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CLIMATIC JUMP

By Ryozaburo YAMAMOTO, Tatsuya IWASHIMA,
SANGA Ngoie Kazadi and Makoto HOSHIAI

Synopsis

A new concept Climatic Jump is proposed for an abrupt change of time average of cli-
matic elements over a few decades, basing upon Lorenz’s non-deterministic theory of climate
and Iwashima’s findings of possiblity of multiple stable solutions in a numerical model of the
atmospheric general circulation. A simple method of detecting the Jump is proposed, taking
account of statistical ambiguity in time mean. Applying this method to the climatic records
over Japan, Climatic Jumps are detected for sea-level pressure, precipitation, sunshine dura-
tion and maximum depth of snowcover around 1950, as well as the surface air temperature.
Occurrence of some abrupt change in the atmospheric general circulation is suggested by the
fact that almost simultaneous appearance of jumps could be detected commonly for all the
climatic elements taken here.
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Fig. 1 Solutions of equation (1) for 100 time steps, starting from initial
values of 0.0999 (upper), 0.1000 (middle), and 0.1001 (lower).
The straight-line segments joining consecutive points are solely for
the purpose of making the chronological order easier to see (re-
produced from Lorenz?’).
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Fig. 2 Solutions of time-space spectral low-order model of the atmospheric general
circulation. (a) Solution diagram of steady zonal component X; depending
on the periodic forcing F,. (b) Solution diagram of steady zonal component
X, on the steady forcing £ (reproduced from Iwashima et al®’).
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Fig. 3 Winter Surface air temperature ano-
maly from 80 year mean, averaged
over 23 stations of Japan (repro-
duced from Japan Meteorological
Agency®’). ¢ signifies the standard
deviation.
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Fig. 4 Surface air temperature anomaly of winter from 80 year maen at
Sakai Minato (35°33’N, 133°14’E), a small fishing port, where
no appreciable urbanization effects is considered. Low-pass
filtered anomaly with cut-off period of 20 years is given by thick
line.
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ETLTHAEILEN DL (Yamamoto 55), H Fig. 5 Surface air temperature anomaly of.
A TDIVETEEAH1950EEHABEIC LR LTV winter of the Arctic region (repro-
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Fig. 6 Geographical distribution of the difference of surface air temperature between
the mean from early 1920’s to early 1950’s and that from later 1950’s to middle
1970’s (reproduced from Diaz and Quayle'®’).
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Fig. 7 Surace air temperature anomaly at some grid points along 60°W (reproduced
from Yamamoto et al."?). Low-pass filtered anomaly with cutoff period of 10 years
is given by smooth curve, and arrow indicates abrupt change of time mean
like the jump.
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Fig. 8 An example of detecting the climatic jump for summer precipitation averaged

over Japan. The time series of the precipitation anomaly from 80-year mean is
shown in (a), and S/N ratio and the difference of 25year means by solid and
broken lines in (b), respectively.
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Bym 2% +eeereseesearenserete ettt (4)
(4)RICETOT, BEF — 455 BHHRRUMEESTBRETE ¢ 2REHKRD. KU, EERIKE B;
F =2 DIFLDEBPROKRFVLOT, WERHERIEE TS5, BICXOMKROLSIT, KEFMEH
AYEH & CEE SRR IIERDS B AT, KEENOBAEDHDRAGDENORHIGHICHN
T, AEPERIE AAMEE S TS OBNSAEEA A bR e OFEMIIAE 185, COLDER €
OLEBLEEZBNS, Table 1 KR, WESE, MR, AR, RERZEED 3 HHAOMEICNTS ¢
DERERLTO S,

TS OBEEDMIBMIROAENDT, CCTHEICLTNREY » » 7ORBEERMOBRIEADT - £ 1C
DT, ¥y FHBEECRENTHLE S BENSH 5, TN, ERHSEERY LT 2HLT 5. &
EEICEY 2E0ES5I, ERTHEERD 2 DICADEREOROEFRICHILE 2 LFEL
TEVDT, ¥l 7ORMPERICILS LPFING DOEOILEE » AN « PE - AMHEIEE - 55
BXUTERD 3RO T TFHWICY + > S OREERS I, KEALICBOT, Diaz and Quayle'?

Table 1 The upper bound of observational errors including
local irregularities in 3-month mean.

Climatic Element Observational Error
3-month mean surface air temp 1.0°C
3-month mean sea level pressure 1.2mb
3-month precipitation 90 mm
3-month sunshine duration ) 70 hrs
3-month mean maximum depth of snowcoverage 12cm
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WLT, 1930~19524EDRH DY 3 o FOREMTEEETH 5, Fig. 93, HOKR(a), HOBHEKE(D),
FOMKE(c), BEOHEME(L)ELUBRAEERE()DZNFNICDNT, 80ELEH 5 DRFEDIR
5, RHENY » P E, ZOMBOTY (EH) BIUZOBBOEFRA (B 2RLTHE. ¥
» o FOEDHIBOFHOBEXEMNHENTOT, S/NHEMSLOLDERELDT, U7y ELTH
AL7o B%DEFERAAZALTOEDT, TCTHRIALKY » v FIEFHRNET — & ORFEVIIRIEIC
K OBRICENI SO TIRIEL, ERICRELLSDLEEI SN,

Table 2 13, 1930E~1952EDMICRIII NS v 7L, ZORBE S/ NI v o FOREE (+
N, — EDAERT A) - EEHE GD BXUEESERE (%) £2RULTVS, $5EORBOH TR
~Nfe kI, Uy FORKRIL, VERMTERUTHEERTSHD, BEORTLLAB®RMAETILOT,
19474E~195268ED C 4 v I3[ U CRDHRE EEZ T,

Table 2 Climatic Jumps of the elements averaged over Japan, detected with
95% confidence limit from 1930 to 1952.

. . . "Maximum
temp‘:;:lture zi:sls‘;‘;ﬂ Pretci:)[;lta- Sun-shine duration  depth of
| snowcover
Number of stations for !
Num! e s | 60 | 19 9
Year 1948 1938 1949 1948
S/N 1.55 1.64 1.09 1.33
Winter | Jump +1.0C — — +43 hr —34 hr —1l4cm
" Range-B 30yr 30yr 10yr 30yr
Range-A 25yr 10yr 10yr 10yr
" Year 1950 1950 1930 1950
S/N 2.04 1.62 1.26 1.26
Spring Jump +0.8C — +65mm | +42hr —36 hr
Range-B 30yr 25yr 30yr 25yr
Range-A 30yr 0yr 15yr 20 yr
Year 1949 1947 1931 1952
S/N 1.04 1.20 1.05 1. 88
Summer Jump — 0.7mb | +8 mm | +47 hr ‘ —72hr
Range-B 25yr 25yr 30yr 30yr
Range-A 20yr 25yr 20yr 25yr
Year 1934 !
S/N 1.31 .
Autumn Jump — — — +43 hr —
Range-B 30yr
Range-A 10yr
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Fig. 9 The detected jumps for climatic elements averaged over Japan. Arrows indicate

the time of jump appearance with S/N ratio greater than 1.0. The jumps for
spring temperature, summer sea-level pressure, sping precipitation, summer
sunshine duration and maximum depth of snowcover are given in (a), (b), (c),

(d) and (e), respectively.
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DL, ExDRBERDOY + v FHE—OBIICHE U TR I N HI, BROBKIEEES S
£ 0L, KRAREROMS pOBERBEICHES bDIEAS EEZBENERTE S, 1950FEEDY » o7
12, RORHTIE, BRHEINTOLIED, ¥ v TOMIINAHEICHIG LT, #IREOECHICHBISEET
BETHY, TE, AANTOHBICKEL T2 LS BHRAIKT, HENCY + o TBFELTOTS,
DYETY v o TR INIEOE NS VE S, 1950EEDRRE Y + o PR AEEDEZRIEIICHE
5 LWL EHERED 372D, SHRNEERF -2 ORBHLERFNNETSH D, FNREEERTT
EX

8. KRS v+ Vv FEABEHDES

CCCTRIEIC U PRBEY » » 72 (d, Lorenz DEEE A (Almost-Intransitivity) ICEIF 5 1) ¥ — ADB
BLOBEETID E72DT, DY v — 20OBHEI1950FEEDY + o 7 & DEHAFNIBIEEETH
bo ZDIHIT, LTRIEOKBEIMTICHER (Transitive) 77293 &, TEEY v 71 LERINIC—K
U788, SEEEREIER ORRIIICED SN BERDT, 20 L5 EAEEEHIOBNEREEE Lo
bLb, TRRY v > 7 s LRI L e AHBREIOEBIRD SN BHEEIE, PERY » 7 B8
WHAKICET )Y - 20BBEWEHE L TOATTEENBEL 5 EE2 505,

REAXET 5 FENFER (REED 7 1 — FN o 2 BEAHLBOER) & LT, KBRS, CO,
REDKROMBISY, =70 JVOBENBET LD, WRNEEREY 25 5T, 10EL FOBRE
ICBHLTE, %8, KREELERELR NS COIABEROBLICHE L TR EEZI N3
(Mitchell!®) , K&HD CO, DL, BEDPIEICE 5 & (Neftel er al1®), 18HEI24ICHK 280 ppm
TH ok, RETIERN M0ppm E18-TW5B, ZOBRBHNEDOIDDBRIZEMIBHDOETH 505,
Fig. 10 {CRTEHIC, ¥ v o FICHHET 5 &5 MERLEEIEIEZ Sl (Mitchell!™),o

KB OEREHE 5 EEEHIZ, 1978F 05 ATHEICER U/ BRABRSHC L - THy TIgE s
15572DT (Hickey et all”), CCTHEBLTVE Y v TOFBE L7z 1950 EEDF — # HTEE L1540
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1880 * l’tw * l9;9 : I’:O * 1;60 * 1980

Toar

Fig. 10 Possible influences of increasing CO, and volcanic aerosols in the stratosphere
(reproduced from Mitchell’s?),
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Umbral/ Penumbral Ratio

Fig. 11 Umbra/penumbra ratio of the sun
spot (broken line) and surface air
temperature anomaly (solid line)
averaged over the Northern Hemi-
sphere (reproduced from Hoyt*’).
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Gil'i'and® {3, ABOHEZROLZMHFOBICEHRTEELT, JEEHER LTS, LL, €0
EEERIIRBMETH DT, RIS BBINY v PES10 LicE B LDOREETH 5. KBESR
B (Wolf 30 OZHLICIE, 1MEORBAEHMLTOT, 2D Y » o AICHET 2EESELRED SN
Ve, ERABEBO—DORE L UTE RSN HBAERE (Ap index) (CDWLTH (Valley),
Lehnhart Tape, NOAA OF — & ZFH~/chs, 1950FEED Y L FICRIET BERIEEANIED S I8,
Hoyt?™ %3, KBRS DREOWAOERICH T 2 BAEOHEMOH (Umbra/Penumbra Ratio) ASABHED
BMRCBE LTS EOESA4RE L (Fig. 11), Hoyt D5 7o RERTIEKROLALICEWLT, 19148
KOEEH S 1930~1940 EDERADEAL, £ LT 1970 FEDER &0 5 REIMHERICH LTI, Umbra/
Penumbra Ratio DL E DEFHARDONDE. L LIGELTOEEEIC 2> Tid Umbra/Penumbra
Ratio DAY & KR & DYE(THEIZR 731>, Hoyt ® Umbra/Penumbra Ratio 2% 1940 44X FHERIC BZ2IC
B LT0508, CHAIBUEED Y + o 7ORBIOFRREZZ 2O RETH 5. LERPEREELR
DRIEOFEFTS (Yamamoto et al.lV’, Jones et al?" and Folland et al?*’), Umbra/Penumbra Ratio
DS19304E4% 5 1940FERATRICK & DIEER L, ZOBNE - TR AHITHIS T ARBEHR SN
Ve ISICKBWESEICES E, Hoyt DIRBUIRIZTEHTIZIE S TEHOMAMBRBRETH 2 (IIER),

HLMBEY BTSN T & A ERO—2EF, KILOKEKICL 2 KILERBE 7 0 VL TH L. ]
KOKBEICHT B 5803, TIT, B L7 B ASERUE B Tl & 75- TRIMIE L, ThbH
HOFERGOHAZHD IE S, i, TV VHRICL DD THEEIH-TE . AL, BWAD
SMITERILT LA D TR DIC, TOXLERERE> 7 v JvONTH &£ DB ORI ES T
150, ADBEOBHYOBROEENINTOEN, 2055, EONMOROBLHEL, REBICH
xFFoh, £LT, MEBEREE L -7MICELT, XKLLk > THIIDRIZZBNEHRINTOT, B8
HSE 2 & 5 HEEIRID, 2LT, EOX S ICHIER BB L T Ohid, KILOHBHMEPEEICH
KET B Fhilt, KIMEREE 7 v VEORERLOBELES 7 — 2 28, LrL, KIUOKAE
KOBEHABOTRASH O FEEEIC U KUERERE 7 o Vv BEHE U2 D08, Fig. 10 O ¥
(Mitchell’®) & Fig. 12 Tdh 3 (Yamamoto ef allV), LT THICEE INBDIE, DINDREEILBHLT
b, 1910FRDEED 5 1940EROARE E TORBERM, KLHRER Y v JVENSBD TOUOETEH
%o COKNETOHISHAOKIE DAL, T THEH L TVWA19%B0EED Y » » TORB LIZZ—H LT
3o
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Fig. 12 Some examples of estimate of the volcanic aerosols in the stratosphere

(reproduced from Yamamoto ez all?’).

KUMEREE T 7 0 D85 ) VIR ERIE Table 3 Years of E1 Nifio appearance after
LTEBEOEBILE LG TENELLNS Rasmusson and Carpenter.?

(Yamamoto et al'V), T Z TIIRAMKHDS, Jb 1877 1905 “ 1941
HIREIKIR DS 1910V D & 1940 DL 1880 1911 1951
TTOMICER L, ThLI70EEE TIET L 1884 1914 1953
FEE, —BLT, ORI VASRERLTY 1887 1918 1957
PRI B, LD OISR OB, 1891 1923 1965
FIGOLEMITAY 0. 5°C DWW BRMIEEALTH - T, i 2 ;’ ‘; i : i z 1 z 3 ;’
Fig. 3 ICRONB L S 72 10ENOBERE TH 1092 Los2 L0756

IC O 52 FEEDESICEBLTO DD, ‘
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BUADKEEDS, PRIEY + v 71 DEENTIRRLZOD, ThEbZD MY H -, LT IREY v+ Fa OF
BICES L-Dh, FROWRBETH L, L LT, BEORETE, T5EY v 7 58 Lorenz DHEEH
BMICBIT ) 0~ LDBBDH SOOI TH S EfERHK I,

1ok, MBERTRITOSERELEE LTRREDOMICEEL T 4 — KNy 7 BEAZE - THAFEKE
DRTFICONT, FHICERINZDERBHF — 2 < »SFEEL TS El Nido THh %, Rasmusson and
Carpenter® D52 TL>5 El Nido DFE4FE4 Table 3 {CHEE Lz, CORTHEHIN B DI, 1932FEHS
195 MEDED20ERFIC 1 B LOFEH U TOROE, BICIMUEENSIBUEDRIT 1 EHIEE » THRILNET
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4 F TOREET — % ODFOFEETRTICBNTIE, EHAEELERHRE LT )y, & TR
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