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ABSTRACT

At the beginning of the 1930’s the
demand for aviation meteorological
services was increasing rapidly. Before
the Meteorological Service of Canada
could significantly expand, however,
the economic depression forced the
cancellation of contracts and programs
in aviation and the demand diminished
greatly. Continuing to provide general
public and marine forecasts and rou-
tine climatological services, the Service
inaugurated seasonal forestry and
agricultural forecasts during the mid
1930’s. Taking advantage of innova-
tions in meteorological science abroad,
the Service began participating with
the University of Toronto in a post-
graduate training program in meteor-

ology, and undertook to adapt the
new meteorological theories to North
American weather. During the late
1930’s the demand for aviation mete-
orological services intensified again,
leading to the establishment of avia-
tion forecast offices to serve Trans-
Canada Airlines at Vancouver, Winni-
peg, Toronto and Montreal. In addi-
tion a trans-Atlantic aviation forecast
office was set up at Gander, New-
foundland. During the decade, the
number of professional meteorologists
in Canada increased from less than
a dozen to more than 50, while the
number of telegraphic reporting sta-
tions was nearly doubled from 70 to
135.

1 Anewera

During the decade following World War 1 many advances were made in
meteorological theory and practical forecasting in the Scandinavian countries
and Great Britain. Early in the 1930’s officials in charge of the Meteorological
Service of Canada began to realize that it would be necessary for its officers to
understand the new air mass analysis theories and adapt them to North Ameri-
can conditions before any major improvements could be made in the provision
of meteorological services. There was, however, a worldwide crippling econo-
mic depression during this period and meteorological services in Canada had
to be curtailed as the funds available for meteorological expenditures were
reduced from $402,000 in 1931 to $297,000 in 1934. Services for aviation
were virtually eliminated with the cancelling of inter-city air mail services in

1Part 1 was published in Atmosphere, 9, 1-15.
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1932, the same year that general meteorological services were discontinued in
Newfoundland. Within the Service however, increased attention was paid to
training, research, and development, so that by the end of the decade an excel-
lent foundation had been laid upon which the Service would be able to respond
to the tremendous demands to be placed upon it by commercial and military
aviation.

In January, 1932, Andrew Thomson, a Canadian with considerable meteoro-
logical experience in New Zealand and the South Pacific, was recruited and
placed in charge of the Physics Division at Headquarters. Several young
Canadians undertook post-graduate work in the United States and Europe,
with the hope of being employed by the national service upon their return.
Others took leave of absence without pay from the Service to study abroad — in
1933 D.C. Archibald, who had joined the Service a few years earlier and had
become Superintendent of the Western Airways Weather Service took leave of
absence to study in Norway. Also in 1933, the University of Toronto, in con-
junction with the Service, established an M.A. course in meteorology and the
first graduates — C.C. Boughner, F.G. Millar and M.N. Monsinger entered
the Service the following year. Successive post-graduate courses were to pro-
duce, over the next few years, a core of professionals around whom it was
possible to build a greatly expanded Service during World War 1.

2 Research and Development

With the arrival of Thomson in 1932, the Physics Division at Headquarters
undertook a daily study of current North American weather maps according to
fundamental physical principles and the new methods of analysis and forecast-
ing, These had replaced the older methods of forecasting in the aviation services
of western Europe, but there were considerable difficulties at first in applying
them to North American conditions. Graduate students in the M.A. course were
trained in the new methods and, by 1934, practice aviation forecasts based on
the new analysis were being prepared. Lack of data in northern Canada, how-
ever, detracted from the advantages of the new system and drew attention to
the urgent necessity of establishing more stations in the north, especially in the
vast area west of Hudson Bay, if the new methods were to succeed.
Meteorological research was not dormant in Canada during the 1930’s. In
the 1932-33 International Polar Year program, the Service manned stations at
Chesterfield Inlet, Coppermine, Cape Hopes Advance and Meanook for a
twelve-month period, during which a series of meteorological and magnetic
observations were taken. Several brief popular accounts of Canada’s program
were written and a complete description of the expedition, with observational
data, was published (Canada, Division of Meteorological Services, 1940). In
the winter of 1936-37 the Service co-operated with the United States Weather
Bureau in special investigations on the properties of cold air masses and 140
special aircraft flights were made at Fort Smith, N.w.T. to obtain upper air data.
Water levels in the Great Lakes became a matter of concern during the 1930’s,
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begun on a regular basis at Toronto in 1934, at Edmonton in 1937 and in
the same year at Botwood, Newfoundland. Attention was being given to the
development of the radiosonde, but not until 1941 did use of this instrument
supersede aircraft flights as a means of obtaining upper air data.

3 General forecast services 1930-1939

During the early 1930’s the daily public weather forecast continued to be the
most important service provided by the Service to Canadians. In 1931 a staff
of 10, including 3 meteorologists-in-training, were required each morning in
the Toronto Headquarters forecast room to prepare weather forecasts for
southern Canada from the Rockies eastward to Newfoundland; while a smaller
force of 3 or 4 men was required in the evening for similar work. Daily forecasts
for southern British Columbia were prepared and issued by a small staff at
Victoria. Surface observational data, taken at 8:00 a.m. and 8:00 p.m., were
received in Toronto from about 76 stations in Canada and Newfoundland and
from 160 in the United States within 40 minutes after the observation hour;
the analysis was then completed and forecasts were issued by 9:40 a.m. and
p.m. daily. The Toronto office prepared forecasts for twenty districts and the
Victoria office for five. For financial reasons all forecasting for Newfoundland
was suspended in 1932, but in 1935 several observing stations were re-opened
and the Service began to again furnish forecasts twice a day. In November
1933 the Service undertook to supply forecasts for all Canadian forecast districts
to the Canadian Radio Commission for national transmission and broadcasts at
10:35 p.m. EST each day. In addition, local radio stations began to broadcast
local, regional or provincial weather forecasts during the early 1930’s.

4 Special forecast services 1930-1939

The prime purpose for establishing the Meteorological Service in 1871 had
been to issue warnings for mariners on both coasts and the Great Lakes, giving
notice of the approach of storms. This service was continued during the 1930’s
and the Government Marine wireless stations began broadcasting the warnings
and forecasts. Although those concerned with agricultural and forestry opera-
tions depended largely upon the general weather forecasts, special forecasts for
fruit spraying activities were issued during the spring and early summer in some
parts of the country. In the spring of 1935 a seasonal office was established at
Penticton and a frost warning service inaugurated for the Okanagan Valley of
British Columbia. In season a daily forecast fire weather service was provided
from Headquarters for Ontario, Quebec and the Maritime provinces and
“shippers bulletins” showing temperature, rainfall, wind and weather for rep-
resentative places across Canada and the United States were prepared daily and
transmitted to chief shipping centres.

5 Civil aviation services 1930-1936
Note was made in Part 1 of the special meteorological services provided for the
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visit of the R-100 to Canada in 1930. In his history of aviation in Canada,
Main (1967) remarks: One notes with astonishment in the records of that
period the emphasis laid on the solitary visit of the R-100 rather than on the
ground work being laid for the air mail service which commenced the same year.

The Canadian Meteorological Service did, however, provide general weather
forecasts and spot weather information for such air mail routes as an eastern
one between Montreal and Windsor and a trunk route on the Prairies between
Calgary, Edmonton and Winnipeg. The Service was in the process of establish-
ing several airport offices when the demand for aviation and meteorological
services was drastically reduced in 1932 as all inter-city air mail contracts were
cancelled by the Post Office. Of the newly established offices, only that at
St. Hubert, P.q., was retained. However, forecasts continued to be regularly
provided for scheduled commercial flights between Montreal and Albany and
there were numerous requests for special aviation forecasts. In addition, both
the St. Hubert office and Headquarters were involved during the early 1930’s
in providing special weather information and forecasts for long distance flights
from Canada to Europe and Asia which were the vogue during this period.

Despite the economic depression, aviation and the supporting services which
made this new transportation medium possible, did develop and expand. As
part of an economic relief program for unemployed workers, the Government
built a number of emergency landing fields in 1934-35 and sixteen of these
were later equipped to take meteorological observations. Also in 1934, to meet
local demands, aviation forecasts were regularly prepared at Headquarters for
Ontario and western Quebec, and a scheduled airway service which required
weather forecasts was begun in the Maritime Provinces. Also the network of
observing stations was slowly but surely expanding into northern Canada.
Although stations were opened at Coppermine, Ft. Norman and Chesterfield
in 1930, the depression limited expansion to some fringe area stations such as
Fairview, Alta,, and Clarke City, P.Q. over the next six years, but a major
expansion began in 1937 with the installing of stations at such locations as
Port Harrison, p.Q., Arctic Bay, N.w.T. and Fort Nelson, B.c. By 1939 fore-
casters had telegraphic data available from 275 observing stations in North
America and 135 of these were Canadian stations, compared to 70 in 1930.

Prior to 1930, observational data had generally been available only twice
daily although some of the new airport stations were providing data and in-
formation in the popular “sequence” code a few times each day. Hourly weather
observations became generally available throughout the United States in the
mid 1930’s and by late 1938 such information was to become available through-
out the day and night from dozens of airways stations in Canada. In 1936
arrangements were made to have several stations in eastern Canada begin
observing and transmitting a third synoptic observation at 2:00 p.m. each day,
and by the end of the decade four synoptic observations at 0130, 0730,
1330, and 1930 EsT were regularly taken and transmitted from most synoptic
stations,
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Joint Meeting of Royal Meteorological Society and American Meteorological
Society, Toronto - August 28-29, 1939
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7 Trans-Atlantic services 1935-1939

At an Ottawa international conference convened in 1935 to arrange the neces-
sary meteorological services for experimental flights across the North Atlantic,
Canada assumed responsibility for weather information and forecasts for the
area extending from Montreal through Newfoundland to 30° west longitude in
the mid-Atlantic ocean. Supporting services were organized in 1936 and the
first experimental flights were carried out in 1937 after a meteorological office
had been installed at Botwood, Newfoundland and the St. Hubert office up-
graded. One of the most active participants in developing the Newfoundland
services was P.D. McTaggart-Cowan, a Canadian Rhodes Scholar who studied
meteorology in England before returning to Canada. He quickly became the
ranking expert on North Atlantic meteorology and aviation forecasting and later
served as Director of the Meteorological Service of Canada. An account of trans-
Atlantic aviation and meteorology published by McTaggart-Cowan (1938) is
a most valuable record of the developmental work carried out the previous
year. It is perhaps interesting and significant to note that the three most recent
Directors of the Service — Dr. A. Thomson, Dr. P.D. McTaggart-Cowan, and
Mr. J.R.H. Noble, were active participants in launching the pioneer trans-
Atlantic aviation service in Newfoundland during this period.

Trans-Atlantic flying boat experimental flights were made in the summers of
1937 and 1938 by Imperial Airways and Pan American Airways and in the
summer of 1939 about 50 round trips were made, carrying both passengers and
mail. The Weather Office was moved from Botwood to Gander Airport and by
1939 the staff consisted of 4 meteorologists and 11 assistants. The Gander Office
also issued public weather forecasts and storm warnings for the Newfoundland
area. By the end of the 1939 season, however, with the outbreak of war, there
was some uncertainty as to the immediate future of civil aviation and meteorol-
ogy in Newfoundland.

8 A new department

A major result of planning that had been underway in the mid 1930’s for
domestic aviation in Canada was the establishment of a new Department of
Transport in November 1936. Attached to the Marine Department since its
formation, the Meteorological Service of Canada now became the Meteoro-
logical Branch of Air Services of the new department. In this re-organization
the Meteorological Branch was freed both of those ancillary responsibilities
which it had carried since 1871 and of others which it had developed during the
intervening 65 years. Some of the resources of the Service had been devoted to
observations and research in terrestrial magnetism and astronomy and in the
provision of a time service at several locations across the country. Meteorol-
ogists had also been responsible for seismological observations at Toronto and
Victoria and, in the early years of the Service, had conducted hydrographic
surveys. All of these responsibilities were transferred to agencies in the Depart-
ment of Mines and Forestry. The Meteorological Branch was now free to devote
its efforts to providing a better weather service for Canada.
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9 Civil aviation services 1937-1939

With the establishment in 1937 of Trans-Canada Airlines (as the present Air
Canada was called until 1965), the new Meteorological Division acquired
tremendous responsibilities and challenges. To service the meteorological re-
quirements of TCA the Division would have to establish several forecast offices
at TCA divisional headquarters, provide meteorological staff at many of the
intermediate airports and operate a 24-hour service. More frequent obser-
vations at an increased number of off-airways observing stations would be
required. It would also be necessary of course to connect all forecast offices and
airports with a leased teletype system. The airlines began local services in
western Canada late in 1937, by June 1938 passenger service had been extended
to Toronto and Montreal and finally, the trans-continental link was made when
flights began to Moncton in September 1939.

Fortunately, and as a result both of good planning by the Meteorological
Service and the depressed economic conditions of the country, the University
of Toronto post-graduate course in meteorology had attracted a few dozen
bright mathematics and physics graduates from 1933 to 1937. By recruiting and
training these men the new Meteorological Division was able to establish
and staff aviation forecast offices at Vancouver, Winnipeg, Toronto/Malton,
Montreal /St. Hubert and for trans-Atlantic purposes, as mentioned previously,
at Gander, Newfoundland. In addition, many new meteorological assistants
were recruited, trained and posted to the forecast offices and to half a dozen
intermediate airports.

10 Climatological services 1930-1939

With the increased attention to new theories and techniques in meteorology and
particularly to aviation forecasting, climatological services became somewhat
neglected and inadequate during the 1930’s. The provision of climatological
data and information, of course, pre-dated the provision of forecast services,
and the Service continued to collect, process and publish historical climato-
logical data. In 1931 data were published for approximately 750 stations in the
Monthly Record and the Monthly Weather Map, and in various federal and
provincial year books. The number of climatological stations in operation during
the decade varied from 750 to about 900 as the economic situation precluded
any significant expansion in this area. At Headquarters, about 1,000 special
requests for information regarding the climate of Canada were answered each
year while a considerable volume of this kind of work was handled at other
offices, notably Victoria and Saint John. An innovation in 1936 was the pre-
paring and publishing, during the growing season, of a weekly weather summary
for the grain area of the Prairie Provinces.

Meteorological agents in Victoria, Edmonton, Moose Jaw, and Saint John
supervised the cooperative climatological observers in their respective areas of
the country. Observers in Manitoba and Ontario corresponded directly with
Headquarters, while the Quebec Streams Commission cooperated with the
federal department by supervising climatological stations in that province.
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A.J. Connor, who was then known as the Dominion Climatologist, was respon-
sible for the preparation of considerable statistical climatological data and the
publication of reports and articles dealing with climatic conditions in northern
Canada and the Prairie Provinces. Also during this period he prepared a major
report on the climate of Canada for the Koppen-Geiger Handbuch der Klima-
tologie (Connor, 1936). An American graduate student, C.E. Koeppe (1931)
published a thesis entitled The Canadian Climate — the first, and to this day the
only book devoted to the climate of the country.

11 Services for the Armed Forces

Prior to 1939 the Royal Canadian Air Force had not expressed a need for any
regular, full-time meteorological service. Annual meetings and visits had taken
place between Headquarters meteorological personnel and rRCAF officers but it
was not until late in 1938 that the RCAF requested regular forecasts and profes-
sional services for their units. At the outbreak of war in September 1939,
one meteorologist and one assistant had just been posted with the RCAF at
Vancouver, the first direct involvement of civilian meteorological personnel
with the military in Canada. The meteorological requirements of the Royal
Canadian Navy in the 1930’s were limited to forecasts and information which
were prepared in Toronto and forwarded to Halifax for radio broadcast to
vessels at sea during the summer season. The requirements of the Canadian
Army were apparently minimal and no special services had been requested prior
to 1939, when operational advice for artillery units was requested.

12 September 1939

On September 1, 1939, just before the outbreak of war, the total Canadian
meteorological establishment consisted of no more than 51 graduate M.A.
meteorologists, 20 meteorological assistants corresponding in some respects to
today’s B.A. meteorologists, 57 meteorological observers, 26 teletype operators
and 59 administrative and clerical personnel. While this was a major expansion
in comparison to the size of the staff in 1931, and even in 1935, the next few
years were to see an almost ten-fold expansion.

In addition to those at Toronto, professional meteorologists were now sta-
tioned at 11 other locations across the country and a single teletype circuit
extended from Moncton, N.B., to Vancouver, B.C., with a sub-extension from
Lethbridge to Edmonton in Alberta. The Canadian meteorological circuit
was connected with the u.s. Weather Bureau teletype circuits by ties from
Vancouver to Seattle and Toronto to Buffalo.

The traditional public weather forecasts were still being prepared by the old
methods and provided from Toronto and Victoria for southern Canada, but
trans-continental aviation forecast offices had just been opened and develop-
mental work had shown that trans-Atlantic aviation weather services were not
only feasible but essential. Special forecasts for agriculture and forestry had
become regular seasonal features, but climatological services to provide in-
formation and data were somewhat restricted by lack of resources.
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At a joint meeting of the Royal Meteorological Society and the American
Meteorological Society in Toronto late in August, 1939, the Controller of the
Meteorological Branch, Mr. John Patterson (1940), presented an address titled
A Century of Meteorology in which he concluded with the words: For you
young men who are just entering the Service there is a very great future in
meteorology. ... Of all sciences, meteorology will probably make the greatest
advance in the next hundred years. This then is your opportunity.

Most of the meteorologists who heard John Patterson were unaware of how
firmly the Meteorological Division was tied to commercial and military aviation
and how radically any event which affected aviation would also affect meteorol-
ogy. Within a few days war was to break out in Europe; Canadian aviation was
about to be asked to undertake programs not dreamed possible that August.
And meteorology in Canada, about to be so necessary to the progress of the
British Commonwealth Air Training Plan, was to expand by a whole order of
magnitude.
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ABSTRACT

libars. Verification results suggest that
Sets of multiple-regression equations such a model may have a use both in
are proposed as a statistical “model” operational forecasting and as a tool
for the three- to six-day prediction of in further investigation into extended-
broad-scale height patterns at 500 mil-  period trends in the mid-troposphere.

1 Introduction

In spite of the rapid and continuing growth in the field of numerical weather
prediction, forecasts of the basic mid-tropospheric flow (i.e., at 500 mb) at
present tend to deteriorate markedly after three to four days. Improved obser-
vations and further sophistication of the atmospheric models employed will
extend this period outward, but may reasonably be expected to require increased
computer capacity and/or computing time.

For time periods at which production costs outweigh forecast skill (i.e., use-
fulness), the integration of numerical models of the atmosphere becomes
operationally unprofitable, and the largely deterministic approach represented
by their simulation of physical laws must be replaced by predominantly statisti-
cal or subjective methods.

The assumption of persistence, or an appeal to climatological averages,
represents very simple methods of “prediction” in the extended-time range.
More meaningful forecasts may be attempted by the use of space-time relation-
ships suggested by the crude application of the physical laws, by reference to
the behaviour of Nwp models under similar flow conditions, or by the examina-
tion of events following analogous conditions in the past.

This paper outlines a method based on the concept of hemispheric tele-
connection (O’Connor, 1969). The simple statistical model which is derived is
used to predict areal height averages at 500 mb for a set of regions in the
northern hemisphere, and by so doing, to define a broad-scale flow pattern
which is the most probable consequence of a given initial state.

Forecasts made by the model are compared with those based on persistence
and climatology.
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2 Derivation of model

Five years of computer-analysed 500-mb height data were available as input
in the determination of the sets of multiple-regression equations which make up
the model.

Height values originally given for points on the operational usws grid (grid-
length 381 km) were transformed into a set of 44 new variables, representing
the simple arithmetic means of heights in an array of non-overlapping 5 X 5
grid squares. The area covered by this set of means, while only a little more
than half that of the original analysis, nevertheless includes virtually all the
hemisphere north of 30-35N, and thus contains the region of major day-to-day
change at the 500-mb level.

The density of information is sufficient to permit definition of the flow pattern
to wave number five or six at mid latitudes. This degree of definition, while
inadequate for the time and space precision expected of short-range forecasts,
can provide the extended-range forecaster with useful indications of parameters
such as mean storm tracks, and allow the specification of consequent weather
regimes Over given areas.

The hypothesis that the height Z; over a given grid area j is dependent on the
height pattern D days earlier may be expressed by a linear regression equation

(Z] - Zj) t=D— Eiaij(zi - Zt) t=0

where the barred quantities are time means for the period over which the equa-
tion applies, and the a;’s are constants derived from a correlation matrix and
the ratio of the standard deviations of Z; and Z,.

Equations of this type were derived for each of the 44 transformed variables
for each of four seasons, each equation depending on approximately 400 days
of observation. A time lag D of three days was used, in part for comparison with
available barotropic forecasts, and in part because either iteration or use
with the barotropic forecast as input would provide a feasibility test for the
3-6 day forecast period.

For strictly predictive purposes, a relatively small number of terms on the
right side of the equations can account for all but a small part of the explainable
variance of the predictand. To be able, however, to make visual comparisons
between areas and between seasons, and to obtain at least qualitative informa-
tion as to mean wave patterns and displacements, all 44 possible predictors
were used in each equation.

3 Description

Examples of the seasonal means and standard deviations which were used in
determining the constants of the equation sets are given in Figs. 1-2. Contours
are drawn on the basis of hand interpolation from the set of values obtained at
locations marked by dots. Though no strict comparison can be made with long-
term mean charts, the circulation patterns obtained are sufficiently similar to
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Fig. 1 Mean 500-mb height (dam) for Fig. 2 Standard deviation of 500-mb
period 1962-1966. (Contours by area-average heights (dam) for
interpolation from area averages period 1962-1966.
centred on grid-points indicated
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climatological patterns to suggest that the five-year period of observation used
was a reasonably representative one.

For particular gridpoints P, hand interpolation of a;» (i = 1,44) yields the
visual representation of the corresponding regression equations. Figs. 3—4 show
the dependence of height anomaly on initial pattern for Baffin Island and the
central Usa, for the four seasons. Total correlation coefficients for the two areas
are typical of the values obtained. They varied from a minimum of 0.60 off
Newfoundland in winter to a-maximum of 0.95 over central Asia in autumn,
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Fig. 3 Regression coefficients of area height anomalies (dam) for 3-day prediction of
anomaly centred on Baffin Island. (Contours by interpolation from values at 44
grid-points indicated by dots.)

Averages were 0.74 in winter, 0.84 in spring, 0.77 in summer and 0.84 in
autumn.

The patterns of regression coefficients in Fig. 3 are typical of those obtained
for Arctic regions. Coefficients at low latitudes are inflated by the ratio of the
standard deviations which is contained as a factor. For all four seasons, positive
coefficients are found immediately east of the area, negative ones to the west,
indicating the dominance of broad-scale retrogression at high latitudes. In most
cases, a second region of positive coefficients is found at the same latitude on
the opposite side of the pole, suggesting that the retrogression is primarily asso-
ciated with wave number 2. In most cases, also, a meridional wave pattern is
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Fig. 4 Regression coefficients of area height anomalies (dam) for 3-day prediction of
anomaly centred over central UsA.

suggested. For Baffin, in all seasons except winter, positive values over the pole,
coupled with coefficient minima over central Siberia and James Bay — eastern
USA, point to a southward moving wave of length 70-75 latitude degrees.

At mid latitudes, patterns tend to be more incoherent, both as between areas
and between seasons. Nevertheless, important wave motions can usually be
identified. For the central Usa, for instance, (Fig. 4) it can be hypothesized that
the summer pattern of a minimum on the West Coast and maxima over the
central Usa and the east-central Pacific represents a very slow-moving wave
with a wave number equal to six. In winter, the summer minimum is shifted to
the east-central Pacific, the maxima towards the West Coast and to just east
of the date line, maintaining the same wavelength, but now suggesting a progres-
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SUMMER

Fig. 5 3-day prediction of area-average height anomalies (dam) for initial mean heights
perturbed by 1-dam anomaly over northwestern Canada.

sion of about 20 latitude degrees per three days. Spring and fall patterns lie
between the two extremes.

The interaction of height anomalies may also be studied by posing arbitrary
initial conditions and observing the predicted patterns. One simple assump-
tion for initial conditions is that Z; = Z; everywhere except at point P, where
Z,— Z,= 1. The coefficients a,; (j = 1,44) then provide the predicted anomaly
pattern (Figs. 5-6) which may be considered the result of a perturbation super-
imposed on an otherwise undisturbed mean flow.

As might be expected, Figs. 5-6 show much the same features as the preced-
ing charts. Thus at high latitudes, initial perturbations tend to move westward,
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Fig. 6 3-day prediction of area-average height anomalies (dam) for initial mean heights
perturbed by 1-dam anomaly over central Usa.

while at the same time inducing a wave pattern of about 90 long. degrees length
in the zonal direction. A winter perturbation in the central UsA results in
anomaly maxima on the east coast of the USA and over the eastern Atlantic,
again indicating the development of wave number 5-6 and its progression at
about 20 degs. per three days. In summer, the same wave is induced but remains
stationary.

More complex anomaly patterns as initial input can be used to represent other
idealized flow patterns. For instance, Fig. 7 gives anomalies corresponding to a
circular flow pattern centred on the autumn pole, with weaker than normal
westerlies between the pole and 50N and stronger than normal westerlies in the
band 40-50N. The predicted circulation three days later (Fig. 8) shows only a
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Fig. 7 Hypothetical height (dashed lines) Fig. 8 3-day prediction of height and
and anomaly (solid lines) pat- apomaly patterns from initial
terns for Autumn. state shown in Fig. 7.

slight weakening of the anomaly pattern from North America to Europe, but
significant changes over Asia and the western Pacific, where the signs of the
initial anomaly centres are reversed.

4 Verifications

To test the validity and usefulness of the equations, independent data were
extracted from operational 500-mb analyses during 1969 and used as input.
The 3-day statistical forecasts are compared with:

1) Persistence

2) Seasonal mean

3) Barotropic 72-hr forecast.

For forecast periods of six days, both the 3-day statistical and barotropic
prognoses were used as input, and the results compared with persistence and
the seasonal mean, as well as simple persistence of the 72-hr barotropic forecast.

Treating each of the 44 anomalies as separate predictands for each of the
days tested, a grand total of some 3000 forecasts produced the Root Mean
Square Errors of Table 1. These figures suggested slight overall skill with
respect to both persistence and the seasonal norms, and only mildly inferior
results compared with those obtained by the barotropic prognoses. The loss to
persistence at three days in winter is in a measure compensated by the win over
the barotropic at three days in spring. The use of monthly or daily normals,
especially in spring and fall, would give lower errors than the seasonal means
used here, but examination of the relatively small number of cases when the
three are almost identical suggests that the ranking of results would remain
unchanged.
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TABLE 1. ROOT MEAN SQUARE ERROR (dam)

3-Day 6-Day
P S B C P SS SB PB C

Winter 8.78 9.28 8.10 11.04 11.12 10.29 10.87 10.89 11.04

(15 days)
Spring 8.54 7.63 17.79 10.41 10.90 8.55 8.58 10.35 10.25

(23 days)
Summer 5.64 5.53 4.90 6.87 6.77 6.07 6.08 6.83 6.81

(28 days)
Autumn 8.20 7.52 6.63 9,61 9.88 8.00 8.48 9.47 9.47

(24 days)
TOTAL 7.70 7.34 6.75 9.34 9.56 8.06 8.32 9.26 9.25

(90 days)

TABLE 2. AVERAGE CORRELATION COEFFICIENT
3-Day 6-Day
P S B C P SS SB PB C

Winter 0.672 0.559 0.752 0.0 0.480 0.371 0.422 0.532 0.0
Spring 0.504 0.468 0.590 0.0 0.210 0.245 0.322 0.261 0.0
Summer 0.555 0.406 0.672 0.0 0.388 0.165 0.273 0.274 0.0
Autumn 0.465 0.412 0.663 0.0 0.243 0.243 0.259 0.329 0.0
TOTAL 0.537 0.449 0.662 0.0 0.319 0.241 0.307 0.328 0.0

P—persistence S—statistical B—72-hr barotropic C—seasonal mean
SS—statistical input to statistical forecast
SB—barotropic input to statistical forecast
PB—persistence of 3-day barotropic

If, on the other hand, the correlation coefficient between 44 predicted and 44
observed anomalies is computed for each day’s forecast, average values (Table
2) show the statistical model to be less satisfactory for the prediction of flow
pattern as opposed to absolute height values. The positive values for the statisti-
cal prognoses still indicate skill relative to the seasonal normals, but except for
spring 6-day forecasts, are inferior to persistence scores, as well as to those
derived from the barotropic predictions.

5 Conclusions
The verification results suggest that the equations making up the statistical
model are at least qualitatively valid, and that the model could be a useful tool
in the further exploration and understanding of normal wave patterns and their
evolution. The operational value of the model in its present form is limited, but
in conjunction with subjective methods, it might nevertheless be a useful guide
for periods of up to 3—6 days when other numerical predictions are unavailable,
or in assessing the relative merits of other computer-produced forecasts.
Modification of space and time scales, and consideration of non-linear terms
and outside predictors (such as sea-temperature anomalies) provide avenues
for the future improvement of the model, and might well produce quantitative
results competitive with other forecast methods.
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