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SYNOPTIC REGIMES IN THE LOWER ARCTIC TROPOSPHERE
DURING 1955



Synoptic Régimes in the Lower Arctic Troposphere During 1955

1. Introduction

During the past five years the continuous flow of data from the Arctic
region has made possible a more reliable daily synoptic analysis both for the
surface and upper levels. Much work has already been done to establish the
monthly and seasonal broad-scale features of the lower and mid-troposphere,
and to study in greater detail the perturbations.

In 1952l the Extended Forecasting Section of the United States Weather
Bureau published a revised version of their monthly normal maps for the northern
hemisphere. The previously hypothetical analysis over the Arctic had been
modified in this new edition by the incorporation of the more reliable 1946~
50 mean values and by checks against the maps of Baur (1929), Dzerdzeevskii
(1946) and Dorsey (1949) — maps drawn up after careful consideration of all
previous expedition data. As a further check, in 19562 this Section com-
piled eight-year (1948-55) mean maps for January, April, July and November,
for the surface and 700 mb. levels, to study deviations from the 1952 normals.
The chance of climatic fluctuations in so short a period and the greater
weight of the observations from 1952-55 make such deviations difficult to
interpret. The results showed one to four mb. differences in intensity, es-
pecially over the polar basin, where observations are at a minimum, but the

major features were not significantly different from those of the 1952

1
Normal Weather Charts for the Northern Hemisphere. Technical Paper No. 21,
U.S. Department of Commerce, Weather Bureau, Washington, D.C., October,1952.

2Namias, J., "General Circulation of the Lower Troposphere over Arctic

Regions and its Relation to the Circulation Elsewhere'". Paper delivered
before the AGARD Symposium on Polar Atmosphere, Oslo, Norway, July 2-7, 1956.
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normals., Within these limits the monthly broad-scale features of the pressure
field in the lower troposphere are considered to be well established over the
Arctic, especially in winter when the major features are more deeply set.

Cbservers in the Arctic before World War II had reported a high degree
of variability in the elements recorded. They had concluded that in spite of
certain preconceived ideas concerning a polar anticyclone, there was, in fact,
great variety of synoptic activity, and that storms similar to those of mid-
latitudes were present at all seasons. The new data have substantiated these
ideas. It was possible to make a tentative climatological estimate of the
arctic circulation before the early 1950's, but there was no chance of break-
ing down these mean distributions into their components. Since 1952 case
studies have been made, such as those on polar vortices by Reed and Tank
(1956) and on anticyclogenesis in Alaska by Bodurtha (1952). On a broader
scale, Keegan (1957) has examined the surface frequency of cyclones and
anticyclones north of 6OON, their development and motion over a period of
nine winter months, December, January and February, 1952-55. Separate maps
showing the frequency of centres of highs and lows are presented, which are
then divided into zones, each containing a cyclonic or anticyclonic frequency
maximum; the synoptic features in each of these regions and their displace=-
ments are carefully analysed and classified, and interrelationships are
considered.

One question which is not covered by any of these approaches is whether
these synoptic situations tend to group themselves into régimes or whether
there is in fact a normal fluctuation about the mean. In averaging over
arbitrary periods it may happen that significant large-scale patterns in

time are being lost. Furthermore, if these régimes do exist in the Arctic,
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what is the nature of the change from one régime to the next? In mid-latitudes,

Baur (1951) introduced the idea of a Grosswetterlage, which he defines as

"the mean pressure distribution (at sea-level) for a time interval during
which the position of the stationary (steering) cyclones and anticyclones
and the steering within a special circulation region remain essentially

unchanged", Baur divided the northern hémisphere into five cells and for

each he isolated a number of Grosswetterlagen. The mid-tropospheric circu-

lation is broken down into three zonal and four meridional types, which apply
to every zone. Other mid-latitude evidence of the tendency for the circulation
to persist in certain overall patterns, then to break down, is given by the
index cycle as described by Willett (1944), the phenomenon of blocking (Rex,
1950, 1951) and the many studies both from Europe and America on singularities.

Sutcliffe (1954), writing on predictability in meteorology, points out
that many natural systems are open, "defined by coherence in structure or
organization", that they have a finite life span and they are complex, in
that "each system may be broken down into natural sub-systems of smaller scale
and, generally, with shorter individual lives"? He then selects from a
hierarchy of systems and sub-systems, five of increasing scale:

(a) micro-meteorological systems (¢) small synoptic systems

(b) sub-synoptic systems (d) large synoptic systems

(e) the atmospheric system as a whole.

The Grosswetterlagen of Baur, like the centres of action of Tesserenc de

Bort, the natural periods of Multanovsky, the five-day mean patterns used by
the Extended Forecasting Group in Washington and the large-scale circulation

of Bjerknes are all on the scale of Sutcliffels large synoptic systems, that

3
Sutcliffe, R.C., "Predictability in Meteorology", Archiv fiir Meteorologie,
Geophysik und Bioklimatologie, Serie A, Vol. 7, 1954, 1p. 7.




is, large-scale components of the general circulation. Considering them
further, Sutcliffe continues:
"Although there is no clear=~cut break in the spectrum of
scale of synoptic systems, it is generally possible, in
extra-tropical latitudes, to distinguish two scales at
any one time with the smaller-scale systems moving
through the larger-scale. This fact of organization is
largely responsible for the conception of large-scale
synoptic types which persist usually for a few days and
may persist for weeks."s
In studying these large synoptic systems, the main problem is that of
defining them both in space and time. It is a question of finding

(i) an objective means of isolating and describing
the systems from the daily charts;

(ii) a quantitative measure over the area as a whole,
which will filter out the periods in which thase
large-scale patterns persist from periods of change,
and if possible give some indication of the nature
of the breakdown.

Mean circulation patterns can then be set up for the more stable
situations, with the addition of tracks of the main high and low centres to
indicate small-scale synoptic activity within that time.

This study is an attempt to tackle this problem over the Arctic, using
1955 as a test year,5 As yet this work has been restricted to sea-level, but
data have already been prepared for the 500 mb., level over the same period of

time. These have not yet been analysed, but it is hoped to extend the in-

vestigation to these data shortly. Fig. 1 shows the area under consideration.

2. The Data

The data consisted of the daily synoptic weather charts for sea-level

“1pid., p. 10.

SOwing to the labour involved in data preparation, 1955 formed the basis of
most of the work by the Group.



Figure 1. The extent of the area and the orientation of the grid.
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and 500 mb., analysed by the Arctic Forecast Team of the Canadian Meteorological
Division in Edmonton, for the year 1955. With the almost daily increase in

the amount of synoptic data over the Arctic, it was considered more reasonable
to work on a current basis when the McGill Group was set up at the end of 1954
than to use the checked Historical Series for earlier years. The Edmonton
analysts focus their attention on the arctic. area, and the Group considered
their maps excellent. However, these maps are an operational series, and as
such are liable to occasional omissions of data. Keegan (1957) has shown
effectively how much importance is to be placed, for example, on ice island
data, and that considerable error can be introduced when there is no such ob-
servation over the central Arctic. During the period studied there was at
least one report from the central Arctic on each chart, although there were
some twenty days, mainly in winter, when East Siberian coastal stations between
Chetyrekhstolbowyi (965) and Kap Tscheljuskin (292) were missing. The poorest
coverage at all seasons is over eastern and central continental Siberia.

In such areas there must be considerable dependence on historical con-
tinuity in the analysis, and the resulting circulation patterns are often
broad. This may be just a reflgction of the more uniform surface conditions
over large continental expanses, but in a study of persistence it is debatable
to what extent it is historical continuity rather than true persistence that
is being shown. When verifying his Arctic forecasts, Estoque (1957) computed
the interdiurnal correlation coefficients for the Siberian European Sector
and the American zone separately; on the six occasions when the values were
lower over Siberia, there were more observations than usual, and the circu-
lation patterns were more complex. The direct use of station data would

overcome this dependence on the analysis, but the method used in this investi-



gation demanded observations from equally spaced grid points.

3, Method: Specification and Comparison of Daily Charts

The grid employed (Fig. 1) was orientated to extend furthest south into
the major centres of the winter normal patterns (Hare, Scientific Report No.
3, 1957). The charts are on a Polar Stereographic projection 1:12,500,000,
true at 60°N., and the grid interval averages 300 miles. Keegan found that
the size6 of cyclones north of 60°N. averaged about 550 miles in diameter with
a mean speed of 400 nautical miles (460 miles) a day, with corresponding
figures for the average anticyclone of 890 miles and 310 nautical miles (350
miles) a day. From these evaluations it seemed reasonable to expect a good
representation of the large-scale synoptic patterns, but the grid was too coarse
for a consistently reliable specification of the small-scale synoptic systems.
A comparison using various grid sizes would be interesting, but in this region,
the use of a narrow mesh would probably not be statistically sound with so
few observations.

Within these limits a comparison between any two charts can then be ob-
tained in a single variable by computing the correlation coefficient between

the two sets of values, where

[Wi,j_(to) Wij(tg) = Wij(te) Wij(t'(’.):'
r, = —
¢ GWij(to) G‘Wij(tQ)

(1)

W.., = the pressure (or geopotential) reading at grid
point x; yj;

the initial day's chart;

ct
n

a subsequent chart of lag (.

(24
~
1]

6
Keegan (1957) defines size as the "average diameter of the largest closed
sea-level isobar of the cyclone or anticyclonet,
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This is, however, a very laborious task if the correlation is to be com-
puted over any reasonable period of time and for more than one lag, and the
possibility of making this study really depended on the easier methods em-
ployed in the main specification programme of the McGill Group.

For the year 1955, the series of daily surface and 500 mb. charts had
already been specified, using a technique first applied by Wadsworth, Bryan
and Gordon (1948) at Massachusetts Institute of Technology. The method and
performance in relation to the arctic area are described in detail in Scien-
tific Report No. 3 (1957) and Supplement No. 1 to that report (1957).

The aim in specifying these maps was to describe them analytically, so
that they could be handled more simply and efficiently. This was done by
calculating the correlation coefficient between the pressure topography of
each chart and a series of hypothetical surfaces. In this programme the sur-
faces were those of the terms of a Tchebycheff orthogonal expansion of two
space variables.

Once these coefficients had been evaluated, they could be used to compute
the correlation coefficient between any two charts. Since the space mean had
already been removed and the coefficients had been divided by a measure of
the standard deviation, equation (1) could be replaced by

n-1 n'-1
rg = 2 D Zpg(ty) Z.4(tg) (2)
r=0 s=0
(the product applying to like powers only), in which
r, s, are the degrees of the polynomial in x and y;
n, n' = 13;
Z.. is the standardised coefficient of the orthonormal functions.

rs

However, a good approximation to the daily pressure patterns had been ob-
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tained by computing only the first 48 er out of the possible 168, so that

6 6
f'(). = Z Z er(to) er(t(’,) (3)
r=0 s=0

and equation (3) forms the basis of this study.

The chief advantage of this method over the point-by-point correlation

(equation (1)) is that far less computation is involved. On the other hand,

the estimates of ?Q must be interpreted with some caution. These approxima-

tions depend, for example, on:

(1)

(ii)

(iii) the over-all variability, S

the total reduction of variance of +the daily pressure
patterns concerned. Since the number of Z.5 has been
reduced to 48,

6 [ 2
) ) Zpg # 1 (4)
r=0 s=0

the number of the Z,, which were statistically significant
for each chart;

2, of the pressure surface on
each occasion.,

Considering these points in relation to the surface charts:-

(1)

(1i)

From the 48 Z,g the daily percent reduction of variance
(equation (4) scaled by 100) averaged 95 for the year,
and only in June did the monthly mean value fall below
90 (Fig. 2). Eight days in the year lay below the 85%
threshold, including three below 80%, the minimum value
being 69. Wadsworth, Bryan and Gordon reversed the pro-
cess and reconstructed a series of charts to test the
effect of the approximation. Their results showed that
the large-scale patterns, although somewhat simplified,
were quite adequately represented when the reduction of
variance was 80%.

In this study a standard number of Z,g was employed and
it may well be that many of the higher powers were not
significant (Lorenz, 1956), bearing in mind the coarse
grid that was used and the paucity of observations over
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much of the arctic area. Fig. 2 shows the monthly mean
percent reductions based on mean yearly thresholds of
70%, 80%, 85% and 90%. From this analysis, it is
suggested that the use of 36 Z,g might have been sounder
statistically.

(iii) The poorest specification appears to be associated with
the flatter and/or more cellular pressure patterns. For
example, the June charts reveal a series of rather amor-
phous features. This raises the question of the relation-
ship between the degree of specification and the variance
of the pressure pattern. Fig. 3 shows the strong seasonal
trend in the curve of the monthly mean variance, the values
ranging from 226 mb.2 in January to 54 mb.2 in both June
and July.

Fig. 3

w
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Since the coefficients were standardised by dividing by S, where

13 13 3

W - W».)2 = the root sum-squared deviation (5)
i=] j=1 iJ +J

n
n

the ?Q estimates should perhaps have been weighted at least seasonally with
respect to the variance. In this respect, Wadsworth, Bryan and Gordon suggest
that an interdiurnal correlation of 0.600 in summer may be less significant
than 0.400 in winter, when the patterns are bolder. "With the usual flat
summer map, it is very easy to distribute the residual variance in such a way
as to obtain many entirely different looking maps all with the same reasonably
high correlation with the base mapsﬁ7

An attempt was made to begin to correct the §K values, but there were so
many unknown factors involved in this approximation, that it was considered
best to leave them uncorrected rather than to introduce further possible dis~
crepancy. To a certain extent errors caused by (i) and (ii) might have com-
pensated. However, the summer values should be handled with reservation.

Within these limitations Pl is a rough measure of the persistence of the
circulation patterns‘from time to to tﬂ' By calculating a time series of
values for (= 1 day, (=2 days, etc, throughout the year, it should be
possible to filter out objectively periods when the large-synoptic systems
persist from those characterised by breakdown and change. Once the beginning
and end of each period of high autocorrelation has been established, the
coefficients between the initial and subsequent days in each case should give

some indication of the rate of the internal fall in persistence with respect

7Wadsworth, G.P., Bryan, J.G. and Gordon, C.H., "Short Range and Extended
Forecasting by Statistical Methods", Air Weather Service Tech. Rep. No.
105-38, 1948, p. 186.
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to time.

In summary, the advantages of this method for this particular study
include:~

(i) the small number of parameters required to describe
the charts and the ease with which the inter-map
correlation coefficients can be computed;

(ii) the opportunity to filter out the large-scale patterns
through the approximation itself, for only the simpler
surfaces are fitted;

(iii) a chance to break down the total correlation into com-
ponents — the individual Z,g, and the column (x) and
row (y) and interaction (x,yi groups of Zpg == to
analyse the nature of the persistence and change. It
was hoped that the observed cellularity of the patterns
over the Arctic might have resulted in these particular
surfaces being especially suitable;

(iv) other surfaces can be specified for comparison.

However, the general efficiency of the method depends ultimately on the
applicability of the particular surfaces to the regional pressure systems,
Are these polynomial surfaces suited to the states and changes of the arctic
circulation? For mid-latitudes, these coefficients © have been used in ex-
tensive analogue studies by Wadsworth, Bryan and Gordon, and by Shapiro
(1954, 1956) in an investigation of the effect of extraterrestrial impulses
on the atmospheric circulation. The McGill Group's experience is that they

function at least as well in high latitudes, in spite of the different

(i.e., non-zonal ) nature of the organized circulations.

L. Investigation over the Arctic during 1955

The inter-map correlation coefficients ?Q were computed at the surface
level for a one-day lag (i.e.,( = 1) and plotted through the year (Appendix

A). Perhaps the degree of persistence implied by these coefficients is more



graphically expressed by

[ f'd 2] 100

15,

(6)

i,e,, the percentage of the variance of the chart for tg which is dependent

on the variance of the pressure pattern for to.

coefficient of 0.800 produces a similarity between maps of 64%, whilst

[} - 54%]100

Therefore a correlation

(7)

i.e., 36% of the variance in tj is independent of t, and represents change.

Table I gives the monthly and seasonal mean values of l%lé}loo.

Table I

Jd F M A M Jd dJ A S 0

El_z] 100 68 51 57 56 56 43 5L 46 AT hb
[gfzﬂloo 51 29 31 30 31 18 26 21 21 20

Summer Winter June~ December-
(May~Sept) (Oct-April) November May
- 2
1 100 L9 5L 46 57

| ?2 ’l 100 23 30 21 33

The curve shows several interesting features:-

L 53

19 27

Annual
52

27

(i) The high_level of correlation throughout the year (annual
mean [r12]100ﬁ=52), possibly reflecting the stabilising
effect of predominantly anticyclonic conditions over the
area as a whole, although 1955 was a year of considerable

cyclonic activity over the central Arctic.

(ii) The tendency for the arctic circulation to persist during
1955 at a high level of interdiurnal correlation, and then
to change rapidly; this suggests that there may be certain
preferred states to which the atmosphere may return and/or
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certain preferred paths which the small-scale systems
may take.

(iii) The absence of low plateaus in the curve, the steepness
of the troughs showing a sudden rapid change to the
next period of persistence.

(iv) The difference in the curve between the first half of
the year (January to early June) and the latter half.
Table I shows lower average values from June to Novem-
ber and there is a lack of the very clear-cut plateau
and trough pattern of the first six months. This latter
half of the year coincides to a considerable extent with
the period of change in snow and ice cover, the season
of maximum heating followed by gradual cooling when con-
ditions are least stable.

(v) An approximate 14-15 day period can be seen in the
January to May season, but during the latter six months
of the year there is little hint of any regularity.
(vi) The only approach to a run of low values occurs in mid-

June. The lowest value of rq; for the year is that for

June 25th-26th, It is interesting that this should occur

during the period of monsoonal change in other regions of

the northern hemisphere. It is hoped that it will be

possible to consider this further when the upper air data

are analysed.

a 2
Fig. 4(a) shows the frequency of [%l:]loo during the seasons and for the

year, while Fig. 4(b) shows for comparison the first and second six months of
the year. There is an intensification of the "summer" and "winter" distri-
butions ~~ a continuation of the summer conditions into November. The form
of the curve for the one-day lag was encouraging; therefore, in order to
attempt to find a measure of the beginning and end of each run of high per-
sistence, the two-day inter-map correlation coefficient 32 was computed over
the same period of time., The curve has been plotted above the one-day lag
values in Appendix A, and Table I shows the monthly, seasonal and annual

A R
means of [r2 ]looq

This curve paralleled that for the one-day lag, at a lower level of
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Fig. 4(b)
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persistence, and it would have been interesting to compare values for

~N

r3...,..§n where n is the number of days at which the curve breaks down.
Owing to the amount of computation involved, three arbitrary definitions of
persistence were set up, differing in degree, which use the first two lags
only.

8 - -
Type A where Ty Z 0,800 and *, = 0,700

2

1 = 0.700 and ?2 < 0,600

Type C where ¥y < 0,700 and T, < 0,500

Type B where T

The lower thresholds of ?l and ?2 coincided approximately with the year's
mean and the 0,700 level for ?1 was felt to be reasonably conservative (Figs.
4(a) and 4(b)). The lower lefel for ?2 allowed a 75% change between maps,
which might have been too low; howevef, Wadsworth, Bryan and Gordon set a
lower limit of T at 0.38 in their analogue study and this proved to be
practical. A minimum duration of four days above these thresholds was set.

(a) The Persistent Periods

Based on these criteria, twenty-eight periods of persistence of the large-
scale pressure systems were isolated (Table II). For each of these runs the
mean circulation patterns were set up by comﬁﬁﬁinghthe mean pressure values
at each grid point for the days concerned. The twelve-hourly positions of
the main centres of highs and lows were then superimposed to indicate the
synoptic activity during each period. Appendix B comprises this set of mean
pressure distributions together with a brief commentary.

Throughout the year and seasonally the average run of persistence lasted

about six days (Tables III and IV), the longest duration being eleven days

8These types refer only to the thresholds reached and not to the synoptic
patterns.



MAP
NO.%¥

NV B N 0t W

10
11
12

13

15
16
17
18
19
20
21

22

DATES

Jan.
Jan.~Feb,
Feb.

Feb.
Feb,-Mar.
Mar.

Mar.
Mar.-Apr.
Apr.

Apr.
Apr.-May
May

May

June
June
June-July
July
July
July
Aug.

Aug.

Sept.

11-20
2= 3
5- 8
16-19
27- 4
8-11
16-25
30- 5
7-10
19-22
27- 5
9-19
23-27
1- 4
5-10
27- 1
6-11
18-21
28- 3
8-11
19-23

3=7

(tAppendix B)

Table 11

PERSISTENCE CHANGE

LENGTH
TYPE OF RUN
A 10
A 11
A L
B 4
c 6
C b
B 10
B 7
B 4
B L
B 9
B 11
c 5
B L
C 6
c 5
B 6
B 4
¢ 7
C L
A 5
B 5

200

LENGTH
DATES OF RUN
Jan. 1-10 10
Jan, 21-23 3
Feb. L 1
Feb. 9-15 7
Feb. 20-26 7
Mar. 5=7 3
Mar. 12-15 L
Mar. 26-29 L
Apr. 6 1
Apr. 11-18 8
Apr. 23-26 L
May 6-8 3
May 20-22 3
May 28-31 L
June 11-26 16
July 2-5 L
July 12-17 6
July 22-27 6
Aug. L=7 I
Aug. 12-18 7
Aug.-Sept. 24- 2 10
Sept. 8-26 19

(continued)
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Table II (continued)

PERSISTENCE CHANGE

MAP LENGTH LENGTH
NO. DATES TYPE OF RUN DATES OF RUN
23  Sept. 27-30 C L
, Oct. 1-2 2
2L, Oct. 3=-7 B 5
Oct. 8=28 21
25 QOct.=-Nov. 29-1 B L
Nov.=-Dec. 2=-5 34
26  Dec. 6-10 B 5
Dec. 11-14 L
27 Dec. 15=-20 c 6
Dec. 21-27 7
28 Dec.-Jan. 28-4 A 8

in January and again in May. The highest consecutive values (Type A) occurred
in December, January and February, with an isolated summer case in August.
During the three winter months there is the combined effect of the ice acting
as a stabiliser and the polar night, while in 1955 these months were also
characterised by strong blocking activity. August, however, was a month when
these conditions were reversed. The August 19th-23rd period of high inter-
map correlation occurred during a time when the polar vortex had contracted
abnormally and the polar westerlies reached record values.

In general (Table IV), there appeared to be no seasonal difference in
the relative number of befiods of persistent situations. It is interesting
to note the high percentage of days (almost 50%) of both the year as a whole
and of the seasons, on which there was apparently so little change in the
large-scale systems. Again, the sharper contrast was between the first and

second six months rather than the seasons. The spring month of May revealed



Table III

The Frequency of the Various Lengths of Run of
Persistence and Change

PERSISTENCE
Length Oct/Apr May/Sept Dec/May June/Nov
of Run Winter Summer Year
4 6 4 5 5 10
5 2 I 2 A 6
) 2 2 2 2 L
7 1 1 1 1 2
8 1 0 1 0 1
9 1 0 1 0 1
10 2 0 2 0 2
11 1l 1 2 0 2
CHANGE
Length Oct/Apr May/Sept DegMay June/Nov
of Run Winter Summer Year
1 2 2 2
2 1 1 1l
3 2 2 b L
4 4 3 5 2 7
5
6 2 2 2
7 3 1 3 1 I
8 1 1l 1
9
10 1 1 1 1 2
16 1 1 1
19 1 1 1
2 1 1 1
34 1 1 1

These frequencies are biased by the arbitrary lower limit of
ly days in defining the periods of persistent situations.
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Table IV

Oct/Apr May/Sept Dec/May June/Nov

Winter Summer Year
Number of days k X X
in the season 221 18 186 183 369
Number of days
of persistence 101 66 108 59 167
% days in the
year or season
which are
persistent 46 L4 58 32 L5
Total number
of runs 16 12 16 12 28
Mean length of
run (days) 6 6 7 5 6
Mean length of
periods of
change (days) 8 7 5 12 8

¥ period 11, April 27th-May 5th, has been included in the
winter total,

high values for z“-l and 7, (Table I; also Appendix A, Tables 1 and 2) with a
sudden fall in June, whereas the late autumn months October and November
were characterised by considerable fluctuation in the circulation patterns
with only a gradual reinstatement of more stable winter conditions.

To investigate the amount of internal change within_each period, the
initial day was next correlated with the subsequent days, ?12, §13"”'§n
where n = the final day of the run. These values are given in ?able V. In
general these sequential correlation coefficients remained high, but there
were four cases where either a sudden drop occurred or where the correlation

between the first and last day had almost reached zero. Godson suggested
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two models by means of which the degree and type of persistence might have
been analysed, but owing to the number of approximations that were inherent
in the ?@ values and the comparatively small numerical changes involved in
the test, it was decided that the results would be very difficult to assess.

As a rough check on internal persistence the simple relationehip9
= . ¢
= rl (8)

was applied, where the values between the initial and subsequent days were
assumed to depend only on the first 2L-hour lag. If this were a valid assump-
tion for spatial autocorrelations, then an approximate guide to the degree of
persistence in each period could be obtained by comparing the actual sequential
values of T, with those values resulting from equation (8) where il assumed the
threshold values of 0.800 for Type A and 0.700 for Types B and C.- These values
are given at the top of Table V. With the exception of March 8th-1lth, May
23rd-27th and June 5th-10th, all Type C, the actual ?e values were well above
these levels.

Using the same relationship but substituting the individual fl values for
the first day lag of each period in place of the threshold values; the actual
sequential coefficients were again mostly above or close to the hypothetical
figures (Table V). There were four cases in which the actual differed from
the latter by < -0.100. These included the three periods mentioned above
and in addition December 15th-20th, another Type C run.

Perhaps the only check of this filter was to study the series of synoptic
charts day by day.

In general ?@ proved sensitive to the large-scale changes in that the

9Brooks, C.E.P., and N. Carruthers, Handbook of Statistical Methods in
Meteorology. Her Majesty's Stationery Office, London, 1953, p. 323,



VALUES FOR (r ) BETWEEN THE INITIAL AND SUBSEQUENT DAYS OF EACH PERIOD COMPARED WITH
HYPOTHET ICAL VALUES FROM THE RELATIONSHIP r =r;

DATE TYPE
A

B, C

Jan, 11-20 A
Jan, 24,-Feb., 3 A
Feb, 5-8 A
Feb. 16-19 B
Feb, 27-Mar. 4, C
Mar. 8-11 c
Mar. 16-25 B
Mar. 30-Apr. 5 B
Apr. 7-10 B
Apr. 19-22 B
Apr. 27-May 5 B
May 9-19 B

T =ry
where
I‘l =

0.800

0.700

0.849

0.819

0.883

0.777

0.818

0.814

0.853

0.792

0.824

0.750

0.783

0,768

0.800

0.700

0.849

0.819

0.883

0.777

0.818

0.814

0.853

0.792

0.824

0.750

0.783

0.768

2
0.61+0
0.490

0.720
Oo Boh

0.671
0.808

0.780
0.744

0.604
0.607

0.669
0.655

0.662
0.540

0.728
0.738

0.627
0.627

0.679
0.656

0.562
0.650

0.613
0' 626

0.590
0.664

3
0.512

0.3’4-3

0.611
00757

0.549
0.769

0.688
00765

0.469
0.498

0.547
0.550

0.539
0.374

0.621
0.712

0.497
O-llr86

0.559
0.566

0.422
0.534

0.480
0.535

Ooh53
00680

L
0.410
0.240

0.520
0.745

0.450
0.654

0.529
0.726

0.393
0.482

0.376
0.479

0.348
0.655

5
0.328
0.168

0.441
0.751

0.368
0.684

0.452
0.633

0.312
0.439

0.294
0.404

0.267
0.602

6
0.262
0.118

0.374
0.749

0.302
0.664L

0.385
0.611

0.247
0.208

0,230
00461"

0.205
0.616

7
0.210
0.083

0.318
0.762

0.247
0.597

0.328
0.688

0.180
0.497

0.158
0.633

8
0.168
0.058

0.270
0.794

0.202
0.562

0.280
0.646

0.141
0.334

0.121
0.498

9
0.134
0.040

0.229
0.595

0.166
0.570

0.093
0.401

10
0.107

0.028

0.136
0.551

0.072
0.380

A °T1qey

T4



DATE TYPE
May 23-27 C
June 1-4 B
June 5-10 C

June 27=-July 1 C

July 6-11 B

July 18-21 B

July 28-Aug. 3 C

Aug. 8-11 C
Aug. 19-23 A
Sept. 3-7 B
Sept. 27-30 C
Oct. 3-7 B

Oct. 29-Nov. 1 B

Dec. 6-10 B

r =ri
where
r] -
0.785

0.834

0.819

0.758

0.862

0.779

00734

00714-5

0.843

00763

0.772

0083l|'

0.785

0.752

00785

0.834

0.819

0.758

0.862

0.779

0.734

0.745

0.843

0.763

0.772

0.834

0.785

0.752

2

0.616
0.513

0.696
0.756

00671
0.658

0.57h
0.556

0.743
0.686

0.607
0.626

0.539
0.576

00555
0.561

0.711
0.761

0.582
0.597

0.596
0.679

0.696
0.699

0.616
0.717

00566
0.633

3

0.48,
0.331

0.580
0.579

0.549
0.436

Ool}36
0.509

0-6"-0
0.587

Ooh?B
0.561

0.395
0.521

0.413
0.435

0.599
0.777

O.L4l
0'555

0.460
0.517

0.580
0.490

0.484
0.621

0.425
0.539

L

0.380
0.502

0.450
0.349

0.330
0.556

0.552
0.519

0.290
0.552

0.506
006L|.6

00339
0.482

0.422

0.320
0.574

0.368
0.162

0.476
0.571

0.213
0.513

0.156
0.403

10

(penutquoo) T o1qey

9z



DATE

Dec. 28=Jan. 4

TYPE

A

r =rl
where
r]y =

0.818

0.864

0.818

0.864

2

0.669
0.513

0.746
0.757

3

0.547
0.357

0.645
0.670

L

0.448
0.290

0.557
0.635

5

0.366
0.175

0.481
0.604

0.416
0.742

0.359
0.635

10

(penutquod) { oT0e]

‘e
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initiation and end of each run of persistence had been defined in agreement

with a subjective estimation. The correlation coefficient was computed,

however, over the whole area, and since this area was large and contained

the complete longitudinal range, occasional regional breakdowns within the

grid were liable to occur, counterbalanced as far as F? was concerned by

strong persistence elsewhere, Three of the four weak cases isolated above

appeared to fall into this category.

(1)

(4i)

March 8th-llth (Map 6, Appendix B)

Persistence was a regional characteristic applying
only to the Siberian sector. Over the arctic basin,
eastern Canada and Europe large-scale changes occurred
and in these sectors the mean map had less value.

A very intense storm (central value 952 mb.) had
just invaded Labrador on March 8th, while a ridge of
high pressure extended from the Atlantic across Green-
land to an anticyclone centred over Ellesmere Island.
By March 9th the cyclone (969 mb.) covered much of
Greenland and the archipelago, and the Atlantic ridge

‘was displaced to the east. By 12:30 on March 10th,

cyclonic flow existed over the whole of the Canada-
Greenland quadrant of the chart and the Atlantic high
now extended over north-west Europe linked by an eastern
ridge to the Siberian anticyclone. At 500 mb, the major
cyclonic vortex lay over the Barren Lands and Labrador
during the first two days, but by March 1llth the orien-
tation had changed with an extension towards the pole,
over the western archipelago. During the same time in-
terval a surface low (1000 mb.) had developed beneath
the upper air cyclonic vortex near T-3 and the March
11th chart revealed a deep trough across the polar basin.

On closer inspection the one-day lag exaeeded 0,800
throughout while the two-day lag was very little above
0.500. It is very doubtful whether this period can be
called persistent.

May 23rd-27th (Map 13, Appendix B)

In this case, the low sequential correlations were
probably due to the rather flat patterns throughout the
period. The daily variance was small on each day. The
mean map can be considered representative of these rather
weak large systems except across Canada where a low moved



(1ii)

(iv)

(v)
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in from the Pacific, and there was an eastward shift
in high pressure from central Canada to Labrador.

June 5th-10th (Map 15)

This was another series of very low summer pressure
variance, Weak fluctuating patterns with a number of
rather feeble centres characterised most areas over the
Arctic. In general it was the Asiatic sector which
demonstrated persistence in the circulation patterns,
on this occasion dominated by strong zonal flow at
500 mb. Again the arctic basin and eastern Canada showed
most change. The high over the basin was weak and con-~
tracting, while the tracks over eastern Canada showed
well the fluctuation in that area between anticyclonic
and cyclonic flow. A weak cold low developed over the
basin and moved towards Greenland.

The large~scale patterns were not sufficiently well
defined on the daily charts to give a reliable mean map,
and this situation should be viewed conservatively.

December 15th-20th (Map 27)

The one-day lag between December 17th/18th showed a
drop from 0.818 (December 16th/17th) to 0.702, then rose
to 0.800 (December 18th/19th), but the two-day lags
never reached 0.600. This change between December 17th/
18th, although not great in itself, proved to be highly
significant over a longer period, marking the beginning
of a reversal of circulation over the arctic basin
(Keegan, 1958) from one of predominantly anticyclonic
flow which had lasted since mid-October, to a circulation
predominantly cyclonic due to persist into January.
These six days comprised three days of both régimes. But
here again the breakdown in persistence, viewed within
the period, was regional over the E. Siberian-Alaskan
quadrant., The period mean map indicates this. The
area of high pressure over the arctic basin moved rapidly
southwards towards Alaska and a low centre was steered
into the polar basin under strong flow aloft. On Decem-
ber 20th, a cold low at 500 mb. was centred over the
surface low and the latter had intensified.

This mean map is not representative over at least a
third of the area and must be rejected.

One other mean map requires comment:

January 24th-February 3rd (Map 2)

Although the correlation coefficients remained high,
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subjectively there did appear to be a slackening of
general persistence from January 31lst. This was brought
about by an acceleration in the westward movement of the
large-scale centres during the first three days of
February. During these three days there was a marked
change in the position of the polar high, while a low
centre developed over the arctic basin. As a result of
this westerly shift of the major systems, the low centre
over Novaya Zemlya, which predominated during the last
few days in January, tended to be smoothed out in the
mean, through filling, at the beginning of February.
After February 3rd westward regression took place much
more rapidly. In general the map can nevertheless be
considered to give a valid representation of the major
centres of action during this period.

With the exceptions indicated above, the mean maps in Appendix B are
believed to represent on a large synoptic scale, periods of relative stability
in the shifting circulation patterns of 1955.

(b) Limited Value of Individual Terms in Expansion

In Section 3 it was suggested that one of the advantages of using these
er might have been the opportunity of breaking down the correlation coefficient
into physically significant components, so that the patterns of both persistence
and change could be investigated objectively. As was feared, these surfaces
did not prove well suited to this purpose over the arctic area.

Fig. 5, reprinted from Supplement No. 1 to Scientific Report No. 3, shows
the frequency of the daily reduction of variance by le’ one of the three
dominant surfaces. The high frequency of very low values is remarkable. The
other two dominant coefficients, le and ZOl’ displayed similar distributions,
each of the three accounting for only 9% of the reduction of variance on a
yearly average. Fig. 6 shows the annual and seasonal values of the 48 er,
and it can be seen just how widely spread the variance was. Furthermore,
combinations of the daily dominant and second dominant coefficients showed a

maximum of only nine days in any one group (le, 221)° Owing to this internal
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distribution of the variance it was not easy to handle or to interpret these
parameters.

In general the same Z., were dominant in both seasons, the winter values
tending to be higher than the summer (Fig. 6). 2Z,, was the only important
coefficient to show a higher average value in the summer season, although
this often occurred with the higher powers (Fig. 7), while the two seasonal
means for Zlo were almost identical. Howevef, this similarity masked a change
in the frequency of the sign of the coefficient. The most striking case was
le which underwent a complete reversal from January (entirely positive) to
July (entirely negative), with sharp changes in the monthly frequency of sign
from 81% positive in May to 7% in June and from 43% in September to 87% in
October. Both Zlo and 202 also showed a seasonal revergal in sign from

negative to positive.

In mid-latitudes the row and column component variances and coefficients
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were interpreted in terms of zonal and meridiocnal flow. This advantage was
lost over the Arctic, but owing to the orientation of the grid it would have
been possible to consider the column coefficients as rough indicators of mass
transfer between the two major continental regions, and the row components as
a measure of the mass exchange between the two oceans. During 1955, however,
the interaction variance accounted for 50% of the total internal variance, on
the average, the remainder being divided equally between the rows and columns.,

It was even more difficult to discover any physically significant change
in the values of the iﬁdividual er with respect to time, except a general
change from a comparatively few dominant coefficients describing well-defined
large-scale systems to a wider dispersal of the variance associated with the
dissolution of these systems and increase in cellularity. Breakdown in per-
sistence can be due to rapidity of movement and reorientation of the main
centres of action, but inasmuch as it is often due to a true breakdown in the
large~scale circulation, this measure of cellularity might have been useful.
In this study the great drawback was the difficulty in handling so many
variables, Using a Cartesian grid over the Polar area was perhaps too rigid.
A slight change of orientation in the patterns — insignificant synoptically —
might bring a different surface into prominence. Only where large-scale systems
were very simple and almost stationary (for example, January 11th-20th (Z;,),
February 5th-8th (2;,), or June lst-4ith (Zlo)) was there a run of high values
for one particﬁlar sﬁrface, the highest value being 64% (Z,5) on June lst, In
addition the grid was centred on the pole, whereas eccentricity and asymmetry
were often apparent in the daily and mean maps. It is hoped that the study
of the components of the variance in the Godson orthogonal harmonic method

will give a more direct means of effectively analysing the daily changes.
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Three months' data from 1955 are now being computed for both the surface and
500 mb, levels using this latter technique.
Thus the individual coefficients in the specification expansion proved,

as expected, to be of little value. Taken together, however, the complete

roster of coefficients seemsto fulfil the main need of this paper — a filter

to isolate the persistent large-scale systems from the complex daily maps.

5. Discussion

During 1955 it was possible to isolate some twenty~five periods of per-
sistence of the large~scale synoptic patterns, varying in length from four to
eleven days and averaging six days. These periods could be recognised as
those in which

(i) the large systems remained steady, with no significant
interdiurnal change;

(ii) there was a slow systematic change in orientation of
the large-scale systems, including slow progression or
retrogression, but without fundamental change.

It follows that a breakdown in persistence occurred when a rapid acceleration
of these processes took place. The main types of change could be subjectively
described as

(i) a general breakdown of the circulation, both at 500 mbs.
and at the surface, when the large-scale patterns disin-
tegrated and gave place to a large number of weak centres
and small-scale ridges and troughs. (Examples of this
could be detected following the flow patterns represented
by Maps 3, 12, 13, 15, 19 and 20);

(ii) a regional change associated with slackening and strengthen-
ing of the zonal flow at 500 mb,, especially over north
Asia. This affected the surface extension of ridges and
the passage of cyclones (Maps 5, 6, 7, 10, 16, 25, and 26);

(iii) rapid reorientation of the large-scale systems through
eastward progression or westward retrogression (such as
occurred following periods presented by Maps 1, 2, 4, 9,
21, 23, 2L, and 28).
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Since the interdiurnal correlation coefficient measured the degree of
persistence over the whole area, covering the complete longitudinal range of
circulation, it might have been anticipated that any tendency to persistence
over the arctic basin would have been ironed out by less stable patterns over
the peripheral regions. It was interesting therefore to find stable conditions
existing throughout the whole range of longitude during most of these periods
of persistence, although the type of circulation pattern often differed with
respect to longitude. An example of this could be seen during May 9th-19th
(Map 12) when there was a blocking situation over the western hemisphere, with
zonal flow persisting over Siberia.

One year is naturally too short a period to determine whether there is

a finite number of persistent circulation types or Grosswetterlagen over the
Arctic. There was, however, a strong similaritj between the situations

given in Maps 1 and 28 (the only slight overlap in time), showing the charac-
teristic ridge from Siberia to Canada of the normal January map. The only
other important resemblances between the maps that could be clearly seen were
in March and June, Maps 7 and 8 simply showed the continued persistence of
the warm high over the Arctie interrupted by a temporary eastward accelepgtion
of the peripheral patterns, but the June maps 15 and 16 are worth a comment.
Separated by just over two weeks of feeble and restless circulation, including
the lowest value of interdiurnal persistence for the year (June 25th-26th),
these patterns were very similar both to each other and to the normal map

fer June.

Since the data were limited to one year, it was important to compare the

10
Normal Weather Charts for the Northern Hemisphere. Technical Paper No. 21,
U.S. Department of Commerce, Weather Bureau, Washington, D.C., Oct.1952, pp.7,12.
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particular synoptic conditions for 1955 with the normals when considering the
results., This was a year of two major abnormalities.11 The mid-tropospheric
circulation in ten months of the year was characterised by strong blocking
situations in middle-high latitudes over the western hemisphere, while the
remaining two months (July and August) showed a complete reversal. During these
two months the polar vortex contracted to a greater extent than normal; the
mean maximum value of the westerly wind component occurred near 52°N., that is,
to the north of the seasonal normal, the the polar westerly index reached

some of the highest values on record. Considering that both June and January
were months of blocking, the difference in the respective values for fﬁ was
very great. Furthermore, the strong zonal flow of mid-August (Map 21) resulted
in persistence almost as high as that during the blocking situation of mid-
January (Map 1). The "summer" season of low persistence (June to November)
extended through both "blocking" and “non-blocking" situations. Perhaps in
summer, when the north-south hemispheric temperatufe gradient was at a mini-
mum, and the amount of incident solar radiation was at a maximum in polar
areas, the regional instability caused by differential heating over ice,

open water and land minimised the effect of dynamic stability induced by
blocking situations. (Over North America Namias (1952) found that persistence
in the monthly height anomaly patterns at 700 mbs., was greater in summer than
in winter, but that during the cold season persistence was more marked at

times of low index.) |

The daily zonal indices for the surface and 700 mb. levels computed over

35°% to 55°N. and 175°E. to 5°W. were made available to the McGill Group.12

11
Klein, W.H., "The Weather and Circulation of 1955", Weatherwise, Vol. 9,
NO’- l, 1956, ppn 5-100

Our thanks are due to Dr. Namias for this courtesy.
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The curve for the surface was drawn up and inspected in relation teo the curves
of persistence. Although this index was to a certain extent a key to the in-
cidence of blocking situations over the western hemisphere during 1955, it

was not uniformly so, since the actual blocking highs occasionally occurred
outside the range of this particular sample. No simple systematic relation-
ship could be found, although one or two cases deserve mention. For example,
the periods represented by Maps 1, 2 and 3 were isolated through reorientation
rather than true breakdown, and these periods were found to be associated with
a run of high index values. In addition, in one or two cases where breakdown
in persistence was caused by a general slackening or tightening of the gradient
of the polar westerlies, there was a possible relationship with this index
(e.g., the patterns illustrated by Map 16 break down after July 2nd when the
flow becomes more meridional at mid-latitudes).

One of the difficulties in relating the flow at mid-latitudes to that
over the Arctic is the problem of finding a representative parameter for the
arctic circulation. Over such an area zonal and meridional flow cannot be
simply defined, not only owing to the convergence of the meridians, but also
because of the nature of the circulation. At 500 mb., strong gradients often
flank the individual cells of the pcl;r vortex; split jets occur north of
blecking highs of middle and high latitudes, while the general asymmetry and
eccentricity of the flow patterns form a basic complication. Within the McGill
Group work has recently been done to establish a statistical relationship
between the variance of height of the daily 500 mb. surfaces and kinetic

1
energy. 3 Though real, this relationship is not precise enough for analytical

13

Godson, W.L., and MacFarlane, M.A., Pressure~contour Variance and Kinetic
Energy over the Arekjc. Scientific Report No. 5, McGill Arctic Meteorology
Research Group, Contract No. AF 19(604)-1141. McGill University, Montreal,
1958.
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purposes., Visual comparison of their time series shows some resemblance
between the behaviour of the mid-latitude westerly index and this variance
parameter. In addition, the wave component variancgs from the Godson ortho-
gonal harmonic specification technique will offer further possibilities of
setting up an index for the arctic circulation. As yet, however, this work
has not been brought to fruition.

At the surface, one of the most outstanding features of 1955 was the
amount of cyclonic activity over the central Arctic. The summer of that year
revealed large negative pressure anomalies and the circulation during this
season was marked by almost continual cyclonic disturbance. Cyclones were
also conspicuous during other periods of the year. During early January,
mid-February, early March and mid-April, cyclones were continually present
over the arctic basin. During the latter month especially, the circulation
over the arctic was for some ten days (Map 9) a complete and persistent
reversal of the normal conditions for April (Fig. 8(a)). The thirty-day
mean pressure distribution for April (Fig. 8(b)) showed a low pressure
anomaly over the basin, in spite of anticyeclonic conditions at the beginning
and end of April which have smoothed the values. In 1955 these lows over
the central Arctic area appeared to be almost without exception cold lows
related to the shifting pools of co}d air of the major tropospheric circum-
polar vortex.

It was suggested earlier in this report that the high values of the per-
sistence correlation over the arctic area may be a reflection of the stabilising
influence of anticyelonic conditions. Intense and, for the most part, warm anti-
cyclones prevailed over the central Arctic in (a) late January, early February,

(b) most of March and early April, and (c¢) late April through May. During June
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the frequency, extent and intensity of these anticyclones rapidly decreased,
to increase once again in late October. By early December (Map 26) a major
central anticyclone was once again a temporary feature of the arctic circu-
lation. These highs were mostly below warm ridges at 500 mb., extensions.of
the m#jor oceanic and continental high pressure systems. The surface centres
apparently moved in over the basin most frequently from Alaska and Siberia.
Table 1 in Appendix A has shown the higher values of ?l and ?2 for the six
month period December-May. Since 1955 showed a high frequencj of cyclonic
activity over the Arctic, the values of the inter-map correlation coefficients
may in fact be a conservative estimate, especially during the months June to
November.

It is hoped that the 500 mb. level analysis and case studies will shed
a little more light on the nature of the change. From an inspection of the
charts the most interesting feature connected with the stability of the sur-~
face circulation is the circumpolar vortex. The cold pools ass&ciated with
this vortex were so frequently reflected in closed centres of low pressure
on the surface chart that there appeared to be a direct relationship between
the amount of asymmetry or eccentricity of this major centre of action and
the existence of high pressure or low pressure over the arctic basin, while
the degree of cellularity was linked with its intensity and degree of rami-
fication., Sudden changes in the position of this upper air feature were
associated with breakdown and change in surface circulation patterns. One
of the most interesting examples of this could be seen during April, 1955.
A comparison of Maps 8 and 9 gave a fascinating reversal of pattern, occurring
for the most part within the 24 hours of April 6th. From March 1léth to April

5th the central Arctic had been dominated by a very intense anticyclone (Map
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7, mean central value 1048 mb.; Map 8, 1036 mb.). By April 7th this circulation
had been replaced by an equally intense and persistent cyclone (mean central
value 992 mb.) which continued as the outstanding feature of the arctic circu-
lation until April 17th, after which time almost a second reversal took place,
Referring to the 500 mb. charts, for the same period of time, during the end
of March and early April, the vortex was centred over the Canadian archipelago.
Between April 5th and 7th there was a rapid displacement of the upper air low
to a new position over the polar basin. At the same time the geometry of the
vortex was simplified to form one major unit centred over the pole. Within
these 24 hours from April 5th to 7th the surface pressure changed over the
basin by as much as 27 mb. A further example of the relationship between this
vortex and surface persistence appeared in the June 1llth-26th run, which gave
the lowest set of f? values for the year. During this time a series of low
centres at the surface, revitalised at the Siberian coastal-ice-water margin,
moved around the arctic basin under a rotating upper air vortex. In Germany,
Scherhag (1956) and Flohn (1952) have studied the distribution, movement and
properties of the cold poles of the mid-troposphere and emphasised the
asymmetry and eccentricity of the circumpolar vortex and its importance, not
only in regional studies of the Arctic, but in the general circulation of

the atmosphere.

The abrupt quality of the change in the inter-map correlation coefficients
suggested some trigger effect. Since "persistence" occurred in both sluggish
and swift circulation patterns with considerable regularity in the winter
months, it might have been the effect of large-scale instability, such as
that associated with the hemispheric change from zonal to meridional flow

when the temperature gradient between the equator and pole had increased to
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some critical value. This trigger effect was certainly less clearly marked in
those months when the north-south gradient was at a minimum,

On the other hand the impulsive quality of the changes suggests a con-
sideration of possible extraterrestrial effects. Evans (1956), speaking at
the 146th National Meeting of the American Meteorological Society in Boulder,
Colo. (July 25th-27th, 1956), made the following comments:-

"The sun affects the state of the earth by means of its

electromagnetic and corpuscular radiations. The overwhelming

influence is that of the steady-state solar radiation, which

maintains the temperature of the earth and drives the steady-

state system of atmospheric circulation. Superposed on this

tremendous background radiation are variations which are com-

paratively small in terms of energy, but are in such a

critical region of the spectrum or are of such a corpuscular

nature that they produce terrestrial effects, sometimes quite

out of proportion to the energy involved."lh
Considering an increase in corpuscular radiation as-a possible cause of the
change in the atmospheric circulation patterns, Shapiro (1956) assumed a
direct relationship between this form of solar energy, which is believed to
occur as charged particles, and the earth's magnetic field., He then tried to
establish a further relationship between ﬁhe ;@ values and the International
Geomagnetic Character Index, Cj. He found a statistically significant drop
in the mean inter-map correlation values fourteen days after a sudden increase
in the disturbance of the earth's magnetic field.

The great advantage in using the §€ values as a measure of the atmos-
pheric fluctuations is two-fold. Firstly, these parameters merely record
that a change has taken place; and secondly, the one variable takes into con-
sideration the change over a large area. The Ci index is a measure of the
geomagnetic activity, ranging from 0.0 (quiet) to 2.0 (very disturbed). The
key days were defined as those when the daily values of C; increased by 21.0.

Shapiro considered forty-seven years of surface data (1899-1945) over an

ll’Eva\ns, J.W., Variations of the Sun. Technical Report No. 2, Institute for
Solar-Terrestrial Research, High Altitude Observatory of the University of
Colorado, 1956, p. 1.
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area extending from 30°N. to 60°N. and 65°%W. to 125°W., employing the Pﬂ values
for three-day running mean pressure distributions. During this time he iso-
lated 564 key days, and by means of the superposed epoch method computed mean
§£ values from twelve days prior to the key days to nineteen days beyond

(Fig. 9).

|

Mean persistence correlations for days minus
12 to plus 19, for all 47 years (56l cases for
each mean).

In testing the significance of these values Shapiro assumed:-

(i) that the population mean was that of the coefficients,
since the sample was so large;

(ii) a normal distribution for ¥,.

The mean values displayed random fluctuation before the sudden geomag-
netic disturbances, but revealed a statistically significant (1.0% level
Student's t-test) negative departure from the assumed population mean on
Day 1l4. With the omission of the years of maximum sunspots, the significance

of the deviation on Day 14 became better than the 0.1% level and a division

1l
5Shapiro, R., "Further Evidence of a Solar-Weather Effect", J. Meteor., Vol.
13, 1956, p. 336, Fig. 1.
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of the data into the earlier and later years still showed a similar trend on
Day 14. Random key days gave no such result.

Assuming that the earth's magnetic field funnels this solar energy
into high latitudes, this effect, if real, might be expected to reach a maxi-
mum over the polar regions., A similar study was therefore attempted for the
arctic area, using the very limited quantity of data for 1955,

The Ci16 index was adhered to, rather than the more reliable Kp index
(Ward, 1954) to allow comparison, and the key days were defined as in Shapiro!'s
analysis. During 1955 there were only fourteen day days, with a rather uneven
distribution through the year (Table VI) since the summer months of June, July

and August were undisturbed to this extent.

Table VI

KEY DAYS DAY KEY DAYS - DAY
2/, hr,AC;<1.00 +1 2, hr.AC3=1.00 +1L
January 11 January 25 August - -
January 17 January 31 September 27 "October 11
February 28 March 14 " October 25 November 8
March 22 April 5 November 4 November 18
March 30 April 13 November 8 November 22
April 24 May 8 November 15 November 29
May 25 June 8 November 18 December 2
June - - December 1 December 15
July - -

The one-day lag coefficients were chosen to represent the circulation
changes.
Fig. 10 illustrates the resulting mean values, ?l; one of the most

striking features was in fact the substantial decrease in the mean pereistence

16These indices were kindly made available to us through the courtesy of the

United States Department of Commerce, National Bureau of Standards, Boulder,
Colorado.
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. B 17
function on the fourteenth day after the key day. However, direct compari-

son with Shapiro'S'resultg thfough the use of the t-test for significance
was'hot possibié, since the present samples are smallef by an order of
magnitude and he:ejployed three-day mean values; meanwhile these ?1 values
are presented'mgfely as an interesting suggestion of confirmation of Shapiro's
results., |
The-fourteenth'day after each key day was then tabulated (Table VI) so

that the synoptié charts and individual #, values could be studied for those

1
particulér times, January 25th, Januény 31lst and June 8th actually occurred
within so-cailed periods of persistence, although the significance of the
June 5th-10th run has.already been doubted and January 31st was noted as a
time of acceleration in the retrogression of the large-scale systems.

Perhap§ fhe'ﬁost dramatic large synoptic changes of the year occurred
around March 14th and April 5th, both these dates coinciding with a decrease
in the persistence function fburteen days following a sudden geomagnetic
disturbance. (The April 5th reversal in the flow patterns has already been
bmentioned on page 4l in connection with a rapid change in the 500 mb. polar
vortex;)‘ The circulation over the arctic during the week prior to March 14th
had been dominated by qyclonic-activity (Map 6). However, during the forty-
eight hour period between March 12th-l4th an anticyclone moved into the

arctic basin ﬁndef a warm ridge aloft. This system intensified and per-
sisted until the beginning of April (Maps 7 and 8). The barometric tendency
for the A8-hour interval March 12th-14th (Fig. 11) represented a change which

amounted to a sudden reversal in the flow patterns (Maps 8 and 9). Moreover,

these anticyclonic conditions prevailed until early April when this system

7Since the number of keyAdayé was so few the mean correlation coefficients
were obtained through Fisher's z' transformation. This was carried out on
the E101 computer at Canadair by the Electrodata division of Burroughs.
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was replaced equally suddenly by a cyclone below a cold cyclonic vortex at
500 mb., which was to persist for just over a week. Fig. 12 illustrates the
'LS-hoqr barometric tendency between April 5th-7th. By April 19th a hint of
another reversal was suggested in a return to anticyclonic flow (Maps 9 and
10), but the changeover was not so spectacular, although April 13th, another
significant date (Table 6), was associated with low fe values.

Considering Figs, 11 and 12, the most remarkable feature is the reversal
of the tendency. If the irregular emission of solar corpuscular radiation
is a cause of these changes, the regional effect must depend on a number of
other variables, including the initial state of the circulation. For this
reason, the use of f@ proves to be exceptionally valuable,

However, it ié still not known how this additional corpuscular radiation
can trigger off the release of sufficient energy to bring about fluctuations
of this magnitude. There are in addition so many uncertain measurements in-
volved in a study of this nature that these results can only,be‘put forward
as an interesting suggestion of a relationship. |

A further analysis was carried out using the five Quietest and five
Most Disturbed days in each month18 as key days, and fl as before., Duell
and Duell (1948) analysed the behaviour of sea-level préssure at a number of
stations in N.W. Europe before and after these key days, and found that during
the winter months of years of low sunspot number, pressure fell three days
‘after disturbed key days and rose to a maximum three or four days after quiet
key days. Craig (1952) followed this up by extending the afea to cover the

whole northern hemisphere between 30° and 70°N. He considered the same

18The five days of least and five days of greatest disturbance in the geo-
magnetic field are published for each month by the Bureau of Standards (ses
footnote 16). These days are tabulated for 1955, together with values of
Ty, in Appendix C.
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period of time and similar key days, but the results were disappointing.
His main conclusion was that at.any one station for the surface level there
was a tendency towards a negative correlatiqn between the pressure behaviour
after quiet and disturbed key days. | |

The results of this study, illustrated in Figs. 13 and 14, were disappoint-
ing and no conclusions could be suggested. It so happened that at the be-
ginning of this analysis the key days for February_wére missing and work was
carried out on the 55 remaining key days in each case. The graph of these
results is given as Fig. 14, énd shows an interesting point.__Whon the
Fébruany 1955 data were not included a very interesting annual and seasonal
rise in the values of %l fourteen days after quiet key days was suggested,
"with a slight hint of a reversal of this result after disturbed key days.
However, these graphs emphasize the danger of attempting to draw conclusions
from the data for one iear only;
6: Summary

The sea-level largs-scale circulation over the srctic during 1955
showed the followiné‘features'— | |

(1) A generally high degree of stabillty with 45% of
all the days defined as per31stsnt.

(1i) A tendency for these high levels of persistence to
be maintained for periods averaging six days, followsd
by an abrupt breakdown and rapid retum- to more stable
conditions.,

(1ii) A winter-spring régime where the degree of persistence was
consistently high, with a hint of regularity in breakdown
every fourteen to fifteen days, followed by a sharp change
at the beginning of June to a new régime. During the
summer and autumn conditions were generally less stable,
changes less well defined with a gradual transition to
the more stable winter régime through November into
early December.
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Taking into consideration the strong development of blocking situations
in middle high latitudes in 1955, when the circulation might have been more
sluggish than normal, the high level of persistence might have been a pheno-
menon of this particular year, However, stable periods also occurred during
the run of abnormally strong polar westerlies in July and August, whilst
unstable conditions prevailed during the blocking situations of October and
November, Furthermore the apparent relationship between strong anticyclonic
conditions over the arctic and high degree persistence suggested that the
summer-autumn values for 1955, seasons marked by abnormal cyclonic activity,
might in fact be conservative,

The abrupt nature of the changes suggested some trigger effect, Since
"persistence" occurred in both sluggish and swift circulation patterns with
considerable regularity in the winter months, it might have been the effect
of large-scale instability such as that assoclated with the hemispheric change
from zonal to meridional flow when the temperature gradient between the
equator and pole had increased to some critical value. This effect was cer-
tainly less clearly marked in those months when the north-south gradient was
at a minimum.

A subjective study of the 500 mb, maps showed an interesting relationship
between surface instability and changes in the degree of asymmetry, eccentricity,
intensity and ramification of the circumpolar vortex. Sudden changes in the
position of this feature were associated with breakdown and change in the
surface circulation patterns. There were two outstanding examples of this
during March and April, which occurred some fourteen days after a sudden geo-
magnetic disturbance, suggesting in the light of Shapiro's resuits and the im-
pulsive quality of the change, a trigger effect possibly caused_hy additional

solar corpuscular radiation,
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APPENDIX A

Surface Level

Values of the Inter-map Correlation Coefficients
for One~- and Two-day Lags.

(January lst, 1955 to January éth, 1956)



DAY

O oo o~ o
!
[03

10-11
11-12
12-13
13-14
14-15
15-16
16-17
17-18
18-19

JAN
0.665
0.835
0.794
0.834
0.880
0.772
0.747
0.838
0.828
0.778
0.849
0.894
0.925
0.807
0.880
0.852
0.825

0.912

FEB
0.833
0.887
0.764
0.866
0.883
0.858
0.817
0,801
0.839
0.773
0.723
0.616
0.489
0.361
0.64L6
0.777
0.806
0.778

MAR
0.895
0.826
0.743
0.782
0.704
0.529
0.689
0.814
0.821
0.801
0.581
0.527
0.583
0.749
0.775
0.853
0.805
0.876

INTER-MAP CORRELATION COEFFICIENTS, ONE-DAY LAG (?l)

APR
0.856
0.819
0.827
0.837
0.680
0.698
0.824
0.809
0.768
0.754
0.495
0.585
0.739
0.710
0.591
0.730
0.769
0.715

MAY
0.861
0.793
0.833
0.785
0.711
0.661
0.506
0.452
0.768
0.829
0.819
0.821

0.864

- 0.846

0.801

0.821

0.853 .

0.813

i

JUN
0.834
0.823
0.74L
0.648
0.819
0.819
0.754
0.781
0.743
0.709
0.490
0.474
0.386
0.462
0.426

0.547

0.635
0.539

JUL
0.604
0.733
0.734
0.670
0.665
0.862
0.841
0.782
0.827
0.756
0.767
0.608
0.702
0.630
0.741
0.670
0.687
0.779

AUG
0.819
0.746
0.598
0.538
0.605
0.266
Q.627
0.745
0.724
0.709
0.605
0.688
0.581
0.718
0.597
0.562
0.565
0.678

extra days computed directly
from equation (1)

SEPT
0.516
0.433
0.763
0.787
0.786
0.832
0.667
0.698
0.706
0.745
0.716
0.512
0.634
0.628
0.702
0.668
0.628

0.647

oCT
0.676
0.680
0.834
0.828
0.751
0.749
0,727
0,718
0.545
0.561
0.637
0.676
0.593
0.723
0.736
0.685
0.569
0.509

NOV
0.748
0.586
0.749
0.802
0.611
0.745
0.366
0.476
0.728
0.718
0.720
0.560
0.787
0.635
0.678
0.665
0.538
0.726

DEC
0.602
0.671
0.639
0.637
0.655
0.752
0.851
0.818
0.738
0.606
0.527
0.666
0.630

0.721

0.818
0.702
0.800
0.784

JAN
0.86¥
0.a1¥
0.80"
0.84
0.70

N

T o1qey



DAY

19-20
20-21
21-22
22-23
23-2,
24=25
25-26
26-27

27-28

28-29(1)

29-30

30-31(1)

31-1

JAN FEB
0.834 0.700
0.701  0.553
0,7,0 0.531
0.776 0.558
0.767 0.545
0.819 0.536
0.850 0.373
0.855 0.572
0.877 0.818
0.885 0.876
0.895
0.858
0.816

MAR
0.812
0.795
0.813
0.768
0.756
0.835
0.781
0,710
0.702
0.529
0.724
0.792
0.858

INTER-MAP CORRELATION COEFFICIENTS, ONE-DAY LAG (51)

APR
0.750
0.839
0.790
0.771
0.698
0.465
0.685
0.784
0.783
0.849
0.814
0.791

x extra days éomputed directly

from equation (1)

MAY
0.624
0.633
0.639
0.683
0.785
0.762
0.847
0.785
0.634
0.672
0.730
0.807
0.555

(continued)
JUN JUL
0.699  0.749
0.615 0.783
0.567 0.559
0.619 0.618

0.693 0.672
0.492 0.725
0.244  0.592
0.6L0  0.595
0.758 0.627
0.736  0.734
0.771  0.817
0.806 0.762
0.723

AUG
0.843
0.885
0.906
0.831
0.820
0.727
0.632
0.630
0.517
0.612
0.560
0.594
0.767

SEPT OQT
0.649 0.613
0.66L 0.798
0.686 0.327
0.681 0.535
0.693 0.553
0.667 0.602
0.646 0.687
0.690 0,706
0.772 0.713
0.800 0.645
0.765 0.785
0.667  0.744

0.752

NOV
0.734
0.631
0.574
0.656
0.766
0.504
0.611
0.781
0.749
0.567
0.655

0.505

DEC
0.718
0.578
0.676
0.688
0.479
0.596
0.750
0.82)
0.841
0.864
0.886
0.852

0.910%

(1) - first day of the following

month.

(penutquod) T oTARL



=10

o2 0t W
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=11
10-12
11-13
12-14
13-15
14-16

15-17

16-18
17-19

[}
O o ~3 o

JAN
0.614
0.669
0.595
0,686
0.657
0.666
0.701
0.767
0.676
0.670
0.804
0.80%
0.830
0.789
0.800
0.741
0.756

FEB
0.740
0.594
0.572
0447
0.744
0.791
0.620
0.644
0.633
0.531
0.524
0.507
0.324
0.414
0.431
0.607

0.635

MAR
0.520
0.591
0.LLb
0.687
09558
0.420
0.592
0.540
0.564
0.394
0.226
0.083
0,393
0.416
0.576
0.738
0.715

INTER-MAP CORRELATION COEFFICIENTS, TWO-DAY LAG (?2)

APR
0.664
0.694
0.616
0.464
0.277
0.435
0656
0.639
0.545
0.551
0.369
0.388
0.437
0.612
0.472
0.517
0.470

MAY
0.713
0.689
0.661
Oolihdy
0.310
0.398
0.329
0.142
0.664
0.787
0.665

0.631

0.765
0.661

0,687

0.686

0.688"

k

JUN
0.756
0.641
0.447
0.483
0.658
0.519
0.584
0.578
0.465
0.242
0.219

0.062
-0.016
-0,.042
-0.017

0,264

0.197

JUL
0,519
0.568
0.648
0.394
0. 544
0.686
0.691
0.660
0.615
0.563
O.445
0.417
0.403
0.361
0.463
0477
0.643

AUG
0.591
0.369
0.151
0.348
0.043
0.157
0.453
0.561
0.532
0.327
0.416
0.338
0.303
0.276
0.221
0.304
0.390

extra days computed directly

from equation (1)

SEPT
0.112
0.358
0.597
0.696
0.727
0.540
0.449
0.504
0.506
0.478
0.332
0,403
0.421
O.447
O.h442
0.218

0.325

OoCT
0.367
0.431
0.699
0.626
0.651
0.566
0.407
0,220
0.209
0.335
0.459
0.372
0.407
0.491
0.575
0.492
0.118

NOV
0.259
0.206
0.592
0.549
0.446
0.338
0.083
0.139
0.361
0.511
dohl2
0.493
0. 504
0.249
0. 507
0.364
0.388

DEC
0.413
0.397
0.375
0.364
0.232
0.633
0.784
0.618
0.402
0.300
0.291
0.323
0.293
0,408
0.513

0.512

0.592

JAN
0.786%
0.818%
0.673%
0.353%

Z °Tqe]



DAY
18-20
19-21
20~22
21-23
22-2J,
23-25
24=26
25-27
26-28

JAN
0.722
0. 544
0.557
0.659
0.627
0.548
0.808
0.857
0. 744

27-29(1) 0.834
28-30(2) 0.779

29-31(1) 0.709

30-1 (2) 0.739

31-é

0.815

&

FEB
0.455
0.251
0.375
0.381
0.458
0.422

-0.065
0.237
0.526
0.655
0.764

INTER-MAP CORRELATION COEFFICIENTS, TWO-DAY LAG (?2)

MAR
0.702
0.616
0.720
0.651
0.636
0.643
0.575
0.424
0.710
0.398
0.120
0.590
0.627

0.713

APR
0.494
0.650
0.680
0.533
0.460
0.112
0.189
0.546
0.591
0.626
0.690
0.649
0.663

extra days computed directly
from equation (1)

MAY
0.451
0.295
0.282
0.272
0.433
0.513
0.580
0.750
0.566
046k
0.457
0.523

0.338

0.333

{ continued)

JUN
0.263
0.381
0.312
0.229
0.372
0.411

-0.139
-0.039
0.540
0.556
0.543
0.620

0.422

JUL
0.626
0.631

0.422

0.232
0.501
0.519
0.172
0.299
0.274
0.576
0.578
0.492
0.524

AUG
0.530
0.761
0.849
0.782
0.683
0.556
0.511
0.563
0.419
0.121
0.172
0.129
0.388

0.314

SEPT
0.355
0.345
0.297
0.368
0.450
0.482
0.319
Oulyly
0.587
0.679
0.556
0.367
0,554

oCT
0.287
0.537
0.158
0.215
0.191
0.053
0.207
0.458
0.552
0.388
0.485
0.717
0.631

0.465

NOV
0.571
0.615
0.423
0.298
0.432
0.529
0.516
0.478
0.526
0.514
0.434
0.332
0,367

DEC
0.555
0.602
0.327
0.503
0.096
0.418
0.459
0.6,
0.707
0.667
0.757
0.748
0.822%

0.732%

(1) first day of the following month.
(2) second day of the following month.

(perutquod) Z 8Tqe]



Fig. 1

Graphs Showing the Change with Time of the Interdiurnal

Correlation Coefficients ?1 and T,

The one-day lag (?l) has been plotted midway between

the days concerned.

The two-day lag (fz) has been plotted midway between
the two days correlated and as a double curve (i.e., ?2'5
for January 1~3, 3-5, 5~7, etc. have been plotted on days
2, 4, 6, etc, and joined. Similarly, coefficients between
charts for January 2-4, L-6, 6-8, etc. have been plotted

at January 3, 5, 7, etc. and joined.
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APPENDIX B

Surface Level

Periods of Persistence During 1955




Mean Maps for Periods of Persistence over the Arctic at Sea-Level
in 1955

The mean maps comprise one map a day throughout each period.
The centres and tracks are plotted at 12-hour intervals, but

have been dated only at the 24-hour interval used in the
mean map.

‘——*—> centres and apparent displacement of cyclones
N S > regeneration or doubtful displacement

*---------3 centres and apparent displacement of anticyclones

TYPE A: where 91 2 ,800; ?2 2,700
TYPE B: where T; 2 .700; T, & .600
TUPE C: where F) Z .700; T, % .500
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ARCTIC METEOROLOGY
RESEARCH GROUP

McGILL UNIVERSITY

Map 1

During this period these large-scale systems are remarkably persistent, but on
the synoptic scale there is a great deal of activity associated with the strong upper
air vortex centred over the Svalbard-Scandinavia area. Prior to the 9th Jamuary, a
high situated over the Atlantic and Western Europe has prevented Atlantic storms from
entering the Polar regions, while the end of persistence is marked by the breakdown of
the Siberian ridge and shift of the major high into the Arctic basin. At 500 mb. this
is associated with the westward movement of the upper vortex to a position over
Greenland.
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Following the breakdown of the Siberian ridge after January 20, the large-scale
systems were temporarily realigned to allow free movement of cyclones from Scandinavia
to E. Siberia. By January 24, the main area of high pressure had migrated westwards
to cover the Arctic basin, while pressure had fallen considerably over the Atlantic.
The most outstanding changes from Map 1 appear to be connected with this general west-
ward shift of the large-scale systems, both at the surface and 500 mb. levels. On
February 1 a low develops over the Polar basin and the high sradually begins to change
its position with a continued westerly motion. At the same time the strong cyclonic
system near Novaya Zemlya fills, After February 3 the westward regression takes place
more rapidly.
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February 5 to 8 represents another pause in this westward migration of the large-
scale systems. This period is remarkably stable. The main synoptic activity appears
to be connected with two low centres at 500 mb., one major vortex over the Canadian
Archipelago, around which storms are being steered into Baffin Bay, and a small centre
near the Scandinavian coast. The breakdown after February 8 shows up in a more cellu-
lar structure with intricate troughs and ridges. A low develops over Franz Josef Land
and crosses the Polar basin to the American coast. Over Greenland a ridge of high from
the Atlantic builds up into a considerable block associated with strong upper level
gradients,
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Following nine days of lower persistence, the large-scale systems are now more
clearly defined and stable. The trough over the Arctic has become well established
and the Siberian high is again a major feature, The 500 mb. map is reflected to a
high degree in these surface patterns, the synoptic systems over Europe and the
Arctic basin lying beneath upper air lows, whilst the cyclonic tracks around N. Green-
land and the Bay of Alaska are in the path of strong upper air westerlies around the
Atlantic and Pacific ridges. From the end of this period there is a rapid eastward
change in the orientation of the major high-level vortex as the ridge over Greenland
weakens and shifts to the east.



p-3 EY PESC
Feb. 27 - March 4 1955

/ \
R P Surface
’o Al I‘

0 P %
G0N _ 6/

Q
o N
2
1

L

ARCTIC METEOROLOGY
RESEARCH GROUP

McGILL UNIVERSITY

Map 5
Between February 19 and 27 the patterns changed rapidly. The Pacific high extended
poleward and later retreated as the Siberian high moved northwards to cover the whole
basin. During these six days cyclonic activity is associated with strong upper air
gradients over Labrador and E. Greenland, while the major anticyclone gradually moves
towards the Laptev Sea. By March 5 the Siberian high has declined in extent and
magnitude.
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Again the number of cells increases, and the patterns are continually changing
until March 7 when there is a reinstatement of the Siberian high. From March 8 to
1l there is considerable synoptic change, especially over the Greenland area, where
the ridge of high pressure extending from the archipelago to the Atlantic weakens,
and the Atlantic high centre shifts eastwards. Cyclonic activity is in effect over
Alaska and East Greenland below strong 500 mb., gradients. Over the Canadian Archi-
pelago ~ Labrador area there is a major 500 mb, vortex. Following this period of
persistence, the Siberian high once again breaks down as the flow at 500 mb, becomes
more zonal and synoptic activity accelerates,
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March 16-25 1955
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About March 13 a high begins to build up over N. Alaska, under a ridge of warm air
from the Pacific. By March 16 this centre has migrated polewards and has become firmly
established over most of the area, extending into Siberia, over the Atlantic and into
Canada. During these ten days the main feature is the stability of the anticyclone over
the Arctic basin with peripheral synoptic activity. During the first few days a ridge of
high from the Atlantic extends at 500 mb. over the Archipelago and develops a closed centre.
Towards the end of the period a strong low vortex at the upper level is displaced to the
west over Greenland and the Archipelago, and cyclogenesis takes place in the Thule area.

By March 26 there is a change in the axis of the high, the Siberian ridge breaks down and
lows move across into S.E. Siberia. The former low index conditions give way to more zonal
flow, especially over the European-Asian Sector.
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Map 8

The increased zonal flow relaxes, and the two continental and two oceanic ridges
once again become prominent. The anticyclone over the Arctic basin expands and moves
slowly towards the Alaskan coast. This very regular distribution of nighs and lows is
almost a replica of patterns aloft.



- TYRE B

April T7-10 1955

. | 1230% Surface

L

ARCTIC METEOQOROLOGY
RESEARCH GROUP

McGILL UNIVERSITY

E A

April 4 to 7 shows a complete reversal of pattern from an intense Arctic high to a
deep low which lasted well into mid-April. The charts for April 5 are highly cellular
and intricate in design. A trough develops across the pole, breaking the polar high into
two cells, one over Asia and the other over the American Arctic. Cyclogenesis occurs
over the basin under a cold cyclonic vortex at 500 mb. Over the White Sea the Asian high
centre intensifies. The upper air low over the Arctic remains steadfast throughout the
four days and even longer. The drop in the correlation coefficient between April 10 and
11 appears to be due partly to the beginning of a change in the orientation of the large-
scale systems to the east over the Atlantic and Asia.
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- Comparing Maps 9 and 10 there is a hint of a second reversal in pattern over much
of the area. In the interim there has been a general eastward movement of the major
centres of action. The high over the Archipelago and E. Canada has intensified beneath
a ridge of warm air, and extended by April 19 to include a separate centre over the
polar area. At 500 mbs. the axis of the major cyclonic vortex lies between Svalbard
and Alaska and is associated with quite strong gradients. After April 22 the large-
scale anticyclonic system breaks up and there is a polar extension of the Siberian high,
preventing the passage of cyclones across Siberia.
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A closed centre of high pressure develops over Alaska and moves into the Arctic
basin to join up with the Siberian ridge. From April 27 the upper air flow pattern is
becoming increasingly zonal, and by May 2 the Siberian ridge has given way to the
passage of cyclones. This map has features in common with Map 7, with its dominating
anticyclone and peripheral cyclonic activity. Persistence breaks down when the anti-
cyclone begins td weaken and contract , and with increasing synoptic activity.
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The major anticyclonic system has moved towards N. Greenland. At 500 mb. the low
over the western Archipelago appears to be steering surface storms into Baffin Bay. 1In
general the major change has been one in orientation with the major anticyclone block
recentred well to the east over the Atlantic and extending towards Siberia. There is
considerable synoptic activity within this period associated with upper air lows and
strong westerly flow, especially over Europe and Asia. Following May 19 the circulation
over Asia slackens, There is an increase in the number of centres.
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Map 13

There is a change from predominantly zonal to meridional flow from May 19 to 23
and this map shows the contrasting strongly cellular circulation pattern which persists
from May 23 to 27. Once again this pattern closely reflects the upper air pattern
where the polar vortex, centred over the Svalbard-Greenland area, has lobes with closed

centres of low corresponding to the cyclonic centres at sea level.

On May 28 the circulation relaxes further and a number of weak centres of low occur
in the polar area.
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By June 1 the anticyclone over N.W. Europe has extended to cover Greenland, while
the former high over E. Siberia has broken away and moved eastwards to the Canadian
Archipelago. The polar vortex at 500 mb. is located gﬁ;ﬂﬁﬁ£¥ic&l¥¥ in relation to the
pole, over E. Siberia, Alaska and the Arctic basin. The general simplicity of the pattern
is shown by the mean of the daily percent reduction of variance in the le coefficient
which is as high as 56%. Over much of the mean chart there has in fact been a complete
reversal from Map 13, Synoptic activity is connected both with individual upper air
centres of low pressure and with the strong gradients of the large-scale vortex.
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Map 15

The extensive anticyclonic system over the European-Greenland Sector on June 1-4
breaks down and the high extends over the Arctic basin. At 500 mb, there is a retrogression
of the polar vortex during June 5-10 to an alignment from E., Siberia to W. Europe, and over
Europe and Asia a corresponding tightening of the gradient. The surface lows associated
with these strong upper air gradients are deep but elsewhere the systems are shallow and
the circulation remains predominantly meridional. (The low which develops over the Arctic
basin on June 8 has central values ranging from 1020 to 1015 mbs.,) Between June 11 to 25
the circulation patterns become very amorphous. A number of shallow centres appear and
disappear, comparable to the shifting patterns of a kaleidoscope. The variance of the
whole chart remains throughout on the lowest level for the year.
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After the restless quality of the circulation, by J%E:}t27 the patterns have clari-
fied once again and become more stable. In mid-June a low was centred over the Arctic
basin much of the time, but by the end of June there has been a reversal to anticyclonic
conditions. Map 16 is remarkably similar to Map 15 in spite of the changes which have
taken place in the interval. During the middle of this period, the peripheral circu-
lation becomes zonal,especially across the Atlantic, Eurasia and Alaska, but by July 2
it breaks down once again into a more meridional flow, and a trough deepens between
Siberia and Baffin Bay below an upper air trough. Through the next six days the polar
vortex at 500 mb. gradually becomes focused on the Greenland-Archipelago area and the
gradients steepen.
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July 6-11 1955
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By July 6 the anticyclone over N.W. Europe has extended a ridge to Novaya Zemlya,

linking up with a centre of high over the polar basin.
upper vortex over Greenland into the Arctic basin.
the patterns of the 500 mb. surface.

Cyclones are steered around the
Once again the surface map reflects
The charts for July 12 indicate the beginning of

the breakdown of the ridge and the establishment of a low over the Arctic basin, asso-
ciated with a shift of the upper air vortex to a more symmetrical position with respect

to the ‘pole.
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By July 16 the polar vortex has contracted and there is strong zonal flow. Over
Asia, however, there is a relaxation into meridional flow towards the end of the period.
It is dnteresting that in spite of the high speed of the polar westerl:.es, synopt:. J.cally
the situation is very persistent. On the 22nd the polar vortex is centred a&y
over Greenland and the Archipelago. The low over the Arctic basin moves to the W. Archi-
pelago, and the anticyclone over Siberia extends into the Arctic basin.



— LS A

=1 P | 7 = r—— —
Jg
-

TP ESE
July 28 - Aug. 3 1955
LIl S Surfoce

|
7.
Iy

-

"\ "

kg M &7
| =8~ Ny v 4
Pl i N

I
¥
5

ARCTIC METEOROLOGY
RESEARCH GROUP

l McGILL UNIVERSITY

By July 28 the 500 mb. polar vortex has become elongated from Siberia to S. Green-
land. During this period there is considerable synoptic scale activity associated
with the strong gradients of the vortex. Over E. Canada persistence is lower than
elsewhere. In this area, there is an extension of high pressure on the first two days
which gives way to the passage of cyclones during the remainder of the period. In
spite of the C category of this map and the low variance, the large-scale systems
appear to be adequately defined. The end of persistence is marked by the development of
a number of centres and the pattems, although flat, become more complex.
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The circumpolar jet continues to be further north than normal. There is considerable
surface cyclonic activity connected with this flow and with the individual upper air low
centres over the W. Archipelago, Tscheljuskin, and 5. Baffin. A weak ridge extends over
the Arctic basin linking the Scandinavian and Pacific highs. As persistence weakens on
August 11 the wave length at 500 mb. shortens and the surface pattern increases in cellu-
larity. A weak ridge develops between Greenland and Alaska, breaking the continuity of
the large-scale system of lower pressure over this area.
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After much fluctuation of ridge and trough, the wave lengthens at 500 mb. At sea
level, lateral extensions of high pressure cover the continents, almost surrounding a
central core of low pressure. Storms enter from the Atlantic and Pacific. The circu-
lation patterns become highly stable from August 19 to 23. The upper air pattem is
equally simple. Following these five days the persistence drops rapidly as the east-
ward progression speeds up, leading to a complication and reorientation of the pattem.
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At the end of August the polar westerlies weaken. On September 3 the main upper
air vortex lies over Greenland and the E. Archipelago, with strong gradients from Hudson's
Bay to Scandinavia. It is in this sector of the chart that persistence of the large-
scale systems is most clearly marked. Over the Siberian-Alaskan Sector the amplitude
of the upper air waves is greater and large-scale patterns are less well defined. A
weak anticyclone crosses the Arctic basin in an easterly progression, the high over E.
Siberia and Alaska weakens and a deep cyclone moves in from the Bering Sea. By Septem~
ber 8 the Scandinavian, Siberian and Pacific ridges extend northwards towards the pole
and there is a slackening in the polar westerlies at 500 mb.
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The upper air circulation is reflected in the surface map. During
September the belt of maximum westerlies has moved southwards once again. Strong
gradients occur at 500 mb. over the Hudson's Bay-Scandinavian Sector, especially in
the vicinity of Iceland. The surface charts for October 1 show a rapid easterly change
in the position of the American and Siberian anticyclonic systems, while the centre
of low pressure over Scandinavia deepens and extends.
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Between October 2 and 3 there is a rapid change in the orientation of the 500 mb.
low to a position from Svalbard to Alaska,and by October 4 a ridge has developed over
Greenland linking the Scandinavian and American high pressure systems. During this
period there is much synoptic activity associated with strong zonal flow aloft.

The charts for October 8 show a reversal from those for October 3 in several areas,
owihg to the eastward progression of both the Scandinavian high and the high over
Labrador and the rapid eastward motion of the cyclones.
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Map 25

At 500 mb. there is strong zonal flow et—8080—mb» from Europe to Mongolia with
the major cyclonic vortex elongated from Sakhalin to the Baltic Sea. Over the rest
of the hemisphere flow is meridional. The breakdown in persistence at the beginning
of November is comnected with the slackening of the flow over Burasia.
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The major cyclonic activity is associated with the strong upper air gradients
around a large-scale low located between Baikal and the British Isles, while a similar
system lies above the surface cyclones in the Alaska-Labrador area. Ridges of warmer
air approach the Pole from the Pacific and Atlantic. The systems break down with the
gradual poleward extension of ridges from Siberia, the gradual weakening of the N.
Atlantic block, and strengthening of the Pacific ridge.
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This map is discussed in the text. The most remarkable feature is the degree of
change over the Arctic basin as the centre of high pressure moves rapidly southwards
over Alaska and a low pressure system replaces it, to remain almost to the end of

December.

-
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During this period there is a gradual eastward change in the position of the
main upper air low from the Arctic basin to E. Greenland. At the surface anticyclonic
centres move across E. Siberia and Canada, while there is much cyclonic activity
associated with strong upper air gradients. By January 5 this easterly progression
has brought about a reorientation of the main systems sufficient to lower the level
of persistence.
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An Attempt to Relate Geomagnetic Indices
to Sga-Levg; Circulation Changes



DAY ?i
0

-1 .701
-2 718
-3 .688
=4 740
-5 756
-6 727
-7 .698
-8 718
-9 731
-10 692
-11 .710
=12 755

Mean Persistence Correlations (one-day lag)
from 12 Days Before to 19 Days After the Key
Days.

DAY

+1
+2
+3
+
+5
+6
+7
+8
+9
+10
+11l

+12

My

S48
783
766
.702
+735
762
.702
772
767
752
736
739

DAY

+13
+14
+15

+16 -

+17
+18
+19

Table 1

2t

.698
657
.710
«733
JTh2
.733
758

(These values were computed by means of Fisher's z' transformation.)
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June

KEY DAYS IN 1955

QUIET KEY DAYS

July

August

September

October

November

December

11

12

13

Table 2

DISTURBED KEY DAYS

January

February

March

April

May

June

9
17
18
19
20

I

5
22
23
28

7

9
22
30
31

5

7
27
28
29

6

7

8
25
26

8
15
16
23
2,

July

August

September

October

November

December
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Behaviour of ;i After the Five Quiet Days of Each Month Table 3
YEAR SUMMER WINTER JUNE/NOV DEC/MAY
60 Key Days 25 Key Days 35 Key Days 30 Key Days 30 Key Days
720 722 «719 <694 7h6
721 720 J721 .692 »750
J712 « 704 .718 666 .758
o722 . 709 . 731 678 766
«720 »708 o729 676 764
712 694 « 725 .663 761
<717 661 oThis .669 -766
.698 661 <724 <642 «T54
684 «650 .708 623 oThi,
+702 .68, 715 658 <6
+703 679 . 720 675 731
.708 .689 . 722 669 748
709 .708 710 658 . 760
.699 .682 o711 671 727
.719 717 721 696 JTh3
.728 721 «733 <709 JTh6
735 .732 <737 .711 758
.710 .683 .730 .66l 2756
.79 691 .738 672 766
725 662 770 672 778
730 .693 757 .682 779
.702 673 723 659 <746
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Surface, 1955

Table 4

T
60 izgRDays 25S§§§Fgay§ 35w§§$Egays BgugﬁéNgZys 30D§24Mg§ys
.683 678 .687 660 . 706
696 687 .703 N/ .718
694 635 737 647 «Thl
.710 636 762 .662 .758
. 701 622 757 .638 764
.701 640 «Thiy 2645 2756
.79 .708 727 .680 758
.728 . 722 .732 684 JT72
.719 .698 733 669 .768
726 713 «735 691 .760
.728 .716 .738 677 .780
.712 .702 .720 .660 764
707 .668 .735 664 . TL9
.683 NINN .710 .628 <737
.688 662 706 .638 =737
.686 .682 .689 639 733
.708 .705 .711 668 748
729 <724 .732 . 702 756
<734 729 .738 .706 763
723 71y 729 691 <754
704 .705 .703 .688 720
.712 690 . TR7 .698 « 725






