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CIRCULATION
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Sange Ngoie-Kazadi and Makoto HosHiar

Synopsis

Climatic jump implies an abrupt change of multiyear averages. This is a new concept
in the climat diagnosis, introduced recently by the present authors, in contrast to widely
accepted premise of continuous changes of climate. The previously proposed method of
detecting the climate jumps of statistical significance is improved, so as to avoid a mistaking
any oscillatory change or long-term trend. This method is applied to the EOF analysis
results of monthly mean data of sea-level pressure over the Northern Hemisphere, and statis-
tically significant jumps are detected around 1920 and 1950. These climatic jumps are associated
with abrupt changes of Icelandic and Aleutian Lows.
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Fig. 1. Detection of climatic jump for the coefficient of the first eigevector:
(a) surface air temperature over Japan in February;
(b) sunshine duration over Japan in July; and
(¢) precipitation over Japan in June.
The time coefficient is shown in the top panel. Signal/noise ratios
for 95% confidence limit for averaging intervals of 20, 15 and 10 years
are shown in the lower 3 panels, respectively.
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Table. 1. Relationship between the ratio @ of averaging interval to the period
of oscillatory change and the ratio of jump 4M to the amplitude a.

«  dM/a e  AM/a @«  AM/a «  AM/a e  dM/a
0.1 0.60 0.6 0.96 1.1 0.05 1.6 0.35 2.1 0.03
0.2 0.97 0.7 0.60 1.2 0.18 1.7 0.24 2.2 0.10
0.3 1L1.39 0.8 0.27 1.3 0.32 1.8 0.11 2.3 0.18
0.4 1.44 0.9 0.06 1.4 0.41 1.9 0.03 2.4 0.24
0.5 1.27 1.0 0.00 1.5 0.42 2.0 0.00 2.5 0.25
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Fig. 2. Anomaly from 30-year mean (1931-1960) of 3-month mean surface
air temperature at grid points 70°N, 60°W (a), and 50°N, 60°W (b).
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Table 2. Results of climatic jump detection for 3-month mean temperature
at grid points along 60°W meridian with averaging periods N;=Np.
For 3 averaging periods of 10, 15 and 20 years, years of appearance
of the maxima of (§/N)y greater than 1.0 are given, respectively.
In the right column, are given the years when such maxima appear
commonly for the 3 averaging periods, with time difference not
longer than 1 year.
. Years When
Averaging .
10 15 20 Maximum of
Grid Interval years years years S/Ng>1.0
Appears
Loca- Commonly for
tion Analyzed 10, 15 & 20
) 1886~1965 1891~1960 1896~1955 Years of N»
Period & N,
Winter 26,48, 59 26 16, 23,26,48 26
70°N | Spring 96,23,27,42 | 97,22,27,43 | 98,22,27,43,48 22~23,27,
60°W 42~43
Summer 12,26 95, 98, 26 23, 25,30 25~26
Fall 50,61 46, 50 46, 50 50
Winter 22 16,23, 26
60°N | Spring 60 22 09, 15, 22
60°W | Summer 27,36 27 23,25
Fall 50, 61 22,45,50 01,08, 10, 14 50
17,40, 46, 50
Winter 48,50 11, 26,50 36,44, 5, 50
50°N | Spring
60°W | Summer 28, 39
Fall 25
Winter 48,59, 61 49
40°N | Spring 44,50 44,50
60°W | Summer 24,28,49 24,29,48,51 | 23,29,35,43,49,51 | 23~24,28~29,
48~49
Fall 44 40,46 .
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DEBXE,I D DD, BFE 100 EMOF — 4 BEEIL TV AALEROBEIESFCOWTLy v
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#x, 189942519684 F To20° NLdbolH&ED EOF @7/, 1A X 7ADELl, £2%X
V' 3 TS ORBOKELAR TV B, BTN EELZE» DT, 19208051k &
V1950ERDRTED 2 DO ERTEER RS bhic L~ Tuw 5, HOM DY KTk, A FHRED
F— R EENBRIE A AVERINTWISWE R O ERS 0RO EREEOK BB B
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Table 3a. Results of climatic jump estimation for air temperature at 4 grid
points along 60°W. The time means and their 909 confidence limits
before and after the jump apperance (1922~1929) are computed
for 23 years (1899~1921) and 12 years (1930~1941), respectively

Location | Averaging _ - (S/N) 90
of Interval 1899 1921 1930 1941 Jump | for Jump
Grid (M,-My) | of (1922~
Point Season M, oa M, o 1929)
Winter —-3.1°C| Lo0°C 0.8°C| 1l.0°C 3.9°C 2.0
70°N Spring —-0.9 0.7 1.5 1.0 2.4 1.4
60°W Summer -0.7 0.3 0.2 0.4 0.9 1.2
Fall —1.6 0.7 —0.5 0.9 1.1 0.7
Winter —-1.5°C| 0.5°C | —0.1°C| 0.8°C 1.4 1.1
60°N Spring -1.0 0.5 0.3 0.6 1.3 1.1
60°W Summer —0.3 0.2 0.1 0.3 0.4 0.8
Fall -0.9 0.3 —0.4 0.3 1.5 1.0
Winter —0.4°C| 0.4°C | —0.3°C!| 0.4°C 0.1 0.1
50°N Spring 0.0 0.2 0.0 0.4 0.0 0.0
60°W | Summer -0.5 0.3 0.2 0.4 0.3 1.0
Fall -0.3 0.2 —-0.1 0.4 0.2 0.3
Winter —-0.6°C| 0.3°C | =0.2°C| 0.5°C 0.4 0.5
40°N Spring -0.3 0.2 -0.2 0.2 0.1 0.3
60°W Summer -0.3 0.1 -0.1 0.1 0.2 1.0
Fall —-0.1 0.1 -0.1 0.1 0.0 0.0
Table 3b. Results of climatic jump estimation for air temperature at 4 grid
points along 60°W. The time means and their 90%; confidence limits
before and after the jump apperance (1942~1950) are computed
for 12 vyears (1930~1941) and 8 years (1951~1958), respectively.
Location | Averaging - (S/N o
o Interval 1930 ~ 1941 1951 1958 Jump for Jump
Grid (Ma-M,) | of (1942~
Point Season M, b M, oq 1950)
Winter 0.8°C| 1.0°C | —1.3°C| 0.9°C | —2.1°C 1.1
70°N Spring 1.5 1.0 —-0.5 0.7 -2.0 1.2
60°W Summer 0.2 0.4 -0.1 0.6 -0.3 0.3
Fall —-0.5 0.9 1.8 0.6 2.3 1.5
Winter 0.1°C| 0.8°C | —0.4°C| 0.7°C | —0.3 0.2
60°N Spring 0.3 0.6 0.3 0.6 0.0 0.0
60°W Summer 0.1 0.3 —-0.2 0.3 —0.3 0.5
Fall -0.4 1 0.3 0.9 0.2 1.3 2.6
Winter -0.3°C| 0.4°C 1.1°C| 0.7°C 1.4 1.3
50°N Spring 0.0 0.4 0.3 0.6 0.3 0.3
60°W Summer 0.2 0.4 0.0 0.4 —-0.2 0.3
Fall -0.1 0.4 -0.1 0.3 0.0 0.0
Winter -0.2°C| 0.5°C 0.6°C| 0.4°C 0.8 0.9
40°N Spring —0.2 0.2 0.3 0.3 0.5 1.0
60°W Summer —0.1 0.1 0.2 0.1 0.3 1.5
Fall —-0.1 0.1 0.1 0.1 0.2 1.0
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i, BEMR - ERECLIZ30THE00, ThALOBEBMBEEL+EE T X 5 hEfichi 522/ -
RRITFBC X - T 0 BIEIE S, Zhikt, 2O NCAR OF —x 1y F 220 THVERWT, SE
A ARNELL, ¥k, BHOBM W7~ 2 0B MHT 5o, RISERND X 5 IaZeiRy - BH
Hy7z low-pass filtering %1382 LK 58, REICEDT -2 2B T5ELT5,

43, 1901 ~19804E DBOEM O PIHER FHEFHIZOWTRD, FhnboRES LT, low-pass filter
YEATH, BTFEOL TR LEEHAOK 15000 km it hkd X 57 cutoff wavelength ##>
filter %3 & 23, 20°~30° NIZR U TiaBEMES0°, 35° ~40° N TIXFEE90°, 45°~50° N TIZFEE110°, 55°
~60° N TI3EEE140°, 65°~70° N TIHEE160° DfED cutoff wavelength % {,-> Lanczos type o low-
pass filterW %@ Lic, Thiz kb, HAFMOWEEN 6000 km DEEOEIEIZ0.1LLF £ 78 v 10000 km
HEoFHEROIERIT0.OU ETH S, tkic, FILHEOMEIEC OEHC Iz » T, cutoff wavelength ik
fE20° > low-pass fillter %3 ¥ = Lic, Z o filtering iz X - T, B FHROFEES 1800 km D4 DR
Blix0. 1L T &7e b 2700km LI ED L 0 DIEIX0.9U ETHD, ThboEECKRII, Erendo
cutoff period DR} low-pass-filter ZFH L1z, B 5 1A LUTOBREIOEREIZ0. 1T & D,
8 A EORBEO L DORBIIFREEHL LIV, ZOX 57 - BR7 s v x—0BAER, S’/ 1 X
O] & i 22 - R L KRBT — 2 T RYo. chibo filter oFAORE, HHK
5 — &2 DFAFNL1900~ 1981 £ DB2EH & 7 o o, 19164E11 A 5519204 9 7 & TII/RBINE 2 o Fochfa B ]
filtering 2 X W AR I N T, REFICRMOMMILES oot 220 - Bl filtering 1 X h Kl 7
RO % UicEs, Kutzbach!® ofigt & 875 - T, EOF L B 2 EEY 15T THA 5,

EOF et a8 FEORER, Kutzbach® LEK, BEiLHEICEEICE, BEHFATE, ®#E
20°, 30°, 40°RU50° N TR, 60°RUT70° N TIEE0°HETH YD, BIEAOML 4E180TH 5,
ZhixT — 2 OERGHOE—RMEINEIL T ELDDEEBTH S8, 1 A~128 ¥ CO/ A D 82ERDI80
BOWTFHET— 20 EOF Bite L, *+OfE% Table 4 12777, EFO #70 sampling error {zo\»
T\, North!® ORE UHHERINS S, F— 4 HFHEENE LIk, EnBEOEGME An OBE SAn 1,

SAm =7\m)/(2/—N) .................................................................................... (8)
THLbRD, BE OAn 2 An & Anu D% Ian LONSTHE, BES2 bAOY VT Y ¥ IS
REETHBE TSNS, Table 4 i, EHHEEZNTRLALMECSE L F 5 K (percent
variance) ZRTERIC, V7YV IIRENERERLGEECKE VGO * BlEOF LB, 1K
FX6 AR IV T ARBRVT, REQERERZERTHLY, F2HACOWTUZ4, 5, 9, 10K XY
NADREIERTEZZEN I, ThELTH, B 1HSOFERIWI~3YT, H2IRHOXK
ERBL~I%THD, TOIIRFEENPLTIREBERE S LVERED X - VOSBEMEIVE LT
%o
BN trie2ontiy, 2BRU8ADE 1 EHS% Fig. 3a XU Fig. 3b wiRd, 28T,
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Table 4. Results of eigenvalue analysis of low-pass filtered monthly mean
data of sea-level pressure from 20°N to 70°N. The eigenvalues
with appreciable sampling error are indicated by asteriscs.
Month First Second Third Fourth Fifth
ont Eigenvalue Eigenvalue|Eigenvalue Eigenvalue|Eigenvalue

Eigenvalue 36.4 21.8 *18.4 15.7 13.0

January Sampling Error 5.7 3.4 2.9 2.5 2.0
Percent Variance (%) 20.4 12.1 10.2 8.7 7.2

Eigenvalue 40.4 22.9 *16.5 15.2 *13.6

February | Sampling Error 6.3 3.6 2.6 2.5 2.1
Percent Variance (%) 22.4 12.7 9.2 9.0 7.6

Eigenvalue 42.0 22.1 *17.3 16.7 *11.9

March Sampling Error 6.6 3.5 2.7 2.6 1.9
Percent Variance (%) 23.4 12.3 9.6 9.3 6.6

Eigenvalue 39.4 *22.1 8.8 *13.7 13.2

April Sampling Error 6.1 3.4 12.9 2.1 2.1
Percent Variance (%) 21.9 12.3 0.5 7.6 7.3

Eigenvalue 33.5 %22.6 21.3 *14.3 18.5

May Sampling Error 5.2 3.5 3.3 2.2 2.1
Percent Variance (%) 18.6 12.6 11.8 7.9 7.5

Eigenvalue *29.6 25.3 *20.9 18.0 13.7

June Sampling Error 4.6 3.9 3.3 2.8 2.1
Percent Variance (%) 16.4 14.0 11.6 10.0 7.6

Eigenvalue *30.0 26.8 *19.0 16.3 13.6

July Sampling Error 4.7 4.2 3.0 2.6 2.1
Percent Variance (%) 16.7 14.9 10.6 9.1 7.6

Eigenvalue 32.1 25.6 19.2 *14.4 12.3

August Sampling Error 5.0 4.0 3.0 2.2 1.9
Percent Variance (%) 17.9 14.2 10.7 8.0 6.8

Eigenvalue 33.5 *23.3 22.3 *12.7 11.2

September | Sampling Error 5.2 3.6 3.5 2.0 1.8
Percent Variance (%) 18.6 12.9 12.4 7.0 6.2

Eigenvalue 32.9 *23.1 19.7 14.2 *11.7

October Sampling Error 5.1 3.6 3.1 2.2 1.8
Percent Variance (%) 18.3 12.8 10.9 7.9 6.5

!

Eigenvalue 32.8 *21.4 18.7 *14.2 13.1

November | Sampling Error 5.1 3.3 2.9 2.2 2.0
Percent Variance (%) 18.2 11.9 10.4 7.9 7.3

Eigenvalue 34.1 23.6 17.3 *14.3 13.1

December | Sampling Error 5.3 3.7 2.7 2.2 2.0
Percent Variance (%) 19.0 13.1 9.6 7.9 7.3

Iceland b7 & Greenland i psid € OEAEABEET, &bk LT55° NLLOBMBS IR H - (KK &
HARTEL LTV AHNEE Zh b, Kutzbach® DR T, Iceland DESERE Aleutian 55D
ESESRE OBEHEETHY, b, PFETHD, ChOLORRFEHOHOLT, Madden®® #ijf-~
Bk B IEE ) 4 AP DT K ELDT, Kutzbach® DRERTISE 1 XK E KBS LTV 2/
SmBD, o TRDESHOE I ERSOAMOREL, KPHREDHDATERTHTT DOFEETOE
(e BET, PEHEDOEVR— VEKELYMHETELLTWIETH S, IhbOERSTOREOFE L
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FEBRUARY TR s
FIRST EIGENVECTOR \ "/. //(
/ . .

(a)
AUGUST "\\
FIRST EIGENVECTOR
/
<
(b)

~~ 106

N

Fig. 3. The first eigenvectors of sea-level pressure in February
(a) and August (b). The positive area is shaded.

T, 6ADE], 2, SRUEITRIOFEE, Fig. 4 0525, BMLUWGEARLEABROLH, HBiE
DISRREY » v 7 RRBHR T, TORBEXRATRT,
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Fig. 4 Time coefficient of the first, second, third and fourth eigenvectors of sea-
level pressure in June. By arrows are shown the climatic jumps of statistical
significance for 95% confidence limit.
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Table 5a. Resultes of climatic jump detection for the coefficient of the
first eigenvector of sea level pressure. For 3 averaging periods
of 10, 15 & 20 years, years of appearance of the maxima of
(8/N)es greater than 1,0 are given, respectively. In the right
column, are given the years when such maxima appear com-
monly for the 3 averaging periods, with time difference not
longer than 1 years.
Averging Years when ma-
Interval 10 15 20 ximum of S/Nys
(Years) >1.0 appears
commonly for
10, 15 & 20
Analyzed | 19101971 1915~1966 | 1920~1961 | years of Noz N,
January 28,33 26, 38, 33, 38
February 28 25
March 28 23
April 23 23
May 27 23,27 22
June 27 23,27 22,28 27~28
July 27 24 24,28,30
August -23,27,29 22,28 25
September 23 22 23,39 22~23
October 17,23 22 23, 39,49, 53 22~23
November 38 18 25, 30, 39, 54
December 71 32 25,32, 38
Table 5b. Results of climatic jump detection for coefficient of the third
eigenvector of sea level pressure. For 3 averaging periods of
10, 15 & 20 years, years of appearance of the maxima of
(S/N)es greater than 1.0 are given, respectively. In the right
column, are given the years when such maxima appear com-
monly for the 3 averaging periods, with time difference not
longer than 1 years.
Avérging Years when ma-
Interval 10 15 20 ximum of §/Ngs
(Years) >1.0 appears
commonly for
10, 15 & 20
‘%3::§;§d 1910~1971 1915~1966 1920~1961 | years of No=N,
January
February
~ March
April 49 31
May 47,50 45,49 21,51 49~51
- June 22,45,47 45,48,52 22,48,51 47~48
July 60
August 19,21
September.
October
November 16 21
December 17 21

~1928%E (LIFTITINOED L+ v 7 LIES) KUN1947~19514E (1950 D L+ v 7 LIFL) © 2 [ERHE X
Nz, ChHLDARIABEROZEY + v 7 OBEX A5 0w EOF @iToBReFIHE Ly,
Bz, EOF #ifoEv B, &1, #£1, 2,

T VITD

SERDOEERIN IR ERELRVELY
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V7Y v SBENERHEL CBENS VD, Yy VI OREYPIETAFREY TR, Thik, =
ST, ARTFECOVWTENLE L L, 20°N~70° NOBHT, #ES5°E, BEICEDIZNE 0L
FEF—-2DFhFhicowT, EOF @tk 3hic 2202+ v 7 OO FEEEOE FENCE
BNE S EHENB, Tihobb, 19005~192] £ ORMIFIHME & 1929~ 19465509 & O], RO,
192942 ~ 1 9464E DI & 195245~ 1970 FE DFHE & DM OEX BEBR - L&+ 5, HficoY s v 70
BETRERRT — 2 BRSO TS DTI90~1961EDH LA DB il of, LasL Table 5a ©
BT, EEHENI0EOHEDI2BIIVIER Y » VZHRRE L TCOBREARIR TV 50T, 1950
DTy VTIDOWTIE, 1952~1970FED0FEEEER Y ETF3HE L,

19204E L 19504ED 2 2D P v Y IR LT, 120 03T B T, WTFhrDOBFRATEVTIBHD
EERBAD (S/N)go 7100 Lo EERY » v BRHE I, BROBIE LT, 19208014 &
7 B 044 Fig. 5a 3 X0 Fig.5b @R L, 19500 | AR X 07 § O¥A % Fig. 6a ¥ LU Fig. 6b

e f 7, : . R - . o f A .\.f\ <L \ . // . .
oo ) S o~ T
L DIFFERENCE OF MEANS(MB) DR
(1929-1946) - (1900-1921), - (1929-1946) - (1900-1921) .
JANUARY A e JULY . e v

(1929-1946) & (1900-1921}
JANUARY AV o JuLy

(a) (b)

Fig. 5. Regions where climatic jump of 90% confidence limit appear in
January (2) and July (b) for 1922~1928 are shown in the lower
panel, with shading and hatching for positive and negative jumps,
rerpectively. In the upper panel, difference of the averages between
1929~.1946 and 1900~1921, in unit of mb.
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(1952-1970) & (1929-1946)- - /
JANUARY we pd JuLY L ke

{a) : (b)

Fig. 6. Regions where climatic jump of 90% confidence limit appear in
January (a) and July (b) for 1947~1951 are shown in the lower
panel, with shading and hatching for positive and negative jumps,
respectively. In the upper panel, difference of the averages between
1952~1970 and 1929~1946, in unit of mb.

iR, WThd, PEHE0EY 1mb OMMTERI VL, 1.0MED (8/N)g OFEBAKVERT
Ex T, 1920E0 1 A0s, Aleutian EREOERLHMILE Siberia BREOTHHOKE LFAHE
HENh, 195060 1 A CREEL Y« v 72 IhTuwiewst, 2 Bt Canada Jbii COERLRE
EREARED SRS, “hit, lceland ELEOEMEBELTVWELDEEL bhb, 19205 L1950 &%
W3 &, PBEOEISEE &7t o TWBHIEN S, 192050 7 A DHE, Africa ILHOEEHOR
FEERMAEETHBDEN LT, 1950FETIREELN TR LT\ %, Trenberth & Paolino! nigf LI fEH
DEFRWTF -2 ERELTE, b0 o, BHEBTA—HLTWRVLOT, F-2OREL LT
BohitbOTIH e EBERE LB LERTE S,

DX A ARABBROSEY » v 7 AR EHOTRPEKEDOTE Y + v 7R ILH LItbDEDO M
ERAHR TR, BESEZDOL DL DL, Makrogiannis 520 OFfsES Balling 520 LK, K
R DT R A EZ R XA TN S B DT, 0L 5 BT BAEED TWAHITHD,
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ELEDORBREYRRTELTETH S,
6. # E

FELO NARORRT — 2 OBITC L - TR LA KEC » v 7 BELT, ¥R A FEimE
KECETHTES +» v 7 OB ERSI T, AESHEcBEIEE . 1 ZoWEiorsdie, RERERHKT
D TET — &1 2RI 3 X O BfS7e low-pass-filtering %2z Lz, 40k 575 — #% EOF #
Fricft Licas, filtering % Lic\ 5 — 212 X 5 Kutzbach!® D#ER & hic h R BEENZ FAXEBLR
o TOMRTHLRILLADEIEAE~N7 b Ad, BREHEE D - (ERE L FUIHETEELTVW5E
ZRLTED, 7HEEWTE, Eurasia KBEDSKPH - KFEE - 7 2 U » kBRI - TRIZEE LT
W3,

EOF i1, H2XIVHEIERTORKOMIIG, KD+ v 7 OREEFLA 1920 £E6 L 195
FHRHTHIFLRE L, KEABROV + v 7 OBELXHEN5DBE LT, EOF @HikkBEOFLERINE
MFERELSTRVCERLZDY v 7 ) Vv IBENNE I HD e, EOF BiogErRy L sdz
BUTIIR, BTET—2%2R) EF2HLL, 200~70°NOLBRFHETOT — % R EEHK L1208
DETEBNTY v V7R REHKRAIELHE L LT, Yo v7OREILBELYRDL, BREIREI
AD Yy 7%, Aleutian EXKES Icelandic EKEOTLEBE LTS L E2 bR 5,

COBRER, EEREHRE-RPIE (O $61540302c & »C, Efidhi, BAOKET — 5%

BLUILHRT — 73K 8F o883 0Th S, ZOMERTOF — 2 BT, NEAYSBELEHER
Rz FACOMS340R 12 & - TiThhiz,
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