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ABSTRACT
Numerous wartime meteorological researches have contributed greatly to our understanding of the mechanism
of atmospheric processes, but any resultant improvement in weather forecast accuracy to date has been highly
questionable. Wartime experiences have emphasized that the usual complement of personnel in a weather
station is wholly inadequate and incapable of analyzing and digesting the abundant data in the form of surface
observations, rasonde-rawin soundings, pilot reports and weather reconnaissance reports now available to the
meteorologists. Although meteorologists are not agreed as to its operational feasibility, the concept of divorcing
analysis from forecasting was demonstrated to be, in all major operational efforts during the War, the only
practicable solution to the problem of making maximum use of available data. The establishment of key
analysis centers manned by expert analysts who devote their entire energies to the analysis of weather data in
chart form which are transmitted by facsimile to the field forecaster has proved to be the best and only method
for handling the wealth of available weather information and has resulted in a maximum efficiency in the preparation of forecasts. A principle was established that forecasting responsibility must be decentralized and given
to those meteorologists immediately associated with the particular forecasting problem. The recognition and
application of the principle of separation of analysis from forecasting will result in an immediate increase in
forecast efficiency and accuracy and will create the only firm basis upon which private meteorology can be
established.
LACK

OF PROGRESS

IN

FORECASTING

N SPITE of the wealth of accomplishments in meteorological researches during
wartime, there has not resulted any
detectable improvement in the accuracies
of forecasts for periods of 24 hours and
longer. This is a rather discouraging and
perhaps iconoclastic statement for a meteorologist to make, especially in the light of
the numerous recent newspaper and magazine releases extolling the accomplishments
of meteorology even to the point of now
promising the artificial control of weather.
Our wartime researches have served to
increase our understanding and knowledge
of the atmospheric circulations and processes,
but have, in the main, failed to aid the
applied meteorologist in making significantly more accurate forecasts though the
scope of application of forecasts was greatly
enlarged.
Nevertheless, in spite of our
dismal record with regard to forecast improvement, there is adequate latent knowledge in meteorology to increase forecast accuracies immediately, provided we purge
ourselves of some of our esoteric operational
techniques. Our present forecast procedures
fail to recognize the legitimacy of divorcing
meteorological analysis from forecasting
and are obstructing the natural progress one
might expect in forecasting.
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* Paper read at the joint AMS-Inst.
meeting in New York, January, 1947.

Aeron. Sci.

Returning for a moment to the rash and
undoubtedly controversial statement concerning lack of progress in forecasting improvement, it may be worth while to discuss the
results of a program of prognostic chart
verification over a recent two year period:
—FIGURE 1 is a record of the verification
of the best possible effort made in the field
of 24-, 48-, and 72-hour forecasting by three
different forecasting techniques, identified
as B, C and D. Prognostic charts were
made for the Pacific, North American and
Atlantic areas twice a week for extended
periods by 24-hour steps. All of the charts
were redrawn by an artist so as to obliterate
singular identifiable characteristics in the
original charts. The charts were then verified and graded by a ( i board of meteorologists'' numbering variously from 6 to 8,
the grading being done on a purely relative
scale that has little meaning but does reflect the meteorologist's opinion as to the
utility of the prognostic chart for use in
preparing a weather forecast. The grades
for the 24-, 48-, and 72-hour prognostics for
all three areas were lumped together, averaged, plotted by designation as systems B,
C, D and compared to 24-hour average grade
of all systems, A.
The complete curve for the entire two
year period is not shown mainly because
some comparisons were not available for
the whole period but a sufficiently repre-
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FIG. 1. Verification of 1-3 Day Prognostic Charts by Board of
Meteorologists, all Zones Combined, June 1943-June 194o.
sentative sample is shown to indicate that,
during height of war research efforts, no
significantly detectable improvement in preparing prognostic charts is to be noted.

It is hazardous, and in many ways irrelevant to become entangled with any form
or variety of verification schemes. No matter where one stands, one is always in the

FIG. 2. 850-mb Contour Chart, 3 April 1945, 1800Z, North Atlantic and adjacent
parts of America and Europe. Fronts shown where thejr intersect the pressure surface.
Contour lines at 200-ft intervals, labelled in tens of feet, in full lines. Isotherms in degrees
C, heavy dashed lines. Mixing-ratio or dew-point lines labelled in both values of g/kg and
°C, resp., thin dashed lines.
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FIG. 7. 700-mb Contour Chart, 3 April 1945, 1800Z. Lightly dotted area is region
in which there is cold-air advection irt the layer 1000-500 mb; heavily dotted area has
warm-air advection in this layer. Contours full lines. Thermal thickness lines 1000-500
mb, heavy dashes, 200 foot intervals labelled in 100's of feet.
middle of a lusty controversy. The verification expert and the meteorologist are always ravishing each other. For this reason,
the intricacies of the above-mentioned verification scheme will not be discussed. Suffice it to say, that real improvement in
forecasting has not kept pace with research
accomplishments.
In view of the admittedly serious gap
between meteorological research and weather
forecasting, the lack of tangible accomplishments in the forecasting field can be
attributed, in very appreciable measure, to
our completely antiquated operational routines. Our weather observational programs
and analytical developments have completely
outstripped the capabilities of the average
weather man to handle, analyze and digest
the abundant data in the form of surface
observations, radiosonde or rawin soundings,

pilot reports and weather reconnaissance
reports now available.
EXPERIENCE OF ARMY AND NAVY

Wartime experiences more than ever emphasized the obsolescence of our station
forecasting routines. At the outset of war,
it was recognized that an adequate forecasting service required a prohibitive complement of scientific personnel at each individual station—and even then the bulk
of the work accomplished at each station
would be unmitigated duplication—in preparing and analyzing at each installation
the same numerous charts and diagrams
needed to prepare the forecast. Immediately, the concept of divorcing analysis from
forecasting was recognized and ultimately
was demonstrated to be, in all major operational efforts during the war, the only

Unauthenticated | Downloaded 01/09/23 03:06 PM UTC

practical solution to the problem of making
maximum use of available data with a minimum dissipation of the energies of forecast
personnel. The Army and Navy established
key analysis centrals in all theaters of
operation and began operating on the theme
that analysis could be divorced from forecasting without the catastrophic results so
frequently predicted by unsympathetic
meteorologists. The Navy *s problem was

FIGS.

particularly acute as anyone who lias served
aboard a fighting ship can readily testify.
The provision of complete meteorological
staffs aboard fighting ships where space,
facilities and personnel are at a premium,
was impossible and a maximum use had to
be made of the key analysis centrals.
The high degree of meteorological success attained in important military operations such as the strategic air bombardment

8, 9, 10, 11, 13, 14.
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FIG. 12. Graphic Analysis for 850-mb Equivalent. Potential Temperature, 3 April
1945, 1800Z. Isotherms heavy dashed lines, in °C. Mixing-ratio or dew-point lines,
labelled in g/kg and °C resp., light dashed lines. Contours, heavy full lines.
of Europe, the invasion of Normandy and
the recent atomic-bomb tests can be directly
attributed to the application of the principle that for efficient operation, weather
analysis must be separated from forecasting.
Substantial and complete weather-analysis

teams were established as key centers for
complete and total digestion of every bit
of available meteorological information.
Anything less than absolute and total
analysis of all available information would
have been considered to be an utter dereliction of duty for these historic events.
A

FIG. IS. Equivalent-Potential Temperature in the
500-mb surface, 3 April 1945, 1800Z.

COMPREHENSIVE

ANALYSIS

FIGURES 2 to 22 inclusive illustrate why
the average weather forecast station, as it is
usually thought of, cannot i)ossibly cope
with the analysis problem. These figures
depict a series of charts covering the synoptic situation for approximately 1800Z on
the 3rd of April 1945. The various charts
were prepared from the original manuscript
material of the key analysis center attached
to General Spaatz's Strategic Air Forces in
the European Theater at St, Germain,
France, during early 1945.
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FIGS. 16-17. Equivalent-Potential Temperature Change Charts, for layers 850-700
and 700-500 mb, 3 April 1945, 1800Z. (Increase in temperature, full lines; decrease,
dashed lines.) Forecast 24-hr displacements of areas of ' ' convective'' (potential) instability shown by arrows.

FIG. 18.

700-mb 12-hour Height Change Chart, 3 April 1945, 1800Z.
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FIG. 19.

700-mb 24-hour Height Change Chart, 3 April 1945, 1800Z.

It is not intended in this paper to present
any synoptic interpretations of this sequence
of weather charts because this phase will
be comprehensively covered in a manual of
upper-air analysis prepared by Major Robert Bundgaard, Air Weather Service, and
to be published by Army Air Forces. It
is intended, however, by this array of charts
to make the meteorologist aware of what
he is missing in the way of comprehensive
analyses. The charts presented here are: —
A. Analyses of constant-pressure contours,
with temperature and moisture distribution in the same surface:—
FIG.
therms
FIG.
therms
FIG.
therms

2. 850-Millibar contour with isoand dew-point lines.
3. 700-Millibar contour with isoand dew-point lines.
4. 500-Millibar contour with isoand dew-point lines.

FIG. 5. 300-Millibar contour with isotherms and thickness lines for the layer
from 700-mb to 300-mb.
FIG. 6. 150-Millibar contour with isotherms.
B. Analyses of constant-pressure contours
with relative topography analyses:—
FIG. 7.
ness lines
500-mb.
FIG. 8.
ness lines
300-mb.

700-Millibar contour with thickfor the layer from 1,000-mb to
500-Millibar contour with thickfor the layer from 700-mb to

C. Stability analyses:—
FIG. 9. 850-700-Millibar potential temperature difference.
FIG. 10. 700-500-Millibar potential temperature difference.
FIG. 11. 500-300-Millibar potential temperature difference.
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FIG. 20.

700-mb 72-hour Anomaly Tendency Chart, 3 April 1945, 1800Z.

FIGS. 21-22. Surface Chart, 3 April 1945, 1800Z; and (left) 6-hourly Movements
of Surface Fronts, Pressure-Centers (circles) and Axes of High-Pressure Eidges (dashed
lines).
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D. Analyses of moisture-conservative
erties :—

prop-

FIG. 12. By drawing isolines through the
intersections of isotherms and dew-point
lines on a constant pressure surface, a family of equivalent potential lines may be
obtained as indicated in the sample (FIG.

12).

FIG. 13. 850-Millibar equivalent potential temperature. This chart is the same
as FIG. 12 with the isotherms and dew-point
lines removed.
FIG. 14. 700-Millibar equivalent potential temperature.
FIG. 15. 500-Millibar equivalent potential temperature.
E. Arialyses of potential
FIG.
tential
FIG.
tential

instability:—

16. 850-700-Millibar equivalent potemperature difference.
17. 700-500-Millibar equivalent potemperature difference.

F. Analyses of contour-height

tendencies:—

FIG. 18. 700-Millibar 12-hour height
change.
FIG. 19. 700-Millibar 24-liour height
change.
FIG. 20. 700-Millibar 72-hour anomaly
tendency.
(FIG. 20 requires some explanation since it
is not a conventionally used chart. There
are two families of lines drawn thereon;
one, the 72-hour height changes for the
700-mb surface, the other, the heights below
or above normal of the 700-mb surface
obtained from a statistical daily tabulation
of the height of the 700-mb surface obtained from all past upper air observations.
For example, in the use of this chart, one
notices that the + 106 center of height rise
to the south of Iceland is preceded by an
unshaded sector extending to the north and
east to Norway, being an area to below normal and rising. The light striped area along
20°W longitude is one in which the height
is above normal and rising; thus it may be
anticipated that the + 1 0 6 center will begin to fall and reverse its direction.)
As another example, the unshaded area
along 30°W longitude is one in which the

heights are below normal and rising. The
—52 center to the northeast of Newfoundland will apparently no longer continue its
eastward motion since it is preceded by an
unshaded area below normal and rising.
G. Frontal

Displacements:—

FIG. 21.
systems.

Movement of

H. Surface

Analyses:—

FIG. 22.

surface frontal

Surface synoptic chart.

Although this sequence of charts might
be called a moderately comprehensive analysis of one synoptic hour, there are many
other important charts that should be made
available to the forecaster, such as upper
winds by various levels, special analyses for
extended forecasting, charts of climatic
probabilities, soil moisture, flood control,
and other specialized charts for special interests. Prognostic charts could also be included although these invade the borderline between analysis and forecasting, but
may be detrimental to the best performance
of the field forecasters.
THE NEED FOR MASTER ANALYSIS CENTERS

It seems obvious that the staff of a
typical present-day forecast station cannot
possibly do a real job on analysis. It also
seems obvious that it would be utterly too
stupid and costly to attempt to make comprehensive analyses at every weather station.
This brings to mind the present
duplication within and between the weather
analysis operations of the U. S. Weather
Bureau, Army, Navy and civilian institutions.* Have you ever stopped to think of
the enormous tide of duplication that is
set off throughout the country the instant
the teletype starts banging in the map signals? There is little purpose served by
elaborating on this point, but it is to be
strongly emphasized that the duplication
of meteorological effort is all on the analysis side ("spotting 7 7 is here considered as
part of analysis). There is never any du* As a result of a recent decision of the Air Coordinating Committee, a Combined Army, Navy and
Weather Bureau Analysis Center is to be established
in July, 1947, in Washington, D. C.—Ed.
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plication in forecasting. If one will consider this matter carefully, one will come
to the inevitable conclusion that forecasting
is always specialized and is asked to meet
the demands of a multitude of users. There
are general forecasts, picnic forecasts, agricultural forecasts, airline forecasts, forecasts for utilities, fishing and swimming and
a host of others. It seems only too evident,
then, that if there is to be any elimination
of the duplication, an attack had better
be launched on the analysis side.
It is therefore proposed that the establishment of a key analysis center or centers
manned by expert analysts who devote their
entire energies to the analysis of weather
data in chart form, to be transmitted by
facsimile to the field forecaster, will prove
to be the best and only practicable method
for handling the wealth of available weather
information and will result in a maximum of efficiency and an immediate and
significant increase in accuracy in the
preparation of forecasts.
Lo!

THE

STUBBORN METEOROLOGIST

This plan for comprehensive analyses,
the separation of analysis from forecasting
and the use of facsimile, may sound logical
and simple, but a serious stumbling block
stands in the way of getting a program of
this sort started.
The stumbling block
looms in the form of a meteorologist. Experience has shown that the average meteorologist pales at the thought of preparing
a forecast without participating in the
analysis himself. He abhors the suggestion
of using an alien analysis.
It is difficult to diagnose the reason why
this should be so—perhaps it is a guilty
sense of plagarism or a complete lack of
confidence in his fellow meteorologist or
even in the " a r t " of meteorology. At any
rate, the fact remains, many meteorologists
loathe the use of another's analysis and
will not recognize the legitimacy of the
division of responsibility between analysis
and the actual preparation of weather forecasts. They would disclaim any confidence
in the accuracy of any forecast based upon
analyses in which they have not actively

participated. An answer to those who would
maintain this point of view would be to
divorce from them clerical assistance in
spotting the basic observations on their
charts.
Obviously, this reluctant group
should feel that it cannot trust non-technical personnel to spot their charts, for by
their own reasoning how could they prepare a proper analysis from untrustworthy
spotting, spotting in which they have not
participated ?
One suggestion for correcting this unfounded misgiving about preparing forecasts from another's analysis is for our
professional meteorological schools to devote more time in training their students
to prepare forecasts from comprehensive
analyses. In laboratory forecasting work,
I would be inclined to partition the training time somewhat as follows; 5% to spotting, about 15% to analysis, and the remainder of the time to the preparation of
forecasts from already prepared analyses.
Perhaps the schools have already recognized this theme and if so, our younger
meteorologists will not rebel at the thought
of using an official analysis in preparing
a forecast.
DECENTRALIZING OF FORECASTING

The decentralization of forecast responsibility will next be discussed. By way of
illustration, the case of airway forecasting
will be used; however, by analogy the points
made will have pertinency to any type of
forecasting for commerce, industry, agriculture or any other human activity influenced by weather.
Think of the average airway forecaster
of today. An army pilot may walk into his
airdrome operations office, we will say in
New York, and suddenly request a forecast
for cross-country flight to Los Angeles.
The forecaster is brusquely shocked into
trying to solve when the California stratus
will break, or whether it will form and when.
He obviously cannot forecast for the Los
Angeles terminal as well as the meteorologist on the scene who has applied all of the
local comprehensive and specialized techniques in preparing his forecast. Of course,
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one might say that the New York forecaster
should use the now available Los Angeles
airway terminal forecast—and he should.
But the point that is important is that
the forecaster operating in his field station
is the most capable one to prepare the
forecast for his own terminal. Instead of
one forecaster preparing a number of forecasts for various terminals in a few minutes, it is very positively urged that a
number of forecasters each spend more
time in preparing a forecast for one station, his own terminal.
It is also advocated that these terminal
forecasts be placed on the hourly teletype
circuits in an abbreviated numerical system indicating at least the anticipated
ceilings and visibilities as an integral part
of the hourly observation. Of course, there
are many considerations of codes and difficulties of time allocations 011 the present
teletype system but these problems can be
overcome. The idea of a <f terminal forecast group' 9 originated one night in a
weather station located in a tent in Labrador immediately after the occurrence of a
number of near disasters of combat-aircraft
because of the vagaries of Greenland
weather. Subsequently, throughout the War,
the use of the terminal forecast group returned its benefits many fold in a remarkable safety record of aircraft weather operations over the North Atlantic and in
other areas.
There are several operational implications
in the use of an " official'' terminal forecast group. An important one is the application of these terminal groups to the dispatching of aircraft. Think how stupid and
inefficient and hazardous it is to clear an
aircraft on actual weather, which is the
prevailing operational routine of today.
Perhaps, forecasts even for short periods
are not very good but they are certainly
better than 110 forecast at all. Many may
wish to dispute this, but nevertheless, how
much more logical it would be to dispatch
an aircraft on a forecast, and if a precautionary check was desired, the use of actual
weather for alternate terminals could be
invoked.

At any rate, the decentralization of forecasting will demand many more professional
meteorologists at the expense of non-professional personnel. In the case of airway
forecasting, the forecaster is envisioned sitting in his office with his hourly teletype
machine at one hand, and his facsimile machine at the other. When a pilot walks in
and wants a forecast to any part of the
United States, the forecaster has immediately available to him all of the latest and
most comprehensive analyses for the preparation of the forecast. In addition, he has
available to him a complete complex of
hourly expert opinion of what the weather
is expected to do at every significant airway terminal in the country.
Late in the fall of 1944, after the liberation of Paris, a call was made for every
able-bodied man, not in a key position, to
aid in combat duty at the front. The Air
Weather Service released a significant number of its non-professional personnel in answer to this call. The requirements and
demands on the Weather Service at this
time were especially great because in addition to the numerous operational activities
they were engaged in, a large number of
new airfields were mushrooming up. In the
Paris area a half-dozen or so fields were
being used. The Weather Service problem
was solved by taking a forecaster and perhaps one or two observers, a facsimile machine, and giving an order that the officer
was on his own to supply the weather service for his particular field. And what a
howl when one received an assignment of
this type! " T h e facsimile machine wasn't
designed to do the job properly, the weather
central analysts are a bunch of incompetents and their analyses impossible"—but
nevertheless, these forecasters accomplished
their mission.
I want to mention just briefly one of the
thoughts that really started me off on a
paper of this sort. It has to do with the
status and future of the field of private
meteorology. I believe very sincerely that
those who are attempting a legitimate start
in the commercial forecasting field are going to have a most difficult time; These
groups can't possibly afford analysis staffs
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that could even hope to compete with our
National Weather Service. Yet they clamor
for teletypes—I think they had better clamor
for the complete analysis of the available
information and then start their forecasting
from this point, applying their forecasting
abilities to the peculiar and individual problems of their clients.
THE <4 FAX ' ' MACHINE

In closing, a brief word might be said
about the facsimile equipment. There is no
intention to extoll the virtues of the present
equipment. In fact, I would be very much
inclined to say that the present machines
cannot meet the meteorologists' requirements by far. This paper was rather intended to bring home the theme that forecasting must be separated from analysis
if forecasters really expect to get anywhere.
The lack of initiative on the part of some
meteorologists to use present equipment and
push the development of improved equipment to overcome the " f a x " machine's
present inadequacies, reflects direly upon
their progressiveness. Remarks to the ef~
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feet, "Well I can't read the data'* or
" T h e data are too fuzzy and therefore it
can't be put into operational use," seem to
me to classify these critics as meteorologists
who today would he happy and content with
the "BOGU RUBY FUGO" procedures of
the early thirties.
The Army Air Forces' Weather Service
has been operating a radio facsimile network of 23 stations for over a year in
Europe.
These new operational themes
have been accepted and are now returning
large dividends in the form of a more efficient
service with a maximum utilization of both
data and scientific personnel. A similar system has already made its start in the Pacific theater. A limited program begun in
the United States by the use of a few land
lines will be extended by 1 October 1947
to Army weather installations over the entire United States. Furthermore, experimentation is in progress with radio facsimile reception of weather charts from
the European and Pacific theaters with the
goal of providing current hemispheric analyses as routinely as six-hourly surface synoptic charts are prepared in the field.

The Successor to the Deutsche Seewarte Established in Hamburg
The German Hydrographic Institute, now functioning in Hamburg, is to have a new
medium of publication for articles emanating from the Institute, according to a letter (to
the Amer. Assoc. Adv. Sci.) from J. N. Carruthers, Manor Fields, Putney, London. The
new German Hydrographic Journal, which will cover material in the fields of coastal and
open-sea surveying, nautical science, navigation, chronometry, terrestrial magnetism, ship's
magnetism, nautical technics, tides, and physical and chemical oceanography, will, as far
as the foregoing subjects are concerned, take the place of the former Annalen der Hydrographie und maritimen Meteorologie, published by the German Admiralty from 1873 to
1891 and thereafter by the Deutsche Seewarte up to 1944. As fas as possible, each issue
will contain articles on a variety of the above-named subjects as well as including notices
on hydrographic institutions and related matters. Notices and reviews of publications of
interest to the Institute will also appear, together with a current bibliography relating to
the special fields of research enumerated. An ultimate aim is the gradual listing of all
German and other relevant publications which have appeared since the autumn of 1939.
The journal will appear under the supervision of G. Boehnecke, German director of the
Institute, and will be edited by Arnold Schumacher. (—From Science.)
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