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Airborne measurements of a polar low over the Norwegian Sea

Yoshio Asuma', Yoko Fukuda', Katsuhiro Kikuchi', Masataka Shiobara,
Makoto Wada®> and G.W.K. Moore’

Abstract: We will report an airborne measurement of a polar low over the
Norwegian Sea on 9 March 1998 during the Arctic Airborne Measurement
Program 1998 (AAMP 98). Global objective analysis suggests that the low
formed due to an interaction between an upper level potential vorticity anomaly
and a low-level baroclinic zone. Seven constant height transects in the zonal
direction were made in the convective line clouds associated with the polar low.
A strong horizontal temperature gradient in the zonal direction was observed in the
lower boundary layer. Gale force northerly winds, in thermal wind balance with
this baroclinity, were also observed in the lower atmosphere.
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BHRD A7 — IV HE 10 km 5 S5 100 km & MEHIBUERRE IR TII W &, /2, BE
WKRE < FEL, 74 79 A LDEHADTHRZDLDREZ 5 LR TFIT 5 Z LI
LW LR EOBEBICL > T, K—F7 —0—DEEPHE, RE - REDO A I =X LDOHR
WHETHHE DEATORY, L LS, 1998 4£ 3 H i BRI FERT o3l & 72 > T
Tt IR BT 2B IET T (Arctic Airborne Measurement Program, AAMP 98) TiX, 3
H9Hw /vy x - ETld->&D & Ui TH] LRSIz R OSEHOR—7—0—0
LI SRS R & SR E T E 3 2 oSk e, S ORI TIE, BIL 7o R —F — o —DFA -
FOERE L SERE L SRTREOREMNT 7 —5 (GANAL) ZHVLTENTL, X512, *E
B fiZek s X - TE SN [ ZOBBIA (In-situ measurement) | OERFEIESR & HF8 TR
5.

2. BUHRRER LT -5 Y — A

BRI E LT (Bf) S 1M ¥YEY RZT7H—ER (DAS) DA VT A MY —24 11 (Gulfstream
) %Az, ERE8HEIEEE L LT 44K0 PMS 71— (FSSP-300, FSSP-100, OAP-2D-GA2,
OAP-2D-GB2) ZMEICH Y fF) /2. Z DFEIC %R 1 127 L7z, FSSP-300, 100 (AT A EHGELIC
Lo TR FEIRE 2 HIET 2, FSSP-300 OFHHIEEFIZER 0.3-20 um ORLF CEMITH ST
L7 VR T %, FSSP-100 OMIEHPIZERE 2-47 pm OKF TERUIIINT 52 RKE S D
FFREBRT 2 2 LN TE S, —F, OAP-2D-GA2, OAP-2D-GB2 IZENKI F D iith = 7
L —RA7 — )V TCEE T 5. OAP-2D-GA2 OFIEFP I 10-620 um TH %53/ A X% R
T 272012 50 gm DL EORCFERIZ T AT L7z, SR FOKRE JIZEARND
BEARI FORE 3 MY %, £72, OAP-2D-GB2 i 50 gm-3.1 mm O&PFOK F A2 RIET 2
CENHBETH B0, BN OSHOBH TR RIFR T —5 iR E21582 2 L idHEL»->
7z, 05D PMS Zu— 7 LIS b S & B SRS OWIE 21T - 7248, BB RURE X IEREC 13
ST E o7z, 72, GPS (Global Positioning System) & INS (Internal Navigation System)
THRITEE, RITAOE, £8EEEHNIL, BN L PHEI i RREBEHIIE LT 5,

F1 3AKADPMS 71— (FSSP-300, FSSP-100, OAP-2D-GA2) DEETT.
7 — % IN§FI2 13 SEA M200 Data Logger % w7z,
Table . Specifications for the PMS probes (FSSP-300, FSSP-100, OAP-2D-
GA2) onboard. Data were acquired by SEA M200 data logger.

Probe Range Number of bins Resolution
FSSP-300 0.3-20 ym 31 bins 0.05-2 ym
FSSP-100 2-47 ym 15 bins 3um

OAP-2D-GA2 10-620 pm 62 bins 10 gm
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BLREPEDSNL, COBJIERTHRAA Y FETEEWMTAY g A7 — )V idhsiaigit
ENBDOTHL, HEEG,S DRV a A7 — VRS IXHER 10 BEORERICH - 721
#tE 2> T T Shapiro and Keyser (1990) @ T-bone &AL & LT W72, 9 H 0256 UTC
& 0437 TUC OFIAERIED 7 77 R~y FEHEEZAF T, 0709 UTC iZid X V a {BSUTE

I &Y LY, FEMEERY (T130N, 820E) fHLICBHfFEL TETw 5, 4R
D I8 UTC W IFMES 2 - e iR R — T —a—pE s iz, TOR—F7—u—I3,
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HEALRNT Wl ERRBLTWS, R—F—a—0FE L 71° N FHETIERICE» S 1F
EYEFIREDS LR L T,
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L, ZV—2v I REDTA AT Ry a— by 2 —7HBRZF o5, I8KHEHE, 20
Va—bvz—7IIHEL TEARBEED TV D, %%ﬁ%ﬁ%ﬁf—ym63ﬁ9au
UTC DOHIF, 850, 500, 300 hPa DKL (RUESEE), WL, B2 4 1Rz, F—7—
0 — OB RKPEHTRLTH S, FEE1EDH 300, 500 hPa IR o> h, R—F7—o—
i Z OFSEIROAEEIL K THEL T 7z, THEOBTEICII R —7 —0—2 Db DOFEERIE
SN TR0, BOILED R — 7 — o —DOFEBOEIZ LD > TWT, BICIFHEELEHE
WL TWiZ e shTwd, Jhid, B 12 1O0R L 7 EEER T EOEY O FE &£ —5
LTz,

R—7—O0—OHLEES TIIYN > I RRT RGN 7 — 5 » & KD Tz, WAL,
R, AR L, MEE, MR ORERR A2 S icRLiz, EEOYa— Y2 —T7 0D
B> TIERORZEDS B RE 0 & TEEANE Y Tw 5, —, TRARUCIIRIC
Ao TRIRDE K %5 T THDBEMEERVBFEEL TWD, 2O ehoR—F7—u—iF
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1729UTC MARCH 8, 1998

1 199843 H 8 H 1729 UTC A5 9 H 1259 UTC  TD NOAA KRG E O K4 Ei s
(Channel 4),
Fig. . NOAA AVHRR channel 4 images from 1729 UTC 8 March 1998 to 1259 UTC 9
March 1998.
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Fig. 2. Sea surface temperature (SST) and ice field edge superimposed on the NOAA
AVHRR channel 4 image at 1118 UTC. Solid lines show SST and dashed line
shows the ice field edge defined as 70% concentration of sea ice.
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Fig. 3. 500 hPa GANAL fields at 6 hour intervals from 18 UTC 8 March to 12 UTC 9 March 1998. Solid lines show geopotential height,
dashed lines show potential temperature and arrows show horizontal winds. A star in (d) indicates the center of the polar low.
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Fig. 4. Surface, 850 hPa, 500 hPa and 300 hPa GANAL fields at 12 UTC 9 March 1998. Solid lines show pressure (geopotential height),
dashed lines shows potential temperature and arrows show horizontal winds. A star in the each panel indicates the center of the
polar low.
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(a) 12Z09MAR1998 LATITUDE=71.25degq.
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27T, (b) F TR THIRIMAL & B CHHXRA 27~ T,
Zonal cross section from GANAL along 71°15'N in latitude. (a) Solid lines show
potential vorticity (shaded regions indicate potential vorticity larger than 0.5 PVU),
dashed lines show potential temperature, dotted lines show air temperature and
arrows show horizontal winds. (b) Solid lines show relative vorticity and dashed lines
show equivalent potential temperature.
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(b) FLIGHT TRACK MARCH 09, 1998
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Fig. 6.  Flight track of the instrumented aircraft. (a) Horizontal track overlaid on the 1118
UTC NOAA AVHRR channel 4 image. (b) Zonal cross section for the airborne
measurement.
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Fig. 7. Snapshots of the upper parts of the convective clouds taken from the aircraft at 9.2
km ASL (upper panels) and 5 km ASL (lower panels).

X8 TETE->IMREOAS Yy S awy b
Fig. 8 Snapshots of the lower parts of the convective clouds taken from the aircraft.



NV —¥EDR— T — 0 — DL E 253

B 7I3EE 92, Skm oo RBRILNEDA S v 7Py ay b Tha, BEILER
RIREK 5.5 km I £ T HET 2 RIGICMA ISR CEEMTICIEREL -7 v ELE
o Tz, M8 TR TR AF Yy Fyay hThHD, TEROLKOEAETH, o5
ELRERBEZ SN, FEO2KROBFETIE 2 RHEEDVEVWELRZ SN TWE, Ihs
—EOHHEFFELI T Y ELVERSIRIMEO T THA M 7oy b 245 & 5 ismunik
WEEL TV ZEBRELTWS,

42. HERNEE
B9 ICEIHIL 72 R — 7 — 0 — ORMFRE O R FIR CORAML & AR AR LT, 2 OBHIFT—%
SR T — 2 EEMRNICR I W—EE s NE, ZOMNREIZEE Skm kO FZETIIE

EEICEYINTWDS,

HEIGHT (km)

HEIGHT (km)

7r — WESTERN SIDE 1
— EASTERN SIDE

6_

5" /

4‘ j

| /

2 S

1t ;9{ 1

0570 —7280 260 300 310
POTENTIAL TEMPERATURE (K)

7 . vWESTEl'?N SIDE{
~ —u

6t — V

Sy v 1

4‘ )}:wj

3t “

2+ -

1t o

85 =20 50 0 10 20 30
WIND SPEED (m/s)

X9

Fig. 9.

HEIGHT (km)

B Skm TIREBEIL 7R ELZ TS A THO FOKERIEZ D, T

L & ACHEROSRIE 71 7 7 4V (March
9, 1998). (a) BMDSRE 77 7 4, E
$R13 P60, MR IZEIR TO 71 7 7 1 )L, (b)
P, (c) i TORVESAE 70 7 7 A
V. FERIIHRVEE, MR REALE R T,
Vertical profiles of potential temperature
and horizontal winds (March 9, 1998).
(a) Potential temperature profiles. Solid
lines show the western side of the
convective cloud line and thin lines show
the eastern side. (b) Horizontal wind
profiles at the western side. Solid lines
show zonal wind components and thin
lines show meridional wind components.
(c) Same as (b) but for the eastern side.
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vy g 90

0z fO ox’

THEzoNE, 22T, v idEEE, x ZERAFOEESY, 2 33E LR EEY, g 3EN
IR R, fida V4 V72— —%, 0 REMEET. BHEE Ay R -mEitE 0%
ALIZEEE 05km & 1Skm D T kmRITI187ms ' ThH 3 2 LFHE I (£2)., ZOfER
Bl SN/ 15 ms™ OEEZE E L DW—BD A 51, REROBGREEAL ZED T —5 5
BELTWZEARRLTNAS,

43. EYIEEZRIEE

X 12 12 FSSP-300, FSSP-100, OAP-2D-GA2 THIE L 7L FHUEE OSES A2 R~ Lz, &
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JRL7RE SORF2HIEL T b, FSSP-300 7o — 7o Bl S -k e 570
VNVKLEFIRKEFRIT 2T > T2 BN THEEENE 2o T2, BATIEEER 1.5km
UFORKEEFITEN? HCESEEEO 7 0V VPERI S N Tn 5, ZhidFn i iEms S
DN I NIEEREFBRIL 7 b D EF 2 H54Lb, FSSP-100 Vo — 7 CEflla - &
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Fig. 10. Zonal distributions of the potential temperature during constant level flights.
Horizontal thick solid lines in each panel indicate segments flown in cloud as
determined by FSSP-100 particle concentrations larger than 10 cm=2.
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Table 2. Parameters for the thermal wind relationship
obtained from the airborne measurement.

ove/dz=g/(f*6) 36/ 3x

xr2

z 46/ dx (TE-8°E) 6 (1.5E)
1.5 km 1.15x 107" K/km 278.0K
0.8 km 7.23X 10 ? K/km 2759 K
0.5 km 3.38x 1072 K/km 2756 K
Average 7.37X10 ?K/km 276.5K

46/ Ax=737X10>K/km
=2765K
z=1km
F=2-Qsing=1.39%10"*s ' (@=T3N)
g=98ms™?
Adv,=18.7 m's™!
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