particular certain
coasts are highly exposed to tropical hurricanes. It is
not difficult to convince the U.S. Government that there
should be a hurricane warning service. Two or three
years ago Hurricane Betsy caused an estimated one
billion dollars worth of damage in the U.S., and this
was just one storm. In connexion with that hurricane,
over one hundred thousand people were evacuated from
the low-lying delta areas of the Mississippi River Valley
in Louisiana. So there can be no doubt that the hurri
cane-warning service is essential, and such publi,c safety
programmes receive high priorities. However, another
pressing question is: "How much additional money
should be put into other services, what kinds of improve
ments would result if such additional money were put
in, and where should it be put-for example, into agri
cultural weather services or aviation weather services?"
Let us assess the needs of various industries and activities. Which would benefit most from an application of
various kinds of weather information, such as weather
forecasts or climatological information?

activity have in its ability to adjust to the weather which
might affect it? Even if an activity is extremely sensitive
to the weather, if no decision can be made which will
enable the activity to adjust to the weather, the weather
forecast is not likely to generate benefits. As a result
of the series of interviews, we subjectively prepared the
table shown in Figure 1, applicable only· to the United
States. Each country would have a different ranking as
a function of its particular industries and their weather
sensitivities.

1. Fishing
2. Agriculture
3. Air transportation
4. Forestry
5. Construction
6. Land transportation
7. Water transportation
8. Energy production and distribution
9. Merchandising
10. Water supply and control
11. Communications
12. Recreation
13. Manufacturing

Figure 1 - Weather Influence Rank
As will be seen from Figure 1, fishing was the industry
which ranked first; it was sensitive to the weather, and
fishermen could adjust to it. As would be expected,
agriculture ranks very high; air transportation next;
manufacturing last.

Having assessed the weather-influence rank, we next
We attempted to do this and first set out to examine
the influence of the weather on segments of the economy attempted to determine in which of these industries one
in the United States. Interviews were conducted with might find the potential for the greatest economic
about 75 meteorologists and people in various industries · benefits.
to attempt to make a qualitative assessment of the
Figure 2 shows the contribution to the gross national
influence of weather on various segments of the economy. product (GNP) of the United States made by each of
To assess the influence of weather on a particular these 13 industrial groupings in 1962. The absolute
segment of industry, it is necessary to consider two contribution to the gross national product (in the case
questions: (1) how sensitive is the activity to weather? of manufacturing, about $115 thousand million in the
and (2) what scope and latitude of decision does the United States) is not indicated. This ranking was led
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1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.

the industry with second highest economic benefit poten
tial of all industry in the United States. Fishing, on
account of its small contribution to gross national pro
duct, falls somewhat lower on the economic-benefit
potential diagonals on the graph. This graph suggested
that construction would be one of the industries to look
at very carefully.

Manufacturing
Merchandising
Construction
Agriculture
Energy production and distribution
Communications
Land transportation
Recreation
Water supply and control
Air transportation
Water transportation
Forestry
Fishing

Having decided to examine the possibility of improved
weather services for the construction industry, the next
step was to commence a rather complex study of the
industry itself. This was carried out under contract by
a United States research concern. The study team made
a very thorough study of the industry, going to sites,
talking with people and analysing the weather effects on
the industry with a view to obtaining information as to
how the economic benefit potential on the graph might
best be realized.

Figure 2 - Gross National Product Rank (1962)

First, the study team looked at the effects of weather
on the construction industry, its weather information
needs and the current availability of the information.
The team then looked at the economic consequences of
weather on the industry, and then asked, "What would be
the best means of realizing potential benefits?'' recognizing
that these benefits might be realized as a result of, for in
stance, increased improvement in the accuracy of forecasts.

by manufacturing, with fishing last. To assess the
economic benefit potential of these industries, the ranks
in Figures 1 and 2 were combined graphically.
In Figure 3, it can be seen that the economic benefit
potential assessed by means of this study would tend to
be higher at the top left-hand corner and lower at the
bottom right-hand corner. Agriculture is revealed to
have the highest economic benefit potential, and this is
in accordance with intuitive assessment. Construction is

Figure 4 indicates the size of the construction industry.
The contribution to the gross national product made by

ECONOMIC BENEFIT POTENTIAL OF USER GROUPS
1962 G. N. P. RANK
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Figure 4 - Construction Losses Due to the Weather
the industry is $88 thousand million, and of this about
39.7 thousand million annually is sensitive to weather
conditions. The major categories of construction making
up the industry are shown, together with the degree to
which each is sensitive to the weather.
Based upon a comparison of actual weather conditions
that occurred in the United States over a five-year period
with the construction activities taking place over this
period, it was estimated that in the United States the
total dollar loss in the construction industry due to
weather amounts to a minimum of $3 thousand million
annually, and in some years it goes much higher. It
was also found that weather information of two rather
broad categories is used by the construction industry:
climatological information is needed in engineering design
and planning; and the short-period current weather
information which is used in day-to-day activities. The
weather service requirements of the construction industry
are in one sense very similar to those of aviation, the
point being that the timing is critical, and a constant
vigilance on conditions is also extremely important.
During the course of the study, a detailed investigation
was made into the effects of different weather conditions
on all the activities that take place in construction work.
The critical meteorological limits are tabulated against

these activities in Figure 5. It was found that while
decisions dependent on weather in the construction
industry may be made at any hour of the day or night,
weather information requirements reached a maximum
at about 3 p.m. and about 7 a.m. Planning and schedul
ing for the following day's activities including labour,
equipment and material usage are often based upon the
weather forecast which is available in the afternoon.
These plans and schedules are of course tentative, and
the final decision is usually made early the next morning,
when it is heavily influenced by the weather conditions
observed as people go to work.
The weather information required for these short
time-periods-perhaps up to 24 hours-was much more
detailed than the kind of weather information available
from daily morning radio broadcasts or newspapers.
Therefore, the conclusion was drawn that it is very
important, if you are to realize the potential economic
benefits, to "tailor" this information to the specific
activities at the site.
One requirement which we are not yet in a position to
satisfy is for detailed daily forecasts for five days to one
week in advance for the benefit of the construction
industry. This important deficiency is where, I believe,
our World Weather Watch programme will help us.
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Perl).aps the most surprising conclusion of the study is
that an estimated saving to the construction industry of
the U.S.A. of more than $500 million annually is possible,
even without improved forecast accuracy.
Weather information is worthless unless it is used.
It is essential to disseminate the information promptly
to various user groups if the benefits are to be realized,

for this, after all, is the objective of all meteorological
services.
The results of this study have been summarized
briefly in a brochure to acquaint the construction industry
with the importance of weather in its activities and
encouraging the industry to make more extensive use of
the weather information which is available.

Figure 5 - Critical limits of weather elements having significant influence on construction operations
Operation

Rain

Snow and sleet

Freezing rain

Low
temperatures
(OF)

Low temperature
and high wind
( Chill factor)

Surveying
Demolition and clearing
Temporary site work
Delivery of materials
Material stockpiling

L1

M
M
M
L

L
M
M
M
L

L
L
L
L
L

0--10

Site grading
Excavation
Pile driving
Dredging
Erection of coffer dams

M
M
M
M
M

M
M
M
M
L

L
L
L
L
L

20- 32
20- 32
0--10
0--10
32

·�

Forming
Emplacing reinforcing steel
Quarrying
Delivery of pre-mixed concrete
Pouring concrete

M
M
M
M
M

M
M
M
L
L

L
L
L
L
L

0--10

8

32
32
32

I

Stripping and curing concrete
Installing underground plumbing
Waterproofing
Backfilling
Erecting structural steel

M
M
M
M
L

M
M
M
M
L

L
L
L
L
L

32
32
32
20- 32
10

Exterior carpentry
Exterior masonry
External cladding
Installing metal siding
Fireproofing

L
L
L
L
L

L
L
L
L
L

L
L
L
L
L

0--10
32
0--10
0--10
0--10

Roofing
Cutting concrete pavement
Trenching, installing pipe
Bituminous concrete pouring
Installing windows and doors, glazing

L
M
M
L
L

L
M
M
L
L

L
L
L
L
L

45
0--10
20- 32
45
0--10

Exterior painting
Installation of culverts and incidental drainage
Landscaping
Traffic protections
Paving
Fencing, installing lights, signs, etc.

L
M
M
M
L
M

L
L
L
M
L
M

L
L
L
L
L
L

45- 50
32
20- 32
0--10
32- 45
0--10

1 L indicates light: M indicates moderate.
Indicates operation affected by this condition but critical limit is undeterminable.
3 Indicates water freeze.
2
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While this is an interesting pioneering effort, the pre true that situations do vary from country to country,
paration of such studies for every industry in all countries there is much more similarity between, for example, the
would be an enormous task.
construction industry in the Soviet Union and the
It is suggested that the World Meteorological Organiza construction industry in the U.S.A. than there are dif
tion could attempt to establish a series of co-ordinated ferences, and such studies might very well have some
studies in depth by individual countries on specific general applicability. It might also be possible to carry
industries. For example, Japan might make a detailed out a series of studies over a short period of time which
study of the fishing industry, and another country might would yield the Organization as a whole a broad assess
make a detailed study of merchandising. While it is ment across a wide variety of industries.
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THE APPLICABILITY OF COST/BENEFIT ANALYSIS IN ASSESSING
THE VALUE OF METEOROLOGICAL SERVICES
By Norman Scott
Introduction

Economists pride themselves on being practitioners of
the most exact of the social sciences. And when econo
mics is compared to sociology, or history, or political
theory, economists have some grounds for feeling slightly
superior. Comparison with the methods and achieve
ments of the more exact natural sciences, such as meteoro
logy, is more liable to make economists blush. Such laws
as economists can construct concerning the behaviour of
prices and markets, or of patterns of consumers' demand,
are broken almost as often as they are observed, due to
the waywardness and instability of human tastes and
expectations, both of which have a decisive influence on
economic behaviour. These remarks are by way of
explaining the essential difference between the methods
of studying meteorological and economic phenomena.
Both meteorologists and economists devote much of
their energy to attempts at forecasting future events.
Moreover, we both face a kind of credibility gap con
cerning the accuracy of our forecasts, although honesty
obliges me to acknowledge that in several countries
-not least my own-the incredulity of the public is
now greater towards economic than towards meteoro
logical forecasts. The moral may be that it is a very
good thing that governments have no control over the
weather such as they have over the economy. More
seriously, it seems to me that the similarity in the pre
dictive nature of our separate branches of scientific
activity points to a need for co-operative research; namely,
a joint assessment (which must in itself be something
of a forecast) of the net benefit or worth to society of
improved meteorological forecasting.
Before attempting to sketch the origins, principles and
techniques of cost-benefit analysis, I wish to call atten
tion to the general problem that economists now face of
having to give advice to governments assailed by the
arguments of different public-financed agencies that
"more is better" for each of them-e.g., by those who
want larger national expenditure on defence, or health
or education or housing or roads. Each such expenditure
may be valuable in itself. But no national economy can
bear the strain of increasing the budgetary allocations to
all simultaneously, and on the same scale. So the
economist is thrust into the position of having to advise

whether the expenditure on two military aircraft has
greater "social worth" than two additional weather
ships or two extra schools.
The Origins and Principles
of Cost-Benefit Analysis
The nature of "economic appraisal or evaluation"

The usual business method of assessing a project is to
calculate the value of the goods and services to be pro
duced by a given activity (the benefits) and to compare
the results with the value of the goods and services
employed (the costs). When investment is being studied,
running costs are subtracted from annual receipts, and
the residual is expressed as an annual rate of return on
the capital employed. If the anticipated returns compare
favourably with the prospective rates obtainable from the
alternative uses to which the capital might be put, the
proposed project may be regarded as "sound" from the
point of view of a private enterprise.
In a competitive market economy, the value of benefits
yielded by an activity is reflected, through the price
mechanism, in the amounts which final consumers are
prepared to pay for goods and services. Similarly, the
costs which have to be met are deter.mined in competitive
markets for the factors of production-labour, capital,
land, and entrepreneurial skills, and risk-taking-by
market forces. These are really opportunity costs, or
the measure of the value of these resources when engaged
in other lines of activity. Note, however, that the exis
tence of market or institutional imperfections-e.g.,
monopoly-can reduce the accuracy of prices in reflecting
true opportunity costs.
In contrast with the private sector, a whole range of
government services are provided without any direct
price being charged for them. This is because they
consist, most frequently, of collective goods. The
defining characteristic of collective goods is our inability
to vary the amount of them provided to individual
consumers, and hence our inability to make a separate
charge for them. A typical example is flood protection
-all members of the community who live in the vul
nerable area are protected, but the amount of protection
cannot be varied from household to household. Simi-
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larly, the inspectorate of public hygiene provides a
service safeguarding the interests of all restaurant clients.
Or, again, it would be impossible to levy a charge on
each ship's master every time he looked at a lighthouse.
Because there is as a rule no financial return from the
provision of collective goods, such activities have no
attraction for the private investor and must be undertaken
by the public authorities. The result of the absence of
a competitive market and of prices is that the value of
the benefits yielded by a government-provided service
cannot be obtained by any direct method. Ultimately,
of course, the ballot-box provides a test of the electorate's
appraisal of the quantity and quality of services provided
by any government; but honesty obliges us to admit
that the political process provides only an infrequent
and inaccurate test of the social efficiency of government
expenditure by broad sectors-health, education, housing,
etc.-of social-economic activity. It is in this context
that interest has grown in recent years in the potential
of cost-benefit analysis as a means of providing an
economic appraisal of the efficiency of government
expenditure. The aim of such analysis is to supplement,
if not to replace, the traditional, largely intuitive methods
of decision-making by public officials by more exact
quantitative analyses.

link is from one productive activity to another. For
example, more even phasing of building activity, thanks to
improved weather forecasting, can result in higher
annual output of construction materials. Or the cons
truction of a new dam upstream from existing generating
plant can, by improving the control of water flow,
increase downstream generating capacity. Alternatively,
the link can be between production and consumption:
air and water pollution, and the noise problem, are all
too-familiar examples of the external social costs created
by the growth of modern energy-intensive productive and
transport activities. There are also consumption-to
consumption links (when water-skiers on Lake Geneva
prevent the angler from bringing home a basketful of
perch) and consumption-to-production externalities, as
when a mid-week football match results in such traffic
congestion that the transport of goods is delayed.
Examples of these various categories of external costs
and benefits could be multiplied. Perhaps enough have
been given to show how numerous and complex are
these external consequences of a change in economic
activity. The important point for our present purpose
is to realize that any thoroughgoing cost-benefit analysis
of meteorological services will first have to trace such
consequences, and then to try to attach values to them
if they are not reflected in market prices.

The distinction between social and private costs and benefits

We have already noted that the market provides no
guidance as to the value of collective goods. For cost
benefit analysis, as for other applications of economic
theory, it is important to realize that the market also
fails to set a value on external economies, or dis-economies,
which we may also call external benefits and costs. Such
external effects may be defined as the incidental service
rendered by a paying transaction between A and B to
a third party (or parties) C, from whom payment cannot
be exacted or on behalf of whom compensation is
required.
The classic example is factory smoke and the resultant
social cost of air pollution, which does not appear in the
private investor's balance-sheet of private (financial)
benefits and costs. An example of an external social
benefit is the flood protection that may result from the
construction of a dam which was built with the sole
purpose of generating electricity for sale on the market.
Social costs and benefits may therefore be defined as the
sum total of costs and benefits resulting from any action.
An appraisal of the social efficiency of public expenditure
must therefore include an estimation of the values of
such external social costs and benefits.
External effects take very many forms, and their
correct identification is a necessary preliminary stage.
before proceeding to the valuation. Sometimes, the

The Stages of Cost-Benefit Analysis

There are four main stages of cost-benefit analysis:
(1) A definition of coverage. This consists in the
identification or listing of the direct and indirect benefits
and costs of the project under study and the choice of
those which will be quantified. Hence, the question that
immediately arises is of deciding how many external
benefits and costs should be included. Boundaries must
be drawn somewhere, but they inevitably limit the
concept of "society'' whose gains or losses are being
considered. Inasmuch as cost-benefit analysis provides a
longer (in time) and broader (in economic distance)
framework for a "social utility" appraisal of public
expenditure, the setting of such limits is a disadvantage,
especially if the research coverage is differently circum
scribed for competing uses of resources. However, it
has to be admitted that many consequences may be so
remote in time or imponderable in nature as to defy
quantification. The techniques of quantification used
in cost-benefit analysis are often ingenious (particularly
those developed for the study of the development of
water-resources in the United States), and the method as
a whole is still in its infancy; none the less, it is probably
utopian to believe that satisfactory techniques will ever
be elaborated for quantifying in money terms the increased
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feeling of personal security resulting from, say, reliable
flood or tropical cyclone warning systems.
(2) Valuation in quantitative, usually monetary, terms
of the costs and benefits listed in the first stage. Some
illustrations of techniques currently used are given
below 1 and some details are given in the Appendix.
1 In the cost-benefit analysis of water-resource development
projects-e.g., dam-building-three categories of benefits are
examined, the method of valuation used being different in each
case: (1) Electric power generated. The electricity is sold commer
cially, hence the price is given by the market, and it would seem
that the familiar "price times quantity" approach puts the correct
value on the output of the project. However, there is the further
question of making allowance for consumers' surplus (i.e., the
difference in value between the sum that the consumers pay per
unit of electric power and the amount they would be willing to pay
to avoid having the supply cut off). This is a familiar concept in
economic theory, but estimation of its value necessitates recourse
to the technique of shadow prices. These are fictitious prices
(since no transactions take place in the real world at these prices)
used in economic calculation. Their purpose is to make allowance
for market imperfections or for such concepts as consumers'
surplus. (2) Irrigation benefits. No charge is usually levied for
water thus provided from increased storage capacity. Valuation
must therefore be based on the value of additional agricultural
output resulting from irrigation-but with subtraction of the value
of other inputs drawn into agricultural production, by means of
the "opportunity cost". (3) External social benefits or costs
-essentially, flood protection benefits. The valuation of flood
control benefits can be done by either of two methods: First, if the
incidence of floods can be determined and the amount of damage
done by them assessed, a plausible sum can be estimated. Alter
natively, insurance premia give an indication of the amounts which
are being paid to minimize the risk.

(3) Derivation of the ratio or annual rate of return.
Then, which ratio or rate is high enough to justify pro
ceeding with the project. Problems both of discount
rate (time-preference problem) and of appropriate rate
of interest for measuring the social opportunity cost of
the capital employed. There is special difficulty in
deciding which rate of discount is appropriate for funds
raised, not on the capital market by public borrowing,
but through taxation.
Interpretation of Findings

Finally, the values obtained from the total social
benefits and costs of the expenditure have to be related
to one another, and the resultant ratio or rate of return
compared with that obtained for alternative expenditure.
The choice of the form of the ratio is not of decisive
importance, since for most purposes the four methods
outlined in the appendix give equivalent results. Dis
crepancies may occur, however, in the treatment of
intangibles-for example, through the use of preference
weights. An important distinction has to be drawn, too,
between comparisons of alternative projects for achieving
a stated objective within a given budget (here cost-benefit
analysis is useful) and the limited usefulness of the tech
nique in allocating resources between different spheres
of public policy (e.g., a meteorological expenditure
-on, say, satellites-as against expenditure on road
building).
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Appendix
When benefits and costs are expressed only in terms of money, what we normally seek
to maximize is the present value of benefits less costs. Choice of projects which achieve this
maximum can be reached in the following four equivalent ways:
if
c1 , c2 , c3 • • • • cn represent costs in years 1, 2, 3, n
b1 , b2 , b3 • • • • bn represent benefits in years 1, 2, 3, n
i = the discount rate
s = the scrap value of the equipment at the end of its economic life
b = the constant annuity with the same present value as benefits
c = the constant annuity with the same present value as costs.
(1) Select all projects where the present value of benefits exceeds the present value of
costs.

(2) Select all projects where the ratio of present B values to present C values is greater than
unity.
As above,

b1
(I+ i)

+

(I+ i) +

>1
(I+ i)n

(3) Select all projects where the constant annuity with the same present value as benefits
exceeds the constant annuity with the same present value as costs.
b>c
(4) Select all projects where the internal rate of return exceeds the chosen rate of discount.
r> i
where r is given by
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POTENTIAL ECONOMIC BENEFITS FROM IMPROVEMENTS IN WEATHER INFORMATION
By J. C. Thompson
Such matters as economic and social gains are generally
considered beyond the professional metier of the meteoro
logist. But, even if this were true, they are clearly
subjects of interest and concern to him. For there is
surely no director of a weather service who has not been
required to answer periodically the queries of a finance
minister who, looking around frantically for a place to
cut expenses during a budget crisis, eyes his weather
service as a potential victim. Nor are the hallowed
halls of academia exempt from such pressures-there is
nothing sacred about science to a budget-minded
administrator.
Of course, the problem of determining the benefits of
such governmental activities as a weather service is not
a simple task. But neither are decisions regarding the
World Weather Watch dependent solely upon showing a
positive benefit-to-cost ratio. Scientific gains and the
technical likelihood of success of a programme are
perhaps even more important-at least to the meteoro
logist. Furthermore, these scientific and technical cha
racteristics are certainly no easier to assess than are the
economic consequences. The history of science and
technology is replete with abortive programmes which
can be exemplified by the modern expression of a failure
in the space age: "Well, back to the old drawing board.''
While these difficulties are not new in kind, they
clearly have increased in degree with advancing techno
logy. The meteorological services of only a few decades
ago were operated on the basis of relatively small,
inexpensive increments of improvement. In those hal
cyon days, the scientific, technological or economic
failure of a new radiosonde, for example, although
perhaps tragic to its inventor, was of small consequence
to the weather service or to society as a whole. It was
therefore sufficient to rely on trial-and-error methods
-or on what Professor Charles Lindblom of Yale
University has called "the science of muddling through.''
But the scientific goals of a meteorological satellite
programme are now too far-reaching; the technological
problems of a global horizontal balloon sounding system
are too formidable; and the economic costs of all such
activities are much too large to justify by a "science of
muddling through." The decision to approve or reject
modern meteorological programmes involves conse
quences so great that there inevitably arises a requirement
to predict, not only the technical likelihood of success

and the probable scientific gains to the meteorological
community in particular, but also the economic and
social gains to the national and international community
as a whole. That the problem is not a simple one, and
the prediction subject to some uncertainty, is in part
only a reflection of our lack of concern with such matters
in the past.
I shall start by taking a preliminary examination of the
relationship between meteorology and economics. We
shall not concern ourselves with the problem of assessing
the current value of a weather service, although for some
purposes, of course, such an evaluation may be required.
This might be necessary, for example, if a serious attempt
were being made to curtail a current weather activity
and it became necessary to demonstrate that such a
course would seriously endanger the economic fabric of
the community. But since the World Weather Watch is
a planned future programme, the economic and other
consequences are incremental additions to the benefits
which are already produced by the existing meteorolo
gical system. We shall accordingly be concerned with
providing a methodology for evaluating those incremental
improvements.
Weather information is fundamentally uncertain. This
uncertainty arises partly because the techniques we
use to probe the atmosphere provide only a crude measure
of its initial state, and partly because prediction of its
future state is handicapped by a technological inability
to obtain an exact formulation or solution of the pre
diction problem. Nor does the issuance of a firm and
positive statement regarding the current or future weather
assist in solving the problem. Indeed, the use of a
categorical prediction that it will be fair weather tomor
row, only to have rain occur, may be disastrous to the
farmer who, had he not received the weather forecast
and considered only the climatological likelihood of
rain, would have harvested his nearly dry hay crop the
day before.
Although some improvement in the uncertainty
regarding our knowledge of the atmosphere may be
anticipated as a result of better observing and forecasting
methods, this basic difficulty will almost surely continue
to be operationally significant for the forseeable future.
The consequence of this problem is that, unless weather
advice is designed for a particular user, his operation
is being conducted less efficiently than it could be, even
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within the current state of the science. But, of course,
it is generally impractical for a national weather service
to analyse the day-to-day operational risks of each
farmer, each merchant, or each member of the general
public, and to provide everyone with an optimum pre
diction for his weather problem.
Some attempts are being made by the United States
Weath.er Bureau, and perhaps by the weather services in
other countries also, to provide the information upon
which users can base their own optimum decisions; but
at present the programmes are quite limited in scope.
Thus, a considerable amount of meteorological advice is
issued in the form of categorical statements regardin,g
current or anticipated weather conditions. This means
that, quite apart from any scientific gains in meteorology
which would improve its economic value, there exists a
significant potential for improvement associated with the

optimum use of the weather information which we can
now provide. This gain must be accounted for if the
total economic value is to be assessed adequately.
One approach to this problem is to make use of the
concept of probability. Almost every schoolboy is
familiar with probability as a means of computing the
odds in a dice-game problem which his instructor has
required that he solve. And even the farmer whose
hay is almost ready for harvesting would surely complete
this task if he were informed that there is a 20 per cent
chance of rain, instead of receiving a categorical pre
diction of "no rain". In terms of the present problem,
however, it is sufficient to note that one can derive a
very simple, but nevertheless quite ,general, expression
involving the probability of adverse weather which can
be used as a criterion for making optimum decisions.
This is shown in Figure 1.

An economic decision criterion

Protect
Either course
Do no protect

= Probability of ,operattonally adverse weather.
C = Cost of protection for each occurrence of adverse

P

weather.

L

= Loss

suffered for each occurrence of adverse
weather if no protection has been provided.

Figure 1

Here, P is the probability of an adverse weather
event, that is, it is defined as the ratio of the frequency
of occurrence of adverse weather to the total frequency
for a representative sample. Adverse weather may be
the occurrence of snow, rain, temperatures above or
below a certain value, or any combination of these for
which protective measures may be required. An estimate
of P may be provided by the meteorologist, either by
a subjective summary of his own previous forecasting
experience, or by an objective statistical analysis of
past predictions made under similar synoptic condi
tions.
The quantity C is defined as the cost of protection on
each occasion that protective measures are taken, and

L is the loss suffered on each occasion that adverse
weather occurs and protective measures have not been
taken. The information required to evaluate these
quantities must, of course, be obtained from an analysis
of the operation for which the decisions are being made.
The criterion states that protective measures against
adverse weather should be taken if P, the probability of
such weather, is greater than the ratio CjL; that no pro
tective measures should be provided if P is less than
CjL; and that either course may be followed if P is equal
to C/L.
If, now, a series of predictions and decisions are made
using this criterion, the results may be presented as shown
in Figure 2.
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Figure 2
The contingency table in the upper left-hand corner of
Figure 2 is a generalized summary of a series of N pro
bability predictions which are used to make decisions
according to the criterion of Figure I. Thus protective
measures will not have been taken whenever P � C/L
and protective �easures will have been provided whenever
P > CfL. In this table Wand No Ware defined as the
occurrence and non-occurrence, respectively, of an
operationally adverse weather event, and "a", "b", "c"
and "d" represent the frequencies in the indicated boxes
in the table.
From the table, then, the total weather protection
expense for the operation will be due to the cost of pro
tection whenever P > C/L, plus the loss suffered on those
occasions when P � C/L and W occurs. The first
equation to the right of the table expresses this relation
ship.

On the other hand, if the scientific (and operational)
goal of "perfect" forecasting were attained, the total
expense for the operation would arise only from the
necessity for protecting against adverse weather. This
expense is given by equation (2).
Now, unfortunately, current weather predictions do
not, in general, contait;i quantitative information con
cerning their uncertainty. Instead, a working assump
tion, more or less equivalent to an "average" value of
the assumed economic risks for a large number of ope
rations, is used to produce a categorical prediction of the
future weather.
The results of a series of such predictions may be
presented as in the contingency table in Figure 2, but
with the ratio C/L = constant. The weather protection
expense for these "average" predictions is given in equa
tion (3), which is identical with equation (I), but with the
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subscript "a" denoting that an average categorical
decision is used for all operations.
It is now desired to obtain the economic gain which
might be achieved if perfect forecasts were attainable,
exceeding the value currently obtainable within the
prevailing state of the science. It is convenient to present
this information in a quasi "non-dimensional" form,
that is, as the gain per unit forecast, N, per unit of loss,
L. Accordingly, the potential economic gain for a
utopian improvement in scientific knowledge, denoted by
G8 , is derived from equations (I) and (2). It is given by
equation (4).

The economic gain which could be realized by making
optimum use of information concerning the predictive
uncertainty, exceeding the value of "average" predictions,
is given by the difference between equations (1) and (3).
This improvement is denoted as G O and is given by
equation ( 5).
Finally, it is useful to determine the total economic
gain which would be realized if "perfect" forecasts
were attainable, exceeding the value of currently issued
predictions. This is given by the sum of equations (4)
and (5). If we denote this total economic gain as Gt,
the result is given in equation (6).

ECONOMIC GAINS IN WEATHER FORECASTING
( Precipitation, San Francisco, Calif.)
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values of C/L, ranging from near zero to near unity. If, ous around a value of about .10. As an interpretation
therefore, it is assumed that all operations are equally of these figures, it might be concluded that it would be
likely and equally ·important, a simple arithmetic mean possible, at· least potentially, to eliminate an average
of the economic gain for each curve may be computed. total of 10 per cent of any current losses due to adverse
Such mean values are shown in Figure 6.
weather of the nature and at the locations we have
studied
here.
It will be noted that the magnitudes of these average
values are strikingly similar. Both as a consequence of
Now, if one were to assume that these values were
scientific advances and of operational improvements, reasonably general, an estimate of the potential benefits
the average economic gains do not depart greatly from to be gained by operational and scientific improvements
a value of .05, and the total gains are roughly homogene- in weather prediction could be obtained by applying the

Mean economic gains (in units of potential loss) from
scientific advances and operational improvements

Rainfall, Salt Lake City
Rainfall, San Francisco
Temp., Washington, D. C.
Gen. Wea., Northeast U. S.

Scientific
advances

Operational
improvements

Total
gains

.05

.04

.09

.06
.05

.05

.04

.06

.02

.10
.11

.07

Figure 6
percentages to the protectable portion of current losses result of a utopian improvement in weather forecasts
due to adverse weather. While such figures are not for periods of approximately 24 to 36 hours in advance.
available for the world as a whole, some "order-of
At this point a caveat is clearly in order. These values
magnitude" estimates have been made for the United have been obtained through the use of a rather simple,
States. Using government statistics and insurance but nevertheless quite general, meteorological-economic
company data, it has been estimated that the total model. They have been applied to an admittedly
annual losses due to adverse weather are of the order limited sample of meteorological data, and have used
of $10 thousand million. Of these losses, probably "order of magnitude" and probably incomplete esti
no less than one-half are due to- catastrophic weather mates of the weather losses in the United States. Quite
-that is, tornadoes, hurricanes, and the like-or are evidently, the resulting values can be no more accurate
otherwise the result of phenomena against which no short than the data which have been used for their determina
term protective measures can be taken.
tion. As a matter of fact, the monetary estimates are
The other one-half, or about $5 thousand million, presented here primarily as a means of illustrating a
represents losses which improved weather information method of attacking what might otherwise seem to be an
could alleviate. If one applies an approximate average intractable problem. Further work in this area, is
of the percentages shown in Figure 6 to this figure of clearly required.
$5 thousand million, one obtains for the potential
In this connexion, it should perhaps be pointed out
gains due to scientific advances 5 per cent x $5 thousand that, while the gains due to operational improvements
million, or $250 million, while operational improvements are largely attainable within the present state of meteoro
would provide an additional gain of a like amount. logical knowledge, any gains due to scientific advances
Thus, we obtain an order-of-magnitude sum of, say, lie in the future. Furthermore, it is difficult to estimate
$500 million for the total annual potential economic the amount of improvement in weather forecasting which
benefits which might accrue to the United States as a may be attained with increased scientific knowledge.
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AVERAGE WEATHER PROTECTION EXPENSE
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However, we may perhaps obtain some idea of our
future potential from an examination of past records.
Some evidence of this past progress is shown in Figure 7.
Here, the average weather protection expense for a
series of precipitation forecasts has been computed.
The data were obtained from weather predictions for
Washington, D.C., and include forecasts of precipitation
for the 25-year period from 1942 through 1967. The
basic information was made available through the
courtesy of the U.S. Weather Bureau. The vertical co
ordinate, Ea, is defined as in equation (3) in Figure 2,
but stated in non-dimensional terms. That is, Ea is
the expense of weather protection, per unit forecast, per
unit of potential loss, assuming an average value for the
operational risks (C/L = 0.5).
It will be observed that, for this 25-year period, there
has been a general reduction in the average protection
expense, amounting to two tenths of one per cent per
year in the linear least squares fit to the plotted points.
Since the forecasts upon which this illustration was based
were issued only in categorical form, theim provement

may be interpreted as being due exclusively to "scientific
advances''. If the annual improvement of two tenths
of one per cent seems rather small, perhaps it is only a
confirmation of the point which was made earlier; namely,
that in modern meteorology, large amounts of effort and
,material resources are required to produce even a small
improvement in weather forecast accuracy or utility.
We have already reached what the economists call "the
point of diminishing returns." If this were not so, we
should probably not be discussing this subject today.

Conclusion

In this paper, we have discussed briefly some of the
general characteristics of weather information, and have
developed a rather simple, but nevertheless quite general,
meteorologic-economic model. The model is an attempt
to take account of the interaction between prospective
improvements in meteorological information on the one
hand, and the consequent economic benefits on the other.
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Examples of Economic Gains
in Weather Forecasting
It is now of interest to apply equations (4), (5) and (6)
to weather predictions. For this purpose, a series of
weather forecasts reported in the literature by various
investigators have been analysed, and the results are
presented in Figures 3, 4 and 5.

Figure 3 shows an analysis of the economic gains for
a series of forecasts of precipitation made for San Fran
cisco, California. The economic gain, G, is shown as a
function of the operational risk ratio C/L. The dot
dash curve indicates the economic gain due to scientific
advances (G8), the dashed curve shows the economic gain

due to operational improvements (G0), and the solid
curve shows the total potential gain (Gt).
It will be observed that for small and very large values
of the operational risk ratio, C/L, the economic gains due
to improved operational decisions are greater than any
possible gain which might be achieved by scientific
advances. For values of C/L centred near the middle
of the range, however, nearly optimum decisions are
presumably already provided by "average" categorical
forecasts. Accordingly, the operational gain is small,
while the gain due to scientific advances is large.
Figure 4 shows a similar analysis for precipitation
predictions made at Salt Lake City, Utah.

ECONOMIC GAINS IN WEATHER FORECASTl'NG
(Precipitation, Salt L ake City, Utah)
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In general, this example exhibits characteristics similar
to those of Figure 3. It will be observed that appreciable
economic gains can be achieved by the use of proper
operational decisions for large and small values of the
operational risks, while scientific improvements will
contribute primarily to those operations whose risks are
near the middle values.
Figure 5 is an analysis of "general ,weather" forecasts
(i.e., temperature, precipitation and other elements
combined in a single index) for the north-eastern United
States. It will be observed that these data also exhibit
characteristics which are similar to the previous examples.

An inspection of the curves of these three diagrams
(Figures 3, 4 and 5) indicates that maximum values of
scientific and operational improvements range between
.10 and .15-that is, between 10 and 15 per cent of the
potential loss. It appears that, for these examples at
least, no amount of effort, in the form of either scientific
or operations research, could provide gains in excess of
these figures.
It is also of interest to determine the average economic
gain from these analyses. Preliminary considerations
suggest that operational risks for either a national or an
international economy as a whole probably include all

ECONOMIC GAINS IN WEATHER FORECASTING
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We have found that the relationship between these
two disciplines has some unique features. One of these
is the existence of both lower and upper constraints on
the "negative benefits", or costs and losses, associated
with the use of weather information, as well as on the
accuracy of the information itself. Consequently, it is
possible to place at least some order-of-magnitude
limits on the benefits which may help to determine whether
a prospective programme is accompanied by such a
high benefit-to-cost ratio that it is clearly justified, or
such a low ratio that it is not justified. If the evaluation
is inconclusive in terms of the decision which must be
made, either further analyses may be required, or the
decision must be based upon other than economic
considerations.
As a consequence of the approach, the meteorologist
must evaluate the current distribution of uncertainty
associated with the meteorological information he pro
vides. This is, in any case, surely an analysis he should
make for his own scientific purposes. The information
may be either current or predictive, although our example
was based only on the latter.
Data required of the weather service user is a quantita
tive assessment of the potential losses due to adverse
weather for which protective measures can be provided.
Obviously, except for a means of modifying the weather
itself, the meteorologist can do very little to alleviate
losses due to weather against which no protection is
possible. In the case of a gross estimate of economic
benefits for a large segment of the economy-for example,
a national weather service as a whole-statistics regarding
the relevant weather losses may already exist in govern
mental or insurance company records, or could be
inferred with sufficient accuracy from those that are
available.

The result provides a means of establishing the limits
of economic benefits which would be associated with
optimum operational response to weather information, or
for which the uncertainty was negligibly small. Note
that it is not necessary to provide scientifically "perfect"
information in order that a particular user may be pro
vided with perfect decision-making data. For example,
a farmer who is protecting his crop from frost would have
little concern about errors in the temperature above the
freezing point if the data below that point were accurate.
Clearly, however, this is only a preliminary approach
to the problem, and a number of questions still remain.
An important one is related to incremental improvements
within the range between current competence and the
utopian limits. For example, in the case of certain
decisions, it may be important to estimate what would
be the likely economic gain associated with the approval
of a given project which would provide less than perfect
information. This would require that those who pro
posed the project be able to assess the likely reduction
in observational or predictive error, and that the user
be able to determine the resulting decrease in his weather
losses. Just how accurate such estimates might be is
unknown. Here we obviously must take refuge in the
usual cliche of the research worker: "If we knew the
answer, we wouldn't have to do the research."
In any case, it would seem that the meteorologist has
reached a point in his development which will require
that he become increasingly associated with the problems
of the economist. The activities of these two disciplines
have a number of interesting parallel problems-as, for
example, a lack of public appreciation of the ability of
the one to predict the vagaries of the weather, and of the
other to predict fluctuations of the stock market. It
should be an exceptionally stimulating association.
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ECONOMIC BENEFITS OF THE METEOROLOGICAL SERVICE
OF THE FEDERAL REPUBLIC OF GERMANY
A Preliminary Study
By E. Siissenberger
The Meteorological Service of the Federal Republic of
Germany (Deutscher Wetterdienst) has recently started to
examine the economic benefit of its service to the national
economy. The Deutscher Wetterdienst is aware of the
fact that a thorough study of this will take several years
and that it will hardly ever be solved completely because
of the complexity of the problems involved.
There are certain branches of the economy for which the
benefit of the services rendered by the Deutscher Wetter
dienst can be expressed quantitatively in financial terms.
However, very often only qualitative assessments are
possible. In many cases, the statements can only be
based upon estimates of the customers of the Meteorolo
gical Service (i.e., the customers who receive its forecasts
and advice). For the Meteorological Service it is diffi
cult-except in particular cases-to check these estimates
or to carry out reliable studies by itself. It seems to be
convenient and more promising to let economists partici
pate in such studies.
From material at the disposal of the Deutscher Wetter
dienst, the following examples may be given which contain
reasonably reliable information on the quantitative benefit
of meteorological services.
Examples of the Economic Benefit
of the General Forecast Service
Construction industry (including road building)

the regional meteorological offices and the headquarters,
the above-mentioned programme has been in fact a
real success. The Deutscher Wetterdienst provides the
construction firms with all necessary information daily
by radio, and also by a special telephone service, so that
they have a sound basis for their decisions. This is
especially valuable, of course, in critical weather situations
when the firms have to decide whether outdoor work can
be carried on with advantage or not.
Consequently, in winter a high percentage of all builders
ask the Meteorological Service for individual advice. It
is difficult to estimate the actual number of firms seeking
such advice because the smaller ones obtain the necessary
advice for construction purposes through the general
forecasts for the public provided through television,
radio and press.
Estimates made by firms and groups of firms within
the construction industry of the benefit which they derive
from the services rendered by the Meteorological Service
range from 0.5 to 5 per cent of the economic turnover.
Taking the annual turnover of the main building trade
in 1965 to be US $12 thousand million and using the
minimum rate of 0.5 per cent, the annual benefit of the
meteorological forecast and advisory services amounts
to US $60 million. As this estimate is the absolute
minimum, it can easily be expected that the actual benefit
which the construction industry obtains from the Meteo
rological Service in Germany is two or three times as
much.

The capacity and production of the construction
industry are, to a high degree, weather sensitive. This Production and distribution of power
is especially true for construction activities during the
The production of and the demands for power, whether
winter. In former years, such activities ceased when the its source be water, gas, fuel-oil or coal, are also very
first frost came and were only started again in the spring. sensitive to weather conditions. In this respect, temper
The Federal Government has given close attention to ature is the main factor. Even minor changes in temper
the position in an attempt to shorten this break and to ature bring about a considerable increase or decrease in
intensify construction work during the winter as much consumption, especially in winter. The production of a
as possible. The Deutscher Wetterdienst was involved bulk gas supply has, for example, to allow for consider
in these endeavours, designed chiefly to reduce the number able daily fluctuations in consumption. For this purpose,
of unemployed. In fact, the success of this special pro the Meteorological Service must provide the most
gramme called "Construction in the winter season'' accurate possible temperature forecasts. Apart from
depended very much upon an efficient collaboration with this, warnings of sudden outbreaks of cold weather are
the weather service, and by keeping close contact with very important as the sudden increase in consumption can
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lead to a complete breakdown of the supply unless a
sufficient number of gas-generating plants participate in
time.
Similar criteria are valid for the production and dis
tribution of electric energy.
From 1963 to 1965, the total power-output from
water, fuel-oil, lignite and pit-coal sources in the Federal
Republic of Germany amounted to an average annual
turnover rate of US $9.2 thousand million. According
to careful estimates based on information supplied by this
branch of industry itself, the benefit gained through the
advisory service of the meteorological service may be
put at 0.075 per cent of the total turnover value-i.e.,
about US $9 million.
Air transport
In air transport and aviation, some of the economic
benefits of meteorological services can be calculated very
accurately. Of course, such benefit calculations do not
include the safety factors, but refer only to the most
economical planning of flight routes by choosing the
most suitable flight path and the optimum flight altitude
between two given airports.
Calculations based on operational experience of the
German airline, Lufthansa, show that the costs for long
distance flights are reduced by about 3 per cent when
meteorological forecasts are taken into consideration. If
the flight costs for a jet airliner are calculated at US $750875 per hour, the total cost for one crossing of the Atlan
tic (taking about 8 hours) amounts to approximately
us $6,000.
The Deutscher Wetterdienst provides forecasts for
about 25 transatlantic flights daily. On the basis of the
above rate of 3 per cent, the sum of approximately
US $1.8 million represents the benefit which airlines
derive each year from the Meteorological Service in
respect of direct transatlantic flights leaving from the
Federal Republic of Germany.
Maritime transport
As regards maritime transport, apart from the routine
advice and warnings for navigation, the Deutscher
Wetterdienst has provided a routeing service for ships
for several years. Such briefings were given in 1967 to
about 350 ships starting from Germany across the
Atlantic and, as a result, an average of about 12 hours'
time was saved en route in each case.
In addition, the application of meteorology to cargo
problems is well advanced. After some years of expe
rience and trials, advice in this field is now given to ship
owners on a routine basis. The benefits gained by these
services have, as yet, not been fixed in monetary terms;

but attention should be drawn to another kind of meteo
rological service provided for in the maritime field.
By means of meteorological stations on board fishery
protection and research vessels, the Deutscher Wetter
dienst carries out intensive meteorological advisory
activities for deep-sea fishing. Captains of fishery vessels
estimate that the services of these meteorological stations
produce an increased catch amounting to about 3 per cent.
On an average, the annual harvest of fish is valued at
approximately US $36 million, so that the annual benefit
therefore amounts to more than US $1 million.
This again is only the minimum and the actual benefit
may be much greater, as the following example shows.
The fishery protection vessels ply with the trawlers
usually in the fishing grounds near Iceland and Green
land, and trawler captains can talk with the meteorologist
on board the fishery-protection vessel by radio. Now,
trawlers can only handle their nets in wind speeds of up
to Beaufort 5; with Beaufort 6 or more the nets would
be torn and spoiled. So, the assurance of the meteoro
logist that the wind will not exceed the threshold value of
Beaufort 5 may result in a record haul of fish on one day
which could be worth as much as the entire cost of
maintaining the trawler in the fishing grounds for a
fortnight.
Examples of the Benefit
of the Climatic Advisory Service
Planning of high-voltage lines
For the planning and construction of high-voltage
lines, the Meteorological Service gives advice on the
wind and ice (snow) conditions which help to determine
the optimum distance between individual pylons. Sup
posing, for example, that from general technical considera
tions 500 pylons would be required for a given course and
from climatic advice it is found that ten masts can be
omitted, the economic benefit amounts to 2 per cent;
assuming that one pylon of medium size costs approxi
mately US $12,500, then US $125,000 can thus be saved
on this project.
Road building
New roads are often built upon embankments, which,
if crossing a valley, can cause the accumulation of cold
air, and consequent damage to crops. In order to avoid
this, it is sometimes necessary to incorporate an expensive
bridge construction so that the cold air can drain off.
If, however, climatic-orographic advice indicates that the
road embankment can be built without the necessity
of including a bridge, the building costs are considerably
reduced.
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A construction firm confirmed that on the basis of a year is avoided, the cost, according to the estimates
such advice prepared by the Meteorological Service of agricultural experts, of the cultivation of potatoes
concerning a road project, US $750,000 were saved. (wages and use of machines) is reduced by US $5 per
This is just one example given by one firm. The over-all hectare. As the average area devoted to potatoes
benefits to this branch of industry obtained through amounts to 700,000 hectares in the Federal Republic
meteorological services in the Federal Republic are most of Germany, minimum savings of about US $3.5 million
are to be recorded. This does not take into account the
probably much higher.
fact that with the avoidance of phytophtora, a consider
able increase in crop-yield is gained.
Examples of the Benefit of the Agricultural
Meteorological Advisory Service
Conclusion
Combating phytophtora
To this selection of just a few examples could be added
Since 1967, the Deutscher Wetterdienst has offered numerous others; but even these few cases show that
what is called a "Phytprog-Service", giving advice in the benefit that the national economy of the Federal
connexion with measures to combat phytophtora (potato Republic of Germany gains from the services rendered
blight).
by the Deutscher Wetterdienst are much greater than the
Before this service was introduced, the spraying of amount the Federal Government has to spend on the
potato crops was carried out at regular intervals. Now, Meteorological Service. In this connexion, it is recalled
the "Phytprog-Service" directs the spraying of the potato that the benefit for only one branch of industry-the
plants according to the weather conditions which have construction industry-amounts to US $60 million per
a considerable influence on the development of the disease annum; this is approximately four times the annual
and if, through this service, just one spraying operation budget of the Deutscher Wetterdienst.
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ECONOMIC BENEFITS OF METEOROLOGICAL SERVICES IN DEVELOPING COUNTRIES
By E. A. Bernard (UNDP)

It is as observer of the UNDP that I take part in the
debate on the theme of the economic benefits from
meteorology, and I do this for two reasons: first, I have
been impressed by the large volume of discussion which,
in the course of the sessions of the Executive Com
mittee, has related to problems of assistance required by
developing member countries. Second, yesterday we
heard eminent directors of meteorological services
explain to us the economic role played by meteorology in
their own countries, but all these speakers represent
countries which are among the most advanced in the
world. A great convergence of opinion results from these
discussions. These opinions are not, however, applicable
to developing countries, since the economic role of
meteorology in the new countries is shown to be of a
radically different character.
The advanced countries are organized countries, pro
vided with a strong infrastructure; and the intensive
exploitation of their natural resources is evident. The
progress of meteorology in these countries keeps pace
with progress in industrialization at a time when agri
culture has already assumed its main lines of develop
ment. Consequently, meteorology in the advanced
countries has become, owing to the nature of the high
priority questions in their economic expansion, one of
protection and putting the accent on the prevention and
fight against meteorological calamities. Organized in this
way, meteorology of this kind plays an important econo
mic role in the advanced countries, as the explanations
given here have perfectly demonstrated. One may note
that the large sums mentioned to attest the importance
of the economic role of meteorology are, in fact, losses
which have been avoided.
In the developing countries, the position of meteorology
is in principle completely different. I believe it is worth
while to emphasize these contrasts here by taking the
example of the least developed countries in the world.
Certainly, all degrees of underdevelopment are to be
found, and the contrasts made apply less accurately to
countries at a stage of development halfway between
states at the two extremes.
Let us take the case of a new country in the tropics,
with a primitive and rural population, undernourished
and spread out over an immense territory. The economic
role of meteorology in such a country is first of all to
contribute to development by making it possible to

obtain the best return from the natural resources, among
which we will mention in the first place, as the most
fundamental and the most inexhaustible, the resources
provided by climates for agriculture. The problem of the
agricultural development of new countries is at the
outset a problem of agrometeorology based on good
knowledge of the climatological and hydrometeorological
conditions (water available for irrigation). It is a
question of increasing the photosynthetic output of
cultures by obtaining optimum combinations of light,
temperature and humidity required by plants. These
combinations, associated with soil conditions, ensure the
best biochemical output of the open thermodynamic
system represented by the cultures. Agroclimatological
studies on the introduction of new cultures, research on
the microclimatology of cultures, may contribute con
siderably to improving the output of the energy chain
climate-cultures-animals-population. The relative eco
nomic benefits of meteorology translated into possible
rate of growth have no common measure with those
obtained in advanced countries. These benefits are
positive, and no longer have the character of losses
that have been avoided. They represent important
percentages of the national revenue which may grow
rapidly through the rational development of agriculture.
In the new countries, meteorology should also have
an exploratory character with regard to climatic resources.
It is interesting to note how the exploitation of the
world's natural resources is far from complete. Out of
873 UNDP projects (component of the Special Fund)
362 projects are designed to establish an inventory of
natural resources.
I could continue by emphasizing all the contrasts of
various kinds between meteorology in advanced countries
and meteorology in new countries. I summarize by
submitting a duality of points of view which perhaps are
contradictory in terms of priority of effort-but which com
plement one another in the attainment of the objectives.
To meteorology for forecasting and for protection
based on the notion of time, must be added meteorology
for exploitation and assessment based on the notion of
climate. The first one avoids losses, the second creates
new wealth in obtaining the best results from the
favourable meteorological forces. The first one is
applied to protect transport; the second is applied in
the exploitation of natural resources.
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WORLD WEATHER WATCH
PLANNING REPORTS
RAPPORTS SUR LA PLANIFICATION
DE LA VEILLE METEOROLOGIQUE MONDIALE

1 Upper-air observations in the tropics. Herbert Riehl
2 Technical standards of high-speed data transmission. P. Wlisthoff
2 Normes techniques des transmissions ultra-rapides des donnees. P. Wlisthoff
3 Telecommunications problems in computer-to-computer data transfer.
T. Thompson
No 3 Problemes de telecommunications que souleve le transfert de donnees entre
calculatrices. T. Thompson
No. 4 The potential economic and associated values of the World Weather Watch.
J. C. Thompson
No. 5 Research aspects of the World Weather Watch. Sverre Petterssen
No. 6 Plan for a regional telecommunication network for Region II (Asia).
G. A. Zuev
M 6 PernoHaJibHhl:t'I rIJiaH TeJieCBH3II )];JIH PernoHa 1 I (AsIIH). r. A. 3yeB
No. 7 Meteorological observations from mobile and fixed ships
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and H. P. Marx
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No. 10 Meteorological observations from automatic weather stations
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automatiques
°
N 11 Systeme mondial de telecommunications. H. Ribault
No. 12 Chart processing functions of regional meteorological centres
No. 13 The global data-processing system and meteorological service to aviation
No. 14 Development of the world plan of regional meteorological centres
No. 15 The global data-processing system and meteorological service to shipping
No. 16 Planning of the global telecommunication system
N ° 16 Planification du systeme mondial de telecommunications
No. 17 Assessing the economic value of a national Meteorological Service
Determination de la valeur economique d 'un service meteorologique national
°
N 17 Evaluaci6n del beneficio econ6mico de un servicio meteorol6gico nacional
No. 18 The role of meteorological satellites in the World Weather Watch
No. 19 The potential contribution of the World Weather Watch to a global area
forecast system for aviation purposes
No. 20 Speed-up of facsimile transmission (Vestigial Sideband Transmission
System)
No. 21 Design of optimum networks for aerological observing stations
No. 22 The World Weather Watch and meteorological service to agriculture.
L. P. Smith
No. 23 WEFAX-A weather data communications experiment
No. 24 Global Telecommunication System-Methods and equipment for automatic
distribution of information
No. 25 System for the collection of ships' weather reports. M. Hanzawa and
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