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ABSTRACT

The results of an empirical study of 500-mb patterns are presented. It is shown that the
prediction of the 24-hr and 48-hr intensification or weakening of troughs and ridges can be
aided by a consideration of upstream changes. Qualitative rules for the prediction of a 24-hr
change in the speed of troughs and ridges are included. Finally a climatological summary
is presented of intensification, weakening and speed of troughs and ridges.

A R I O U S theoretical or physical considerations suggest that significant lag relationships exist in the intensification and
weakening of upper-level troughs and ridges.
The concept of the downstream progression of an
intensification process has been analyzed in different ways. Namias and Clapp [1] discussed
development and downstream changes of the long
waves in the westerlies at 10,000 feet. Their
analysis involved a wave-speed formula derived
by Rossby from a consideration of vorticity
change. Bjerknes [2] considered the stability of
the flow around an anticyclonic ridge.
He
showed that, with a developing ridge, air particles may accelerate downwind from the crestline and that the acceleration is associated with
the formation of a new pressure trough downstream from the ridge. The intensification or
development of the high-level trough is preceded
by the intensification of the upwind ridge. Fur-

thermore Bjerknes points out that the new upper
trough need not be the upper counterpart of a
frontal development in the lower atmosphere.
Rossby [3] analyzed the downstream progression of changes through a theoretical study of
energy propagation in the long atmospheric
waves.
Recent studies of the pressure-change project 2
at M. I. T. [4, 5] have been directed toward an
analysis of the density and temperature changes
which accompany height changes at 500 mb. In
brief, it is found that a local height fall at 500 mb
is commonly associated with local temperature
rise and density decrease above the tropopause.
Conversely a local height rise at 500 mb is accompanied by density increase and local temperature fall in the lower stratosphere. For example,
the correlations between 500-mb height changes
(AH500 ) and temperature changes at 200 mb
(AT 200 ) range from — 0.6 to — 0.8 for northern
U. S. stations in midwinter when the tropopause
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An idealized 200 mb-pattern. Solid and dashed lines are contours and isotherms, respectively, at 200 mb.
AT and
refer to temperature changes at 200 mb and height changes at 500 mb, respectively

is ordinarily below the 200-mb surface. The
local warming or cooling is observed most frequently in regions of temperature advection in
the lower stratosphere (—correlation coefficients
between AH500 and AT200 in advection areas exceed — 0.8).
Furthermore the temperature
changes appear to be of the same sign through
the stratosphere but decrease with height. These
facts suggest that variations in the height and
temperature of the tropopause in the direction of
flow are associated with temperature advection
and local warming and cooling through a deep
layer of the stratosphere. F I G U R E 1 gives a
schematic picture of these high-level fields where
it is considered that the tropopause is below the
200-mb layer. From this connection between
local height change at 500 mb and local temperature change in the stratosphere it is possible to
explore those situations which should give deepening or filling of 500-mb troughs and ridges. In
accord with the past analysis, trough intensification at B should accompany local temperature
rises in the trough in the lower stratosphere.
Such rises can originate from advection when the
temperature maximum is upstream from B. This
type of situation does not appear to occur to a
marked degree. The local temperature rises may
also originate from advection with the non-geostrophic components of the horizontal wind in a
situation where temperature and contour troughs

coincide. It seems probable that such temperature changes would be small. Local temperature
rises can originate from increased adiabatic warming between A and B so that the individual air
particles arrive in the trough with a higher temperature than was present previously in the
trough and the tropopause lowers in the trough.
Such increased warming requires intensified horizontal convergence upstream from B. As shown
empirically, for example by Bodurtha [6], intensified horizontal convergence accompanies the
development of the ridge at A. Hence it should
be expected that intensification of the trough at
B would be preceded by the intensification of the
ridge at A. Likewise intensification of the ridge
at C, with the accompanying cooling and rising
tropopause, would be preceded by trough intensification at B and increased horizontal divergence
between B and C. Similarly a downstream progression of weakening ridges and troughs may
be expected. This last explanation of the origin
of the observed temperature changes seems the
most plausible one.
This brief review indicates that high-level
charts should show a downstream progression in
the change in intensity of ridges and troughs.
Hovmoller [7] has presented a month of data at
500 mb which illustrate the process. Hovmoller's
data indicate that the phenomenon is real but
there appear to be some situations where the
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downstream progression does not prevail. Hence,
in order to learn more about the process and to
establish a guide for the practicing forecaster it
seemed desirable to investigate the downstream
progression of intensification and weakening by
reference to an extended period of wintertime
500-mb data. Separate studies have been made
of trough changes following ridge changes and
ridge changes following trough changes. In each
case the forecast worth of the lag relationships
is tested by comparing the results with those
which would be obtained by a 24-hr extrapolation of past trend (path method). All available
troughs and ridges were included in the study and
no attempt was made to restrict the investigation
to certain classes of patterns.
LAG

RELATIONSHIPS

AT

500

MB

The current study was confined to the troughs
and ridges on the 500-mb charts for the following
twelve months (Northern Hemisphere Historical
Weather Maps, Air Weather Service and United
States Weather Bureau) : December 1946, January 1949, February 1949, October 1949, November 1949, December 1949, January 1950, February 1950, March 1950, December 1950, January
1951, February 1951. Attention was focused on
ridge-trough behavior between the western Pacific
and western European areas. Hovmoller [7] has
discussed the practical problem of following the
troughs and ridges on successive charts. In this
study the behavior of a ridge or trough was observed in the following manner. A contour (say
the 18,000-ft contour) was selected on the basis
that the contour was in the middle of the flow
on the north side of the ridge. The 24-hr change
of the ridge was measured by noting the latitudinal displacement of the contour. The change
in the downstream trough was determined from
the latitudinal displacement of the same contour
in the trough. Intensification and weakening of
troughs and ridges were estimated, therefore, by
noting the latitudinal displacements of representative contours on the north side of ridges and the
south side of troughs. The northward displacement (positive latitude change) of a ridge contour
was interpreted as ridge intensification. Likewise
the southward displacement (negative latitude
change) of a trough contour was interpreted as
trough intensification. This definition is in agreement with the principle that trough intensification
implies a decrease in height on the trough line.
A defect of the empirical procedure is the subjective factor introduced by the requirement that
the analyst select a contour in the middle of the

closely packed contours on the north side of
ridges and on the south side of troughs. The fact
that the empirical data were obtained by four
different investigators should minimize the subjective influence. It seems probable that our relatively simple technique should give similar results
to those of Hovmoller, who computed the average
value of the geopotentials at six different points
on the same meridian.
(a) Trough changes following upstream ridge
changes at 500 mb.—TABLE
1 summarizes the
results of the investigation of the changes in a
downstream trough following ridge intensification
or weakening. The data were restricted to definite ridge changes as indicated by a minimum
latitudinal displacement of a contour of 4 degrees.
The best verification for the downstream progression is found in the longitudinal belt between
70°W and 160°W. The number of cases in each
zone can be estimated from F I G U R E 4. When the
cases with a short spacing between ridge and
trough are eliminated (omitting all half wavelengths less than 15 longitude degrees) the percentage of trough intensification following ridge
intensification was increased to 80 percent in both
zones 160°W-70°W and east of 70°W. In 70
percent of the cases the trough intensification extended into the second 24-hr period. The 24-hr
lag relationships should be of assistance to the
weather forecaster because the trough intensification, following the ridge intensification, would
have been predicted by the conventional path
method in only 47 percent of the cases (test
applied to cases where short wavelengths are
omitted). The elimination of short half-wavelengths increased the 48 percent verification in the
zone west of 160°W to only 56 percent. A
similar elimination of short half-wavelengths did
TABLE 1.
CHANGE IN TROUGH 2 4 HOURS AFTER THE
INTENSIFICATION OR WEAKENING OF AN
UPSTREAM RIDGE

Ridge changes were equal to or in excess of a 4 latitude
degree displacement of a representative contour.
Longitude of ridge

West of
160°W

Ridge Intensification
Percent trough intensification
Percent trough weakening
Percent no change in trough

48
43

Ridge Weakening
Percent trough intensification
Percent trough weakening
Percent no change in trough

10

21
68
11

160°W- East of
70 °W
70°W

75
19
6

66
23

18
72

24
59
17

10

11
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not increase the percentage verification for the
cases of a weakening trough following a weakening ridge. However, for all longitude zones, the
trough weakening extended into the second 24-hr
period in 61 percent of the cases. Again the lag
relationship is of value to the forecaster because
the path method would have given the observed
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sign of the trough change in only 23 percent of
the cases.
The data showed that many ridges fluctuated
between intensification and weakening at 24-hr
intervals. It was decided, therefore, to focus attention upon pronounced ridge intensification as
illustrated by 2 consecutive periods of intensifica-
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FIG. 3. Geographical distribution of intensifying and weakening troughs at 500 mb. I A and W A refer to the total
number of intensifying and weakening troughs, respectively. The I 4 and W 4 refer to those troughs where the intensification and weakening, respectively, were at least a 4 latitude degree displacement of a representative contour.
The location of each trough was obtained at the end of the 24-hr period of intensification or weakening.

FIG. 4.
number of
cation and
location of

Geographical distribution of intensifying and weakening ridges at 500 mb. I a and W A refer to the total
intensifying and weakening ridges, respectively. The I 4 and W 4 refer to those ridges where the intensifiweakening, respectively, were at least a 4 latitude degree displacement of a representative contour. The
each ridge was obtained at the end of the 24-hr period of intensification or weakening.
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TABLE

2.

CHANGE IN RIDGE 2 4 HOURS AFTER THE

INTENSIFICATION OR WEAKENING OF AN
UPSTREAM TROUGH

Trough changes were equal to or in excess of a 4 latitude
degree displacement of a representative contour.
West of
110°W

Longitude of trough

Trough
Percent
Percent
Percent

Intensification
ridge intensification
ridge weakening
no change in ridge

55
39

Trough
Percent
Percent
Percent

Weakening
ridge intensification
ridge weakening
no change in ridge

35
55

6

10

110°W- East of
40 °W
40°W

84
13
3

41
46
13

33
55
12

35
62
3

tion. T A B L E 3 gives the mean pattern of trough
changes. The data show that after two consecutive periods of ridge intensification the probability
is very high that the trough will deepen during
the next 24 hours and that this deepening is likely
to persist for a further 24 hours.
(b) Ridge changes following upstream trough
changes at 500 mb.—TABLE 2 presents the results
of the study of the changes in a downstream ridge
following trough intensification or weakening.
The elimination of the short wavelength situations (omitting all half wavelengths less than 15
longitude degrees) did not materially change the
percentages in T A B L E 3. In general, the intensification of a ridge was observed in the second 24-hr period after the trough intensification.
The percentage figures were 60 percent (west
of 110°W), 87 percent ( 1 1 0 ° W - 4 0 ° W ) and
59 percent (east of 4 0 ° W ) .
In every zone
a prediction of ridge intensification following
trough intensification by 24 hours would have
TABLE 3.
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been superior to a path method prediction based
upon previous ridge change. For example, in
the zone 110°W-40°W the path method gave
the correct sign of the ridge change in only
48 percent of the cases as compared with the
84 percent in T A B L E 2. The percentage verification for ridge weakening following trough weakening is low in every zone. However, the verification is slightly better than a path method prediction. For the entire area the path method gave
the correct sign of the ridge change in 45 percent
of the cases. In 60 percent of all "trough weakening" situations the second 24-hr change on the
ridge showed weakening. It is evident that the
principle of the downstream progression of a
change is not well verified for expected ridge
weakening following trough weakening.
The
data in T A B L E 4 show the pattern of trough and
ridge changes for those situations where the upstream trough change was pronounced and was
in the same direction for two 24-hr periods.
DISCUSSION

OF

RESULTS

The empirical study has shown that the concept of the downstream progression of change
verified well over North America and over the
neighboring oceans. The verification is not high
over the eastern Atlantic and over the western
Pacific Oceans. In the latter area the paucity of
upper air data, with the accompanying questionable analyses, may have contributed to the mediocre results. On the other hand, it should not
be expected that the principle would verify on
every occasion. Obviously many troughs and
ridges must intensify and weaken irrespective of
upstream changes in order to prevent the ridicu-

M E A N PATTERN OF CHANGES WITH RIDGES WHICH INTENSIFY OR W E A K E N
FOR 2 CONSECUTIVE 24-HR PERIODS

MARKEDLY

The numbers in parentheses indicate the percentage of times when the trough change was negative or positive for
ridge intensification and weakening, respectively. (Zero changes excluded in computations of percentage.) All values
represent the mean displacement of a contour in latitude degrees.
Ridge change

t-48 ~t- 24

/—24 — to

Downstream trough change
No. of
cases

t- 48 —24

24 —to

to —t+ 24

/+24 —/+48

Ridge Intensification*
East of 70°W
70°W-160°W
West of 160°W

+4.8
+4.9
+5.0

+5.0
+5.2
+5.0

47
53
34

+2.5
+ 1.8
+3.9

-0.1
-1.8
+0.7

-2.6(80)
-3.5(86)
-2.4(68)

-2.2
-1.5
-1.0

Ridge Weakening*
All longitudes

-5.1

-4.5

48

-1.5

+ 1.1

+ 1.3(73)

-0.1

* Longitudes refer to location of ridge at time t0.
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M E A N PATTERN OF CHANGES WITH TROUGHS W H I C H INTENSIFY OR W E A K E N

MARKEDLY

FOR 2 CONSECUTIVE 2 4 - H R PERIODS

The numbers in parentheses indicate the percentage of times when the ridge change was positive or negative for
trough intensification and weakening, respectively. (Zero changes excluded in computation of percentage.) All values
represent displacement of a contour in latitude degrees.
Trough change

t —48 —24

/_ 24 —to

No. of
cases

Downstream ridge change

/_48 —24

/-24 — to

to —t+ 24

/+ 24 —/+ 48

Trough Intensification*
East of 40 °W
40°W-110°W
West of 110°W

-4.1
-4.2
-5.4

-3.9
-4.3
-4.7

14
34
47

-0.2
-1.9
-2.2

+0.3
+ 1.2
-0.2

+0.7(58)
+3.5(91)
+2.0(70)

+ 1.8
+3.0
+0.8

Trough Weakening*
East of 40 °W
40°W-110°W
West of 110°W

+5.1
+3.6
+4.6

+5.6
+5.0
+4.8

18
39
60

+3.0
+2.6
+2.3

+ 1.6
+0.8
+0.7

-3.5(71)
-1.6(73)
-2.0(66)

-2.3
+0.6
-1.7

* Longitudes refer to locations of trough at time to.

lous situation of progressive intensification or
progressive weakening of all systems at 500 mb.
The temperature-height correlation coefficients
were sufficiently different from unity to indicate
that the elementary discussion with F I G U R E 1 can
give only a partial description of 500-mb height
changes. Stratospheric data show that there are
occasions when the 500-mb height change is associated with little temperature change between
200 mb and 50 mb. This type of change requires
investigation. Frequently, ahead of a major 500mb trough, a rapidly developing cyclone is located
in a zone of strong thermal contrast in the lower
troposphere. Such cyclones are accompanied by
intensifying minor troughs at 500 mb which
modify the 500-mb patterns. These modifications
are probably independent of an upstream change
on a ridge. Such a synoptic event may be followed by the intensification of a major ridge
downstream. Also cold tropospheric air is frequently warmed strongly as it streams over the
warm water and it is to be expected that nonadiabatic processes should influence the 500-mb
pattern. These three considerations serve to illustrate the necessity for a more complete analysis of physical processes before it will be possible
to predict all cases of intensification and weakening.
The forecast value of the principle is illustrated
by the percentages. In this connection it should
be noted that this study took into consideration
all troughs and ridges, with widely varying wavelengths, which appear on daily 500-mb charts.
A good example of the process is given in F I G U R E
2. The marked intensification of the ridge in the
Gulf of Alaska is followed by the formation of a

deep trough over the Plateau. In turn a ridge
develops near the east coast. This situation also
demonstrates the value of the 12-hr height
changes as a measure of the ridge and trough
development.
Unfortunately
the
Historical
Weather Maps did not permit such a detailed
study of intensification and weakening.
In view of the close correspondence between
500-, 400-, 300-, and 200-mb changes the lag relationships may be applied to the prediction of all
upper-level patterns between 500 mb and 200 mb,
inclusive.
CHANGES

IN

SPEED

Cressman [8] has discussed theoretical aspects
of a relationship between change in upstream
wavelength and change in speed of a downstream
wave. The theory is verified by a study of the
behavior of a particular group of upper-level patterns. The results have been summarized as follows: "If the wave length of the long waves
increases upstream at the initial moment, the
eastward speed of the wave under consideration
decreases with time. If the wave length decreases
upstream at the initial moment, the eastward
speed of the wave increases with time." Cressman restricted the empirical study to definite and
persistent long-wave patterns. It was decided to
test a like relationship for all ridges and troughs
at 500 mb.
The climatological study of the present set of
data also suggested a dependence of trough and
ridge speed upon prior speed and upon intensification. The empirical study of a change in trough
or ridge speed involved, therefore, three param-
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M E A N VALUES OF CP, AL/2
INCREASING ( A C + ) AND DECREASING ( A C — ) SPEED
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AND I FOR

A positive value of I indicates a weakening trough or an intensifying ridge as defined by a northward displacement
of a representative contour.
AC positive

AC

cP

2

AC negative

I

No. of
cases

AC

CP

2

I

No. of
cases

Troughs
E. of 80°W
80°W-180°W
W. of 180°W

+
+
+

7.3
6.9
7.7

9.0
7.4
9.5

-3.4
-1.8
-2.1

+ 1.6
+ 1.1
+ 2.1

140
270
95

-8.2
-7.4
-6.9

16.9
15.5
17.8

+2.6
+2.7
-0.1

+0.4
-1.3
+ 1.2

175
249
67

Ridges
E. of 80°W
80°W-160°W
W. of 160°W

+ 8.1
+ 8.1
+ 10.2

7.1
6.0
6.4

-2.5
-3.7
-1.7

+ 1.1
-1.3
+ 1.7

142
175
114

-9.1
-8.9
-8.2

15.0
14.1
16.8

+4.0
+4.1
+3.5

+0.8
+0.7
+ 1.4

142
174
74

eters.

AC was related to C p , AL/2 and I, where:
AC = X (t0 - t+24) - X (t_24 - t0) ;

X is the displacement of the representative contour expressed in longitude degrees at 45°N;
t+24c and
refer to 24 hours after and before,
respectively, current map time t0; C p =
X (£_24 — t0), the previous 24-hr displacement, expressed in longitude degrees at 45°N.
A L / 2 = ( L / 2 ) (t_2i - t0) -

( L / 2 ) (Lia -

t_2i),

where L / 2 is the half wavelength upstream
from the trough or ridge whose speed is C.
L / 2 is expressed in degrees of longitude.
I is the intensification (=+=) or weakening ( ± )
of the trough or ridge during the period
*0 — £+24 J the upper sign refers to troughs,
the lower to ridges; I is expressed in latitude
degrees.
Cp and A L / 2 are quantities which are known at
current map time while I has to be predicted. A
subdivision of the data into longitude belts was
suggested by a climatological study.
T A B L E 5 presents a summarization of the empirical study. Troughs and ridges accelerate
when the prior speed is less than the mean speed
and when there has been a decrease in the upstream half-wavelength. Conversely retardation
is preceded by a prior speed greater than the
mean speed and an increase in the upstream halfwavelength. This rule verifies approximately 80
percent of the time. Also, in the zone between
80°W and 170°W, intensifying troughs and
ridges tend to slow down while weakening ones
tend to accelerate. This principle verifies about
70 percent of the time. It was not possible to

arrive at a reliable formula for the prediction of
the magnitude of AC. These forecast aids are
based upon all troughs and ridges which appear
on the daily 500-mb charts during winter months.
However, a subdivision of the data indicated that
the half-wavelength relationships are more reliable
for the longer wavelengths, that is the type
studied by Cressman [8].
CLIMATOLOGICAL

FEATURES

OF T H E

500-MB

SURFACE

The twelve months of winter data provide but
a short sample of 500-mb patterns. However, the
mean picture of 500-mb behavior given by this
sample shows some interesting features which
warrant presentation. The geographical distribution of intensification and weakening of troughs
and ridges is presented in F I G U R E S 3 and 4. The
longitude and latitude refer to the location of the
"representative" contour through the trough and
ridge, respectively, at the end of the 24-hour
period of intensification or weakening. The distributions on the periphery of the diagram are
greatly influenced by the subjective factor of
choosing the beginning and end periods for following ridges and troughs between eastern Asia
and western Europe. Attention will be focused,
therefore, on the data between 160°E and 10°E.
It is evident that in winter ridge development
prevails over the oceans while trough intensification is common off California and over the continent. The representativeness of the sample may
be judged by seeing whether the pattern is consistent with the long-term mean as depicted on
a mean map for January. A high frequency of
intensifying troughs is expected to the west of
a mean trough with weakening troughs to the east.
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The prominent area of intensifying troughs near
southern California is in accord with the mean
trough. A closer breakdown of the data shows
two maxima, one at 1 2 0 ° W and a second at
90° W corresponding to the double trough structure about 35°N with a trough near the west
coast and another over the continent. The high
frequency of weakening troughs over the Pacific
and Atlantic Oceans in the 4 0 ° - 5 0 ° belt agrees
with the location of the trough to the east of a
mean contour trough. Also the high frequency
of intensifying ridges in these same areas is consistent with the location of the ridge to the west
of a mean ridge. The high frequency of weakening ridges in the central portion of North America is to be expected in view of the mean trough
to the east.
In view of the general agreement between
F I G U R E S 3 and 4 and the long-term mean it is
felt that the twelve-month sample provides a reasonable picture of the wintertime distribution of
intensification and weakening. It is important
for the interpretation of latitudinal differences to
remember that the location is based upon the
position of a contour in the middle of the broad
flow around troughs and ridges.

FIG. 6. Mean speed of troughs and
tensification or weakening, expressed in
at 45°N. The intensity change was at
degree displacement of a representative
tudes refer to the location prior to
weakening.

ridges during inlongitude degrees
least a 4 latitude
contour. Longiintensification or

The mean picture of the speeds of various
classes of troughs and ridges is presented in
F I G U R E S 5 and 6.
The most prominent feature
is the marked difference in the mean speed of
troughs prior to intensification and weakening,
respectively, in the zone between 80°W and
170°E (FIG. 5). This factor was included in the
study of intensification reported earlier. However, the inclusion of the prior speed did not
improve the 24-hr prediction of intensification and
weakening.
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REVIEW
Handbook of Statistical Methods in Meteorology.
By C. E. P. Brooks and N. Carruthers. Met. Office,
M.0.538.
London 1953, 412 pp. Her Maj. Stat. Off.,
£\ 5s.
Statistics texts have been written by psychologists, economists, agronomists and mathematicians. Until the publication of the "Handbook of Statistical Methods in
Meteorology," meteorologists had to rely for their information about statistical methods on treatises not designed
for them. Thus the "Handbook" has filled a glaring gap
in meteorological textbooks. The book is especially valuable since statistical methods have found increasing applications in the last ten years.
The "Handbook" is actually considerably more than a
text. It is at the same time a handy reference for statistical formulae and computation procedures as they may be
encountered in specific research problems in meteorology
or climatology.
A certain number of topics is common to all treatments
of statistical methods; these include frequency distributions, averages, measures of dispersion and skewness, the
normal and binomial distributions, correlation coefficients,
linear regression and elements of sampling theory. All of
these are treated in the "Handbook" with meteorological
examples. However, the order of these subjects in this
book is somewhat unorthodox. For example, significance
tests are discussed before the normal distribution, though
the former are based on the latter.
Of special value to meteorologists using the "Handbook" is the great variety of subjects of special interest
to them and often omitted from other statistics books.
For example, the book starts with a chapter on the nature
of meteorological observations, emphasizing the various
types of errors. Included in this same chapter is a paragraph on "independence" of observations, which, unfortunately, is not applied later in the discussion of significance of various parameters.
Another unusual chapter deals with typical meteorological frequency distributions: their classification and
description by mathematical formulae. In particular, this
chapter gives some results from British studies of distributions of extremes little known in this country.
The analysis of variance receives a somewhat briefer
treatment than it deserves; probably because this tool of
analysis has so far found much less application in meteorology than in other sciences. But this situation is likely
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to change and the inclusion of an introduction into the
subject is extremely gratifying.
The "Handbook" contains a chapter on frequency distribution of vectors, a topic of extreme importance in
meteorology. The discussion of practical methods for
the computation of such wind parameters as wind resultants is especially useful.
T w o chapters deal with relations between two or more
variables. The treatment of the relationship between two
variables is quite complete; however, only linear methods
are presented for the analysis of distributions of more than
two variables. This greatly restricts the applicability of
the techniques to one of the most important applications
of statistics to meteorology, that of statistical forecasting
—a subject which is entirely omitted from the book.
The authors quite correctly warn the reader to be wary
of high multiple-correlation coefficients. But they do not
go far enough. T o illustrate, they compare observed
coefficients with those obtained from random series.
However, much larger spurious multiple correlation coefficients sometimes occur in meteorology, where successive data are often not independent.
The section of the "Handbook" dealing with relations
between variables concludes with a useful treatment of
smoothing, interpolation and curve-fitting.
The book closes with a section on time series. This
section contains a particularly complete chapter on persistence and two chapters on finding and interpreting
periodicities. These chapters will probably find little
favor among statisticians in this country because they
continue the practice of attempting to discover discrete
periodicities, whereas American statisticians describe time
series in terms of continuous distributions of frequencies,
that is, in terms of "spectra." In particular, the "Handbook" uses correlograms for the purpose of finding discrete periodicities by inspection; American meteorologists, under the guidance of the statistician, John W .
Tukey, use correlograms as a stepping stone for obtaining the spectrum. It is unfortunate that Tukey's work
was not known in England at the time of the preparation
of the "Handbook"; his theory of the significance of the
spectrum, and thus of periodicities, would have added a
great deal to the last two chapters.
Despite some of these critical remarks, the publication
of the "Handbook" represents a tremendous service to
large groups of meteorologists: those who want to begin
the study of statistics and those who need a reference
work for formulae and methods of computation. The
authors have generally succeeded in the difficult task of
satisfying the second group and, at the same time, making
the book understandable for the first group.—H. A.
Pan of sky.
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