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Abstract

This study examined a midlatitude low pressure system that deepened to 974 hPa over the Sea of Japan on 31
August 2016 using the Japanese 55-year reanalysis (JRA-55) dataset. The low appears to have developed by absorbing
Typhoon Lionrock (2016). This unusual development of the low occurred in a relatively weak baroclinic environment
in association with high potential vorticity air that moved southeastward and downward along a slantwise isentropic
surface in the upper troposphere. Middle and lower tropospheric warming also contributed to the deepening of the sur-
face low. In the last stage of its development, the upper-tropospheric trough became coupled with Typhoon Lionrock.
Lionrock also contributed to the deepening of the low at an earlier stage by inducing moist air to flow in the lower
troposphere between Lionrock and a high pressure system located to its north. The consequent latent heat release over
the Sea of Japan led to intensification of the upper-tropospheric ridge and increased vorticity advection. These are also
considered to have contributed to the deepening of the low.
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Fig. 1 (a) Surface weather chart by the Japan Meteorological Agency (JMA) and (b) infrared imagery obtained from Himawari-8 for 0000
UTC 30 August 2016. (c) (d) Same as panels (a) and (b), respectively, but for 0000 UTC 31 August 2016.
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Fig. 2 (a) 500-hPa geopotential height averaged over 27-31
August 2016 (black contours; contour interval, 60 m)
and the tracks of Typhoon Lionrock (T1610) (red line),
the low over the Sea of Japan (blue line), and the surface
high moving eastward along 55°N (green line). Open
circles show the locations of each disturbance at 0000
UTC on the indicated date. (b) Time sequences of the
central pressure of Typhoon Lionrock (red) and that of
the low over the Sea of Japan (blue). Solid lines show
JMA analysis data, and dashed lines show data from the
JRA-55 reanalysis.
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Fig. 3 Sea level pressure (black contours; contour interval, 4 hPa), 850-hPa temperature (red contours; contour interval, 3°C), horizontal
temperature gradients > 2°C (100 km)" (blue dotted lines), and horizontal temperature advection (shading, K hour') at (a) 0000
UTC 28 Aug, (b) 0000 UTC 29 Aug, (c) 0000 UTC 30 Aug, (d) 1200 UTC 30 Aug, and (¢) 0000 UTC 31 Aug. Bold dashed lines
show the positions of subjectively analyzed fronts.
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Fig. 4 1000-hPa (black contours) and 500-hPa (purple contours) geopotential height (contour interval, 30 m) and layer thickness between
the 1000- and 500-hPa isobaric surfaces (shading, m) at (a) 0000 UTC 28 Aug, (b) 0000 UTC 29 Aug, (c) 0000 UTC 30 Aug, and (d)

0000 UTC 31 Aug.
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Fig. 5 500-hPa geopotential height (black contours; contour interval, 60 m) and relative vorticity (shading, 10~ s™") and its horizontal ad-
vection (red, positive advection; blue, negative advection; interval, 2.5 x 10~ s™' (3 h)"' with 0 lines omitted). (a) 0000 UTC 28 Aug,
(b) 0000 UTC 29 Aug, (¢) 0000 UTC 30 Aug, (d) 1200 UTC 30 Aug, and (¢) 0000 UTC 31 Aug. In each panel, T and X are the cen-
ters of T1610 and the low over the Sea of Japan, respectively, at the surface.
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it H8 D AL I I B U A © FEWrEINENC L - TA
LTWbEEZLNDZ END, TI610 IZ1E-> Tz
EALOIFE Y (X, FEMBINE DT E Y (Fig. 1d D
EEBCOMMNREOETIIKMIND) 12X D FEil
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VZIE S O FF B _E (tropopause lifting) & FEIEAL (Bosart
and Lackmann 1995) . VAR AUE O 7 CIEWEVINENZ
KV EEIHRE QWAL A D35 Z & THEL D Z LR

barb, 2.5 m s ). (a) 0000 UTC 28 Aug, (b) 0000 UTC 29 Aug, (c) 0000 UTC 30 Aug, (d) 1200 UTC 30 Aug, and (e) 0000 UTC 31

BRI TWD, =720, BA0iE. Ti610 OE XV
HLZOAH OV v P TIRAL 375 K LA EIZ EH- LT3,
Uy DICHE L2 PVU O EFIE, 29 B (Fig. 7a)
AN T, 30 H 0000 UTC {2 H ARHEALER TR & <,
FNLZIL R T HEN D AR =Y ZHFZ T TH
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M % 25k SEooHE4T L (Fig. 8e, g) . 40°N LLAL Tl %
BRI K 2 BT K DAL O T 5 ~DIERD L 5
L5 (Fig 8f, h), #%HFOFHIED FLIZIE, HAWED
UL & A BE T 2 Ak 0 J&30 00 1 JE s itk &
EEAEAROND, Zhbicky, AREOESE
WS BRI S EEUNEGS, TIEmmiiE R e BER
WL RENICEET S EE b7 7ERICEELTWD
ZENTRBREIND,

I ETT, HxRmEER COMITE R Lz, KE
T, ZENo0EmEEHOBRE, Z IR S EEL
DR, ROEEE TROBILOMAEER 255335,
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Fig. 7 Potential temperature (shading, K), pressure (red contours; contour interval, 50 hPa), winds (pennant, 25 m's™' m; long barb, 5 m s ';
short barb, 2.5 m s™') on the 2-PVU surface, defined as the dynamic tropopause. Bold black contours denote 850-hPa potential vor-
ticity greater than 1 PVU (contour interval, 1 PVU). (a) 0000 UTC 29 Aug, (b) 0000 UTC 30 Aug, (c) 0600 UTC 30 Aug, (d) 1200

UTC 30 Aug, (e) 1800 UTC 30 Aug, and (f) 0000 UTC 31 Aug.

BL T2 (Fig. 6c 2H), 2 PVU midxhiiE F g £ ¢
TNIAALTEY, —&81L 330 KZ&EAMm LD b k&<
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PVU DL EOFE AN D, Z DIFIIAI DAL TIL%E
SN THELTHEL TS O, O F TR

BKEL 72> TH Y, 500 hPa F L% DALE TR0 T
LTCTW5, Z#E, 2PVU UL EDIRAL D FFEZ R L
T, 500 hPa TifiEAH A LT % (Fig. 5¢) bz
5, FEEALE E T RTE S ND E VD T B
D X HITEA L7z 330 K SRAL1H % 2 PVU KL oo fEls
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(b) 00Z28AUG2016 300-200hPa EPV divwind
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Fig. 8 (a) 200-300 hPa layer-mean potential vorticity (PV, purple contours; contour interval, 2 PVU), nondivergent wind (vectors, m s ),
horizontal PV advection by the nondivergent winds (shading, PVU hour '), and surface pressure (green contours; contour interval, 4
hPa) at 0000 UTC 28 Aug. (b) Same as (a) but for the 200—300 hPa layer-mean divergent wind (vectors), horizontal PV advection by
the divergent wind (shading), 850-hPa PV greater than 1 PVU (black contours), and the 700—500 hPa layer-mean vertical velocity (red
contours, < —0.5 (Pa s ). (c) (d), (e) (f), and (g) (h) are same as (a) (b) but at (c) (d) 0000 UTC 29 Aug, (e) (f) 0000 UTC 30 Aug,

and (g) (h) 0000 UTC 31 Aug.

DRDICTHE LD GBETHZ LT, ZRIC Lo
T 500 hPa [Hi~DEHRKE <72V 500 hPa i DIEK
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FOREIER DL NS L o oiE, FEMEGETED T8,
SR E ORGSR o EBE B
60

52 XWHRBOLREEE, LBETROBIEDHY T
27
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Fig. 8 Continued.
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Fig. 9 Relationships among the 1000- and 500-hPa isobaric surfaces (Figs. 4 and 5), the 330-K isentropic surface (Fig. 6), and the 2-PVU
surface (Fig. 7) in vertical cross section across the surface low over the Sea of Japan (red “L”) and Typhoon Lionrock (T1610). (a)
East—west cross section at 0000 UTC 30 Aug, and (b) north—south cross section at 0000 UTC 31 Aug.
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Fig. 10 Potential temperature on the 2-PVU surface (0;, blue contours; contour interval, 10 K), maximum equivalent potential temperature
below the 850-hPa surface (0,,, red contours; contour interval, 10 K), the difference between 0, and 0,, (shading, K), and sea sur-

face pressure (black contours; contour interval, 4 hPa).
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Fig. 11 Infrared imagery (B13) obtained from Himawari-8 at
(a) 0000 UTC 28 Aug and (b) 0000 UTC 29 Aug.
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Fig. 12 (a) Specific humidity (shading, g kg '), pressure (black
contours, hPa), vertical velocity (red contours, < 0
Pa s™"), and velocity (vectors, m s ') on the 305-K is-
entropic surface at 0000 UTC 28 Aug. (b) Same as (a)
but at 0000 UTC 29 Aug. Blue lines in both panels are
backward trajectories of air parcels; air parcels situated
along 135°E at 0000 UTC 29 Aug were traced back to

their positions at 0000 UTC 28 Aug. Blue dots on the
trajectories are the air parcel locations at 6 h.
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