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CHAPTER IL.
Introduction.

In Vol. XXIV, Part IV of these memoirs a preliminary study was made of the
relationships between 17 centres of action, of which 15 were centres for pressure and 2
for rainfall. The data examined were In general seasonal, the year being divided into
the four quarters December to February, March to May, June to August and September
to November : and attention was mainly confined to the conditions during winter and
summer. Tables were given of the correlation coefficients between data for each centre
of action during both these seasons with the contemporary, previous and succeeding
summer or winter seasons at all the other centres.

Since this memoir was published it has been possible to carry the survey of relation-
ships a stage further, and in the following tables will be found data for every quarter o
the year ; thus in the table for any one quarter at any station will be found the relation-
ships of conditions there during that quarter with those at other centres during the seasons
two and one quarter earlier, during the contemporary quarter, and during the seasons
one and two quarters later. An extension has also been made in the centres admitted.

2. Before examining the following tables in detail it is advisable to consider what
values we must expect in the correlation coefficients before we can place confidence in
them. If we examine the column in section 6 giving the number of years of data used
in the correlations with Iceland pressure we shall see that apart from Alaska and Samoa,
with 22 and 20 years respectively, the average is about 43 years : and it will be advisahle
to treat in separate classes coefficients based on 20 and on 43 years, the probable value of
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a coefficient based on random data being <151 and -103 for the short and the long series
respectively. In the Alaska or Samoa tables there will be in the column for contem-
porary quarters about 17 coefficients with other places, based on data of about 20 years ;
so that the probable value of the greatest of 17 random coefficients* is -151 X 3-04, or
+459. The reality of these coefficients may be further discussed by comparing them with
the indications of Table 1A in which it is given, for example, that the probability of the
occurrence of at ieast one coefficient exceeding -6, if the data were entirely random, would
be 117 ; the chance that two random coefficients would exceed this amount is -0067,
and for three coefficients -00024. Similarly when we are handling relationships between
seasons one quarter removed there will be in the tables of Alaska or Samoa about 35
coefficients based on about 20 years’ data, and for discussing these we used the figures
of Table IB. For relationships between seasons two quarters removed the numbers of
coefficients will be the same as for seasons once removed and Table IB is appropriate.
When handling the table of coefficients of a station with a long series it will be
simplest to treat the reality of its coefficients with Alaska or Samoa as disposed of in the
tables already described ; there will then be about 15 coefficients for contemporary
quarters based on about 43 years, and about 31 coefficients for seasons one quarter apart
as well as for seasons two quarters apart. The corresponding probabilities of the appear-
ance of coefficients of various magnitudes will be found in Tables II A and B. The dis-
cussion of the reality of the coefficients in each table will be found after the table, those
of Iceland and Alaska, as the first of the long and of the short series, being given at the

greatest length.
TasLe I

Data of 20 years. Probable value of a random coefficient -151.

A. TFor 17 random coefficients. Probable value of greatest -459.
Probability that a number of coefficients will exceed definite amounts.

AMOUNTS.
Number of coefficients, -
-5 -55 6 -65 -7
1 -354 -219 117 -0603 0203
2 -0683 -0229 0067 00175 -00041
3 0077 0016 -00024 -00008 ..
4 -0012 .. .. ..
B. For 35 random coefficients. Probable value of greatest -523.
Probability that a number of coeflicients will exceed definite amounts.
AMOUNTS.
Number of coefficients.
-5 55 6 65 7
1 -593 -387 -926 -120 -0593
2 -923 0851 0270 0073 00175
3 -0592 -0126 -00213 -00029 00003
4 -0125 -00139 -00012 -000008 -0000005

* See Vol. XXI, Part IX of these memoirs, p. 15.
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TasrLe II.
Data of 43 years. Probable value of a random coefficient -103.

A. For 15 random coefficients. Probable value of greatest -305.
Probability that a number of coefficients will exceed definite amounts.

AnounTs.
Number of coefficients. )
35 4 45 5] 55 6
1. . . . . . 281 123 -0465 ‘0155 <0046 -0013
2 0411 0074 -0010 00011 +000012 «000001
3 <0038 -0003 00002
4 00025
B. For 31 random coefficients. Probable value of greatest -349.
Probability that a number of coefficients will exceed definite amounts.
AMOUNTS.
Number of coefficients.
l 35 4 45 5 565 6
1 . . . . . . 494 -238 0037 0318 <0096 -0026
2 . . . . . . +1454 <030 0044 00049 00005 000003
3 <0293 <0025 00014 000005
4 . . . . . . 0044 0002

3. It will be seen that the probability of a random coefficient diminishes rapidly with
"growth in its size. For example it follows from Table IA, applicable to Alaska and Samoa,
that though it is as likely as not that one of 17 random coefficients will exceed -46, there is
a chance of only about 1 in 3 of the greatest exceeding -5, 1 in 5 of exceeding -55, 1 in 9 of
exceeding -6 and 1 in 34 of exceeding -7. For the other stations this feature is more
conspicuous. Thus in Table II B where it is as likely as not that one coefficient will
exceed -35 the chances of exceeding -4 are only 1 in 4, 5 only 1 in 31, and -6 1 in 380.

Again although the occurrence of ope coeflicient of -85 affords no presumption of
reality whatever, yet two of this size will only occur, owing to accident, once in 7 times,
three once in 34 times and four once in 230 times.

4. Certain changes have been made in the list of centres of action discussed in the
previous paper. San Francisco has been introduced for the high pressure region of the
north Pacific, and Dutch Harbour, in the Aleutian Islands, for the low pressure region
there ; also Vienna, Toklo and Cairo are in areas otherwise unrepresented. On the other
hand the relationships of St. Helena and 8. Orkneys have not been carried further as
they did not seem sufficiently promising. From Dutch Harbour no long series of pres-
sure data is available ; but the temperature records are of great interest, for when the
area of low pressure is strongly marked the northerly winds on its northern side send
down the temperature at Dutch Harbour and useful relationships may be traced.
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5. For a statement of the years for which data of the old centres are available reference
may be made to the former paper,*p. 88 ; for the new ones the records of the following
vears have been utilised :—

Vienna . . .« . . e e e e ... 18751017

San Francisco. . . . . . . . . . . . 1875-1921

Tokio . . & .« o« o+« o« . . . . 18831920

Cairo . . . . . N . . . . . . 1875-1918

Dutch Harbour . . . . . . . . . . . 1882.1919
In the tables of correlation coefficients which follow the number of years in which data
of both stations are available for use in computing is given in the first column of figures.
As a rough indication of reliability coefficients have been printed in heavy type which
are greater than the probable value of the largest coefficient produced by pure chance
as discussed in section 2 above ; all such coefficients do not indicate a real relationship,
just as it cannot be said that all coefficients in thin type are fictitious.

CHAPTER IIL

The data.
6. For Iceland (Stykkisholm) the relationships of winter and spring are :—

ICELAND PRESSURE.

Drc. T0 FEB. MARCHE TC MAY

Pressure. Yot | bl bebore Sawe 3G U | i merere  Same gy R
data. | Teel. Icel. ar. Icel. Tcel. Icel. Tcel. ar. Tcel. Teel.
J—A S—-N D~—F M—-M J-A §N Dw~¥F M-M J-—A 8—N
Iceland . . . . . . 48 -++06 +'04 4100 +*34 ++08 —~*0% +8¢ 4100 406 L]
Alaska . . . . . . 22 +'26 -—*30 —18 422 0 —04 -t12 —20 4268 +26
C. Siteria . . . . . 40 +°24 02 +-34 420 +'14 —18 +°10 402 +50 +24
Vienna . . B . . 43 410 —10 f—'53 404 —02 —*16 - 26 —28 -+-10 ~—04
Azores . . - . . . 47 -—10 - 08 ~ 54 22 402 -—08 —28 -G ~06 +-02
Charleston . . . . 46 404 +02 32 18 —12 12 —~—16 ~—38 —24 =10
San Tranciseo . . B . . &7 —12 ~08 20 +-14 —30 —12 —24 +08 ~34 —18
Tokio . . . . . 38 4404 ~06 —38 ~~04 ++32 +10 -—22 —42 432 -++10
Cairo . . . . . . 44 — 38 —~*26 — 43 —*10 —16 —12 -—22 —18 —06 —12
Honolalu . . . . . 38 0 —20 —*18 +'08  —08 —10 —10 —06 +06  ~—10
N.W.India . . . . . 47 +-02 —*08 -+-08 [\ 404 +°08 06 ++12 -+-+20 —06
Port Darwin . . . . . 40 —12 —c02 +06 -+*30 0 —08 —04 +02 —14 —12
Mauriting . . . . 47 +'08 424 +26 +14 406 +'14 +-12 +04 [ -+-10
Samoa . B B . . . 20 ~*16 -—24 -—12 +-12 —18 —02 -16 ~02 ——04 06
8. E. Australia. . . . . 46 —28 404 ++08 418 +-14 +-04 02 ++02 +-04 =02
Cape e e e e 47 § —20 —10 —10 —14 4-08) 10 406 —02 —22  t-o2
8 America .« .« . 47 —20 —08 418 0 +04) 402 =04 —10 12 22
Temperslure,
Duteh Harbour . . . . 25 . ~t18 +-08 +-18 .e v ++12 —02 +-+32
Rain.

Peninsnia (J—8) . . 48 +°:02 . .o . ~04 ™ . .o —*02
Java (O0—F) . R . . 39 . . +-*26 .. .o .e +14

* Mom., Ind. Metl. Dept., XX1V, 4(1923).
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" For summer and autumn the coefficients are :-—

ICELAND PRESSURE.

JUNE TO ATUG. SEP. T0 Nov.
Pressure. Vo | b e Sssme fu Lo | Bl R same 3T Ry
data.] Teel.  Teel ar. Tcel.  Iecel Icel. . Icel ar- Teel.  Tecl.
D—F M-—M J—A §—N D—F | M—M J—A 8N D—F MM
Teeland . . . . . . 48 ++08 406 +100 0 +-06 02 Q0 4100 +04 —_—02
Alaska . . e s s e 22 +20 414 456 ——26 406 —22 488 406 442 —10
C. Siberia L 40 4+18 404 422 —08 402} +06 ~—26 —20 408 —18
Vienna . . B . . . 43 —30 —-06 10 +--02 +04 +16 —80 —46 -~ 26 —38
Azorex . . . . . 47 w36 +-04 48 +16 +4--12 —04 + 04 't} —10 402
Charleston B . . . . 46 —e20 414 02 402 (6 4-.02 —--10 w20 -++16 10
San Francisco . . . . . 47 +-02 +02 ++12 +4-+08 o+ 04 +-08 —20 20 10 —i3d
Tokio . . . . - N 38 +-10 —-40 —22 ++06 02 [4] —14 ~— 06 418 10
Caito . .- . . . « 44 04 +04 —*18 —*12 +-04 +-08 —5‘24 0 -—08 20
Honolula . « . . . 38 —04 —16 —34 —20 0 ++16 —06 —12 -—16 -+ 06
N. W.India . . . . . 47 +-06 +08 ~+ 20 -+-02 +-12 —08 ++08 -—06 —02 0
Port Darwin . . . N . 40 +<12 +32 +22 +--22 426 +-18 +-12 -+-06 —12 +°08
Mauritiuz . . . . « 47 +-10 18 -—-30 22 ~—10 +-32 +-04 +-02 10 ++82
Samoa . . . . . B 20 —08 —16 ~—10 —06 —16 404 -++30 +:30 430 + 30
8. F. Australia. . .. .. 46 —06 +-04 —12 +-02 +-0¢ -—12 -+-04 —-14 —08 -+-06
Care . . . « . . 47 +-02 30 ~—10 (6 -+ 02 +-32 +02 ~+-26 +*10 —-02
8. America . . . . .- 47 —02 ++0i6 — 04 +08 +-06 -+-18 ~—04 ~+-08 —~06 ~—10
Temperature.,
Duatch Hartour . .- . . 86 .. +-12 +-22 “+12 . L ae 420 Q0 +26 .
Rain.
Peninsula (J—8) . . . . 48 .. e 406 . .. e +-16 . . s
Java(0—F) .« .« o« & 39 +18 .. .. . —04 . U2 e

7. Let us consider first the contemporary winter relationships. If we had purely
random data the probable value of the greatest of the 16 coefficients (from Alaska to
Java omitting Alaska end f2moa owing to their short records) is -309* and 6 of the co-
efficients exceed this ; there are 3 exceeding -4 and the probability of this owing to pure
chance (Table II A) is only -6003 ; also the probability that chance would produce the
two exceeding -5 is only 11 in 100,000. The reality of Iceland’s contemporary influence
is thus established by our criteria. While the relationships with Vienna and the Azores
are practically certain, those with Charleston and Tokio are probable in view of their
persistence into spring (see the March to May table) : regarding Cairo the chance of acci-
dental production does not exceed -08 and some belief is justified, but over C. Siberia
some uncertainty must be felt until a longer series of data is available. If however we
consider relationships with the seasons immediately before or after, the greatest coeffi-
cient is —-32 with the Azores as compared with a probable greatest of -35 due to pure

* It would have been +305, as given in table I A, with 15 coefficients.
’ a2
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chance : here no reality can be inferred. Similarly for seasons two quarters apart the
biggest coefficient is —38 with Cairo and no reality can be claimed. In the spring table
the only clearly real contemporary relationship is with the Azores ; but Charleston and
Tokio are decidedly probable. Of relations with the subsequent summer that of 450 with
C. Siberia must be accepted, the chance of accidental production being only -032. Of
the contemporary relationships in summer and autumn that with the Azores persists;
but that with Vienna is shown only in autumn, becoming inappreciable in summer with
the weakening of the low pressure area. The non-contemporary relationships with long-
series centres are all uncertain. The large coefficients with Alaska and Samoa willbe
discussed with the other data of these stations.

On the whole Iceland may be described as showing contemporary opposition with.
the northern belt of high pressure especially in the colder period of the year; and this
fact will in future be expressed by saying that Iceland shares in the N Atlantlc oscil-
lation.” Some effect upon C. Siberia is also probable. "

8. We now consider Alaska, and here all the coefficients are based on comparatively
short series of years. The tables are :— S “

ALASKA PRESSURE.

DEc. To FEB. . ° MarcHE To ¥y
Pressie, Yo | Ag, sme MBI LR AN swer Lin ol
data. | Alaska. Alaska. Alaska. Alaska. ] Alaska. Atlaska, « Alaska. Alaska,
J—A 8N D—F M—-M J—A 1 8-N D—F M—M J-A S—N
Teeland . . . . . . 21 06 442 18 12 420 —10  4.22 20 14 —22
Alaska « e » e+ e a2 b 208 42t 4100 —12 - —02 | —18 - —1Z 4100 120 —54:
C.Sberia . e e . e 17 1 —28 450 418 422 482§ —18  —08 430 —30 422
Vienna . .. 17 —36  —06 ~'36 —36 412) 424 —06 —24 0 —-12
Azores . . . 21 +08 1 —02 +24 1 —14 48 406 « —38 . +'26 304 416
Charleston . . 20 [t} —24 +36 42 —28 420 « —82 414 416 —g2
San Francisco . . . . . 21 +-24 —r(8 22 —48 04 +-08 12 14 424 -"‘-38'
Tokio . o+ o« . . . 18 —02 18 —22 —02 410} +-22 0 04— 414
Caito . 18 408  -+-36 —28 —26 412§ —08 —2¢ 6 —18 96
FHouoluln e 1) +e2 a4 —y0 —1¢ —a2| —02 —26 —52 —t4 +16
X W.Tndia . . . . . 21 28 418 —08 +-16 —04) +20 420  +38  —i8 420
Port Darwin . .+ . . 20 12 24 24 28 —24 ) 408 430 432 434 444
Mauriting .. 21 | —e8 —10 408 424 -—22] —18 432 —18 418 412
sameca . . t e+ G+ =2 =1 =] = e (=D = -1
Q. Awstralia. . . . s 21 —04  —p8 —14 432  —50] ~—20 14 404 436 424
Cape 21 18 464 —3%  —42 +04 wme14 —04 ++06 +04 +-04
&, America . . . . . 21 -+-04 416 ~—08 +:14 — 02 + 02 +-02 w28 06 —-26
Pemyperalure,
PDutch Harbour . . N . 18 . +-.8% +-68 404 . . +-22 448 i +08
Rain,
Pennsuia (J—8) . . . . 22 +66 . . . —8 . . —04 .
Java (O—FY . . . . 1¢ .. .. 424 .- . .. -2 ..
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ALASKA PRESSURE.

JUNE TO AUG. SEP. TO N0V,
Pressure, YT Bl e seme AL 2wl Zem tan g, lan 2gn
data. | alaska. Alaska. 9 Alagka. Alaska. | Alasks, Alaska. T Alaska. Alaska.
D~F MM J—A 8—N D—F I M—M  J—4 S—N D—F MM
Teeland « .+ ., ., 22 0 26 486 36 426 ) +£26 —26 .06 —.30 04
Alaska . . . . . 23 —02 —12 4100 404 404 ] 54 404 4100 +24 16
C. Siteria . . . . . 17 444 0 428 52 -24 w08 8 a8 0 402
Vienna . . . . . 18 —-32 ~—38 ++30 26 -}-+04 ++30 +02 -+-46 442 06
Azores . . . . B . 22 —14 +02 —~—32 -—18 —e28 —16 -+ 24 —30 -{-»1(; — 06
Charleston . . . . . 21 +-02 406 +-18 —40 ~—-14 —14 12 ~++82 -++32 20
San Francisco . . . - . 22 =12 414 +-18 ——38 ~10 +-34 -—02 -+-80 -+-16 —-04
Tokio . . . . . . 19 432 -=18 +-04 —22 —02 -+-10 +-26 —16 ~+-18 2%
Calro . . . . . . 19 ~12 L £ f'42 —24 ~30 +-38 -++30 436 ++52 +-20
Honolulu . . . . . 20 04 -=30 —28 ~—e24 —14 ++50 +-42 —22 06 08
N. W, Indial . . . . ° 22 +-02 +-18 —22 — 08 +24 w——1d 420 —22 g -+02
Port Darwin . . . . . 21 —12 +-14 +-26 +-16 +-18 — 36 —10 30 —06 —24
Mauritius . . . . . 21 0 +-26 ++22 —22 —e24 +18 -++08 — 08 -;~22 -+ 20
8amoa . . . “ . . 4 1+ (—8§) =49 +2) (—H] (+2 (+4 (+9 (;‘4) (+D)
8. E. Australia. . . . . 22 —34 -+-20 -+-06 +-10 +-06 —12 422 -+-02 10 -3
Cape . . . . . . 22 —02 -++20 04 —28 +-16 +14 +-32 ++10 406 416
8. America . . . . < 22 —134 08 —06 —12 — 06 ++04 +16 ~~16 —12 0
Temperature,
Dutch Harbour . . . - 19 v —12 412 +-24 .. —-56 +-10 0 +-10
Rain,
Peninsula (J—8) . . . . 22 . . —12 . .. e +-30
Java (O—F) . . . . . 18 +-06 .. . .. —08 . . . —04

9. The coefficients with Samoa are inserted in brackets because there are only four
years in which the series overlap. Of the contemporary winter coefficients two are about
-7 ; that with Honolulu shows clearly the strong opposition between the areas of high and
low pressure in the N. Pacific though at San Francisco and Tokio this is but slightly marked,
and the other that accentuation of the N. Pacific low pressure leads to lower temperatures
at Dutch Harbour on its northern margin. The coefficients with the Cape in the con-
temporary and previous quarters involve too much discontinuity for stations so far apart
and are doubtful. Of coefficients of seasons separated by one quarter the only other one
exceeding -52, the probable random greatest value, is Dutch Harbour and there the rela-
tionship is probably real.

In spring the same relations with Honolulu and Dutch Harbour persist ; and the data
of four years comparison with Samoa suggest that the opposition in the Pacific-extends

southwards across the equator,
B
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In summer the area of low pressure has almost disappeared and the only probable
contemporary relationship is one of sympathy with Iceland: the non-contemporary
relationships are all uncertain.

In autumn the opposition with Hoenolulu has not yet developed, and the
strong sympathy with Samoa which is suggested by the 4 years of comparison available
is not supported by the previous or succeeding quarters. Of the non-contemporary co-
efficients the biggest of the two groups excluding Dutch Harbour have values of -50 and
.52, practically identical with that produced by pure chance: these must therefore be
ignored.

10. For Central Siberia the coefficients are :—

CENTRAL SIBERIA PRESSURE.

DEc. T0 FEB. MARCH TO MAY
Years 2 grs. 1 qr. 1qr. 2 grs. 8. . G
pranr. B R W oR GBR|EE s v 08 &
J—A SN D—F M-M J-A } SN .D—F MM J—A SN
Teeland .« . . . ) +02 +08 434  +10  pas] —18 420 402 404 408
Alaska . . ‘ e e e ] —2 6 +18  —06  fead] 02 122 430 o —o8
C.8theria . . . . . A 436 4z 100 40 426 106 440 4100 414 408
Viensa . . . . . . o] +10 —02  —28 —06 —a2] +28 —28 0 —10 —08
AZOTES . . .« . . wf —02 —1z —02 ~—20 -—30] —30 —04 —16 —18 410
Charleston . . . . . 0) —16 —o04 —30 —3¢ —13] 422 —s2 88 a0 +34
San Francisco . . . . 40 —16 ——18 26 20 —46 -+ 06 -—14 28 —(4d w0
Tokio . . . . . . 3] 420 —et —20 —1s o2 —w0 —12 424 436 —I18
Caite  « o« . e . . 401 +28 406 Lt 1 —ad] 0 406 416 402 —12
Homollt  « .« . . 3] —08 —14 —g0 +10 +06] 402 +‘i4 —er —0t 428
NW.India . . .« . . 40F +38 404 402 420 436 f +84 432 426 400 —edd
Port Darwls « « .« . . 8¢ F —08 0 —08 406 —48F +38 428 448 -~16= —08
Mauritius . .0 01 +26} 406 428 6 06| +06 428  edd w2 06
Samoa . . . . . . 20 —14 —06 + 02 424 410 —08 _}‘02 —36 —14 0
8. E. Australia e e 391 .24 4128 402 402 -2 ; 430 98 +10 ;4)8 04
Cape . . . . . . 40 +04 08 402 =18 404 +04  +24¢ 12 402 —34
8. Ameriea . . . E O —16 44 —04 14 42 ) —d26 12 08 g5 —26
Temperature,
Dutch Harbour . . . s2] .. +:28  eld —04  —06f .. ot A I © P
Ruain.
Peninsula (J—§) . « . 40 —0§ . o . 24 e . . 14 .
Java (0—F) . . . . 36 . —~ 10 . . ‘ . 10 . . .
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CENTRAL STBERIA PRESSURE.

JUNE To Avs. SEp. To NoOv.
Pressure, T | bere woriwe  Seme gt am [ far tar g, lan 24w
data J C.8ib. C.sib, P cogib. csib | cosib, Csin, 9 ¢ sib. ¢ Sib.
D—F M—M J—A 8N D—F | ¥-M J—A4 S—N D—TF M-I
Teeland . . ., . o, . ol +14 450 g w26 s s24 08 s0 —0p —as
Alaska . . . . . . 17 +82  —80 428 ~—08 28] 422 —52 08 450 —16
C. Siberia e e 414 416 14 41000 06 L-36 ) 408 06 100 42 03
Vienna . . . . . . 40§ —06 —10 38 —02 —04 ~—04 —20 +-10 +-02 --+16
Azoves . ., ., ., 0 —12 —54 —28 402 —06] —08 410 422 422 .08
Charleston B . . . . 40 -—04 —24 —26 —02 ~—36 —26 —22 20 +-12 —20
San Francisco . . R . . 40 —18 ~18 —10 2% 06 e £ 3 — 16 (8 —18 —28
Tokie . . ., . ., 3] —16 —14 436 —14 —36) —12 0 408 —02 —a29
Cairo . ., .. . 40 0 —26 432  —06 48] +-24 14 424 404 —02
Honolulu . . . . . 834 —~38 —34 16 —20 —20 ++24 +:30 442 28  —92
XK. W. India . e . 40f +12  +04 436 +10  408)] +18 422 —10  —12 41
Port Darwin . . . ., 84l =36 =16 —06 414 +20] —04¢ —B32 —32 —24 06
Matfitins .. ., ., 40q 22 =04 408 w02 +02] —06 —04 4+06 428 408
Samoa . . . . . . 20 402 04 =32 26 —24] 410 0 —40 12 414
§. B. Austialia ..., ged —12 422 412 428 @04 —08 404 08 —08 —06
Cape . . . .., 40 0 —28 26 16 432} —08 ~—10 0o —18 0
8. America . . . . . 40] —04 —~2¢ —30 —32 —02] —26 0 —16 —i2 418
Temperature.
Ditch Hafbour e e 82] +18 418 86 +08 P TN 402 —08 . +-08
Rain.
Peninsula (J—8) . . . . %40 . . —38 . . . ++02
Java (0—F) . . . . . s6| +o8 .. . - ETY K .. . 22 ..

11. In the winter table it is mainly with two guarters later that significant figures
occur. High pressure in C. Siberia in winter is then followed by low pressure in San
Francisco and high pressure in Alaska, 7.e., by decreased oscillation in the N. Pacific;
and there is some evidence 'of contemporary and subsequent decreased oscillation in the
N. Atlantic. There is also a slight tendency two quarters later towards an increase of
pressure in S. America and of Peninsula rainfall, and a decrease of pressure in Australia :
this is part of the main oscillation described in the previous paper* which will in future
be called the ¢ southern ’ oscillation.

In the spring table an important point is a clear tendency for high pressure
in Australia and India, September to November, to be followed two quarters later by high
psessure in C. Siberia.

In summer C. Siberie is fairly typical of the second group -of the previous paper,*
i.e., low pressure there is associated with low pressure in Iceland, Alaska and N. W. India,
low temperature at Dutch Harbour, high pressure at the Azores, Charleston, Samoa and
S. America, and increased rain in the Peninsula. None of the coefficients individually
is big enough to demonstrate reality, but the group of consistent relationships is too
marked to be produced by accident.

j

*See p. 124, B
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The only clear relationship between seasons one quarter apart is that with Iceland
and the Azores, for which the chance of production by accident is -0005 ; an increased
N. Atlantic oscillation in spring sends down summer pressure in C. Siberia.

In the autumn table in the contemporary column the two significant coefficients
are with Honolulu and Port Darwin ; these suggest behaviour as a member of the first
group, but not being supported by Samoa must be treated as doubtful. Of non-contem-
porary relations the chief is that an increase of the N. Pacific oscillation in spring tends
to produce low pressure in C. Siberia in autumn. ,

12. The Vienna data are :—

@

VIENNA PRESSURE.

DEC. TO FEB. . MARCH TO May.
Years 2 qrs. 1 gr. 1qr. 2 qrs. 2 qrs. 1 gr. 1qr. 2 grs,
— aho |k yehn Wl ek e el BY
J—A §-N D-F M-M J—A | 8N D—F MM J-4 B8N
Teeland . . , ., . . 43) +04 26 —B52 —26 —30 '-—~38‘ +04 =28 —08 416
Alaska . ., . . ., 17 ’+-a§s +742 36 —06 —32| -—08 —36 24 =38 430
C. Siberla e e . 0F 04 402 —28 28 —08} 116 —08 ¢ —10 04
Viepna . ., ., , , 43] +10 480 4100 408 ol +az 408 4100 0 —16
Azores . . . . . 43 —08 +24 -+ 26 + 24 + 22 +-14 —04 —10 +~1§ 02
Charleston . ., ., | | . 48] —04 —04 424 416 4£0Z] +82 +02 418 6+
%an Francisco . . . . . 43} —04¢ +04 420 —10 14} 414 430 416 +26 18
Toklo . . . . ., . 851 +904 —20 420 432 402§ —04 —08 +<)§ +18  —08
Cairo . . . ., 48] +10 - 422 446 414 4+ 34) —06 —14 +34 20 12
Honolulu . N . . . 35 410 ~04 —(4  -ld 410 + 28 +°10 +-18 +12 +-16
N. W. India . e e 43§ 402 406 —04 —0¢ —p2} —08 —06 —30 —04 0
Port Darwin . . ., 8] —30 —28 24 4% 4] +04 +06 -—14 +04 410
Mauritius . . . I 43 +10  +10 08 ~02 +az] +-22 406 08 412 426
Samoa . . . . . . 20 ~—06 —16 —44 ——34 + 04 —26 ++48 +-20 +-18 ++12
8. E. Australia . « . . 42 +16 —16 ~10 20 406 0 —10 —26 —10 —(0d
Cape . ce e 43y +30 ~—~02 +02 422 426}] —14 ~—22 20 +14 410
8 America . . . . 43§ +04 ~—04 —3 —10 10§ +08 - 408 24 —08 +-10

Temperature.
Duich Harbour e e 34 . —20 —18 414 .. . —24 408 416 .
Rain,
Peningula (J-8) . . . . 43§ —12 . . . +08§ .. . . +08 .
Java (0—F) . . . . 38 . - —26 . . . +-12 . o e
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VIENNA PRESSURE.

JUXE TO Ava. SEP. TO XNov.

—

Years 2 grs. 1 gr. 1 qr. 2 qrs. 2 qrs. 1 qr.
of betore before Saxrne atter  after | bofore before Same
Pressure, data | Vienna. Vienna. % Vienna. Vienna.| Vienns. Vienpa., 9%

1gr. 2 qrs,
after after
Vienna. Vienna.

D~F M-M J—4 8N D—F |M-M J-4 8 N Do MM

Yegamd . . o, ., ., g —02 410 —10 —30 20| —04 402 —gf  —qp  —i6
Aaska . ., o, ., 18] +12 0 B0 402 —06) —12 26 g6 _gg 42t
C. Biberia . . . . . 0] —12 —10 +:38  ~—20 +-10 Fts 1 J—, . +10 g2 428
Viemna ... L, 43 0 O AL 424 10 15 42 4100 gy +12
Azores . . ., 43 0 =18 —2  —08 —06] 4. 14 14 g —02
Charleston ., , 48] +30 408 416 12 —20] L, +10 422 qg  —02
San Frameisco ., , ., 48] +26  +12 416 —or 406 .0 +16 24 qop 02
Tokio ., . ., , . 3] +18 —10 426 —a24 —a2] g 0 —18 408 +24
Cairo . o . . . « 48 - 02 02 +34 —02 +-16 412 +.‘22 428 +2q4 & +06
Homolulw . , , ., 8 —14  —40  —26  —20 —20| L4z g o =02 408 0
N. W. India e e . 3] —12 -2 0 42 42| g5 g +18 412+
PortDarwin . ., ., . , 86] —30 —18 418 414 e +10 404 —02 408 I
Mauritius e v e e Bl —0t 402 48 0 0 —02  —0¢ ~—04 +08 —24
Samoa o e e e 20] 404 02  —gf 50 —e26 +12 —20 o~z —gp 2
8 E.Australla ., ., , 2] —2 406 428 16 +30| 480 420 408 o5  —08
Cape . . e 4 e 43 ) —04 420 418 0 3] _.g ' +18 420 404 0
B Ameriea . ., ., , 43) +26 —30 ~—2¢ 14 gz} _.g 0 416 .1z +°10
Temperatures N
Datch Harbowr ., , , 8¢l —14  —02  —a2  —2 . —14 08 —14  —10 .,
Rain. ‘ ‘
Penineula (J—8) , . . . )l . v —38 . . T .
Java (O—¥) . . . . . 88 +20 . . . ++06 . ve . —i12 .

13. Inwinter Vienna’s contemporary relations are definitely those of the high pressure
belt in the N, Atlantic oscillation, with some tendency to a similar position regarding the
N. Pacific oscillation. In spring its relationships are insignificant. In summer it is a
weak adherent of the second group in the ‘ southern ’ oscillation, having negative sssocia-
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tions with Samoa and Peninsula rain. In autumn the opposition to Iceland has already
developed, and that to Samoa persists, but otherwise there is little to note ; the co-
efficient with Alaska is not supported by that with Duteh Harbour.. .

14. The coefficients with the Azores arée —

AZORES PRESSURE.

D¢, T0 FEB.

.

MARCH TO MAY.

Years

B qra.

1 qr.

Same

1 gr.

2 qgis.

2 qrs. *

1 gr.

1qr.’

2 qrs.

G 0 e G

Pressure. aste | Asoves. Aeores. Miores. Asoven. | Keowes. Asomes, ax. afer  after
J—4 3-N D—-F MM J-A] &N- DxF MM T—AiA &N
Teelana . , a7} 12— 54 —28  —08| 02 232 T —B0 404 ~04
AMaska ., ., 21 —28 4416 24 —88  —14] —06 14 b6 408 —16
¢, Siberia  , 40 | —08  F22 03 gt —#12 ] £08 20 —ii6  —54 —08
Viemna . ., as] —08 416 428 —os o] —o02 fe4 —l0 —18 406
Asores . . -, o] +16  +18 4100  42e  —02| +06 424 4100 424 —08
Charlesten ., | —10 —1t 436 —10  +i02 +voz" +14 432 438 —1s
San Franelées . . ol +22  —08 18 —1s  +i08] 04 +o24  —f2 28 —14
Tokio . . s8] —18 —08 14 +16  —0d| —14"  F36 438 —a82 —14
Caite ., a| +% #0084 g 48| sar e +44 408 24
Honolulw . s8] —o08 —02 41t 08 +08] —02 fa8  —11 —2¢  —od
N. W.Indla . . 47i 408 0B 0B 408 wi10] —os - 0 —82 426
Port Darvin . . 0] +12 404 08 —ps —a8] +22 o0 432 482 430
Mauritius .. 46] +08 =12 0t  —@2 =28 —32" 32 —sp2 40 —12
Samos . . . 20 ] 48 420  —08 —08 F16[| +22 02 B 28 23
8. E. Australia . . 461 420 48 420 —ip4 <3¢} 08 416 04 10 120
Cape . . . a7} 404 420 410 0 ok —-;os' -:;-10 +ai2 +08 16
8. ‘America . . 7] 404 —~18 404 22 38 —08 =16 0 406 404 =04
Temperature., 7
Dutch Harbour . . se] .. +02 0 —24 0% S TR R
Riin,
Peninsula (J~8) o FL A BV . ) . . 4‘ ey
“Java (0-F) " 2 w1 . g
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AzoRES PRESSURE.

JUNE TO Ava. SEP. TO Nov.

Pressure. :EZ.S égctfe%. Xéﬁ(})r%; . Sg;’_‘e A%f?l%s. .:E%fr:é. | zéggfsé. féﬁ%ﬁ. Sg;f'*e A%Z%Es. 13%1;};.

D—F M-M J—A §-N D—F} M—~M J—s g N D—F M—M

Iceland . . . . . . 47 +02 —06 —48 “+04 ~—10 +-02 +16 —40 g 3G
Alaska . ., ., Z) 48 404 —32 42t go8) 46 g —30  —02 -L08
C. Siberia < e, 0p =30 —16  —28 430 —o2] 420 4 22 12 g
Vienna . . . . . . 43 +22 +16  —26  —14  —g6] —2 —08  —14 424 414
Azores . . . . . - 471 —02 +-24 4100 ++10 +16 ) —06 410 +1-00 +.18 + .05
. Chatleston . ., ., | AL +12 412 426 —04 —os] —s2 g +12 402 —op
8an Francisco . . . . . 47 (4 -+08 -+26 —20 —18 ——14 +12 -+-20 --+08 04
Tokio B . . . B . 88 +-10 12 ~—10 —26 -+-06 —1d 418 +-10 (4 —34 ‘
Lairo . . . B . . 44 ~—14 —02 0 +06 -—98 —04 -—12 0 —08 —i08
Honolulu . . . . . 88 +<20 ~+-06 -++20 04 -+16 —14 414 20 —14 34
N. W.India ., N . . 47 -—02 ] —26 ~02 +02 ++34 —i14 —-18 ~—i06 -—il2
Port Darwin . . . . 40 +-16 —~16 —08 +-02 -G8 +02 -—i30 ~28 18 i
Mauritins . . . . . 46 0 ——04 ~+-10 +14 -+06 — 36 ~i30 +-08 ++12 —t 82
Samoa . . . . . . 20 ++10 -+08 —++34 +-02 —f4 —34 ~--28 —~06 —32 +06
£ B. Australia . . . . 46 ++28 —14 (4 +:10 ~04 12 ~i34 ~i18 -—28 -+:18
Cape Ce e 47 T~~10 +2 02 426 —18] —20 408 —18 .6 +02
8. America . . . . . 7] 406 42t 416 —20  —os]| 494 490 408 —a +i12

Temperature. )
Dutch Harbour . . . . 86 . -16 +-12 —i02 . . -4 —08 16 .
Rain,
Peninsula (J—=8) . . . . 47 .. e 10 . . ‘e ++16 . . .o
Javg o—-Fy . . . . . 42 f!18 .. . . 04 . . ’ . +416 .

15. In winter in the Azores we have a marked representative of the high pressure belt
in the N. Atlantic oscillation, but there are no tendencies in that direction inthe N. Pacific :
with the southern oscillation itis neutral. 1In spring the N. Atlantic relation is very strong
and includes marked sympathy with Charleston ; also high pressure is followed by low
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pressure in summer in C. Siberia. Insummerand autumn the N. Atlantic relation persists
and there is some tendency towards a similar relation with the N. Pacific oscillation.

16. With Charleston the relationships are :—

CHARLESTON PRESSURE.

Dro. To FEB. ’ ‘ MARCH TO MAY.
Pressure, Y?ﬁm ge‘fﬁé blei%rr.e Same ifg& 2&?&:?1: l?e(fl(f?e blef%;;a Same la%gér 25.&2;
aata. | Charl. Charl. T Charl.  Charl. } Charl.  Charl. 9 Charl.  Charl.
J—A SN D—F MM J—Af 8N D-—F M—-M J—A §N
Icelind . v N B B 46§ —08 +16  —32 -:-16 20 +10 18 36 414 +-02
Alaska « o« & & . s 20f —14 +32 488 —32 +02] —20 —42 414 406 —14
C. Siberia . . . . . 40 —36 412 —30 —32 —04 20 B4 —32 7Y —26
Vienna . . . . B . 43 s 20 —1d +24 402 -++30 —02 +-16 4--16 408 ++12
Azores . . . . . . 45 Y3 +-02 436 4014 +-12 —0f —10 452 +-12 —22
Charleston .. e 47§ —10 0 4100 22 4181 420 +22 4100 5% +08
San ?mcim e e 7] —08 430 420 418 424 424 444 +36 48 406
Tokio . . . . . . 38 —06 ++08 424 0 —08 —0d +-36 ++10 —28 +04
Cairo . . . . . . 44 0 +-24 +08 20 +10 §  —04 4;‘04 +06 406 —06
Honolulu . e e 87| +30 422 —20 —12 +20| —02 +20 08 —14 —40
N, W. Indis . . . . . 45§ —02 48 B2 — 46  —80] —22 —28 36 —28 +-42
PortDarwin . . . . . 88) —30 —50 —32 28 —22] 404 —02 =02 484 B¢
Mauritius e e e e 45f —02 408 12 410 406 -—28 —d44 —08 408 —02
Samoa .« . . . . . 20 +20 +2 428 406 o] +38 426 —12 20 —36
8. E. Australia e 4] —9214 38 -—30 —98 —22) —26 —16 ~—18 02 408
Cape . . . . . . 451 +08 408 ~—26 10 418 f —I12 —04 408 —12 410
8. Ameriea . . . . . 4] +2 414 —08 +22 4-08) 43¢  £02 412 —06 420
- Lemperature,
Dutch Harbour e 36 . —14 =08 18 ., . —B4 424 18 426
Rain,
Peninsula (J—8) ., . P 1 o0 . . ‘e 10 . .. . —08
Jawm (O—Fy ., . . 40 . . +-20 . . 0 ’
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CuarRLEsTON PRESSURE.

JURE 10 Ave. SEp. TO Nov.
Years | 2qrs. - 1gr. Same 1gr. 2 g, Zgrs. 1gqr. Same = 1 qr. 2 grs.
Pressure. of before  before qr. after after before  before qr. after after
data. [ Charl. Charl. Charl.  Charl. | Charl. Charl. Charl. Charl.
D—¥ M—M J—A 8N D—F. ] M—M J—A 8—N D—F M—M
Tceland . . B . . . 46 —12 —24 —02 10 404 —10 402 20 402 —12
Alaska . B . . . 21 —28 +-16 ++18 —12 0 32 w40 +-32 —24 20
C. 8iberia . . . . . 40 —18 10 —26 —-22 ~16 1 . -84 — 2 —20 -—04 -+-24
Vienna . . . . . . 43 +02 0 “+-16 10 —(d +-14 12 +22 —04 ++32
Azores . . . . . . 45 -+-02 -+--38 + 26 08 ~10 —16 04 +-12 ~—14 .+ 02
Charleston . . . . . 47 +-18 +-52 +1-00 0 —10 ++06 | O +100 [ 420
San Francisco . . . . . 47 -+ 40 24 -+ 48 — 06 ()4 416 +04 +54 +34 +-48
Tokio . . . . . . 38 +-36 +-10 ~08 —84 0 +-14 -+-18 +14 -+06 —2)
Cairo . . . . . . 44 —20 22 14 ~30 —16 -+-06 ~06 12 (4 +-18
Honolulu . . . . . 87 -+-20 -+-04 —=08 ~—18 +-10 -++30 -+-10 —08 -+-04 ~10
N. W. India . . B - . 45 —14 4 —5% +-20 +-24 02 404 — 20 22 —32
Port Darwin . . . . . 881 404 —12 412 10 424 | 406 —02 0 +02 —04
Mauritius . . . . . 45 —20 ——14 410 ~1d 06 —28 24 +-14 +-06 —12
Samoa . . . . . . 20 +-32 (4 ] ——138 (8 —26 -10 +-04 +-24 04
8. E. Australia . . . . 44 —04 —e(}6 —12 +-06 +-12 —2 —26 e v —18 18
Cape . . . . . . 45 —10 —04 —16 —02 ~++02 1] +-12 22 —16 +-22
8. America . .. . 41 +06 410 +04 404 44§ +20 04 422 —04 20
Temperature.
Dutch Harbour . . . . 36 e —12 —20 —10 .. “ — 04 410 —18
Rain.
Peningula (J—8) . . . . 45 .. . 0 . .- .. ++12
Java (0—TF) . . . . B 40 —10 .- . . 406 .. . .. -+06

17. In winter there are, apart from Alaska, four coefficients exceeding the probable
value of the greatest random coefficient, and two up to 30 ; the coefficient with Alaska
is of doubtful significance. Thus the position of Charleston in the N. Atlantic oscillation
is established : and it is our first northern station to show a definite association with the
positive group of the southern oscillation, the coefficients of —52 with N. W. India and
Port Darwin only occurring once in 9,000 times by accident. It is also characteristic of
relations with more distant parts of the world that, as we should expect, they persist over
longer periods than relations between adjacent areas, and the coefficients of Charleston
winter pressure with pressure in N. W. India, Port Darwin and 8. E. Australia a quarter
beforeand a quarter after are nearly as prominent as they are for the contemporary quarter.
With conditions two quarters before and after the coefficients are of less significance,
and are in general indicative of the same relationships. |

In spring Charleston continues typical of the high pressure beltin the N. Atlantic
oscillation (see its relations with Iceland and the Azores), and its opposition to C. Siberia

c
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persists. With the season one before orbehind thereare 5 significant coefficients, and those
for the previous quarter indicate that a strengthening in winter of the N. Pacific oscilla-
tion (Alaska, San Franeiseo, Duteh Harbour) or of the southern oscillation (N. W. India,
Mauritius) will cause a rise of pressure at Charleston in spring. In the suceceeding quarter
therelations are more local. Two seasons before there is some association of high pressure
with a strengthening of the southern oscillation, but two seasons later it is with a weaken-
ing (v.e., — 40 with Honolulu, — 36 Samoa, +-42 N. W. India and +-34 P. Darwin).

In summer the N. Atlantic relations are weaker, but the similarity with San Francisco
and dissimilarity with N. W. India are marked.

In autumn Charleston is more isolated : its only strongly marked relations are with
San Francisco in the same quarter and the two subsequent.

18. The coefficients with San Francisco are —

SAN FraNcIsco PRESSURE.

Dzc. 10 Fus, MARCH TO Mav.
| v S RN A e e m
J—A SN D—F MM J—i 8N D—F M-—M J—4 S-¥
Yeeland . . 0 —10 —20  —2¢ 4oz —04  go1e +08 402 408
Aagke . . ., 2l —10 418 —22  —12 —a2) 04 g g +-14 434
C. Siberia e e e 0f 406 —18 26 —14 18] —26 —20 —.o8 —18 44
Vienma ., . ., 31 406 404 420 480 426) —02 —10 46 +12 10
Agores . . . . . . 71 —18 408 16 424 04 ] £02  —16  —2 +08 14
Charleston S 1 =0t 34 420 +44 0] 448 418 436 Lo +116.
San Francisco . . . . . 47 408 444 +100 38 444 +-36 +38 +100 420 +-36
Tokio e e e 381 428 —04 408 +08 4-08) 28 —o2 0 408 —02
Cairo Ce e e 41 404 418 408 432 426 0 —2¢ 402 —2¢ —08
Honolulu S 0 08 402 414 424 404f 00 418 a4 +-22  —32
N. W. India . . . . . 47 —12 —20 —24 —34 —i32 —48 —50, —34 —34 +02
Port Darwin . . . ., OF —14  —10 —14  —28 a2 —22  —32 —3§ —18 —ig
Mauritiug s e 46§ —18 402 —26 —02 416 —02 —28 10 —10 +20
Samoa . . . . . . 20 0 418 428 24 g +-24 +:30 438 412 84
8. E. Australia, . . . . 46 22 —43 —00 18 ‘-{--10 B4 40 30 —18 —14
Cape e e e e 47 0 0 —12 408 —0 —36 3¢ 422 —I8 40
8. Americs e 1 12 430 —10 —08  —30} b2z 410 +46  +10 430
’ Temperature.
Dutch Harbour . .. 36 .. —06 —32 -+ 02 . F . —34 —48  —04
Rain,

Penipsula (J—8) e e 47f —08 .. . . —16 ' .. . . +-12
Javs (O—F) e 42 . . +02 - . - +12




STUDY OF WORLD WEATHER 2091

SAN FRANCISCO PRESSURE.

JURE TO AvG. SEP. TO Nov.
Pressure. b hefore hetose Same At iy Petore nell,  same A if%?r
dsta. |S.¥ran. 8. Fran. 8. Fran. 8.Fran: {8 Fran. 8.Fran. 9 S Fran. S Fran.
D—F MM -4 SN D—F [ M-M J-—A $-§ D-F MiL
Eeeland . . . . . . 47] ~—80  —34 412 —0  —a2) —1F g —20 08 —12
Alagka ., . e 221 404 424 418 =02 484) <98 Loas 480 —208  ---06
€. Biberia . . . . 0] —46 04 —10 —16 —16] —04 ~—22  —08 .18 406
Vienna . . ., Bl +14 +26 416 416 —04] 408 —04 Loy 404 14
Adotes e 7] 406 o8 426 12 s —I4 B0 490 g5 —of
Charleston . 7] 424 442 448 404 —08] 406 —os +84 80 ot
Ban Franeseo . ., . ., 7]+ 420 4100 418  +08] 436 +18 4100 +44 36
Tokio < e e 38 +34 416 —04 18 —10 ) 14 408 L2640 e
Cairo e, R 4] —20 404 I8  —08 —0 +10 06 08 402 4.8
Honolulu . . . . . 31 +.920 ¢ Al 402 T4y 40 +B8 0 126 410 +-04
N.W.Indla ., , ., . 47} 412 10 —50 408 28 —02 0 —384 —28 _.96
Port Darwin . ., ., 408 +08 04 438 416 +90)] —12 o8 —40 30 .02
Mauritius Ce e 4F —2¢ 38 —12 2 8] 38 —24 420 6 —36
Bamos . . . . ., 0 +a8 —o2 0 —2  +10} 16 488 492 488 408
8. . Australia e . 460 —10 —06 —08 +18 402] —d0 —32 __ye —38 —26
Cape P 47 \—--10 —06  —02 408 0L} 402 30 d g 402
8. America . .. . . 71 116 414 408 +02 4R 426 430 454 408 +28
Temperature.
Duich Harbour - 36 . —18  —1z +16 . 10 08  —04 .92
Rain.
Peninsuls (F—8) . . . . [ 7 T . ] -+ 04
Jave (O—F) . . . . &£l —o . . . +1a ) .. . . +-50
: .

19. San Francisco has little concern with the N. Atlantic oscillation or with that of the
N. Pacific in summer and auumn ; but in winter and spring it shows marked opposition
to the Aleutian low pressure area as shown by Dutch Harbour, the Alaska opposition not
being reliably indicated. Inspringthe opposition to N. W.India persisting through four
seasons, and the less marked opposition to Port Darwin and 8. E. Australia, all members
of the second group of the southern oscillation, are worth noting. In summer there are
coeflicients of +-48 with Charleston and —50 with N. W. India, each based on 47 years,
with odds of 9,000 to 1 against aceidental production ; and in autumn there are coefficients

c32
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of +:54 with Charleston and S. America, and marked negative coefficients with N. W.
India, Port Darwin and 8. E. Australia. Inautumn therefore there are strong associations
with the first group of the southern oscillation ; and these show considerable persistence,
occurring with Honolulu in the previous spring and summer, Mauritius for March to May
before and after, Samoa one season before and after, 8. E. Australia during four seasons,
and 8. America for some months before. We accordingly are not surprised to find a
partial forecast of +:50 of the Java rainfall of the period October to February.

20. For Tokio the tables are :—

Torio PRESSURE.

DEg. 70 FEB. MARCH 10 MAY,

J—A SN D-F M-M J—A|SN D-F M-M J-a SN
Teoland . . . . 38 +-02 ++18 —~ 38 —22 +-10 +-10 -;-04 — g ~—49 o
Alaska . . . « i8 w02 +-18 —B2 i} 432 —22 —02 +-04 18, 10
C. Siberta . . . . . 33 —36 -—02 ~20 —12 ~—18 —20 —18 +24 —-14 —12
Vienna . . . . . . 35 —22 408 +-10 -—08 -+18 424 +-+32 404 -—10 — 02
Azores . . o . . 38 +06 —04 +-14 +-36 -+-10 —34 +-18 -+38 +-12 —14
Charleston . . . . . 38 0 406 424 +-36 +36 —20 0 -+-10 ++10 +-14
San Francisco . . . . 38 10 -+-10 -+08 02 34 —16 -+-08 0 +-16 +-14
Tokio . . . . . . 38 —34 —02 +1-00 -18 —~28 —~+30 —18 4100 +-+10 -—12
Cairo . . « . . . 86 +-30 ++30 +-3% (1] 08 +-04 28 ++04 ++28 +20
Honolula . . . . . 38 —24 -+04 -+ 40 ——~26 —22 —02 —02 ++04 +-08 -+24
N. W, India . . . . . 38 +-28 +14 +10 10 —16 +14 +°22 +-12 -—10 —10
Port Darw;in . . . . . 38 +-34 +26 +-24 ++10 ++34 +-18 +08 -2 +-14 ++12
Mauritis: . . . . . 38 +26 0 —02 -—08 +-02 —18 —30 —02 -+-26 -+10
Bamoa . . . . . . 20 —12 ++468 +02 20 —04 —14 —04 ~—dd ' —26 +-14
B. E. Augtralia . . . . 38 +-12 +12 +-16 (1] +-22 +08 -+-12 ~+'08 +-14 +-24
Cape . . . 38 +-34 +-08 -++30 04 ++16 ++:10 +28 ++08 +-14 -—18
8. Ametica . . . . . 381 —22 414 20 —20 +1z2) —14 +-+16 +-08 0 14

Temperature.
Dutoh Harbour . . 35 . —08 +02 =04 . ' . —24 402 14 -
Rais,

Pepinsula (J—8, ., ., | | 38 —a30 .- . . 0 . . . —28 .,
Java(o—-p) . .. a7l .. . —24 .. . . -—10 ., . .
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. Tok10 PRESSURE.
JUNE TO ATG. SEP, TO Nov.
Pressure. Yeoafrs ti%sfe géf(gr'e Same. ifgeri i(flgesé b%cxlésre blef?)x;é Same ;fgerf iftqg )
data. | Tokio. Tokie. 9% Tokio. Tokio. | Tokio. Tokio, 9 7okio. Tokio.
P—F M—M J—A 8-N D-F MM J-p §N D-F MM
Yceland . . . 38 ++32 ++32 —22 —14 +-04 410 +08 08 —06 410
Alsska . . . . 19y +10 —20 404 426 02§ +I4  —22 16 18 22
C. Siberia c. . s3] +-22 436 36 0 424 —18  —14 408 i  —1p
Vienna . . . 85 +-02 +-16 426 [ 4 -04' —04 24 -~18 —20 p—Y 3
Axores .. 81 —04 —82 —10 416 —18| —14¢ —26 410 08 —14
Charleston . 3] —08 —28 —08 418 —06) 404 —34 414 408 —o4
San Francisco . . 8} 408 408 —04 408 428 —02 —18 426 04 498
Tokio Ce .. 38F —28 410 4100 —82 84 ) 12 32 4100 02 30
Cairo Ce 861 —08 —08 420 —06 02§ 402 —16 14 —B82 .15
Honolulu .. 383 ~10 06 440 430 —12§ 422 06 02 =02  —08
N.W,.Indis . . . ®F —i =02 10 —18 —10] -+ 414 10 —20 102
Port Darwin ., . . 88§ ~2 —3¢8 —32 —26 28] +82 —06 —06 0 —i14
Mauritius . 88§ 12  —06 412 422 —12f] —14 —82 —26 402 —40
Samoz . ., 20§ —06 —10 422 412 440 ] 404 —28 402 402 114
8. E. Australia .. 8] ~—~22 16 —04 404 —12] —I14 18 —18 10 20
Cape . .. 8y —18 406 408 ~—10 —06}] —10 —20 —42 18 128
8. America e 38 ;-20 +02 416 402 —10 0 412 422 420  +-16
Temperature.
Dutch Harbour . . 8] —16 08 404 —08 . +10 426 22 .
Rain.
Pemmnsula (J—8) .. 88 . .. ++10 . . . +10 .o .. .
Java (O—F) ., . . 37 —o4 . . . +-08 . . . ++06 .

21. The position of Tekio on the western shore of the N. Pacific has much in common
with that of S8an Francisco in the east, though it is not so much under the influence of the
We will first look at the contemporary relation-
ships. Like San Francisco it has little connection with either of the two northern oscilla-

high pressure area as San Francisco.
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tions in summer and autumn, but it behaves as a portion of the high pressure belt in the
N. Atlantic oscillation during winter and spring ; and in summer its sympathy with Hono-
lulu (which is shown also in winter) and its opposition to Port Darwin mark it as in the first
group of the southern oscillation, though not to so conspicuous a degree as San Francisco.
In autumn the biggest contemporary coefficient is — 42 with Cape Town, and this without
support is not big enough to ensure reality. Of the winter non-contemporary relations
high pressure then has a tendency to follow a weakening of the southern oscillation twe
quarters before, i.e., a low barometer in the high pressute area of the Pacific and a high
barometer in the low pressure area of the Indian ocean.

22. The Cairo data are :—
CatrRo PRrESSURE.

Dzo. 1o Fys. MARCH TO MAY.
4
J—A 8N D-F M-M J-A | &N D-F M-M J—a s-N
Teeland . . . . . . 41 +04 —08 42 —22 —o4] —20 —10 —I8 404 408
Alsska . . . . . . 18] —s0 +-52. B8 et 12 +20  —26 0 14 -f-'as
C. Siberia . 401 +08 404 414 06 Of —02 414 4016 —26 424
Vienma . . i . E . 431 418 124 +46  —14 —02] +06 414 434 02 4E
Azores . . . . . . 441 ~—08 —08 434 L34 —14] —08 —08 414 —~0%  —04
Charleston P “4f —16 —04 408 404 ~—20f +18 20 406 —22 406
San Francigco . B . . . 44 e 20 +02 -+-08 e —20 +-08 +32 + 02 + 04 + 10
Fokic . . . . . . 36§ —0% 228 3% 1928 —o08)] —16 ¢ +04 08 402
Cairo e e e e 44} +38 432 4100 +36  +40] +20  +36 +100 +-44 458
Honoluln . . . . . 36 -—28 -20 4--20 —10 12 —10 484 428 —08 o
N.W.India . . . . 4] +30 04 402 20 430 426 406 +28 416 406
PortDarwin . . . . . Iy +22  +16 412 ~26 4] 428 482 410 408 402
Mauritiug e e #Y 404 16 22 4102 ~02] 412 402 418 0 402
famoa . e e 201 —38 —08 ~38 —54 18] 32 —16 14 12  +:30
8. B Australia . . . . . ) +42  +10 420 —18  424)] 418 82 402 414 408
Cape . . . . . . 44l +40 +16 450 4+ag  yg6] —12 136 42t 82 +18
8. America e e 44 9 -—36 —26 —30 4] —22 +048 —14 —39 0
Temperature.
Duteh Harbour . . . . big . L B L A 4 . . 02 PIF frE
Rain.
Peninsula (J—8) . . . . 44 F 18 ‘e o e (] ‘e e . 414
B o—F) . . . .. w] .. o =3 I T
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CaRo PRrESSURE.
JUNE 70 AvG. SEP. TO Nov.
Pressuve. Yt;a;m ge(flgé ;)lef%r;e S?i?e | ;fggr %f%%a? l?e?ésré, -ll;e%orie Same ;fg;'r 2&&?:
data. | Cairo.  Cairo. : Cairo.  Cairo. | Cairo.  Cairo, . Cairo.  Cairo.
D~F  M—M  J—A SN DP—F | m-m g_, 8N D—F M-M
Ieeland . 44 16 08 ~—18 —24 38 12 —12 o Y —12
Alaska vy +12 =18 —42  po0 pos] 28 gy +36 436 —08
C. Siberia . . O~ 02+ pas s —12 0 g +06 0
Vienna Sl T e R R (R T R SIS
Azores 44§ 06 08 0 -1z +36f 424 408 0 +~32‘ 14
Charleston . . . 44 +-10 +-06 14 —A06 0 -0 —-30 —12 424 —04
San Francisco . 44 ++26 ~—24 ++18 —08 + 04 — 08 — 08 +08 18 0
Tokio 6] —08 426 420  —16 40| 420 05 g 30 404
Cairo . 4 0 4 4100 54 +38) 488 484 4140 482 420
Honolulu . . . N 36 +-10 ++08 06 +08 -+18 +:18 414 402 —02 20
N. W. India 44 +-12 -++08 +-36 +-34 +-14 422 424 02 w28 1]
Port Darwin 37 —{.-'04 —02 -+-20 ++18 ~+-10 [ —20 —22 30 —30
Mauritius . . 44 12 +22 +-34 02 -+-02 +-28 — 02 02 +-10 0
Samoa, 2041 —10 —18 —30 416 14| —o08 +06 14  —08 0,
8. E. Australia 43 -+18 +02 + 46 +-40 -+-26 408 0 08 —10 -+-06
Cape 4l +I18 —10 434 410 +38] +04 4$30 486 —08  —14
S. America 44 -+06 38 —-30 24 +02 16 — 08 0 —22 08
Dempergivire
" Dutch Harbour 35 +22 14 48 404 —02 408 ..
Rain.
Peninsula (J—8) ., . . 44 3% 0
Java (0T 39, (04 —28 (4

23. Regarding the N. Atlantic oscillation Cairo is a strong member of the high pressure
group. in winter and in spring a moderate member ; but during the rest of the year the
relationship is only feebly developed. In the N. Pacific oscillation it plays no part. In
the southern oscillation it is a moderate adherent of the second group in winter, but is a
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fairly consistent adherent in summer: in spring and autumn this relation almost disappears.
The significant non-contemporary relations are of the same character as the contemporary
except that of -+-52 with Alaska in the winter table, which is not in excess of the expecta~
tion due to accident and is probably fictitious.

The reality of Cairo as a centre follows from the existence of six winter contemporary
coefficients in excess of the probable biggest random coefficient and in summer of seven.
During the other two seasons Cairo is singularly neutral : the largest contemporary co-
efficient then sca.rce!y exceeds the probable greatest random coefficient.

24. For Honolulu the relationships are :—

HoNoLULU PRESSURE.

DEC. 70 FEB, MARCH T0 MAY
YO | hebne e Smme  dt G | ebm venre  Same  in SHY
Pressure. datas. | Homol. Honol. 4 Honol. Honol. | Honol. Honol. ¥ Honol. Honol.
J—A 8—N D—F MM J—A 8N D—F M-—M J—A BN
Teeland . . . . o« - 37 0  ~16 —18 ~—10 —04| +06 +06 —086 —16. +16
Alaska . . . . . . 19 —14 —08 — 0 —26 —04 ~08 —14 —52 -—r30 4-+50
O.Siberia . . . s+ = szl —20 —28 —80 414 —38f —22 +10 —02 _..54 24
Vienna . . . . . . 35 20 +-08 —04 +-10 —14 —10 —14 +-18 —gf) 408
AzoreS . .« o« e . 38| +-16 ~—14 +44 416 420} —3¢ —06 ~—~14 406 14
Chorlegton  « .« < o a7l +16 402 —20 +20 420)] —10 —12  —08 402 30
San Franciseo . « o« e %) +14 410 414 +18 420) 404 14 U4 0 140
Tokio - . . . N . 38 —12 (02 +-40 —02 —10 ~ 08 —20 +-04 ~06 +-22
Caito . . . . . . 36} 418 —02 420 +3¢ 4101 —20 10 +-28 +08 +-18
Honolulu . . . . . 39} —16 412 4100 444 412 0 +44  +100 +52 +24
N.W.India . - ’. .. 38| +o8 ’ +22 414  +12  az] +04  —06 —04 424 32
Port Darwii . + o« . s 38t +46 +48 +-38 +02 4a2f +14 408 —06 —38 —4i4
Magrities = . . . . . 38} +30 —02 ~—26 —06 —I18} +08 . 30 +10 —22 12
Samos . i . . i . 20 08 4438 +-20 0 + 04 +02 +38 48 +-10 +-60
8. B. Australia ce e 38 | +28  +:30 +3% —10 420 +06 424 14 —16 —30.
Capo « o . e . . s8] +16 —20 430 10 o] —38 —04  —20  —08 —08
8. America . . .+ . s8] +12 +10 406 —04 18] —06 18 HIE 2 434
Temperature.,
Duteh Harbour . . . . L1 3 NN —~08 —2& —16 .. . —18 22 04 ..
Ruin.
Peninsula (7—8) . . . . 39| —42 . . . +26f .. . . v 80 "
Java (0—-F) . . . . 36 . . 3% . . N —~08 ‘e
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Ho~NoLvLu PrESSURE.

JURE TO Avg. 8gp, T0 Nov
Years 2 grs, 1 qr. 1 gr. 2 grs. 2 grs. 1qr. 1 gr. 2 grs.
of before  before  S8Me  ghon el bef%re befcge Same af?er afqter
Pressuse, data. | Honol. Honol. 9% Honol. Honol. | Honol. Honol. 9 Homol. Homol,
D—F MM JA $—N  D-—F M—M J—A 8N D—F M—M
o
Yeeland . . . . . . 381 —08 +06 —34 —06 6y —10 ¢ 207 —12 20 —10
Alaska . . . . . . 20 —12 —44 028 +-+42 +22 +-16 — 24 —28 ——1d —02
C. Siberia . . . . . 83 +06  —04 16 ++30 —08 +26 —20 + 42 14 402
' —3p
Vienna . . ., . 851 +10 412 —26 412 40 401 E—6®  —02 04 .o
Azores . . . . . 38 ++08 — 24 +20 + 14 —08 —04 ~—04 -++20 —02 —~02
Charleston . . . . . a7 +-10 14 -8 -++10 ++30 —~ 40 —18 —08 +22 —02
San Francisco . . . . . 39 + 04 +-22 +-14 -+-36 —+08 —32 +02 -++26 -+-02 ~++10
Tokio . . . . N . 38 —22 +08 +-46 -G8 — 24 424 -++80 —02 404 -2
Calro . . . N . . 36 ——12 ~06 —-06 -+ 14 28 1} -+-08 +:02 —20 —-—10
Honolulu . . N o N 39 +12 +-52 +1-00 +-44 —16 24 -+ 44 <+ 1-00 +12 0
N. W.India . . N . . 38 28 -2 [ -—42 -—30 ~++30 410 -—3% — 22 -—s14
Port Darwin . . . . . 88 —34 ~—54 — €6 —-68 — g4 —e04 —20 —24 —30 —-—26
Mauritius . . . . . 38 —+30 -6 22 -+-16 —10 —24 -+ 02 -+ 04 —12 —18
Samoa . . . . . N 20 -++46 -+ 42 +74 ~+ 22 -++50 +20 +-44 ++42 +-56 428
8. E. Australia . . . . 38 24 —46 28 —38 —54 —26 —e04 —04 —30 18
Cape . . . . . . 38 28 —-16 -—08 -+-04 —4% 10 +02 —14 —22% -4-+08
8. America . N . . . 38 0 -+ <30 +52 +-82 —Q6 —(2 + 24 +32 -—08 428
Temperature,
Duteh Harbour . . . . 86 . —-40 —04 —20 . -+-02 12 — 2% —02 s
Rain,
Peninsula (J—8) , ., . ., 39 . . +-46 . . . +-02 . . .
Java (0—F) . . . . . 36 -~—14 . . e 440 . . . ++30

25. In the north Pacific oscillation Honolulu is very prominent in the first half year,
its coefficient with Alaska based on 19 years being—70 in winter and —52 in spring. In
thenorth Atlantic oscillation its actlvity is main'y confined to the summer and is relatively
weak (— -34 with Iceland and 4 -20 with the Azores). In the southern oscillation it
exercises in summer a very strong control as a member of the first group, having coeffi-
cients of — -66, — +68, — +64 with pressure at Port Darwin in that season and the tvwo
following ; and, in addition to high contemporary coeflicients with Samoa, 8. America and
Peninsula rain, it has coefficients with conditions two quarters later (i.e., in the southern
summer) of -50 at Samoa, — -54 in 8. E. Australia,— 42 at the Cape and .40 with
Java rain. In autumn its influence is less, though it still gives information regarding

D
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some of the conditions in the southern summer. But in winter Honolulu behaves as a tiot
very decided member of the second group of the southern oscillation and has coefficients of
+ 38, +32, 4 -30 and — -32 with pressure at Port Darwin, S. E. Australia and the
Cape, and with Java rain : its associations with conditions two quarters before, -+ -46 with
Port Darwin and —42 with Peninsula rain are also of this reversed type. In spring the
adherence to the first group is already setting in and there is a forecast of conditions two
quarters later of — 44 with Port Darwin and - -60 with Samoa, together with smaller
coefficients in N. W. India, S. E. Australia and 8. America.

26. The correlation coefficients with N. W. India are :(—

N. W. Ixnpia PRESSURE.

Drxc. T0 FEB. MArcH 70 Mav.
Years ge(flé;é éef%l;e Same ;ft%l;" if%éi“ b?af%lfg b%efggé Same %;,fcgr 28,&2:
of N.W., NW qr. N.W. NW. N W, N W, qr. NWwW. N w.
Piessure. data. Tnd. Ind. Tnd. Ind. Ind. Ind. Tnd. Ind.
’ J—A 8N D—F M—M J—A)S8¥N DF mM 5o s-x
Iceland . . B . . . 47 +12 —02 406  —06 +-06 0 0 +-12 +-08 0§
Alaska . . 21 +-24 0 ~(8 20 402 + 02 EASY:Y 438 418 —1d
C. Siberia . . . . . 40 +08  —1% +-02 +-34 +-12 +-14 420 +26 +04 +18
Vienna . . . v v . 43 +-22 +12 04 06 —12 +-22 —04 —30 —12 —18
Azores . . . . . . 47 +02 08 02 —06 2 f -—12 +06 o 0 +-34
Charleston  « « . « . 45 +24 —22 52 28 14§ —32 —df  —36 —24 —0Z
8an Francisco « . . . . 47 +28 28 24 —5¢ 2 —28 —34 —34 —10 —0g
Tokie . « . M . . 38 =10 ~—r20 -+-10 -+ 22 ~—10 +02 —10 412 2 114
Cairo . . « . . . 44 +14 —22 +-02 +06 412 0 410 +-28 +08 22
Honolulu . . . . . 38 —30 —22 +-14 ~—06 —28 ¥4 +12 04 B2 30
N. W.India . . . . . 48 -+ 04 +-66 4100 +-52 -+ 20 448 482 4100 428 —2Z
Port Darwin . . . . . 40 +°46 +58 +-66 +86 448 -+-38 + 52 +-38 +18 14
Mauritiug . . . . . 46 426 +-16 -+ 20 06 —02 10 +-18 16 04 20
Samoa . . . . 20 —10 —04 ~—40 32 18 — 36 —6% 26 -8 +-44
8. B. Australia . @ f +38 440 46 40 432 +-24 +-38 +18 +-06 +26
Cape - 47 +4--04 +16  +.56  —28 408 +18 +-44 —0Z +-14 —~--20
8. America i1 ’i}‘é —gt  4g¥ Bl g —30 8 22 —04 —0
‘Lemperature,
Dutch Harbour . . . . 56 . +.-08 418 430 oo e +--34 +-18 18 e
Rain

Pepinsula (3—8) . . . . 47 ~—16 . o . —04 .o e oo -} 08 cu
Java (0—F) . . . . . 42 .. . — 38 . . . —12 e .
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N. W. InDp1A PRESSURE.

JUNE TO AUG. SEP. 70 Nov.

Ind. Ind. Ind. Tnd.’ Ind. Ind Ind. Ind.’

D—F MM J—4 8—N D—F | M—M J—A §—N D—F M—M
Jeeland . . . . 47 +-04 -+20 +--20 +-08 402 ~06 402 (3 —08 406
Alaska 22 —04 —48 2 +-20 - 28 +-20 08 ——22 418 +-20
<. Siberia B . . 40 +-36 -+-10 +-36 422 -+36 —44 -++10 10 ---04 434
Vienna . . . . 43 — 02 04 Q ~—006 +-02 +-10 23 +-18 +06 —08
Azores . . 17 10 —32 —26 —~14 ++06 -+:26 —02 —18 —02 —08
Charleston . . . 45 —30 —28 —52 +-04 —02 +-42 422 ——20 —42 —22
San Francisco . . . 47 —32 —34 —50 4 -—12 +-02 +--08 —34 —20 —48
Tokio . . B . 22y —16 —10 —10 14 428 —10 ~-18 ~10 Ea 14
Caito . . . @] 80 +a8 36 42t B0 f 406 S 02 04 426
Honolulu . . . 58 +12 +-24 0 +10 08 ——82 —4 —32 +22 +-04
N. W. India . . . 48 +'?‘§? ~+-28 +100 -+-02 +~04 —22 02 +1-00 +-66 448
Fort Darwin . R . 40 +-06 +-08 +-04 +05  —06 +-22 +-38 +12 +70 +48
Mauritius 46 ] +12 430 22 418 20 4260 442 p24 436 a8
Samoa . . . a0 ) 420 £-18 50 412 —08 —38 —v14 —86 —q0
S E. Australia . 464 +06  —12 426 +10 404 | +I4 B4 46 468 o4d
Cape . . . . 47§ 418 —20  +16 ——20 426 ) —04 0 426 48 16
8. America 471 +0¢4 —24 —26 —78 —20] ~—36 —38 08 +02  —38

Temperakure.
Dutch Hatbour . . 36 +06 20 414 RS +06 426 —02 ..
Eain.

Peninsuia (J—8) . . 47 . 10 .. . —42 . .. ..
Java (0—F) ., . . 42 ++10 —18 . —52 .

27. India has but little connection with the N. Atlantic oscillation, showing in the
spring and summer quarters a slight tendency towards high pressure when that of Iceland
is high and that in Charleston, the Azores and Vienna islow. With the N. Pacific oscilla-
tion similarly there is in the spring quarter a very slight tendency towards sympathy

with the minimum area of Alaska and Dutch Harbour.

The main association is with the

southern oscillation, in which India behaves like the low pressure areas of thesecond
group ; and it is a paradox that it is when India is at the heart of the biggest area of low
Hpressure on the earth that it shows least character as a low pressure area in the southern

oscillation : at that time its biggest coefficient with a station south of the equator is <26,
L2
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~ut in the cold weather, when it is on the edge of the Asian anticyclone and is nowhare
near any centre of action as Teisserenc de Bort understood the term, it has eleven coeffi.
cients of -4 or over with southern stations; and the total number of coefficients exceed-
ing 45 with places other than N. W. Indiaisten. The tablefor March to May contains
some large coefficients, especially with the previous quarter, but the closest relations
of the year are those between the autumn pressure of India and that of the succeeding
(flua,rger in the southern area ; forecasting coefficients of *68, 70 and -86 are then to be
ound. ,

28. The tables for Port Darwin are :~—

Port DARWIN PRESSURE.

DE¢. TO FEB. MARCH TO MAY.

Years 2 qrs, 1 gr. 1 qr. 2 grs. 2 grs. 1 qr. ' 1 gr. 2 qre.
of before  before Sa;ne after after before  before Same after af?er.,

Pressure, data. | P. Dar. P. Dar, P.Dar. P.Dar. [ P.Dar, P.Dar. 9 P Dar. P. Dar
J—A 8N D-—F M—M J—A 8—N D—F M—M J—A 5N

Ieceland . - . . . . 40 -+ 26 —12 ++086 —~04 +-12 +08 -+ 30 ++02 -++82 +-18
Algka o . . . . . 20 +-18 ;'06 —d -+-8G —~12 —e24d 428 +--32 ~+-14 —38
Q. Biberia . . . . . o84 -+10 24 —08 ‘ -+-28 ~—36 ~—08 406 +-18 ~—16 §'.04
Vienna . . . . . . 36 +-22 08 24 -+068 —30 —e28 —dZ 14 —18 10
Azores . . . . . 40 ~—08 —18 ~—Q8 ~+-20 416 —04 —24 412 16 -+--02
Charleston .« . . . 38 +2¢ 402 B2  —02 4] —04  —28  —02  —12  1gg
San Franciseo . . ' . . . 40 20 30 ~—14 —r32 L8 —r22 ~—26 -—36 —04 —1Z
Tokio . . . . . 88 —28 4] 24 + 08 26 —~1d 410 02 ~r34 -} 82
Cairo . . . . . . 37 -++10 30 +-12 -+-32 +-04 —30 —-24 +-10 -2 g
Honoluly e e e e e 8] —64 —30 438 408 _.gg] —26 402 —08 —8d —4
FWiIndia . . . . . 01 —06 +%0 466 +32  posf +48 450 88 F08 .22
Port Darwin . . ., . a1l 482 +86 +100  +68 43¢ | 454 468 4100 42 44
Mauritius o e e . 89 +22 —18 412 —14 0] —04 424 410 —08 —18
Bamoa « « o . ., 20} —62 -—18 —358 4'60 —os] —14 —a2 —3  —a0 +-14
S.E. Awmtralia . . . 00 +48  +B4 +UE b2 pas| +84 450+ 410 48
cape . . .. OHf —06 —06 +60 26  f04f +10 432 —08  —02  —p
8. Amerieca . .- ., o] —% —28 +16 —32  —gs| —08 422 —32 —16 -qp
Temperature, .
Duteh Harbour . . . N 86 o 28 4106 +36 . . +-34 +28 +-12 s
Rain.,

Peninsuls (J—8) . . . 42 —df e . e 111 e P oe —32 e

. 08 .o .s .

Java (0--F) . . . . . 28 . . —d .
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JURET0 AUG. 8EP. TO NoOV:
Years | 2 qrs 1qr. 1gr. 2qrs. | 2 qms. 1 . .
of | before  befire Sg;ne aftet  afier | pefore  bofore SO ;fgerr 2&%?1‘
Presgure. data. ]| P.Dar. P, Dar, . P.Dar. P.Dar.} p. Dar. P, Dar. gr. Dar. P.Dar.
D—F M-M J—A S8-N D—F | M—M J—A §~N D—F M—M
Toeland « .+ it 0 =14 22 12 20 2 492 408 —02 08
Alsska . . . 2] —2¢ 43 426 10 —12 pad L1630 24 08
. Siketia . . . 34 —40 10 —08 32 ! 08 — 08 +14 —32 0 138
Vienna . e s 86} +14¢ 404 18 [ 404 [ —30 410 14 02 .28 +04
AzoTes . . . . 40 ] —18 +-82 E—08 30 +12 30 402 —28 04 +-+22
Chatleston . . 38{ —22 434 12 —02  —s0| 482 40 0 —30 404
San Francisto . . . 20 +:12 18 +18  —26 —14}) 32 + 16 —40 10 22
Tokio « . . . 38§ +38 414 —32 [ —06 43¢}) 412 —28 —.08 426 418
Caire .« . . . 37 +14 408 420 —20 422 a2 +:18  —22 416 428
Honolulu « e 381 12 38 66 —20 46 ] g4 68 24 L4814
N.W.India . . . 404 +48 .8 404 +58 446 ] 14 +--06 -+ 72 -+ 56 +-38
Port Darwin . . . 41} +3¢ 342 +100  +98 482 ] 444 +80 100 +86 -5
Mauritius . e 801 404 ——04 424 —20 0 ] 480 ~08 404  —08
Samoa . . . . 20 —22  —46 —36 —02 —30] ~38 —~54 £10 —50 —6§
8. B. Australia. . . ] +-10 +-26 412 456 581 430 +58 40 Y0 426
Cape . . . . 40) +40 4410 418 426 +54[] +02  —04 408 1456 +02
S.America . . . 40§ +14  —32 —d46 16 0 —24  —54 26 402 —26
Temperalure,
Butch Hatbour .. 36 . +38 408 428 . - 410 430 —02 .
Rain.,
Peninsula (J—8) . . 42 s e e . .. . —46 . . .
Java (0—F) « . . 381 418 . . . —501 .. . . —8¢ .

29. Port Darwin is the most typical of the second group in the southern oscillation :
and although its position is most marked in the quarters from September to Februs, 1y, in
each of which there are in the table in il 15 coefficients exceeding ‘45 with otier stutic S,
yet for the period June to Ahgubt there are 12 of them, and for March to May 5.
the northern osciliations there are ng: significant relations.

W mh
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A remarkable feature is the persistance of pressure after the quarter June to August
for two quarters, the coefficients between consecutive quarters being + -90 and 86,
Another feature is the suggestion of propagation ; in the first quarter there is an indication
that reversed pressure waves come from Honolulu, Samoa and S.America in about six .
months, and in the fourth quarter that a wave arriving then left Honolulu, Samoa and §.
America in the previous quarter : at other times the indications are less clear, but there is
evidence of a reversed effect of pressure in the second quarter upon Honolulu in the suc-
ceeding quarter. |

30. The relationships of Mauritius are :—

MavuriTius PRESSURE.

Dxrc. 10 FEB. MARG’H 5[;0 MA‘Y.
Years | 2 qm. : . 2qre. § 2qs. lar. o tqr. 2qms.
- o [RBE wl W gl R ER b v B
( J—~A 8N D—F MM J-A | SN D-F M-M J-A SN
Teeland . . . . . . w] —10 —10 426 412 ga0| 4o 44t oi a5 4z
Alska . . . . . . 218 —24  —22 108 432 0 F2 424 18 L2618
C.8tberia . . . ., . 0] +o02 v+»zs +28  +28  poz] 408 16 —1¢ —04  —06
Vieona . . . . . . 43 0 +06  —08  +06 —04)] —2 —02  —08 402 —o2
Avores . . . . . . 46] 406 412 —04 —a2 0| —82 —22  —0z 04 —3p
Chatleston . . . . 45] —06 406 —12 —44 20| —12 . +10 —06 14 -—28
San Francisco . . N . 46 —28 —16 -—28 —-28 —24 —36 ~~92 ——-:Q —-38 —38
Tokio » . . . . . 381 12 402 02 —30 ——j2 | —40 —06 —02  —06 14
e #f 402 410 —22 402 -2 6 02 18 42 s
Honolulu . e . 38] —10 ~—12 26 —80 . 30] —18 —06 +-10 06 —2t
N.W.India . . L. 46] +20 +36 +20 +16 a2 +18  —06  —16 430 426
Mort Darwin . . . . . 89 ] +04 412 +24 404 f —06 —14 410 04 0
Mauritis . . ., 47§ +-3¢  +60 +100 22 406} +38 422 +100 452 geom
Samoa . . . . . . 20 —08 18 —36 —08 +04] +02 410 14 402 4e3e
8. E. Australia e e 45)] +18 420 426 422 02 o +08  +14 430 a2
cape . . . . .. 8] —06 412 —04  —1¢ o] 42 6 —02 422 410 .
8 America . . . . . 46] —48 —20 —06 —08 —22}] —20 @ —22 —24 34 .26
Temperature,
Dutch Harbour . . . . 6] .. —08  +3% 42t .. . —04  +10 422
Rain,
Peninsula (J—8) . . . . 47 12 . . . ++10 . .. . —18
Java (0—F) . . R . . 41 .. . ~06 .. .. .. —16
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MavuriTIUS PRESSURE.

JUNE T0 AUG. SEr. TO Now.
Yo | b gy, same L Gtter | toore  were  Same ol 20
Pressure. data. Maur.  Maur, ar. Maur,  Maur. | Maur. Maur. ar- Maur.  Maur.
D—F M—M J-—-A 8—N D—F | M—3  J-A S—N D—F MM
Zeeland . . - - - N 47 +06 ¢} —+30 04 -+-06 +-10 —22 -+-02 +-24 14
Alaska . . . ., 21 ] —22 418 422 408 —26] 12 —ep2 ——-’oé —10 18
C. Siberia . . . . . 40 —06 —12 ++08 —04 +26 ~—06 w02 -++06 ++06 406
Vienna . . . A 3] +12 412 428 —=04 10 +2c o —04 410 422
Azores . . . . . - 46] —26 404 10 30 +-08 ] -—12 ‘ +-14 408  —12 —32
‘Charleston . . . . “ 45 +-06 +-08 +10 —24 —02] —02 14 +.14 +06 22
‘Ban Francisco . . . . “ 46 416 —10 —T1 04 —18 20 —24 410 402 —02
'Tokioy . . . . . . 88 ++02 ++26 412 82 ++26 ++10 +2% —26 0 —18
Cairo . . . .. . 44 ~()2 i} 434 02 404 +-02  —02 +02  —16 12
Honolulu . . . . " 38 —18 22 —0y 402 80 —12 +-16 ++04 ~(2 ~--08
N. W, India . . . . . 46 —02 04 22 42 +-26 —e20 +-18 424 ++16 —10
Port Darwin - « . . 89 —10  —06 24 +-30 +22}) —18 20 —08 —18 Q4
Mauritius . . . L 471 406 3% H100 446 84 ] 28 446 4100 f60  +3%
Bamoz . . . . ., 201 426 410 4016 432 —I0] 414 442 422 —2d i)
8. E. Australia . - . . 45 406 —a 08 +4d +-48 +-48 16 +04 04 ++08 +.1(+
Cape . . . . . . 46 0 +28 40186 402 4830 22 408 420 —02 —1h
8, America . . . . 46F ~—08 —30 38 —22 —06] +12 28 —02 18 04
Temperature, .
Dutch Harbour . . . . 36 . +16 —14 +04 . . —02 20 -—04 ..
Ruain. .
Peninsula, (J—8) . . . . 47 ] .. .. -—G2 ‘e . . —14 . . es
Java (O—F) . . . . . 41§ 04 .. .. .. —3s] . . .. —0d ..

31. Although Mauritius is near the centre of the Indian Ocean it is not as character-
istic of that Ocean as India, Australia or 8. Africa.

During the first half year it shows some non-simultaneous opposition to the northern
high pressure belt—the Azores, Charleston, San Francisco, Tokio and Honolulu. During
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June to August there are significant coefficients indicating marked participation with the
second group in the southern oscillation, five coefficients exceeding -4: but from September
to November there are no significant coefficients with other centres.

32. For Samoa the tables are :—

SaMoa PRESSURE.

Dzo. TO FEB, MARCB T0 MAY.
Years 2 qrs. 1 qr. 1 qr. Zqrs. § 2 qrs. 1qr. 1 qr. 2 qrs,
of before  before Same after after before  before Sam after after
P data, | Samosa. Samoa, qr. Samoa. BSamoa. | Samoa. Samog . qr. Samoa. [Bamosa.
T eSSUrY,,
J—A 8$—~N P—F M—M J—A 8N D-—F M—~M  J—A $—N
celand . - . . . 20 18 ++30 —12 ~-16 —06 + 30 +12 —02 —16 +-04
Alaska ., 4 . . . . 41 (—48) () (—2) (1) FDY] D =D (=) (—5) (42}
C stberia . . . . 200 —24 12 4402 402 +02] 414 424 —a85  —.oa +-10
Viemna . . . . . . 20§ —26 —22 44 346 o] —22 —34 420 —02 a2
Azores . e s s . 201 —0¢4 32 —08 —02 410 +06 —06 -—3g 408 —.3g
chatleston . ., . 201 —08 424 428 4.9 4oz] —04 408 —1z g —Zf
8an Francisco . . . . . 20 +-10 +-38% 422 430 438 +08 .24 -+-38 — +-16
Tokio . . . . . . 20 +-40 -+-02 4-02 ~— Q4 —06 +-14 —20 —d4 —10 +-04
Caifo  « .+ . . ., 200 424 ' —08  —38  —qg 10 & —34 14 18 g8
Honolulu e e e w . 20f 450 486 +.20  4.38 .46 | .28 0 +48 442 pou
N. W. India . . . . 20 +4--12 —86 4 -2 —02 —3% —32 ~28 +-20 Q&
Port Darwin . . . . 20 30 50 ~58  —ygy —22 —-68 - 80 —30 —46 —~38
Mauritius . e .. 20| —10  —24 36 40 g6 —02 —08 44 +16 414
Samioa . . . . ® . 20 +-36 +-82 41400 +-62 -+ 22 +-12 +-62  41.00 -+-46 34
8. E. Australia . . . . 20 14 22 —&f -390 6] —a4 53 —-16 —18 12
Caps . . . . . . 20 4224 s d} —-38 +06 —36 —q8 —66 02 —10 - 16
8, America » . . . . 20 448 +-32 +-24 +-24 [} +--16 422 -+ 36 -+ 28 43
Temperature,
Dutch Harbour o . . 18 . — 62 —18 4 414 —53% -~10 ..
Eoin,
Peninsula (7—s) e 20§ 48, . B g % I .. . +16
Java {O—F) . 15 + 4G +-34 s
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SAMoA PRESSURE.

JUNE TO ATG. 8EP. TO NOV.
Years | 2 qre. 1 qr. 1 gr. 2 gqrs. | 2 qrs. 1 gr. 1qr. 2 ars.
Pressure, © of before  befors Sa‘fe atter  affer | betors before  Same after ai%resr
data. | Samoa Samoa, 9 gamoa Samoa. | Samoa  Samoa: - Samoa. Samoa.
D—F M—M J—A 8—N D—¥ M—M J—A S—N D—F M—M
Yoeland . . . . . . 20| —18 —04 10 +80 —16] ~—06 —06 456 ~—24 02
Alaska . . . . . . 41 (—2) (=7 (—8 (+9 (+H] L0 (+2) (+9) (1) (—B)
C. Biberia . . . . 20 410 14 —32 0 —14 0 26 —— 40 (6 08
Vienna . . . . . 20 -+-04 +-18 —q —~20 —06 412 50 —d 2 —1y 26
Azores . . . . . 20} +16 —28 -3¢ 428 4+a8f —22 402 —06 +10 422
Charleston . . . . . 20 0 -2 -—22 —~10 420 —8 —38 +04 20 +38
San Francisco . . .. 20 —26 +12 0 438 o} +2¢ —22 422 +18 4+
Tokio . . . . . . 20 —04 —26 [ +-22 28 —12 414 + 12 402 +-46 14
Calro . . . . . . 20 —18 —12 ~e30 -+ 06 ~38 -+ 30 +16 +*14 —08 —32
Homnolulu . . . . 20 +--04 +-10 494 + 44 408 +-60 ~+22 -+ 42 -+ 88 ~+-02
NW.India . .« . . . 20] —18 —08 418 38 —10] +44  +50  —1& —04 —56
PortDarwia . . . . . 20] —28 —¢0 —356 —54 g2} +14 —02 410 -—I18  —U4
Mauritius . . o . o 20 -+-04 +-02 +-18 442 -—08 ~+-+3¢ 432 22 ~—18 +02
Bamos . . . . . . 20| 22 446 +100 442 486 +3¢ 442 4100 H3Z 0 412
8. E. Australia. . . . . 20 30 -] —36 —38 T —1Z —2 44836 18 —02
Cape .« . . . . . 20] —46 410 © . +12 —a4s] +08 —02 —06 —04 —22
] .
S.Ameriea . . . . 20 +10 448  +30 450 —st) +28 06 P36 —20 ;418
Temperature,
Duteh Harbour . . . . 18 . —id 0 —16 .. e 402 420 —il6 ve
Rain,
Peninsuls (J—8) . . . . 20 . . +136 .e .. e +-08 . e
Java (0—F) . . . . . 1) —s .. .. . +26] .. . —24]

33. Samoa is a strcngly characteristic representation of the first group of the
southern oscillation : and in the first half year it shows strong opposition to Dutch Har-
bour and to Alaska, the latter having only four years’ data in common with Samoa. In

each of the tables for the first three quarters it has 7 significant coefficients with other
B
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centres, and for September to November 3 : moreover for March to May there are no
active coefficients and for June to August only one passive.  The control exercised by N.
W. India pressure in the period September to November over that in Samoa in the
succeeding quarter,— -86, is the closest in these tables. Nearly all of the close relation-
ships are connected with the southern oscillation. But in the southern summer the
sympathy with Honolulu (4-56) in the previous quarter is associated with strong
opposition (-—<62) with the N. Paeific low pressure as indicated by Dutch Harbour
temperature : and in the period September to November there is opposition with Vienna
(—42) and sympathy with Iceland {4-50).

34. The data for S. E. Australia are :—

SouTtH EasT AUSTRALIA PRESSURE.

Dx¢. ©6 FEB. MARCH TO MAY.
R R Sl e e s e 2gm
Pressure, data. JS.E.Aus. S.E.Aus. S8.B.Aus. 8.B.Aus. T%AEAAuB. 8. B.Aus, S.EAus. 8.E s,
J—A 8N D—F MM J—A 8—N D-—F M—M J—A 8 N
Teeland . . . . . . 48] 406 =08 408 —02 —08] +06 +18 402 04  wap
Alasks . . . . . . 21 406 10 —14 414 —38] —32 4182 401 a5 —az
C.Siberia . . . . . 39l 420 —08 402  +-28 —a2 , —06 402 L0 482 —08
Vienna . . . . . 42 ++30 +06 —~10 —10 —26] —08 —20 .26 +-068 +-30°
Azores . . . . . . 48 —0d 28 410 +-16 +28 +18 — 04 +-04 PR ¥ ., 3
Charleston Py . . . . 44 +-12 —18 =30 -~16 ] —i18 -28 —18 —08 —02
San Franeisco . . . . . 48 +02  —38 20 —40 —10 A —26  —18  —30 —f _...45
Tokio « . . . . . 8 —12 —10 416  #12  —22] —-20 8 408  —18 —14
Cairo . . . . . . 434 426 —10 +-10 ++32 +-18 +-06 18 +-02 +02 +08
Honplulu B . . B B 38 —Fd 30 +-3% +-14 —24 —18 —10 ~14 —4 —26
N.W.India .. . . . . 46 +04 +68 46 138  L.96 ‘ 4 ) 418 g gens
PortDarwin . . . . . 40 438 + 30 +14 + 50 + 10 -+-26 +.-22 452 +26 30
Mauritius . . . . . 45 + 48 -+ 08 +-26 -+-08 +-06 14 422 ++14 —06 —1g
: #5857 .
Samos . R . . . . 20§ =42 e«rs —84 b —30] —92 30 18 —§? el
&, E, Australia. . . B B a7 + 3§ +83 4100 -+ 4% -+ 08 430 42 4100 408 + 24
Cape . . . . . . ‘ 46 -—08 +-12 -+ 53 4023 ] +14 F 24 —9 —06 02
B America . . . - > 461 —56 22 +:08  —34 0 0 02 30— —28
Temperatire.
Dutch Harbour . . . . 36 . +14 408 420 . e +16 404 0 .
Rain, .
Peninsula (J—8) . . B . 48 — 62 . . . +04 . . . B ..
Java (0—F) . . . s o 42 .o . — 42 . .. . 02
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SoutH EAST AUSTRALIA PRESSURE.

JUNE TO AVG. Brp. TO Nov.
2 grs. 1gqr. 1.qr, 2 qrs. 2 qrs. 1gr. 1gqr. 2 grs,
Ygsfyrs before  befors  Bame  after.  atter | before before  Same  afer  affer
Pressure, datg 8. E. 8. E. qr. 8. E.. 8. E. S.E. 8. E. qr. 8. E. 8. E.
v ) Aus. Aus, . Aus, Aus, Aus, Aus, Aus, Aus,
D~F M—M J—A SN D-F|M-M J—A g N D-F MM
Teeland . e e ., 4]+ 0t 12 ot —26) 402 £02 14 404 e
Alaska . . ., ., 22 —50 486 406 422 —pa] F2¢ £10 02— g
C.8iberte . . . ., 891 —22  —08 412 404 24} 404 28 —08 436 45
Vienna . ., . . 21 +06 ~—10 428 420 416 —04 +1¢  4+06 —a6 0
Azores e e 6] —3 420 04 3 4ez0| 20 420 —18 £18  —08
Chatleston . . ., , 41 —22 402 ~—12 26 24| 08 408 —12  —38 .26
San Franciseo . . ., , 6F +10 —18 —08 32 —pz] —I4 418 —42 g2 3
Tokio . . . . ., 3B +22 14 —04  —18  pa2] +2 404 —18 0 412 408
Caire o . . .., )t 414 s 0 442y 406 40 —08 420 48
Honolulu . i ‘L 420 16 —28 —04 +286§ —30 —38 —04 430 08
N. W. India . e e 461 a2 406 426 454 8] 26 £100 46 440 e
Port Darwin _ . . . 0F +18  +10  +92 +58 48] +18 486 490 454 434
Mawitis ., ., . 451 —02 480 44 404 8§ +1Z 8 404 420 0
Samoa . . . . ., 20| —06 —18 —8 —02 —q4] —12 38 436 —22 —34
8. B. Auwstralia. . . 471 +08 408 4100  +5% 436 ) +2¢ 4852 4100  +50 420
Cape . . . 461 +38 —06 420 420 +48) —10 —o02 0 48 02
8 Ameriea . . . . 4] +08 —52 —3 —2¢ ~q6] —2¢ —44 W 408 18
Temperature,
Dutch Harbour ., . . 36 ] 412 480 404 +14 ., . +10 422 08 ..
Rain,
Peninsula J—8) . . . 48 .. . -—28 . . . —28 .. . .
Java (0—F) . . . . @ o .. . . —s2] .. . . —46

35. With the two northern oscillations 8. E. Australia has little concern, but with
the southern oscillation it has very close relations especially in the first quarter, December

to February, when there are 17 significant coefficients. In the second quarter there are’
E2
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only 6 significant coefficients, but in the third there are 13 and in the fourth 16; with

Port Darwin, owing to its proximity, the coefficients are the highest of all.

The evidence

of propagation is very similar to that in the case of Port Darwin. The object with which
S. E. Australia was added to the list in addition to Port Darwin was that, following Teis-
serenc de Bort’s ideas, Port Darwin would be a centre in the southern summer, when it
is the focus of the region of low pressure, and South East Australia in winter, as represent-
ing the region of high pressure. In both cases however the influence extends through
the year instead of changing sign as it might have done.

36. The relationships with the Cape are :—

Care TowN PRESSURE.

Drg. o FEB. MARCH T0 MAY.
Years § 2 qrs. 1qr. Same 1gr. 2qrs. § 2qrs. 1qr. Same igqr. 2 qrs.
Pressure. . |0 Town. 0 Bown. & ¢ Town. 0. Town - Tomn. ¢ Towa, W o, Mo, 0. Her
J—A S—N D—F M—M J—A §—N D—F M—M J—A 8—N
Iceland . . - . 47 +-02 10 —10 +:06 +-02 —Q2 ~14 -2 —-?0 432
Alaska . . . . 21] +16 406 —52 04 —02] 416 —42 406 420 14
C. Siberia . . . 40 +-32 —18 402 24 (i} o ~18 —~—12 -—28 G
Vienna . . N . 43 +36 ++04 +02 22 - 04 o +-22 +-20 20 —18
Azores . . . . 47 -—18 -28 +10 +-1¢ —10 +:02 0 ++12 424 —20
Charleston . . . ) 402 16 —28 —04 10 +-22 +-10 +08  —04 L]
San Francisco . . . 47 O —24 —12 -—34 w10 +.02 +-06 422 —08 402
Tokie . . . . 38 —08 18 +30 +-28 ~-—18 428 +-04 +-08 +06 10
Cairo . . . . 44 -+ 3§ —08 +-38 +-36 +-18 14 +-12 +:24 ~—10 +-14
Honolulu . . . 38 —43 22 +-30 —Q —28 +08 -+10 w20 ~—18 —10
N. W. India . . . 47 26 -+48 +-56 + 44 -+-18 -—16 —-28 —02 20 ~— 04
Port Darwin . . . 40 +-54 +-56 +60 ++32 +-48 +02 +-28 —08 +-10 402
Mauritius . . . 46 +-30 —(2 (4 0 0 14 ) —14 —02 28 + -2
Samoa . . . . 20 —48 —(d -——38 ~-66 —48 —22 +:08 14 +10 |, +-08
8. E. Australia, . . 46 +-48 ++34 452 +-24 +--38 —02 402 ——22 —08 —10
Cape . . . . 47 <408 410 +1-00 -+-04 ++08 —2¢ +-04  +1-00 -+-10 424
S. America . . . 47 —48 ~——28 +412 — 43 ‘--—~16 +--22 -—08 +12  ~08 +10
Temperature.
Dutch Harbour . . 86 ~04 +-12 +28 .. 24 —08 —18 .
Rain.
Peninsuis (J—8) . 49 1 . [i] o . i3 ce
Java (0—Fy . . . 4@ . — 34 . —04 . s

e
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Capre TowN PRESSURE.

JUNE TO ATG. SEP. T0 NOV.
Pressure. Yf;?rg geffigié t:»l«e&}l;a Same if‘tl;} i%’g ge%éié blegél;:e Same ;fg;;} 28‘%16'?
data. Jo. Town. C. Town. © C. Town. C. TownjC. Town. C. Town. 9 (. Town. C. Town.
D—F M-M J—A N D—F | M—M J—A 8N D—F (MM
Tcelsnd . . . . . . 47 408 —22 ~10 402 —20 +402 —08 426 _;.10 +-10
Alaska . -« o« .« 221 40t +04 ~—04 482 18] +04 —28 a0 464 —14
C. Siberia . . . . . 40 +04 +-02 —26 —10 +-04 -— 34 -—18 o —(8 +04
Vienns . . P . . 43 426 414 416 418 480 +-10 0 ++20 —02 -
Azores . . . . . 47 ] +-08 +4-02 +-06 404 418 +-26 -18 4120 —08
Charleston . . . . . 45 +-18 12 ~18 -+12 +-08 10 -2 —23 +-08 —12
San Francisco . . . . . 47 —10 -—18 —02 +10 0 +-30 +08 —04 0 —36
Tokio . B . . . . 38 +16 +-14 +08 —20 484 —18 —10 — 4% -4+08 ++10
Calro B . . . B . 44 426 +-22 +-34 ++30 +-48 418 410 +36 416 —12
Honolulu . . . . . 58 4] —08 —08 +02 416 -—05 +-04 T —20 —38
N, W. Indis . . . « . 47 +-08 -+<14 +16 0 +-04 20 ~—20 4-+26 ++16 +16
Port Darwin . . B - . 40 ++04 —Q2 +18 —0d —06 06 126 -++08 —(0 +-10
Mauritius . B . o . 46 +-24 422 418 ++08 © —08 +-10 402 +20 412 012
Samoa . . . . . . 20 —36 w10 ¢ —02 +-24] ~—16 +-12 —06 —40 i
8. E. Australia. . .o 46 0 ~06 +-26 —02 —08}] —02 420 0 412 414
Cape . . . . . . 47 +-08 +10 4100 02 -+-08 +24 -0 +1-08 ++10 24
8. America . . . . . 47 —1d —08 +-10 —14 —38 ~—16 10 ++06 ~10 e 2
Temperature.
Duteh Harbour . . . . 86 . -4+10 ~20 —Q2 . .o ++06 404 +-36
Rain,

Peninsula (J—8) . . B . 49 . .e +-12 .o . e —04 .e . V.
Java (0~F) . . . . 41 —12 . ’ . . —16 . . . 10

37. In the first quarter of the year Cape Town may be bracketed with Australia as
one of the most conspicuous members of the southern oscillation, in which it belongs
to the second group : in this table there are 21 significant coefficients. But in the second
quarter no such coefficient occurs, and in the third and fourth quarters together there are
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only 9 ; these also indicate adherence to the second group of the southern oscillation. In
the last quarter there is an association asa low pressure centre with the subsequent N.
Pacific oscillation.

38. With S. America the coefficients are :—

Sourn AMERICA PRESSURE.

Dzc. 10 FEB, MARCE TO MAY.
Years § 2 qrs. 1qr. 1qr. 2 grs. 2 grs. 1qr. 1qr. 2 grs.
Pressure. | of before  before Sartne after  after | before  before Sague after after
data. F8 Am. 8.Am. 9 g am. § Am | S Am. S Am, ar- 8. Am. 8. Am.
J—-A S8-N D—F MM . J-A} SN DF MM IJ-A SN
Tceland . . . . . R 47 +06 —08 +18 —(d —2 —18 0 —10 +06 +18
Alagka . . . . . 21§ —08 12 08 +:02 —34 0 +14 28 +08 +04
C, &iberia . . . . . 40 —02 12 (4 412 -4 418 —14 R 1141 -4 26
Vienna . . . . . . 43 412 —12 —34 +-08 +-26 +-10 —10 ++24 —30 —30
Azores . N . . B . 478 —04 —14 ++04 —18 +08 ++12 +-22 +06 424 +-14
Charleston . . . . 45 +-44  ~—04 08 +-02 +08 426 4482 412 ++10 +20
San Franclco » . . . 47 +-43 +08  ~l1p 410 416 428 —08 -+-46 +-14 +26
Tokio . . . . . . 38 ~—10 +-20 20 -++16 20 -+-16 20 ++08 -+02 0
Cairo . . . . . 44 +02 22 26 +:04 408 ~++08 ~—30 —14 —38 —16
Honolulu . . . . . 38 -—06 -8 +-06 18 0 -+-28 04 + '14 ++30 02
N. W. India . . . . . 78 —20 402 20 +08 4epd) —38 —34 —22 24 —36
Port Darwin . . . . . 40 0 +:02 -+18 +-22 +-14 —s28 —382 ~32 32 —24
Mauritius . . . . 46 -8 —18 (8 ———-22 -8 +04 -—08 —-—24 30 +-12
Bamoa . . . B . 20 —34 20 +24 7 422 410 +-18 -+-24 38 -+48 -+28
L3
8. E. Auwstralia, . |, , 6] —16 406 408 —02 408] —18 34 —egd B2 2
CGape . . . ., ., 471 —38 =10 412 08 4] —2 g2 412 —08 16
8. Aweria . . . , 7} 02 —10 4100 408 410 ) +20 408 4100 428 -2z
Temperature.
Yutch Harbour e e . 36 . —14 =10 g —28 44 416
Rain.
Pepivsuls G—8) ., | o} oz .. . .. —10f .. .. . +38
Java (0—F) . . . . . 42 i e ++28 . - . 418
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SoutH AMERICA PRESSURE,
JUNE TO Ave. SEP. TO NOV,
Tort | before  pefe  Same  an o 2amfo2gn1an g affer  after
Pressure. data. ) S.4m. 8 Am. a 8. Am. 8. Am. | S Am. & Am. ar. 8. Am. 8. Am.
D—F M—M J—A §—N D—F M—M J—A 8—N D—F . M—M
Teeland . . . R 47 +-04 12 L] -4 —r2 38 108 +-08 —i8 +',02
Alaska 22 —02 “+06 e 1] +-16 04 28 —12 —10 “+-16 402
C. Siberia . . 40 +-24 -+-06 30 [ ~—18 s 26 —32 —16 e 16
Vienna . 43 —10 ~—08 —24 1] +'O4’ +-10 —14 +-16 —04 08
(Azores 47 +-38 +-04 +-16 +-10 +'04' —04 —20 408 —18 -—08
Charleston ., 451 +08  —06 404 404 420 420 404 422 e14 434
San Francisco . 47 30 +-10 -+08 -+-80 -}+12 -+-30 +-02 -+54 ~++30 +-23
Tokio 38 +-12 0 +-16 +-12 —-22 —14 +-02 422 414 e, 14
Caire 44 -—04 20 =30 -0 6 0 0 —24 0 -~ 36 ]
Honolulu 381 418 424 452 424 120 484 432 482 410 08
¥. W.India . ., , 474 —14 04 —28 —358 —d46] —10 18 08 —24  —-30
FPort Darwin . - 40 08 —16 —a — 54 —56 —(6 —16 6 —06 —f
Mauritiug 46 —22 —384 —38 —28 — 48 —.28 —22 —02 —20 G
Samoa . . B 20 0 +-28 +-50 -—08 +-48 +48 ++50 -++36 82 +16
8. E. Augtralia, . ., 46 0 24 34 44 —B6] —o8 —24  —38 —22 .9
Cape 47 —18  —08 410 30 —48] +10 —14 406 —28 423
§. America 471 410 428 4100 420 402§ 422 420 4100  —I0 420
Temperature.
Dutch Harbour - . 36 —30 —10 —14 —06 2 26 .
Rain.
Peninsula (J—8) 49 e + 44 406 -
Java (O—F) . . . 42‘ ~ 18 +-38 428

39. 5. America resembles the Cape in having one quarter of much greater activity
than the rest, but it is the third instead of the first, and in the June to August table will be
found 16 significant coefficients ; with Honolulu and every pressure centre south of the
equator there is at least one coefficient of *48 or over : further the future coefficients are
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on the whole greater than the contemporary ones, and those with past data are in general

unimportant.

In the first quarter there are influences exerted two quarters before by

Charleston, San Francisco and the Cape. During March to May high pressure is preceded
as well as followed by }ow pressure in N.W. India, Port Darwin and S.E. Australia, and is
preceded at the Cape : during this quarter S. America also behaves as a high pressure

centre in the N. Pacific oscillation.

40. The tables for temperature at Dutch Harbour are i—

Durcn HARBOUR TEMPERATURE.

Dzo. T0 FrB. MARCH TO MAY.
Yo | bl repre  Same  LAE SN 13M. g Same L% Zam
Pressure. data. Iputch H.Dutehlr. 9%  Dutch H. Dutch H {Duteh H. Dutch H. 9 Dutch H, Duteh H;
J—A S—¥w D—F M—M J—A §N D—F M—M J—A 8—N
JUS—

Iceland . . . B . . 36 4--26 08 412 ++16 02 +-12

Alaska . . . . . . 18 410 -+-68 -+22 -+ 04 + 48 12 -3
C. Siberia . . . ‘ . . 82 408 414 —16 +°16 04 +-12 +-12

Vienna . e e e B —10 16 24 —la] ., +14 408 —02 g
Azoreg . B 36 +-16 0 ~14 —24 -+ 02 16 .
Charleston . . . . . 36 —18 —08 —34 —18 -+ 24 —12

San Francisco . . . 36 . D2 —3% —34 +-02 — 48 —18 —1g
' Tokio . . . . 35 —2F ++02 o —16 —04 402 —08 .
Caite + . s s 35 +08 402 —02 +-20 +18 422 .
Honolulu. . B . . . 35 —02 ——24 ’ —18 . — 18 22 4 +2
N. W.India . . . . . 36 Q2 +-18 +-34 +-30 +-18 +-08 ..
Port Darwin . . . . . 36 -2 +-10 +-+84 . e 436 ++28 +-38 Ve
Mauribius . e 36 - - 04 433 —0¢ .. 424 410 416 .
Samoa . . . . . . 18 —16 1@ -+ 14 —rd 6 —32 24 .

8, E. Australia . [ . 36 . +-08 +-08 ++16 +12 +-20 + 04 -++30 e
Cape o o« s« e 36 .. 436 +12 24 428 —08 410 ..

8. America . . . . . 36 . —26 —10 —t28 —10 s ] ~30 .

Temperalure.
Dutch Harbour . « 36 +410 4100 442 [+4% 4100 434 .
Rain.
Pepinsula (J—8) b. R . . 36 414 R ~30 o . —36
Juva (O—F) . . . 56 +-:32 . —06 e ..
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Durcs HARBOUR TEMPERATURE.

Juxe t5 Atre. Sep. TO Nov.
Years 9 e, 1qr. . 1 qr. 2ara. b9 ars, 1 gr. 1qgr. 2 qrs.
Pressure. of befor:  beiore S“‘;‘e after - after [ leiore  here  SAME ol arter
data. §OutchH. DutchH. 9% Duteh H. Dutel 1 vulch Hy Dutea H. 9 DutcnH. Dutch H.

D—¥  M—-M J—A §~N D —F | M—m J—A S—N D—F  M~—M

Iceland . . . . . . 36 . +-32 +-22 +20 . . +12 0 —18
Alaska . . . . . . 19 .. —46 +12 410 .. +-08 +24 0 +-63
C. Siberia . . . . ., g2 —06  —14  +36 402 . e 08 08 428
Vienna . . . . . . 34 .- +16 =12 06 -, . ~—02 14 —20
Azores . . . . . . 36 —08 .14 +-12 —04 . . ~—02 08 +-02
Charleston . . . . . 36 .. +18  —20 —04 .. +26 —10 +-10 . —14
San Franeisco. . 38 —(d 12 08 +-16 —04 —-06
Tokio . . . 35 —1d +-04 -+-10 —08 -+-26 —06
Cairo . . . . . . 85 .. +12 +-14 +-04 .. .. +-18 —02 ~02
Honolulu . . . . . 86 .. 04 04 —1% .. .. w20 22 (8
N.W.India . , ., . | g .. —16 20 406 .. .. +14 426 - 08
Port Darwin . - . . 88 . +12 06 4100 L .. +28 430 0 428
Mauritius . . . . . 36 . +-22 —14 —02 . . -+-04 -—20 —06
Samoa . . 18 —10 0 +-02 —16 420 —862
8. E. Australia . . . 36 0 -+04 ++10 +-14 +-22 +14
Cape . B . . . . 36 s 18 20 -+-06 . . —02 +-04 —04
8. America . . . . . 36 - +-16 ~—10 Rt . . R ——02 -—14
Temperature. .
Dutch Harbour . . . . 36 . +-834 4100 +-18 . .. +-18  4+1-00 +-10
Rain.
Peninsula (J—8) . . . . 36 . .. —08 .- .. s +-02 .
Java (0~F) . . . . . 36 .. . . .. .. . . —22

'

41. In the first two (iuarters the coefficients of Dutch Harbour temperature with
Alaska pressure are +-68 and +-48, and with San Francisco pressure —32 and —48 :
so that Dutch Harbour temperature varies with pressure in the Aleutian minimum. In
the second quarter there arealso coefficients of — 52 and —44 with Samoa and S. America,
suggesting that during this quarter the greater part of the Pacific moves in opposition
to'the low pressure area of the N. Pacific. In summer Dutch Harbour is unimportant :
and in the fourth quarter the contemporary coefficients are not significant ; but those
of 462 and — 62 with conditions in the subsequent quarter are large enough to be real.
It may be noted that in the first hglf year, when the N. Pacific area of low pressure is
marked, the significant coefficients with Port Darwin, Mauritius, Samoa, the Cape, 8,
America and Peninsula rain indicatea distinct participation in the southern oscillation
as a member of the second group.
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42. For the rain of the Indian Peninsula, June to September, the data are :—

PENINSULA RAIN.

Juxe To SEp.

2 qrs. 2 qrs.
Tt | eore | WD e an | Janater | il
Pressure. \ D_F M—M J—A SN D—F
Iceland . . R 48 ()4 & —02 ++06 +-16 ++02
Alaska . . . 22 —36 —r04 —e12 +4-+30 +-66
C. Siberia . . 40 +-24 +-14 —38 ++02 L]
Vienna . . . 43 ++08 +-08 ——38 —16 —]2
Azores . . . 47 422 02 410 +-16 — 06
Charleston . 45 —10 —08 0 +-+12 ++20
San Francisco . 47 —16 +-12 0. +-04 —08
Tokio . . . 38 0 —28 410 +10 —30
Caire . . . 44 0 +14 — 32 Y —18
Honolulu . . 39 +-26 ++30 4-+46 +-02 —q2
N. W. India . . 47 —04 ++06 —10 —42 —16
Port Darwin . . 42 —02 —32 —40 —46 —46
Mauritius . . 47 +-10 —18 —52 —14 —12
Samoa . . . 20 ———~20 -4-16 436 -+-08 ++48
8. E. Australia . 48 404 —20 —28 —28 —62
Cape . . 49 0 —12 +-12 —04 —52
S. America . . 49 —10 -+-38 444 ++06 +02
Temperature.
Dutch Harbour . 36 —30 T 36 —08 402 414
Rain.

Peninsuls (J—8) . 49 . +1-00 .

Java (O—F). . 44 —-36 . 22

43. Apart from Alaska there are in this table six coefficients exceeding 45 and all
of them affecting the southern region. Unluckily for India, however, four of the six
indicate relationships with future conditions outside India, and none refers to past con-
ditions which would be available for use in forecasting the monsoon ; the biggest of the
forecasting coefficients in the table is -38 with S, America.
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44. The Java rainfall data are :—

JAVA RAIN.

Ocr. T0 FuB.

315

Years of 2 qrs. 1qr. Same 1 gr. after | 2qrs. after‘
. data. before before qr. Java. Java.
Pressure. dava. Java.
J—A S—N D—F M—M J—A

Iceland . . . 39 —04 ++02 +26 414 +-18
Alaska . 19 —08 —04 434 —02 4++06
C. Siberia . . 36 10 422 —10 —10 428
Vienna . . . . 38 ++06 —12 —26 +12 ++20 .
Azores . 42 ~—04 +°16 —16 —16 —18
Charleston 40 ++06 4-+06 420 0 —10
San Francisco 42 +-14 -+-+50 402 +-12 —04
Tokio . + - . 37 ++08 +-06 —24 —10 04
Cairo 39 —28 —04 —34 —18 —04
Honolulu 36 +-40 ++30 —32 —06 14
N. W. India . . . 42 —16 —e B2 —32 12 +-10
Port Darwin . . . 38 —1] ~— 60 — 46 408 418
Mauritius . . . 41 —38 —04 —06 —16 ++04
Samoa . . 19 426 T IR R R —08
8. E. Australia . 42 —tB2 —46 .o—r42 —02 0
Cape . . . 41 —16 10, T C 04 —12
8. America 42 +:38 428 | +-28 +18 —18

Temperature.
Dutch Harbour 36 .. —22 a2 —06

_Rain.
Peninsula (J—S) 44 +-22 . .. 36
Java (O—F) . 44 . +1-00

45. In this table there are eight coefficients exceeding 45 of which none are with sub-
sequent conditions ; so that Java is in this respect much more fortunate than India.
One interesting feature is the feebly marked contemporary association with high pressure

in Tceland and Alaska, high temperature at Dutch Harbour and low pressure at Vienna

b

o that the Fava rain tends to behave as a low pressure region in both the northern oscilla-

tions.

®2
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The forecast of Java rain given on the 1st September by the pressure data of the
quarter June to August for Honolulu, Port Darwin, Mauritius, 8. E. Australia and S.
America is (Java rain) =+4-18 (Honolulu)}—08 (Port Darwin)—14 (Mauritius)—32
(S.E. Australia) +-08 (S. America) ; here the insertion of a quantity in brackets means
that we take its proportional departure, i.e, the ratio of its departure to the standard
" deviation. There is a total coefficient of only -60, although Port Darwin alone has -50 ;
this is because the coefficients are closely inter-dependent.

46. One of the minor disappointments of this investigation has been that regarding
the rainfall of Sierra Leone, which seems to be produced by a west-southwesterly current
subsequently crossing Africa and feeding the Nile by beating against the Abyssinian
hills. It was natural to imagine that as far as the Nile was concerned Sierra Leone rain
would resemble Zanzibar and Seychelles rain in their relation to the Indian monsoon ;
and that its amount would vary in opposition to the Nile floods ; and as these vary with
the Indian monsoon I thought Sierra Leone rain would behave as a member of the second
group of the southern oscillation. The following table contains the coefficients of Sierra
Leone rain, May to October, with the pressure at various centres during the contemporary
quarter June to August and St. Helena wind velocity during this same quarter ; for the
rainfall with which it has been correlated the period is given in the table :— ‘

SIERRA LEONE RAIN.

May 1o OCTOBER.
Years of Coefl, with

data. Jd Aqr.
Pressure,
Iceland . . . . . . . 47 —06
C. Siberia . . . . . . 40 +-02
- Vienna . . . . . . . 43 -+-08
Azores . . . .. . . . 47 —30
Charleston . . . . . . 47 —26
San Francisco . . . . 47 —30
Tokio . . . . . . . 38 +26
Cairo . . . . . . . 44 -+08
Honolulu . . . . . . 39 +-30
N. W. India . . . . . 47 +-28
Port Darwin . . . . P 40 —10
Mauritius . . . . . . 46 -+ 06
St. Helena . . . . . . 30 : —16
Samoa . . . . . . . 20 —16
8. E. Australia e e 46 416
Cape . . . . . . . 47 08
S. America . . B . . . 47 —12
Winds.
St. Helena . . . . N . 26 -+60
Rain,

Peninsula (J—8) . .« . . . 47 ~ 0
. Rhodesia (Oct.—April, previous) . o 23 —12
Java (October—February, previous) . ® 42 C 02

Nile fiood {July to October) R . . 44 424
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The only conclusion that seems reliable is fairly obvious—that the harder the damp
ocean winds beat against the hills near the coast the more rain falls at Sierra Leone.

47. It is worth while to remember the existence of a few centres of the southern
oscillation in addition to those in the table which have not as yvet been worked out in
detail. Thus the May rainfall at Seychelles appears to be a member of the southern
oscillation in the second group : with rainfall in north-east India (June to September)
1ts coefficient is — 38, and there are coefficients of 4--38 and —40 with India pressure
and Java rain given in the table on page 107 of the previous memoir. The May rainfall
of the Zanzibar district also has with the succeeding Peninsula rain (June to September)
a coefficient of —42, though with 8. America pressure of April and May the coefficient
is only —16.

Similarly it is likely that the Indian snowfall accumulation in May belongs to the
second group : its coefficients of +-44 with Port Darwin pressure, March to May, +-32
with Cape pressure of the previous September to November, —-34 with S. America pressure
of April and May, +--34 with Seychelles May rain and —40 with monsoon rainfall in N.W.
India all support this conclusion. But the classification of Rhodesia rainfall is less clear*
its coefficients from October to April with the succeeding monsoon rainfall in the Penin-
sula and N.W. India are —50 and —52 ; and with the 8. America pressure of April
- and May —40 ; but otherrelationships than those on p. 109 of the previous memoir require
examination.

CHAPTER III.

The two northern oscillations.

48. The N. Atlantic oscillation.—To the mechanism of the oscillations in the north
Atlantic considerable attention has been devoted by Pettersson, Meinardus, Hildebrand-
sson, Helland-Hansen, Nansen and others, and it is generally recognised that an accentua-
ted pressure difference between the Azores and Iceland in autumn and winter is associated
with a strong circulation of winds in the Atlantic, a strong Gulf Stream, high temperatures
in winter and spring in Scandinavia® and the east coast of the United States, and with
lower temperatures in the east coast of Canada and the west of Greenland.? ,

The correlation coefficient of Iceland winter pressure with that of Vardo (1875-1920)
accordingly proves to be -4--44, and with contemporary Vardo temperature — 64 ; with
contemporary winter temperature in the eastern coast of the United States (Charleston-
Washington) the coefficient is —42, that of the following spring — 18 and of summer
+:16. The coefficient of Iceland pressure, September to February, with contemporary
temperature at Vardo is — 58, and with the quantity of ice at Newfoundland next spring
and summer, as given by Meinardus,® is —72. It might be expected that the effect of
the flow of icebearing water into the Gulfstream in mid-Atlantic would be to lower its

* See Meihardus Met. Zeit., 1898, pp. 85-105, and Tafel. II, p. 120.
. 28ee Behler, Archiv d. D. Seewarte, 40, Heft 3, Taf. 1, Nr. 4, 1922,
¥ Met. Zeit., 1905, p. 405
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temperature and thereby to raise pressure in the neighbourhood of Iceland in the succeeding
autumn and winter. If this were so the character of the Labrador current in the spring
and summer of one year would bring about pressure conditions six months later in the
N. Atlantic which would produce the opposite character in the next year’s Labrador
current, and we should have an explanation of the two-yearly period which has from time
to time been claimed : but the correlation coefficient between ice at Newfoundland
and pressure at Iceland in the succeeding autumn and winter (1860-1902) is only 408,
an amount which is conclusive against this suggested relationship. This absence of an
effect on Iceland pressure is explained by the absence of an effect on temperature in the
gulfstream, for the relationship between the amount of Newfoundland ice and the Vardo
- temperature of the succeeding September to February is —02.

49. An important contribution to the explanation of the variations in the N. Atlantic
has been made by Wiese' who has given tables of the amounts of ice in the Greenland
sea (April to July), and has shown that this is followed by higher pressure off North Cape
and lower pressure in central Europe, where pressure moves in opposition to that off the
North Cape. I find coefficients of 4-28 and —46 between the amount of ice and
pressures in the subsequent autumn at Vardo and Vienna. With pressure, September
to February, at Iceland, which appears to be the most important control of the north
Atlantic, the relationship of ice in the Greenland sea of the previous summer is —-04
and of the subsequent summer +-24. Wiese also points out that in summer and autumn
an excess of ice drives the cyclone tracks in Europe southwards and affects the temperature
and rainfall. A surprising result is the parallelism between temperature in N. W. Siberia
(Obdorsk + Turuchansk), September to N ovember, and the temperature at Grimsey in
Iceland, April to June, 41 years later ; he obtains with data from 1877 to 1912 a co-
efficient of +-27, but with the addition of four yearsIfind +:30. Wiese urges that ice
formed in N. W. Siberia will spend this long time in transit, but does not give the evidence
for this estimate. An alternative interpretation would be that the parallelism is really a -
contemporary one showing itself to a smaller extent 43 years later owing to a periodicity
of 43 years. The coefficients have been worked out ; and I find that with autumn tem-
perature in Siberia the coefficient of Iceland temperature the same year, five months
earlier, is 428, and in the following year, seven months later, is 4--34 which exceeds the
coefficient corresponding to the 4} years interval. I think that as in these coefficients
there is a probable error of -11 a more extensive examination is necessary. With ice in
the Greenland sea (April to July) I find coefficients with autumn temperatures
in N. W. Siberia in the same year — 26, in the previous year —12, in the third year
previously —26, and in the fifth year previously —80. Here again the result is
Inconclusive.

When discussing these data Wiese finds a coefficient of —-83 with conditions 41
years apart ; but it is based on accumulated temperature and accumulated ice, i.c., the
sums of these annual measurements since the first year of the series, and in its calculation
influsnces of previous years are as important as those of contemporary ones. Hence its
use éppears to require very great care. '

t Ann. d. Hydrogr. (Berlin) 50, p. 271, 1922,
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Though there must inevitably be details in which Wiese’s preliminary abstract appears
incomplete, and we must await the fuller account which he has promised, we already owe
to him what I believe to be the first demonstration of an effect of ice distribution on pres-
sure distribution. Hildebrandsson had from time to time argued that the explanation
of relations between pressure at two places, when referring to seasons with a time interval
of six months or more between them, must lie in the drifting of ice ; and various effects
of pressure on the quantity of ice in the Arctic were known ; but the converse effects
had not been satisfactorily established and the important final link in this chain of causes
and effects has been provided by Wiese.

50. A glance at a table or diagram of data from 1877 to 1902 will strongly support the
view that the conditions in the north Atlantic are reversed in alternate years ; but periods
of eight months in the movement of the Iceland minimum and of 4-5 years in the amount
of ice off Iceland also have been indicated by Meinardus." Taking the table of 43 years
from 1860 to 1902 of the ice conditions of Newfoundland given by Meinardus® I find
that the amplitude of the 2 yearly period is -31 while the probable amplitude that
would be produced by purely random variations is -21; for a period of 4:5 years the
amplitude is- 51 against a probable random coefficient of -43. Thus both periods appear
doubtful.

In view of the obvious change in the character of the pressure variations in Iceland
on including the data before 1877 or after 1902 I have thought it advisable to examine
the pressure departures for the critical period of the year, September to February, from
1847 to 1923. When Fourier analysis is performed in the usual manner the amplitude
of the two-year period is -35, while the probable amount produced by a random
series of the same standard deviation is -2. The odds that an amplitude of -35 would
be produced by random figures are about 3 to 1 against, and it would be very dangerous to
regard such an alternation as in continual operation. ~ On the other hand it might be that
there was a natural oscillation with a period of two years which was excited by some
external disturbing agency at one time and after a series of oscillations was checked or
reversed by another disturbance ; and when the Fourier analysis was applied to a record
which included & number of such series of oscillations it might be that one portion cut out
another and the resulting amplitude was greatly reduced. In order to test this the correla-
tion coefficient of each year’s pressure with the next has been calculated : this should
produce negative contributions during each series of oscillations, whether the series hap-
pened to be in the same phase as others of the series or not. But the resulting coefficient
is only — 02, compared with a probable coefficient produced by chance of -08. Hence
although the years from 1877 to 1903 produce a coefficient of — 26 the belief in a twos
year' s period must, I think, be abandoned. It cannot be urged that the result is due
to unreliability in the earlier data for the coefficient from 1903 to 1923 is +-48, and is
directly opposed to a two-yearly period.

*8ee Ann. Hydrogr., Berlin, 34, pp. 148, 277, 278 (1906). An account of these is given by C. F. P. Brooks and
J. Glasspool in Q. J. R. Meteor. Soc. 48, pp. 161-63, 1922,
¢ Met. Zeit., 22, p. 405, 1903.
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51. The north Pacific oscillation.—The conditions in the north Pacific have at first
sight a close resemblance to those of the north Atlantic ; the meteorological charts show
corresponding areas of high and low pressure ; snd we have the warm Kuroshiwo (or
Japanese) current flowing northeastwards from the south of J apan across the Pacific as
the equivalent of the Florida or gulf stream,’ while the cold Oyashiwo current, bearing
water from the arctic regions along the northwestern shore of the Pacific, corresponds
to the Labrador current. The resemblance does not extend however to a similar collec-
tion of meteorological observations. In the absence of an Iceland we are dependent on
shore observations on the edge of the low pressure area, and the data from Alaska to
the east are, as we have seen, scanty and fragmentary, while the observations from Dutch
Harbour to the north are of temperature not pressure. However the pressure data are
decisive in establishing the opposition between Alaska, representing the area of low pres-
sure, and Honolulu near the margin of the high pressure area, the coefficients in winter
and spring being —70 and —52. In his paper of 1922 on the forecasting of the summer
temperature and rice crop of northern Japan,? Okada says :—° The activity of the (Aleu-
tian) Low is increased when the water is warmer. ..than usual :’ ¢ the air temperature
at Dutch Harbour may be used as the index of the temperature of the sea near the Aleu-
tian Islands.” But as we have seen in the tables there is in winter with Dutch Harbour
vemperature a coefficient of 468 with pressure in Alaska, —32 at San Francisco
and —24 at Honolulu. In spring these become --+48, —-48 and —-29. Clearly there-
fore if the Alaska depression is unusually low, the Dutch Harbour temperature also will
be unusually low and this must be due to unusually strong winds from the colder regions
to the north and east : but it still seems probable that the sea in the neighbourhood
~of the depression is on the whole warmer than usual. We should therefore expect
opposition between winter temperatures at Dutch Harbour and at Victoria B. €. on
the eastern side of the depression : for the years 1892-1919 in which some Hsquimalt
data are included the coefficient is —06, but for 1903-19 it is —40,

52. On the western margin of the oceans the similarity breaks down : for while the
Labrador current is colder when the Atlantic pressure opposition is accentuated, the
northerly current on the east coast of Kamchatka is apparéntly unaffected. Further
south, just as the eastern eoast of the United States is warmer when-Iceland pressure
is reduced, so temperature in summer In northern Japan is raised when the Pacific opposi-
tion is more marked. Thus ] find that the temperature relationships of winter and Spring
at Dutch Harbour with summer (June to Avgust) at Erimo are —- 50 and —54.

53. In order to verify the interpretation placed on the data of the north Pacific I
have verified in terms of them the conclusions reached by Henry® regarding rainfall op
the north Pacific Coast States. T find a coefficient of —54 between that rainfall and the
December to February pressure at Alaska, while with Dutch Harbour for this period the
relationship is —24 : with Alaska pressure in autumn the relationship is —20. I have

1 See Kriimmel, Handhuch d. Ozeanographie, IT, p. 702, 1011,
2 Memoirs of the Irap. Marine Observ., Kobe, No. 1L p 22, 19922,
® Washington M. W. R. 49, p. 213, 1021,
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also verified that as indicated by Stupart there is a relation between the winter pressure
at Alaska and the winter temperature at Winnipeg, the coefficient being —54.

54. Since the July and August temperatures of northern Japan have been carefully
studied by Okada it will be well to summarise his conclusions.  After a preliminary paper
in 19101 on centres of action in the far east Okada worked out in 19162 the relationship
between the gradients to the east of Zikawei during January to March and the July,
August temperatures in northeast J apan, coefficients between -5 and -78 being obtained.
In 1917° he found — 34 between the Jul uly temperatures at San Francisco and Erimo and
—+53 between the former and April temperature at Irkutsk*: he also found — 41 between
the variations of January and February pressure at Zikawei and those of J uly and August
pressure at Nemuro. At each of these places pressure and temperature tend to move
in opposite directions. Okada next showed® that the association of high August
temperature in northeast Japan with high pressure in April was shown at Bermuda,
Toronto (+4-32) and the Azores, there being opposition with April pressure in Iceland.

In the next paper® the Japanese August temperatures are found to have coefficients
of 4-+61 with the April pressure difference Azores minus Iceland, +-31 with March pressure
difference Zikawei minus Miyazaki, and +--49 with January pressure at Sydney : these are
relations between changes from one year to the next.

In asixth paper” Okada finds between the vatiations from year to year of 8. American
pressure, March to May, and August temperature over Hokkaido (the west coast having
as good a correlation as the east) a relationship of 462 : for Tohoku (the northern part of
Japan proper) it is 4-54. With the March pressure difference Zikawei mmus Miya-
- zaki the relationships are +-40 and --41.

In his last paper, of 1922, Okada® accepts Dr. Ando’s conclusion that in the years
¢ with abundant ice in the Behring sea and its neighbouring waters the summer in northern
Japan is abnormally cool.” Unfortunately the evidence upon which Dr. Ando’s
conclusion is based 1s not available here, and against it may be placed the following
arguments :—

(2) An accentuation of the Aleutian ‘low’ in winter produces higher not lower
temperatures at Nemuro.

(b) If the Nemuro temperature is controlled by cold currents from the north we
should expect to find the effect most marked when the ice is melting in
spring and therefore a close parallelism between the temperatures of Erimo
and of Petropavlowsk on the east coast of Kamchatka : I find however an
insignificant coefficient of +-16 (based on data of 19 years) during the

1 Byll. Centr. Metl. Obsy., Japan, I, No. 4, 1910.

2 T have used the reprint in the M. W. R., Washington, 1916, p. 17.

3 M. W. R., Washington, 1917, p. 238,

) 4 I find —'30 between the summer temperatures at Erimo and San Francisco and 26 between the latter and
spring temperature at Irkutsk : in the latter I used the data of 25 years against Okada’s 21,

8 M. W. R., Washington, 1917, p. 299.

¢ M. W. R., Washington, 1917, p. 535.

¥ Bull. of Centr. Metl. Observ. of Japan, 111, p. 19, 1919,

2 Memoirs Imp. Marine Obsy., Kobe, I. No 1, p. 14,
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season March to May, and Petropavlowsk at that time has a coefficient of
—12 with Dutch Harbour winter temperature instead of a positive co-
efficient. In winter Petropavlowsk has coefficients of —08 with tem-
perature in N. E. Siberia (Jakutsk -4 Verkhoiansk), —02 with Central
Siberia pressure, and 4- *04 with Dutch Harbour temperature. Thus, if
the data have any value, any southward flow of ice along the coast of Kam-
chatka seems to be little controlled by conditions in its neighbourhood and
to have no effect on temperature to the south.

(c) Okada’s coefficient of + 63 between S. America March to May pressure and
August temperature at Sapporo on the west coast of Okkaido is greater

- than 4-+50, that of Nemuro on the east coast. As Sapporo lies in the warm
Tsushima current (a branch of the Kuroshiwo), of which a portion flows
through the Tsugaru strait,! it is indicated that the control lies in the
temperature of the Tsushima current rather than the Oyashiwo. Accord-
ingly I find approyimately equal coefficients of —-14 and —13 between
Nemuro and Sapporo August temperatures respectively and the winter
temperature at Dutch Harbour.

(d) The variations of August temperature in the Tsushima current at. Sirakami-
saki® where its waters are passing through the Tsugaru strait are nearly
identical during the years 1914-21 with those of the sea at Takasima off the
northeast of Hokkaido (freely exposed to any cold northerly current that
may exist)’ and its changes resemble those of Nyudosaki (40° 0’ N, 139°
42" E) off the west coast of Japan freely exposed to the Tsushima. The
Tsus