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Ensemble Adjoint Sensitivity Analysis for the Cold Wave over Japan in January 2023
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Synopsis

Heavy snow in Japan in late January 2023 was analyzed using ensemble adjoint

sensitivity analysis with JMA’s global ensemble forecast data, focusing on the mean

temperature over Japan at 1200 UTC, 24 January. Sensitivity, based on forecasts

initialized about one week earlier, revealed significant regions near the Bering Sea and

around 90°E over northern Eurasia. The Bering Sea sensitivity corresponded to a blocking

high formed by an anticyclonic vortex detached from the subpolar jet two days before the

cold surge, while the Eurasian sensitivity appeared four days earlier and migrated

eastward toward Japan. The results highlight wave packet propagation along the

subtropical jet and identify the blocking high near the Bering Sea as a key factor. The

combined effect of these factors is suggested to have driven a southward surge of cold air

from Mongolia and southern Central Siberia, leading to a widespread drop in temperature

across Japan.
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Fig. 1 Conceptual diagram of SWM.
3. EEHRE

ARFIETIL, [RITOBEM T v > T IVEAE T
EF VLGPV (EHRAERERE) M L, 504 2/ —
DT YT NT—HE W EHTICIZEnASA%E
WHL, SWMEZZEA L.

fEAT FNIZLL T o@ Y Th 5. £7, WML &
FRAEREZ] 222 B IR CREE LU, MEEREZNMRD & 7 @ iRF
A % VIR A~ 2% 9 IS ffir 2 D 7. Ty
ZNIHIAREZ £ Tl 537, REAEREZID 5 1 H AT I
METERE LR, & U CHRIERZ DD 1 H BT O R AL
VXS T 2 mEERIS A R E L, &z ik
BRI & R REIR ISR E L=, ZoffEE, mIE
WMAHERTCERLSRDETH > THYIR LTz, RE
LOHEE, ZERENRay 8T A NORSRII e —
EMEEBE L TfTo7z.

A DFENT TIX, MFERFZ] 22023421 424 H 12UTC
LU, MREEGEI A A CRER1208£-1500%, dbi&20
JE-500) & Lz, MREABICIETSS0% vy, THA
Hz50012[m)F & H-7=. Lo LT8S0IL R ATHEA I8 <,
FRER T B 7 F L DN R L CIB RS (R & 7
ST, BEMICIEZ DN D RS2 ZH T

(@)
init:1/20 z500 valid:1/22

-120

5z500% B L7, Z D% 1%, 2500 TH: D AL 72 4y
MO DG B SEREIE DA 2l U, Bri- 22 MRaE e

e L CHRETDELELIC, RIEEE H 25001281V
B2 CRIBE D ARAT 2 4 0 Lﬁot.
4. EERHER

202341 724 A 12UTCIZ B T 5 H AR DOTS50 % 1
AEZEEE U CEnASAZSENE LTz, ZOfER, WMtk
ZDO3AFTHH1H21 H12UTCO THEFZIZIHB W T,
=T T KRB & R TR R 7 e R R A
R S 7= (Fig. 2(a), (b)) . Z ORI Z R AERHE &
LT, IHICHMAMITEITo 7.

4.1 2—5 7 KERAOERERSE
o—Z 7 KEMRl O S EE sk, 1H19H12UTC
FETOMD Z LA TE, FARS0 B UT 1T B 70 gk B
HENT (Fig.3) . 1H19H LLKE, HREB0FE (T
R X IR 2 ICBET AN 5N,

4.2 KEFEOSRERSE

KOEPE BTk, AL TR D 58 & R 3w R
WoasmER S .

AL 0 i SR BE B A LT >N T, 1A 22 H 12UTC D ik
TIE, [EIEE B AZE E AR T O KRR RIS K & 2L
DR SN, SHIC#M5 &, 1H19H 12UTCIZIE
— UV T GRFR167.58 18058, Jbik4558-52.5
BE) (BRI N, ZEAFEIX IR N
Do 7= (Fig. 4(a), (b)).

PN 0 g R B BB I 1 19 H 12UTCE T, TS
WABE) T 28k 23 iR S 72 (Fig. 5(a), (b)).

(b)
init:1/20 z500 valid:1/22

300

150

-150

=300

Fig. 2 Each panel shows the high-sensitivity regions of 2500 at 12 UTC on January 21, 2023, (a) over the Eurasian

continent and (b) the Pacific Ocean.

— 193 —



init:1/18 z500 valid:1/20

120

=120

Fig. 3 High-sensitivity regions over the Eurasian continent at 12 UTC on 19 January.
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Fig. 4 High-sensitivity regions over the northern Pacific. (a) 12 UTC on 20 January and (b) 12 UTC on 19 January.
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Fig. 5 High-sensitivity regions over the southern Pacific. (a) 12 UTC on 20 January and (b) 12 UTC on 19 January.
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