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METEOROLOGY - 2000 A. D. 

D.P . MoIntyre 

It i s more important to know where you 
are going than to get there quickly . Do 
not mistake activity for achievement. 

-Mabel Newcombe r. 

INTRODUCT ION 

As a. sc ience Met eorology is bo t h ·,old and young . It was 
one of the fi r st scionces to r oceive study in r ecorded history, 
yet it r emai ned r e l at ively undeve l oped for thousands of years. 
There are roa sons why this was inevitabl e . Meteo r ol ogy is a physical 
science and its development had to await the developmont of Physics, 
which hAS i taoH occurrerl only in the last 300 year s or so . In 
nrlrlition data on t he behaviour of tho atmCJsphere were needed . Those 
had to await the oevelopment of modern communicat ions. Morlern 
meteorology can be consider ed to have started with the coming of 
t he telegraph. Even so~ nata were large l y restrictort to thoso 
which couIn be obse r verl from the ground . With the appear nnce of 
the r adiosonrle and rawinsonde, meteoro l ogy has come of age . Within 
the l as t 15 yoars we have wi tnessed a revolution in Meteorol ogy . 
Praotica l forecast met hans and procedures have undergone radicnl 
change. Practical applications of for ecasts and of other knowledge 
of the atmosphere have multip l ied . The breadth and depth of problems 
tacklen by r esearch meteo rologists have al so suffered a remarkable 
expansion . 

The meteorologist is oonservuti,re by nature . Yet it is 
apparent that he cannot remain static . With the changes that have 
been tnking place in his science , ccrresponding ohanges have t aken 
plaoe in his practices . Even greater ohanGes will take pl ace in 
the future. The time has come when he must pause , survey the past , 
and consider the future. It is indeed more important to know where 
one is going than to try to get thor o quickl y . He must the r efore 
determine the most probabl e cours~ for the future , based on the 
t r ends of the past . It is n fo r ecast problem of the utmost importance. 
Muoh of the economic £uture of the country - of the world - will 
depend on the aotion he takes as n result of his own fo r ecast . He 
must a l so consider whethe r the practicing membors of the profession 
have bean ab l e to koep pace with these rapid deve lopments ~ end whether, 
-perhaps , the tine has not come . t o deve l op an e ffoctive r efr esher 
training system. 
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It is just such a r eview and forecast that I pl an to 
make today. I am mindful that it rnny not coincidp- with the fore­
casts that other meteorologist might mako . It may even diverge 
sharply from those of some. Even the timing mny be greatly in 
error, ann indeerl the date 2000 A. D., which sounds r athe r pr eci se , 
shoul d be taken only as a rough indicator of the: va.lid tine of rrl¥ 
fo r ecast, for I am far from possessin g the temerity to say that these 
things may not corne to pass in say, 25 years, if we proceed with 
v i gour nnd skil l ed pl anning . Let us suy than that this i s just 
the imaginative estimate of one meteor ol ogist and hope that it may 
se r ve as a target fOT tho attaoks of mo r e farsighted men than I i n 
or ne r to pr oduce through free and ac tivo disoussion some r easonabl e 
foreoast of our futUre developnent. Let us hope further that far­
sighted l eaders may be avai l nblfl to aot on such pl ans to ensure 
that our development unfolds in a most eff icient manner. 

GROWTH OF GO"EruJMENT MJ:TBOROLOGY 

Meteorology , more than any other soience , has been 
developoc\ by Nnt i. ona~ Governments. This has been true in all oountries , 
and the r~a30ns aTe not hard to find . Up to the present time the 
praotical impor tance of meteoro l ogy has lain in the prmrision of 
services in the for.m of weather data, climatologioal data , anrt 
weathe r forecnsts . All of these require a large ann expensive 
network of obser ving st.ations . Furthermor e , since the weather knows 
no nRtional boundari es , but is re l ated to hemispheric motions of 
the atmosphore, uniformity in reporting and other procedures amongst 
tho countries of the wor l d 1s essential , an~ this is best ar ranged 
by r epresentatives of t he National governments . In the discussion 
which follows I shall confine my r emarks l~rgoly to the gr owth of 
fo r ecasting services . 

The developrnAnt nf thR t klegraph provided the r apid 
oomrntmi co.t i ons r equired. for the pro~uction of oaily for Elcnsts. 
These foreonsts were prepa.red by meteor ol ogists who often plotted 
their own weather maps and took their own observations . Thus al l 
the operntions fr'))':l t h0 orl ~inal data - plotting , analysis , 
pr ogging (mentallY) - were car ried out by the same individual . 

We have coma a long way since those days, and ench new 
change tAl been heral~e~ ~s the so l ution which would fina l ly put 
fo r ecasting on a good and firm basis . Eaoh chanbe has indeed helpod 
t o do this. But each has fallen far short of its adve rtising . We 
now know that meteorology and the forecasting of the weather a r e 
extr emely conplicnted . we no l onger expect each change or arlvenoe 
to do more than pr ovide a small improvement in the se r vice. VTa 
are content to take pr ogess mo r e slowly . This is a healthy and 
ret.Ustic mental att itude. Fortunately the new ic'!eas which feed 
the changes are coming forth at a comforting Tate. 
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Wbat are the factors which huve oontributed to this 
d~velopment ? Firstly there is the radiosonde and rawinsonde -
the sister instruments which provide us with twice dai~ upper 
a.i r measur6J'l'lents of the temperAture, pressure , humid i ty , and wind . 
ThesB inventions ~do possible the three dimensional anal ysis of 
the atT.'lOsphere. 'nley have a l so led to considerable fundamental 
re86".~h in Meteorol ogical Science as well as clearing the way {or 
extonded range £'o1"'oo(1sting. Next there is the t e letype and radio 
network which has made possible the rapid collection of raw obser ­
vational data and dissemination of forecasts~ Thirdly there 1s 
facsimil e which makos possible the transmission of prooessed 
weather maps" 

As n rosult of these inoroustJd cluta· plus a great expansion 
in tho observational network and the rather rapid oOImnunication 
system, it is no longer possible for one forecastor to pl ot and 
analyse a ll tho data at his co~ndn This has l ead to an assembly 
line type of a?proach to the forecast problem . The exploitation 
or this idea is still in progress . At the present state of devo l op­
ment the situatic.n in Cano.clu ::s this . We have a Central Analysis 
0ffio e (CAO) whose job it is to produce basic analyses . Sub­
professional starr plot the Inrface and upper air data on sui tab l e 
oharts. These charts ar~ then analysed by special ists in this type 
of professioTInl work:- Those analysts have no othfl r dutues. They 
are not burdeneci 'frit~ a forecast schedule . Nor hnve they any direot 
oontact wit!"! the public cr other consumar. The analysed charts 
are then trnm:oitt'3d by fM::imilo to stations across the country . 
Next on the asser.b~ :'..iw) are the h~in ' Heteorological Officea , 
District Avl n:r.:'on and Forecast Offices, and th€l Dominion Public 
Weathe r Office s . Thoso offices still plot o..nd analyze their ovm 
weather ~~ps, but increasingly dopend on the CAO for analyses 
beyond the al'ea of immediate i nterest. The basic aviation and 
public fOT(lCusts ure made f!"OTn chflrts .. some of which a r e prepared 
l ooally, and so'!!e of Y:hich come from the CAO . Finally there are 
the Aviation Forecast uff i ces w~ich, as of April of this year , will 
receive Maps and Forecasts and certa in auxiliary charts by facsimi l e 
and teletype from the CAD and the forecast officos mentioned above , 
plus hourly and spcc:.u'. a.viation no&ilhor r epo rts. Their job is t o 
brief aircrew C\!ld ~uF?:;.rt~ng units suoh as control tower personnel . 
For this purr-0se various ~pecillliz~d types of annlyses will be made 
which will pernit ver:; .:-,~curate tir.ling of the I:lxpected weather features 
for Incal sroar. important to the opor~tion of the station . 

The rosu!t of this oSf':embly line type of procedure is that 
more accurote i'crecasts or e made possible through distributing the 
exper ienoe . We have however, r ealized that one man cannot assimilate 
al l the experience th~t i s needed. By speciall,ation the breadth 
of experience for each man is r educed thus permitt ing a greater detph. 
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We a.re now approaching the limit of the aocuracy of 
foreca.sting ~hich oan be obtnined by such a prooedure . But this 
1s the present state of affairs and wil l serve as a jumping-ofr 
point for my forecast for the future (2000 A.D . ) 

GROWTH OF NON- GOVER1'MEIIT ME TEOROLOGY 

As in other so'ienoes the Univ ersities have more and 
more come to be tho font of knowledge in meteorolo gy . This is a 
healthy sign fer in our society the Universiti os have traditionally 
been the institutions r.'esponsibl o for stabi lity in ecionce . They 
have been the centres Qf l earning where independ ent thinkers may 
anvano8 the science through fundamental r esea.roh , and to whioh those 
in search of knowledge mny come nnd find it and be instilled with 
the thirst for mo r e . In this country we have been s l ow to develop 
depar tments devoted to Meteorology. Let us hope that this situation 
may Boon chnn,ge . 

The,devel opment of interest in the Universities , partio ­
".larly in the United states , .MS been greatl y accelerated by provision 
of funds by Government for tho finanoing or r esearch projects. 
Neverthe l ess there is a dangsr, in this app r oaoh since Government , 
and perhaps more espeo ially the military services whioh are pr esently 
the more active in this fi e ld , may demand pr acti onl and usefu l 
r esults . This dange r has not yet become serious . Neve r the l oss it 
i s there, and unless oare is exercised on both sides. may r eduoe 
the effectiveness of the Universities by turning them into tech­
nological r esearch institutes and loweri ng their educational 
standards as n logical and inevitable r esul t. 

In r ecent years meteoro logy has expanded beyond the pur e ly 
goverrunent and -university activities. , r,ertain phases of it are now 
becoming a pnrt of the business world. These phases ar e usually 
termed "Industrial Metoorology"" In my opinion this is a oondition 
to bc hailed with cheers and certainly not one to be deplored. One 
needs only to look at the present stage of development i n the other 
sciences . In almost all scienoea - physics , geophysics, chemistr y , 
biology, etc . , soiontists are well distributed throughout i ndustry. 
They a r e highly speciali zed and work in all phases of their sciences 
including fundamental as well as t echnological research . development , 
and production . In short , these sci entists a r e well integrated into 
al l phases of our economy as is natural in an econo~ which is built 
on scienoe. Meteorology has not yet r eaohed that stage , but the trend 
is c l ear, and in this rie ld a gr eat advance may be expe oted in the 
ooming year s. ''lith it will oome changes in the natur e of tho education 
provided fo r meteorologists . 
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undoubtedly the< cOr.ling of indust r ial r.l.eteoro l ogy will 
o~use great probl oma . The r a may be arguments and jeal ousies between 
private and government meteorologists . Indeed this is inevitab l e 
as the fie ld s most suitabl e for each are f elt out . This is a 
period during which the ul timate in understanding and r estraint 
wil l be demanded of al l par t i es . In general I think we wi ll find 
i ndustrial meteorology aimed at suppl yi ng the needs of businesses 
i n r e garn to knowl edge of the atmosphere and its behaviour . Th18 
wil l most l y t a ke the fo r m of ta ilo r ed fo r eoasts or adv1eoris8 , 
consul tat i on services~ r esear oh on the applioat i on of meteo rol ogy , 
and wsather modi f i cation . These servioes wi ll be pr ovided initially 
by pri vate firms of meteoro l ogist3 but ultimatel y , as tho science 
becomes mo r e fully integrated into the economy , meteor ologists will 
be emp l oyed by industry in the same manner us other scientists. 

FACTORS AFFECTIIlG THE FUTURE 

Up to thi s point I have been l ay ing the roundution f or 
~ forecast . This has been the analysis , s~ to speak, in pr eparation 
for the prognosis . It is ver y necessary t o know what has happened 
~n the past and to prepare an accurate analys i s of these events 
before proceeding to the future . Thi s is the pl ace where any good 
f or ecaster pauses to consider the impl ications of hi s anal ysis -
to fasten his attention on the pe r tinent f eatures which are important 
to hi s for eoast, and to consider any new data which may havo come in . 

In summar y thon I find that (1 ) in the fie l d of forocasting 
we a r e , by inoreasing specialization and assembl y l ine t echniques , 
approaching the limit of the t radi tional for ecast method bus ad on 
experi ence of the fo recaster supplemented by a Bound education in 
the ph¥s i cs of the atmosphere . For the future we oan expec t the 
oompl etion of this pr ooess by refined or ganization and a programme 
of fi e l d traini ng. Furthor pr ogr ess in short r ungs fn r ecasting 
must be based on othar approaches based on quantitative physical 
methods . (2) Fundamental researoh is inor easingly passing to the 
Universities although Gover nment sti l l is ncti ve in this fie l d . 
Teohnological r ose a r ch ann development is on tho inor ease too, and 
is di vided between Gover runent and the Uni versities . (3) Pri vate 
meteoro logioal organi Zations have come into being and are alroady · 
a potent f orce . They have so far been c~ncerned l argely with pr o­
viding specializ ed forecast advic e of importance to the consumer s . 
Their aotivities may be expocted to de~e lop consi de r ably i n the years 
to come. 
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Before proceeding to ~ forecast I must a l so consider 
oertain other faotors whioh will have profound bearing on the 
future of meteorology . The first of these ia the eleotr onic 
oomputer. The efforts to app l y the e l eotronio oomputer for the 
purpose of producing prognostic weather charts are now we ll known. 
Sb well indoctrin ated in the t r anitional methorls of foreoasting 
ar e moat meteorologists that they tend to look on numerical weather 
pr edioti on with some suspicion - ns a now and untried tool which 
may be useful as a catalyst in the forco~st prooodure at some later 
date. I would like to suggest a completely differ&nt place and 
l eve l of inport~~Qe of this device in tho forecast scheme. Le t un 
look at the forooast problem as a probl em in physics and forget for 
the moment tho historical background . The atmosphere is a fluid 
and as such is subject to the laws of hYdrodynamics ~s applied to 
a compressible fluid on a rotating sphere~ To be sur a the problem 
is oomplicated by the effects of radiation and conduction of hent, 
complex bounnary conditions, and other factors , but these do not 
change the fundamenta l problem. It i s natural then thP.t the short 
r ange fo r ecast problem should be approached by way of the equations 
of mot i on & Surely this is what arw soi entist would have done had 
he been able to solve those equations ~ The cold facts , howevor , 
ar e that these equations are too complox for us to solve in n 
funotional form. vre have succeeded in doinp:: this only for highly 
simplified forms of the equations . A numarioalJ solution can be 
produced even by the clder computers, but only for a simplified 
nodel, and after exceedingly long and laborious calculntiona . 
This appr oaoh to the forecast pr obl em was the refor e not ~vailnbl8 
to earli e r meteoro l ogists . They were forced into using the highly 
subjective techniques r have juot described. The e l ectr onic computer 
has changed this picture completely. Its grent spoed and high 
capacity brin gs the vis i on of a computed prognostic chart and even 
0. computed forecast within the realm of possibility. Furthermo re , 
since this has been the lo ~ical scient~fio approach from tlw start , 
I think: it is not too muc h to expect that the great bulk of pent-
up frustration which mrlteorolot;ists have generated ovor the past 
50 years will flow into this pr obl em - not in control l ed fashion 
with which we a.re accustomed to seeing in researoh pro gress , but 
in an unsta.b l e fashion, as in the su~rlen release of ene rgy 
aocompn~ing a bur sting ~am. I suggest then thnt the e l ectronic 
computer is not another foracast accessory - it is THE fo r ecast 
method, and our pr osent teohniques aro the accessori es. Failure 
to rea l i:e this fAct and to act on it by estab li shing an active 
numerical computation research unit~ may wel l resul t i n n Service 
being l eft behind in the new era. "We are past the stage where mere 
knowl edge of fl new process will por mit its immp-diQte and effective 
use. In this connection l et mo quote f r om an artic l e 'The "Atomic ll 

Rivals', by Sir Franoie SimonI - liThe r~ally important information 
I) I 

1 Finanoial Times (London) , 6 August 1954. 
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i s the technioal know-how . In most modern industrial pr ooesses 
this know~how is a compl ex sun of technica l and scientifio knowledge 
and art which cannot be desoribed even in the most l engthy pntent 
description ••••••••• • • In order m sell the know-how of B tech­
nioal proces s from one firm to another . it is now quite Dornmon for 
teams of highly skilled people to be sent off for years to the 
puroha8e~ i n order to give him tho benefit of the new deve l opment . 
To suggest that such knowledge coul d bEl aoqui r ed und handed over to 
an eneny by ODe or two persons, whisperi ng u few words over the 
lunoh table .. or ~7 stealing some ' secret forou l a ', is simply not 
realistic", Sir Franois was , of course , referring to atomic in­
formation and know- howo The l esson clearly applies a l so to met­
eor ological knowledge and h~ow-how~ 

There are oth!>r wa.ys in which the e l ectronic computer 
will ohange our lives. Many statistioal techniques and new methods 
of analysis arc possible through the US0 of the oomputer . These 
will certainly produoe a~nitiona.l forecast too ls which were imposs i b l e 
in the earlier days of meteorology. 

The coming of the punched card has a l so opened up now 
Vi6~~S to the neteerolog~st~ punched card data. nnd the gr eat 
variety of mao hi nos now available for prooessing thorn are a sure 
indication that statistical Methods are due for an upsur ge whioh 
nay revolutionize meteorology ft In combination with the e l ectronic 
computer the possibilities ar e ~mnon s o . No doubt these possibilities 
will be heavily expl oited by 2000 A.D. and I venture to IhY that 
ever y self-respecting Heteor::> l ogic:al Service will have its compl ement 
of statistioians pnd mnthQrnaticians. 

Another devolopment which may oonfidentl y be expeote d in 
the next 45 yenrs is in the field of communications . OUr pr esent 
vast teletype, radio anrl facsimile networks are stra ine::d to the 
limi t to carry the tl'affic imposed on thftll, nnd speed of communication 
1s essential to the short rang" forecast . Vfhile more trafi'io coul d 
be oarri ed by oxpansion and dupl ication of the existing networks , 
this is probably uncconDmica~ and does not solve tho probl em of speed. 
I therefore look t o d8velopment of equipment capab l e of transmitting 
information at speeds many timCts faster than is now possibl e so that 
the capacity of exioting networks woulrl be vastl y incrElr.sed .. and the 
time lapse ~etween the time of an observat~on and its r oce ipt at an 
anal ysis point greatly r educcd~ 

OOllll'1e:r? l al te:'evision, toc!, has made its apPf:laranoe and 
r opresents' a method of communication whioh :nay have application i n 
meteorology ., 
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New instr uments nnd developments of ol d ones wi ll oertainly 
appeal'. R!'l.dar networks wi 11 supplement tho present reporting system. 
Great improvements in accuraoy or upper ai r instrumonts will t ake 
pl ace, partioularly in the measur ement of humidity. 

In the matto r of oover age of obsorvations , improvement 
is vitall:,' needed now, and is ho l el back l argel y as a r esult of eco­
nomic f~ctors due to the high price of information from certai n 
qua r ter s of the Gl obe , particul arly the l arge water areas which 
oonstitute a very l ar ge percentage of the eartht s ar ea . Withou t 
more information fron these a r eas very sever e limitations ar e i mposed 
on meteorology both from the practical and the researoh v i ewpoints. 
Sol utions will be found for the probl ems and at l east adequo.t e 
observational oovornbG will be obtained l ong before 2000 A. D. 
Those solutions will probably include (1 ) Robot flonting stations 
f or surface data .• (2) Aircrai't r eports fran regular and specia l 
weathe r flights) (3) Constant level balloons , (4) Dr op- sondes 
from Aircro.ft and from balloons , and (5) Weathe r ships or pl atf orms . 
I n nndition ~ the deve l opmont of rockets wil l provido information 
in the higher r eaches of tho o.tI!lOsphore und we mny also expeot 
that rocket photogr aplw nnd t e l evision 'rill per r.dt obse rvat i on of 
c loud masses over large ar eas of the earth. Establishment of one 
or mor e artifici al ear th satellites 1s a probability. These will 
pr ovide many services t o earth-bound men. One of these will be a 
televisod pioture of the earth and i t s ol oud formations . 

Anothe r f eature to be conside r ed is tho pos s i bHity of 
weathe r oontrol~ At present most of us think of such cont r ol in 
te rms of innuci ng precipitat i on . With the great increase in data 
and research i nto the mechanisms of the atmosphe r e , made both with 
ann without the use of computers , we can expect that contr ol wi ll 
take many forms. Dissipation of Tropica l hurricanes and tornadoes , 
or r eduction of t heir intensities i s one such possibi lity for t he 
distant futur e , but I feel that a bettor understanding of ene r gy 
tran~i 8sion~ transformation , and stor age, i n t he atnosphor e to~ther 
with mEmns (probably a';'omo) of intr oducting; energy sources a t 
st r ategic points may give us the moans of altering at l east some 
of the l a r ger phenomena of the atmosphe re .. 

With the deve lopm""nt of the Rccket and atomic ener gy, 
spaae travel is on the books befor e the year 2000 A. D. at l east in 
a limited :form. P.raaont dny wri ter s in nstronautics leave little 
doubt that serious attempts to estub li sh o.n artificial satellite 
to the earth will soon be ronde. Rocket ship f liGhts to the sate llite 
will then become r outine . Such flight s wi ll provide val uab l e in­
f ormat i on on the high atmospher e a nd serve as a new base for obaer· 
vat i on of the atmosphere f r om above . Thi s wil l also pose new probl ems 
for the fo r ecnste r. What kind of a f orooast wi ll a r ocket fli ght 
r equiro be roro taka - off for & fli ght to outer spaoe1 What y~nd of 
forecast will the r eturning fli ght r oquire? Vlliat ore the or itical 
limits of accur acy required f or thBsD flights ? Metuor ologiats will 
indoed faco br and nevi pr obl oms in the corung yoaro. 
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WEATHER FORECASTS OF Tim Ft1IURE 

t:-~· .... we COl':\e to the business of fo r ocasting Meteoro l ogy 
as of 2000 A.D.. The basis of these predictions hRs been given in 
the pr eceding seotions but we nrust noV! crystali:t.o tho resu l ts as 
given by these trends. In the i'ielrl of foreca.sting we must i 1ond l,cate 
the methods used for short r ange . extended period , and l onger . 
period foreoasts , t ogether with the type of or ganization which may 
exist at -that time~ 

The short r angn forecast procedur e I have in nind for 
the year 2000 A.D . is based on the following1 ( 1) More nccurate 
observations . (2) Far more compl ete surface and upper air observing 
networks . (3) High speed communications systems . (4) Highly developed 
electronio computing equipment and mathematical mone l s of the 
atmosphere .• (5) High speed statistical computing em,chines . (6) 
Specializa'tion of professional meteorological operations. 

By this advanoed date I bel ieve obser vat i ons of suffici en t 
accuracy will be avai lable fron a suffioient network over the world 
to permit full implementation of the met;.ods to be desc r ibed. A11al yse s 
of a vari ety of types will be carr i ed out by r.wn ann me.ohinos in 
various combinations . The basic annlysis of tho wind and pr essur e 
fields for surface nnd upper a ir will be carriod out in a Central 
office ontire ly by the e l ec t r onic oomputing mnchine. Inolurled in 
this nna~sis will be n gqod frontal analysis which while not as 
aocurnte as that which can be product:!d by profossional analysis 
specialists, will be gOOd enough for the compututions the ~chino 
will be r equi. red to mo.ke~ This analysis will bl3 mnde by tho machinG 
by fitting tho obsGr11ationai data to an atr.loapheric weld and by 
fittin g mathematical functions to the pressur e and wind fiold. The 
machine will be hookl3n directly into the comnunioationa system so 
thut c'lata vliU be assimilatod as fast as they are r eceived . Thus 
tho complete analysis will be available within minutes of the time 
of observation . The main purpose of en analysis of this sort is 
to provic'le n basis for a fo]·ecE'.st, Qr more il!'IrnedintelYt n prognostic 
chart . SinCD tho machine a:.r0ady h{ls within it an nnalysis , it can 
prooeed to proc'luce a progno~tio chnrt . This oper at ion should requi r e 
no moro than a few minutes so tht.t the basic pr ognostic ohar t for 
a dRY or two in anvanoe will be availab l A within a few minutes of 
the original observation tine. In this procedure much mo r c a.dVRllced 
mathonatical models will be uson than are presently availablo and 
the prognostio chart so pr oducerl wi l l not onl y be prOdUC{l d faster 
than the mun-made pr oduct but wil l a l so be much more accurate than 
anythl.ng wc can pronuce by ~he most r efinud methods in 1955 . 
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Does this e limin~te the analyst? - not at all. By a 
combination of man and machine a better prognostic chart can be 
produoed than by either wo r king separately. ¥~nt the machine 
does is raise t he level of objeotivity on which the analyst builds 
his structure. The analyst must work subjectively using subjective 
methods and gOOd jUdgement. I do not be li eve that . even in the year 
2000 A.D., it will be possibl e to solve complete l y the equations of 
motion as they apply to the atmos pher e . Vfuat the machine will do 
is so l ve a somewhat simplified pr oblem , a lthough it will be a problem 
which is much too oomplex for tho tools of present day meteorology. 
Since the meohanics of the simpli f i ed problem are known it is the 
daviations of the behaviour of the atmosphe r e f r om that of the model 
with which the analyst will be conoerned. In his work he will uti l ize 
a gr eat deal of exper ience , much of which wi ll be stored in the 
form of tabl es and punohed cards . The appl ication of this experience 
will r equire gr eat skill and a high oegre e of judgement and wi ll 
r esult in improvements to the machine - produced prognostic charts. 
As his tools this analyst wil l pr obab ly usa aUXi li ary charts of a 
type unknown to us now. By n similar use of machine- procossed data 
other analysts will pr epare the current weathp.r charts which, to­
gether with the pr ognostic charts , will be transmitted by high speed 
facsimile to the athe r offices on the assembly l ine , which is davoted 
to production of the forecas t . Other auxiliary data derived from 
the machines , such as f ie l ds of vertical velocity, vortici ty, 
~ive rgenoe , etc ., wi ll be transmitted for use in the forecast as 
we ll. Closed - circuit television networks wi ll permit bri ofing and 
verbal transmdssi on of infor mation between specielis~working in 
different officss , on diffal"ent portions Clf the fo r ecast procedure . 

R~gi onal forecast offices will analyse no basic weather 
maps or prognostic charts of flow patterns and frontal surfRces , 
but will r ecei ve these frOr.l the Central Analysis Office by menns 
facsimile as describe~ abovo . They will be concerned with a detai l ed 
study of the weather e lements as they relate to the flow patterns 
provi nen by the Central Office . Vlhi 1e e l eotroni c computers may be 
uSBd in this work it seems like ly that statistical r e lations will 
be the basic tool though many of the correlations us~;d mny be de ­
rived through the use of such computers . Und,Qubtod ly a munbe r of 
auxiliary charts will be anal~ led and usod in this work . ~ilce again 
the objective pl ateau will be built as hibh as possib l e but there 
will sti ll be a pyramin of subj~ctive skil l and judgement to ue 
bui l t on ~his structure . The forecasts will be issued to consumers 
and also to ultra-sh~rt -range forecaste r s , some of whom may be 
locat ed in the regional forecast off i ces , but rn0st at smal l er 
offices. The ultr a - short -range forocasters wil l bA r esponsibl A 
for taking into account local Gffects in the foreo~sts for inni ­
vidual stations and pinpointing the changes of wea~her with great 
accuracy . This is simi l ar to the pr ocedure now being introduced 
in Gaoana nn~ little more neerl be said he r o . It need onl y be 



- 11 -

mentioned thl'lt high speed p r ocedures and oommunioations wi ll r esu l t 
in rapid and acourate forecasts . Since the foreoast will always be 
a perishable oommodity the extra hour s saved will add gr eat ly to 
the effeotive accur acy of th~ f or eoast. 

Longer range f o r e ca sts Generally requ i r e methans which 
ar e somewhat Qifferent from those used for shor t range f or eoasts . 
For this reason they aTe usually prepared in a separate offi ce. 
0l11y one such office is necessary for a oountry suoh as ours since 
the District Forecast Offices can act as clearing houses for tho 
produot and additional outlets aTB unnecessary. These faots are 
un like~ to be changed in the future. We may therefore look t o a 
singl e longer ranga fo r ecast office which will be linken to the 
Oentr al Ana l ysis Office since here ther e are availabl e a unique set 
of maps and the analysts who produce them. 

By 2000 A. D. we should have ror~casts for 5 days , 1 month , 
1 aeason, and 1 year in advance. It wouln serve l itt l e pur pose to 
t r y t o guess the methods which wi l l be userl in producing these 
various types of forecasts but certain thini~S CEm be said with 
r easonabl e confidence . Not all of the fo r ecasts of different 
ranges will be procluced by the same r.lethoos. Some muthoci.s wi 11 
depend on the equntions of motion and wi l l use computer t echniquos , 
flavoured with statistics and the necessary professional exper i enc e 
and judgement . other methona, probably for the l onger range fore ­
casts , will depend on statistical oorrelations , which will mainly 
be based on physical processes but which a r e not susceptibl e t o 
treatment by the usual mathBmatics of physics . This would indicate 
that the Longer Period Forecast Center would have a number of units 
within it working mor e or l ess independently exoept for co-or dinntion 
by consultation . 

One f eatUre of the o ~ganizat i on I have s ui n l i t tl e about 
as yet . That is the Rosenrch Section , No organization such as the 
one pictured he r e can be deve l oped , much l oss re~ain healthy without 
the backing of first-rate fun nanental ano appli8d r esearch . It 
woul d be tnappr opr Lete t o pl ace this Research Secti on f ar from the 
oentre in which t he combineo analysis nnd l onger r ango 1'or eof\s t 
operations are carrier. on . It shou l d , in fact, be housen in adjacont 
offices. In this way new methons. suggostoo by tho l atest; research, 
can be devel oped into operational t eohniques muoh mor e quiokl y QIlo 
effectively than would be possible 1£ the units we re phyoico.lly 
separated I therefore prenict that by the year 2000 this union 
will take' plaoe . Operating in olose harmony with these Ilni.ts wi ll 
be an erf~otive training sect i on , an important function of which will 
be t o ensure that all professiona l stafr throughout the or ganization 
....,; 11 be kept a.war e of the l atost nevelopment in the science nnd the 
operationa. l tools it has mane possible . 
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One other aspeot of for o casting in the yea r 2000 A.D . 
r ha',s kapt separ ate f' r om t he preoeding r emarks . Th i s is bec ause 
it is so differ ent f r om pres~nt day for~casting that I cannot 
even be sure that it wil l be the r esponsibi l ity of the same 
me t eorol ogical organ~ zation . This is the probl em of for ecasting 
f or r ocket f'lights in the high atmospher e and the re l ated oper at i on 
of space ~ight. By the year 2000 A. D. and probabl y l ong before , 
man wi 11 have built ships capabl e of f li ght well beyond our atmo s ... 
phera . This ~ll croate pr oblems whio h wi ll dwarf our pr esent 
pr obl ems of provi1ing service to jet f l ights in tho l ower strat ospher e . 
Such flights will pr obably coast in for l anding f r om very high leve l s 
nnd wi ll require accurate l anding fo r ecasts hours i n advance . Little 
i s known of conrlitions in the uppe r re~ches of t he atmosphe r e . We 
have a genersl pfcture of' conrlitions as formed l.y rookets , ozone 
studies , meteors , etc , This picture is ve r y simp l e and wo have n 
tendency to think that the connitions are simple . Fr om bitter ex­
per ienoe wi th the lower atmosphere we can confic1ent l y exp~ct to find 
our pi c ture getting steadily mo r e complex as moro data are obtained . 
By 2000 A. D. I expeot we will havo a gOOd ceal of information from 
the high atmosphere . This wi l l come from r ooket - sondes and r ocket 
ship pil ot reports and by other means . By thnt time , too , I expect 
much will be known about the atmo spher ic prob l ems re l ated to such 
f li ghts . Doth the pr obl ems and the atmosphe r e wi ll be compl ex and 
I believe we wi ll ha.ve to (levelop a neVi type of meteorologist known 
as the astronautical meteorologist and an or &anization to go· with 
him. The qua l ifications for such n position may be exacting but 
the pr ospect of "fam" flights to the mann and Mars wi ll pr obabl y 
ensure a fiovi of reo ruits . 

In the same vein we may muse on the pr obl ems of the f irst 
meteoro l ogist who is called upon to pr oduce for ecasts for other 
plaDots ~ This is a serious pr oblemwhioh may wel l beoome n pressing 
quest i on by the year 2000 A. D. Already books and ar ticles ~re 
a.ppear ing on the meteorolor,y of other pl anets . The Meteoro l ogists 
of t he Earth are short l y going to be called upon to solve some knott y 
pr obl ems r egaroing these pl anets . I believe we will finn. he r e a 
deve l oping fie l d and the specialist on Ma r tian Weat he r and c limate 
will find himself in gr eat deman(l. 

other fields of metsnro l or,y, e . g. , mic r ometeor ol ogy , 
t urbulence , etc ., wi l l certainly unde r go remarkab l e devel opment in 
the next 45 years . In the interests of brevity these cannQt be 
consider ed i n detail here. 
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OTHER ASPECTS OF METEOROLOGY OF THE FUTUHE 

We have spent a good deal of time on meteorological 
probl ems re l ated to foreoasting . This I justify by my belief that 
government meteo r l ogy will always be a major part of any scienoe 
whioh is so expensive and so universal l y needed as meteorology . 
Never t he l ess there will be important and interesting developments 
a l ong other lines which I must not neglect here. 

In the absence of any other agency to the job, the 
National Weather Services have: in the interests of public se rvice , 
tried to satisfy any Ill1d all con~!Ume rs.. Thie demand in 1955 can 
barel y be met but with full utilization of weather inrormation in 
2000 A. D., the Nati ona l WeathRr Service will long since ha\T9 ceased 
to attempt such a task . Private firms of weather consultants and 
meteorologists employed directly by the larger indust r ies wil l 
suppl y most of the highl y speoial ized i nformation required by them. 
To do this the private firms will usc a gr eat dea1 of prooessed 
material provided by the National Weather Service and will have 
connections on mnny of tho latter ' s communication li nes since it 
would be quite uneconomical for them to try to dupl icate this work. 
For the privilege of using this information for gain, the privute 
meteorologists~ or the firms fo r which they work, will pay a fee . 
These feea will form n sizable por tion of t he funds availabl e for 
the operation of the 1:ational Weather Se r vice.. As to the prope r 
divioing l ine betwaen the field of the private m~teorologist and 
that of the gover nment meteorologist J . J . George (of the Geo r ge 
Report) suggests the following~ 

n •• •• • • matters involvjng risk of life or extensi'16 pr operty damage 
should be the Province of the National Weather Bureau~ o.nd mattors 
invol ving effici ency of operations , espoc ially whore a pr ofit is 
conoerned , should be the fielrl of private J!Ip.teoro lt) QI''' . This seems 
to be a reasonublo zone of division and I pr esume will fit reasonably 
well the practice of the year 2000 ~ .11ut this r emains to be seen . 

In keeping wi th the mature state of the sciencEl ~ a ll 
major universities will o r~e~ courSBS in meteorology and more 
partic ularly a full Honours oourse . Much of the present Ronours 
course in Mathema.tics and Physics could be dispensed wi th for tha 
Meteorologist . In its pl ace othe r moteo r ological material coul d be 
inser tect. Whilo a meteorologi st must have a sound background i n 
mathematics anrl physics, the br ea(!th of course r equi r ed to prepn r e 
professional meteorologists for work in industry ns wall &6 i n 
National Weather Services will necessitate str ipping somEl of the fat 
f r om present unnergr anuate coursen. 

2 
Bull . Arner. Met. Soc . , 35. p 43 (Feb. 1954) 
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CONCLUSION 

The year 2000 A. D. i s still a long w~ away from us . 
It is unlikely that the events I have de~erlhod ,ri ll oome to pass 
in precisel y the way I have imagined them. Neverthel oss ~ome 
phases of this forecast may hit rather 01050 to the mark. Regardloss 
of the accuracy of the for eoast, if it s orves to stimulate thought 
and CI.iscus13ion on the future of our sci e nce !lrlr\ its applications, 
i t will have achieved a worthwhile purpose . We will then be in e. 
bette r position to "know where we I!I.re baing". 




