sible changes in these details.
Registration will be at the new
building of the Mellon Institute, and
entitles one to a copy of the Program,
a card, a badge, and admission to
entertainments, as well as validation
of railway certificates.
Mr. W. S. Brotzman of the Weather
Bureau Office in Pittsburgh is in

charge of local arrangements for our
meeting.
The Association of American Geographers will meet in Philadelphia at
the Wharton School of the University
of Pennsylvania from Dec. 27 to 29;
there will be several papers of climatological interest, probably on the
27th.

METHODS OF S E A S O N A L W E A T H E R FORECASTING
SCRIPPS I N S T I T U T I O N O F O C E A N O G R A P H Y

AT

THE

1

BY GEO. F. MCEWEN, Professor of Physical and Dynamical
Oceanography at the Scripps Institution
The speakers at the sessions of this
conference are mainly specialists in
the field of meteorology, both of the
earlier empirical type, and the modern
type in which the problems are being
reduced to applied physics.
They
have been specially concerned with
forecasting for a short time in advance. Accordingly, being engaged
primarily in another though related
field, physical oceanography, I feel
at some disadvantage.
However,
there may be certain advantages in
such a position; those of little knowledge may venture to attempt what
would deter the more highly trained
and experienced in that field.
Given an adequate program of observations and a perfected system of
short-range forecasting based upon
an understanding of the physical
principles involved, we might make a
long range forecast by means of
forecasts for successive short intervals, using the first forecast as a
starting point for the next one, and
so on. However, as you all know,
only in the remote future do we expect to be able to meet the exacting
conditions that such a step by step
method would require in order to
Presented at the Meteorological Conference held on June ll-14th, 1934, at the California Institute of Technology. [See BULLETIN, June-July, p. 161]

reduce the accumulated error to a
reasonable value.
At present, long range forecasts
must be made without a thorough
knowledge of all of the details involved and, consequently, must be of
a general character for a region.
Yet there is convincing evidence that
all phenomena, both of the sea and
atmosphere, do proceed according to
fundamental physical principles. In
the light of what I have said, how
can we make use of this concept in
attacking the problem of long-range
forecasting?
Let us consider first certain established facts. The ocean and atmosphere are parts of a great and
complex mechanism driven by energy
derived from solar radiation. Among
the processes going on in this mechanism are currents of air and water,
both horizontal and vertical, mixing
within each fluid, evaporation, precipitation, and radiation. These processes are all interrelated and involve
changes in the distribution of matter,
and transformations of energy. In
this connection it is helpful to recognize that atmospheric moisture is
carried from the ocean over the land,
precipitated as rain or snow, returned
as runoff to the ocean, and evaporated
into the atmosphere, thus completing
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the water-cycle. It is, of course, recognized that there is extensive evaporation from the soil cover and from
inland waters, and that there is extensive precipitation on the ocean,
Ithus complicating the process. This
water-cycle involving changes of
state of the water, and its transportation, is accompanied by corresponding
energy transformations.
There is increasing evidence for believing that the generally accepted
fundamental principles of mechanics
and heat apply to the whole complex
system, although the difficulties of
bringing the observations into direct
relation with the physical principles
have been overcome only to a very
limited extent.
Accurate and reliable forecasting
is in general the final achievement in
scientific investigations, and the
agreement between predictions and
observations is the crucial test of
theory.
However economic needs
cannot usually wait until such a stage
of completeness has been attained.
This is especially true of weather
forecasting for short intervals as well
as for longer periods, i.e., months or
years. All attempts at forecasting
are of practical importance if the men
directly interested, for example engineers or those engaged in agriculture, can carry on their work so as
to yield better results by considering
the forecasts rather than by merely
preparing for the same average
values. Having these facts in mind,
we recognize at the Scripps Institution four legitimate avenues of approach to the object of practical forecasting, each of which depends upon
appropriate series of observations.
1. ATTEMPTS TO MAKE RIGOROUS
QUANTITATIVE APPLICATIONS OF
PHYSICAL PRINCIPLES

All

investigators

in

dynamical

meteorology and oceanography are
contributing to the ideal of explaining
quantitatively the observed atmospheric and oceanic phenomena. At
the Scripps Institution, particular attention has been given to the problem of oceanic circulation, evaporation, turbulence or eddy motion, and
radiation. This work has involved
the applications of principles developed by other investigators in these
fields, the formulation of additional
methods, and their application, and
the making and collection of appropriate observations.
Valuable information as to the
physical mechanism of the weather
will no doubt result from special investigations made from the dynamical
standpoint such as the one carried out
here by Mr. Byers in which the "air
mass" concept is the basis. Such information is probably essential to
progress from empirical methods of
making quarterly forecasts. The most
satisfactory method of forecasting is
a deductive one founded on established cause and effect relations to
which rigorous quantitative studies
lead. While such investigations are
in progress, and long before an approximate realization of this ideal,
valuable suggestions regarding possible indices of forecast value may be
found.
2.

FORECASTING BY CORRELATION
METHODS

In this complex world-mechanism
there may be a considerable time lag
between certain causes and their
effects. Accordingly, investigations
of indices of such causes should give
advance information regarding the
accompanying effect. Moreover, any
effect, i.e., seasonal precipitation over
a region, must in general be regarded
as resulting from a series of causes
of varying importance and involving
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various time lags. Accordingly, as is
usual in such complex phenomena, the
natural procedure is, especially in the
early stages of the investigation, to
search for all possible indices, and
by appropriate statistical methods to
work out empirical relations between
these indices and weather conditions.
In this way indices of primary significance can be discovered by trial
and error and evaluated in accordance with principles of probability.
The English meteorologists, Blanford,
Eliot, and Sir Gilbert Walker are recognized as pioneers in applying this
general method, in predicting the
monsoon rains in India. It is the
method by which our trial forecasts
were begun and continues to receive
our main attention.
Evidence is accumulating in support of a correlation between the general trend of sea temperatures and
atmospheric temperatures and between each of these and the general
trend of precipitation, and in our
latest studies we have used sea temperatures throughout the calendar
year for forecasting seasonal precipitation. This required a forecast of
winter temperatures which has been
accomplished by means of an extrapolation method applied to smoothed
temperature observations. The gradient between winter and late fall sea
surface temperatures also appears to
be an important advance index of
precipitation. Another suggestion is
the possibility of a cyclical change in
the sign of the coefficient of correlation between an index, such as summer inshore surface temperatures,
and the following seasonal rainfall.
A classification of weather elements
with reference to geographical regions, and an analysis of storm types
in accordance with sources—i.e.,
storms entering from the north or

the south—are regarded as important
and should result in better correlations with advance indices.
3.

FORECASTING BY
CYCLES

MEANS OF

We are carrying on investigations
of possible "natural cycles" in
weather phenomena with the aid of
special methods of analysis.
The
method of strato-analysis developed
by the engineer, A. Streiff, appears to
be well adapted to such studies, and
has revealed cycles of about the same
period in several different groups of
data on rainfall, runoff, and lake
levels. In this connection we believe
tree-ring and clay-varve data may be
used as indicators of rainfall cycles.
Such records are especially valuable
because of their great length, but
special care and attention to the details of these processes are needed to
avoid serious errors of interpretation.
We use the cycle method as a supplement to the correlation method in
forecasting, and except for short
cycles, a few years in length, regard
this method as better adapted to
indicating what may be expected over
a period of years rather than for a
specific season.
While conducting a continuous investigation of certain oceanic phenomena at the Scripps Institution
pier near La Jolla, in southern California, an inverse relation was indicated between sea temperatures observed during the summer months and
the amount of rain falling during the
following winter months. This continuous series of observations began
in 1916 and up to the present time
indicates that the lower the summer
temperature, the higher will be the
rainfall in Southern California during the following winter or rainy
season. During the ten year period
1916-26, this simple empirical relation
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continued to hold with remarkable
accuracy. However, as stated earlier,
it would be surprising if such a
simple empirical relation as has been
found for a short time interval should
continue to hold thus accurately in
the case of as complex a system as
the ocean and the atmosphere. Yet
the close relation already established
between oceanic and atmospheric phenomena generally, tends to give
weight to such a result.
Investigations over the longer
period 1916-1934 indicated relatively
more departures from the simple relation of precipitation to temperatures. A better result, considering
this interval as a whole, was obtained
by regarding the seasonal rainfall as
having natural cyclical variations
subject to disturbances whose relative
magnitudes were indicated by the
summer, minus the preceding winter
ocean temperature.
Values of the
five-year cycle factor, Y, found to be
especially prominent, are as follows,
where negative values correspond to
a deficiency.
SAN
DIEGO

1930-31
1931-32
1932-33
1933-34
1934-35

—0.4
0.6
0.3
—1.3
—1.5

CRESCENT
CITY

1.6
7.2
—0.5
—9.2
—1.7

PORTLAND

1.0
0.3
3.5
—2.3
—3.0

The corresponding formulae for
forecasting precipitations are listed
below:
Z v m =104.4—12.0X+0.5 X 2 +8.85Y
Zx = 10.9+ 1.2X—0.1 X 2 +2.87Y
Zx' = 35.5— 3.4X+0.15X 2 +2.90Y
Z n = 55.5— 4.0X+0.15X24-6.0 Y
Where Y equals the San Diego cycle
factor, and
X equals the summer minus
winter temperature at La
Jolla in °F.

ZXI=80.0—20.0X4-2.3X2-F0.96Y
ZC

=31.7—

4.7X4-0.4X24-0.89Y

Where X=summer minus winter temperature at Pacific Grove in
Y in the first equation=the
Crescent City cycle factor,
and
Y in the last equation=the
Portland cycle factor.
The regions are indicated by subscripts having the following meaning:
LIST

OP RAINFALL

REGIONS AND

STA-

TIONS I N EACH REGION FOR
CALIFORNIA A N D OREGON.
CALIFORNIA
VIII : San Diego County,
High Altitude:
X

: South Coast:

Cuyamaca
Julian
Bonita
San Diego
Escondido
Tustin
Corona
Los

X'

: Santa

Barbara:

Angeles

Santa

Barbara

Ojai
Los Alamos
II

: Hetch-Hetchy

Hetch-Hetchy
Yosemite
Huntington

Lake

Big Creek
North Fork
XI

: North

Coast

Crescent

City

Eureka
Upper

Mattole

China Flat
Happy Camp
Orleans
OREGON
C

: Ashland
Grant's Pass
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The observed seasonal precipitation for these regions is tabulated below
where a plus sign indicates an excess over the average and a minus sign indicates a deficiency (all values in inches):
1916-17
1917-18
1918-19
1919-20
1920-21

X'

VIII

X

35.2+

12.9+

21.42+

34.6

25.7—
27.0—

10.9—
8.9—

22.05+

27.9

—

13.45—

39.8+

12.3—
10.8—

14.25—
14.76—

29.7
29.1
34.9

—

II

+

XI

+
33.4

—

19.80—

49.0

—

31.17+
22.26—

38.2

—

52.6 +
34.2—

21.6 +

21.45+

1922-23

9.0—

16.47+

35.7
33.4

+
+
+

1923-24

25.6—

6.35—

15.6

—

26.7

1924-25

30.6—

8.7—
7.6—

1925-26

36.1 +
59.2+

16.8+

12.45—
16.91 +

36.8
27.2

—

70.5
43.1

17.8+
11.1—

22.15+
14.60—

36.6

17.5—
31.2—

10.2—
13.0+

1930-31

36.8+
26.8—

11.9—

12.69—
12.75—
13.60—

1931-32

48.7+

1932-33

35.9+

17.1 +
11.8—

22.00+
10.80—

37.7
23.4

AVERAGE:

34.7

12.5

15.77

29.47

1933-34

15.9—

12.0 —-

21.6

1921-22

1926-27
1927-28
1928-29
1929-30

27.0—

8.0—

+
+

29.7 -F
24.5 —
22.8 —
20.5

C

—

+
—

75.0

81.7
53.3
40.4
39.5
32.5
52.1
56.3

+

—

—

+
+
—
—
—

+
+

49.33
—

40.8

19.77—
15.04—
27.97+
18.74—
36.94+
25.39+
18.65—
19.12—
16.09—
27.30+
22.48—

22.91
—

17.05—

The seasonal precipitation calculated during October, 1933, by means of the
above formulae are tabulated below, together with observed values for 1933-34
which agree well with the forecast:
CALIFORNIA,
SOUTHERN AREA
VIII

X

CALIFORNIA, INTERMEDIATE
AND NORTHERN AREA
X'

II

1916-17
1917-18
1918-19

46.9+

16.0+

20.0+

37.2+

36.1+
20.9—

17.7+
12.5—

1919-20

23.1—

9.9—
6.8—
9.2—

12.6—

30.6+
21.2—
22.4—

1920-21

30.9—

1921-22

40.6+
35.2+

11.8—
14.9+

15.4—
18.4+
17.1 +

20.9—
23.2—

12.3—
7.0—
10.2—

1926-27
1927-28

30.7—
56.3+
37.8+

11.7—
16.3+
14.0+

15.4—
22.4+

1928-29

31.5—

10.5—

1929-30

19.3—

—

1922-23
1923-24
1924-25
1925-26

28.1—

XI
45 —
51
+
35 —
57.7+

OREGON

C

22.4—

40.2—
46.0—
39.1—
28.1—

21.8—

34.3 +
31.1 +
21.2—
26.4—

49.8+

20.3—

26.0—

41.2—

19.4—

91.1+
43.1—

33.1+

17.5+

40.7+
32.6+

14.7—

26.3—

77.3 +

19.9—

35.6—

12.7—
15.1—

21.0—
25.6+
15.1—

27.1+
29.1+
14.1—
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CALIFORNIA,
SOUTHERN AREA

CALIFORNIA, INTERMEDIATE
AND NORTHERN AREA

OREGON

1930-31
1931-32
1932-33

VIII
31.1—
40.8+
40.9+

x
11.9—
15.2+
14.7+

X'
15.4—
18.5+
18.2+

II
28.2—
34.6+
34.0+

XI
46.8—
53.2+
41.6—

c
24.2+
23.5+
22.8—

AVERAGE:

34.7

12.5

15.8

29.5

49.3

22.9

FORECAST :
1933-34

25.4—

13.3—

23.8—

37.5—

15.4-

84%

81%

76%

67%

12.0—

21.6—

76%

73%

40.8—
83%

17.05—
74%

37.4—
76%

17.9—
78%

Z'

9.8—

73%

78%

%

15.946%

64%

1934-35

21.6—

% -

Aver.

OBSERVED:
1933-34

8.0-

FORECAST

%

62%

8.3—

66%

12.0—

21.1—

76%

72%

About 75% of the signs of the departures of the calculated values
agree with those of the observed
values. But about 80% of the forecasts of a deficiency were correct in
sign, and only about 10% of the
seasons were deficient and not indicated by this forecasting procedure.
TENTATIVE EXPLANATION OF SEA TEMPERATURES AS INDICES OF
SEASONAL RAINFALL

The observed relation of seasonal
precipitation to inshore sea surface
temperatures accords with the following hypothesis. Because the rainfall
in California depends mainly upon
the flow to the east of a mixture of
air and its accompanying moisture
evaporated from the Pacific ocean,
the greater the amount of air thus
transferred, the greater will be the
amount of water vapor available for
precipitation. Moreover, the mass of
air that is thus transferred to the
land during winter should be proportional to the initial mass over the
ocean. Therefore the greater the intensity of the barometric pressure in

the high pressure area over the ocean
during the summer, the greater should
be the rainfall during the following
winter or rainy season. This periodical or seasonal interchange of vast
masses of air between the ocean and
continent, varies in average amount
from year to year. Moreover, it is
not a uniform or regular process;
there is a continual disturbance of
equilibrium tending to restore a balance, thus resulting in a succession
of atmospheric disturbances which we
call storms. Although detailed barometric observations may not be available for any one year over the Pacific,
the inferred correlation between the
intensity of this high pressure and
the decrease of surface ocean temperatures below the normal enables us
to use the ocean temperatures as an
index of the pressure distribution, and
accordingly of the expected rainfall.
Actually, the sea temperature is an
index of a complex of conditions related to our weather. Accordingly,
it was expected that additional factors of forecast value in the complex
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and interrelated atmospheric and
oceanic masses would be discovered
during the progress of the investigation.
TEMPERATURE FORECASTS

Reliable forecasts of monthly air
and sea temperatures one or several
months in advance, and a general idea
of the probable temperatures for a
year in advance, are in great demand.
In fact, attempts to provide such information for commercial purposes
are made by various individual organizations: utilities, department stores,
sea products companies, etc. May we
expect to be able to work out such
forecasts with sufficient reliability to
be of commercial value?
While no adequate physical theory
for guidance in such problems has
been developed, it seems reasonable
to assume the existence of factors
influencing the temperature trend a
few months in advance. While searching for the proper factors, it is assumed that a composite index of them
having forecasting value is furnished
by past temperatures.
Proceeding
empirically on this basis, the monthly
temperatures are "smoothed" or adjusted in order to eliminate irregularities which at first are regarded
as accidental.
Projecting
these
smoothed values a few months in advance in accordance with past variations, and correcting the seasonal
changes for systematic errors introduced by the smoothing process, provides an empirical forecast. Such a
procedure has been applied to observations over a period of about twenty
years in order to compare the computed and observed temperatures. A
very definite correlation was found,
indicating that a temperature forecast three months in advance by this
method departed from the actual by
more than a degree in only ten per

cent of the cases for sea temperatures
at La Jolla. Air temperatures at
Riverside were thus forecast to
within two degrees of the actual in
about 90% of the cases. The success
of such an empirical procedure depends upon the stability of the general temperature trends. The limited
experience with this method in Southern California indicates that it is of
sufficient reliability to be commercially
useful.
There is evidence of a four-year
temperature cycle, the last minimum
being in 1933. As a result of this
study the following statement was
issued in the spring of 1934: The
general upward trend thus indicated
from 1933 to 1935 is in accord with
the three months* forecast of higher
than average temperatures for the
summer of 1934.
There is a general agreement of
observations with this forecast of
summer temperatures, and the indications are that winter temperatures
will probably slightly exceed the average. In general the statistical analysis shows that from now on, the year
1934 will resemble that of 1930.
4.

FORECASTING BASED UPON
COS MIC AL INFLUENCES

We have proceeded on the idea
that in the present state of knowledge, attention directed primarily to
the various measurable phenomena
taking place in the atmosphere and
ocean is essential to a solution of
forecast problems. A thorough study
of the mechanism of precipitation
might in time reveal the main factors
controlling it and thus yield a trustworthy method of forecasting the
amount, months in advance.
Evidently oceanic phenomena would play
an important part in such a procedure.
Also, a valuable forecasting
index that may materially improve
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present results may be derived from
the extensive air-mass analyses that
will be carried on to an increasing
extent.
However, we are ready to make
such use of the extensive work on
solar radiation and sunspots that we
find to be of help. The cyclical nature
of the action of the planets on the
sun in producing sunspots and the
possible direct electrical action of the
sun in producing vortices in the
earth's atmosphere afford a field that
should be investigated. Again, the
long period ocean tides depending
upon changes in planetary configurations may have some forecast value,
and is being investigated by others.
CONCLUSION

In so complex a problem or series
of problems, we believe in proceeding
mainly along lines that our experience has indicated to be most promising. At the same time we favor keeping an open mind for all possisble
PAPERS

AND

methods of attack, and believe in
maintaining the forecasting system
in a "fluid" state rather than in a
rigid unchangeable one. Here on the
Pacific Coast, where every clue as to
the probable nature of the weather
to be expected is so eagerly sought,
it is imperative that careful unbiased
consideration be given to the important question of evaluating the
methods used. We hope that the combined efforts of those meteorologists
who enter the field of long-range forecasting will meet with success commensurate with the increasing demands for such service. Finally, attempts to make long-range forecasts
for one region continue to indicate
that weather is not simply a local phenomenon having purely local causes.
The value of indices relating to conditions far from the region for which
forecasts are made, is being demonstrated, thus long-range weather forecasting is necessarily a large scale
co-operative undertaking.
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(Continued from October Bulletin, pp. 215-224)
Notes on the Cold W i n t e r of 1 9 3 3 - 1 9 3 4 in Alaska
B Y R . C. MIZE, U . S. WEATHER BUREAU

The past winter was unusually cold
in nearly all portions of Alaska, despite the fact that February was
unusually warm.
In December, the North Pacific low
pressure areas were deep and shifted
far to the southward of their usual
track, and the high pressure areas
persistently covered practically all of
the Territory. This pressure distribution was accompanied by unprecedented low temperatures throughout
the panhandle and unusually low
temperatures over the remainder of
the Territory except portions in the
extreme west. The greatest departure was at Eagle, with mean temperature 25° below normal. Skagway,

1

Fairbanks and Kennecott were 20°
below normal.
St. Paul Island
showed the greatest plus departure,
4° above normal. Over much of the
panhandle, this was the coldest month
of record, and for the entire Territory was 10° below normal. With
pressure of 31.00 inches in the Yukon
Valley and 29.20 inches at 43°N.,
142°W., the temperature at Juneau
fell on the 18th to —10°, or 8° lower
than previously known in December
in 38 years of record.
In January, the low pressure areas
were deep but generally centered in
or near the Gulf of Alaska, and the
*See also: Cold Winter in Alaska, R. L.

Frost,

May
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