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Measurements of particle number mixing ratio with
aircraft-borne Optical Particle Counter

Masaharu Watanabe'*, Yasunobu Iwasaka®", Masahiro Nagatani', Hiroshi Nakata',
Sadamu Yamagata®, Yayoi Inomata'’ and Tetsu Sakai'?

Abstract: Particle number mixing ratios of tropospheric and stratospheric
aerosols were observed in the Arctic Airborne Measurement Program 1998
(AAMP 98) using an Optical Particle Counter onboard a sub-sonic aircraft, the
Gulfstream 11 (G-I1) in March 1998. The observational results showed horizon-
tally homogeneous distributions of particle number mixing ratio at the cruise
altitude (about 12 km). On the other hand, distinct size-number distributions
were found at some points on the flight paths, which suggest that effects of the
warm conveyor belts appeared eastward of trough of atmospheric pressure. The
characteristics of observed particle size-number distributions are discussed with
isentropic backward trajectory analyses and geopotential maps.
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{ Sampling Air: 3.0 litter / min

| Sheath Air: 0.5 litter / min |

Laser Diode
A =810nm
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Fig. 1. Schematic diagram of the Optical Particle Counter (OPC).
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Fig. 2. (a) The location and dimensions of the inlet nozzle under the aircraft fuselage. b)
The locations of the aircraft inlet nozzle and the inlet tube connected to the OPC
inside the aircraft.
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Fig. 3. Ratio of particle number mixing ratio measured with the OPC onboard the aircraft
(G2) by that with the balloon-borne OPC (balloon), on 8 March 1998. The vertical
axis indicates the logarithm of the observed pressure altitude (hPa). The data were
averaged for each 0.1 of the logarithm of pressure.
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4.1. 5 March 1998: Nagoya-Petropavlovsk

FIHRZREEE» S0y 7 - RbuX7 a7 X7 TEHEl (72 —) 754 P ERS N
2. AL N(a) L ZD7 T4 b TOLT v Y VTR BHITREE (L 2R, BEIX
Ptk ¥ R THHAERERE (UTC) TEdd. B AL-Id) 3BETORITEE, A58 GRE
SAT), #&A > vy MODKKEE (Inlet T) 2R3, RITEEIZ01:20 H72 0 £ T 11 km,
ZhRIE Rkm{fhOATHY, MFPOSRF ¥+ v T COREERICL 2 bDEEbN S, &
TeRIRIE Z OREEERDATER Y 74 MREERFEEL T3,

B A2a) KWKT7 74 2B ARIEEE200hPafl BE OKMREE) LOY A K7 v
Vv oA N RRT, HEEOBRY S, I OFEELICHE > T Synoptic scale DJED B
N EINTED, BET 2BORROE - & 2 213 S3EsR G Tn» S, LFROKJTHE
BE LT, BMENESIESHEL, EEEEITIEEST L %5 On—ik- o, KX TikE
KRR 7 — NV TRIARSRTER %, SUEREMICSEERIOZESH, LRFAT LT3, /2
ARFFEJEI EOEERY Y 7 TH 50, FARCESEHOKERE AU TLH DT,
Dk, FH ERUFREOR LR L b dH 5, M A2a) OKUEREAR RS L RK7 74 biduy
7 HRECEAER IR D U IS AORSER (REDOT) 2#YE K-> Twa,

X Al-1(bl, b2) IZZNFNLEEREER L < b /ST 07 2 7 FERTOR FEIES LD
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2L TWw3, KAIL-I(bl,b2) OIHE a7 7 4 VOEBA 7 — (~10km) %52 % L8
B 7 oY VISKERRICIERICEZE L THMLTWE I Ldignd,

B Al-1(bl) # R 2% & LR 2L -RACIIEE 8km H7: D  CHFEIWCBENEL Z
DOEEZELRE VD, 8km L D ETIINFEIRSHEILZEL TWa. JUR7a 7 74 vid b
EIFE KL o T 503, EE 8km Hiz ) THENETERELTWS, —AX o7 a7y
R 7 HBERE (X Al-1(b2)) WIXEE 8 km H7z ) TREARSHIEL, BREARL T3,
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2.  BEEREEOR TERESIEAMMEE Skm LD ETEL—HLTWE I Eho, HihE
TEHEE N7 8km LV LOBHREEESH TH L L FHFZ TRLWEEDbNI A, X Al-1(b)
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B|E7O 7 7 ANVRBEOBBICE N TEI BRI NS,
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H5DIHEBEE THEEENKEL R->T0E D THD, 5% I0km U ETEE LI
IZ % DR FES AN E R L Tw B0, ZHIZEAR E TORERIE LR THIRATLOE S
DELH LIS DT, EEOMELI L ZRZ 2O TEREET 5.

42. 6 March 1998: Petropavlovsk-Anchorage

K774 MTEay 7 «RbaXTOATAIPETTAN T AV PETT ) —7
T4 MBEEEI NI, BA2Ab) KT T4 MBI S TESE 200 hPa i GEHE OKHEE)
FOYFART vy A AR, SENERTEIORSESR D H U ERO B & 1Y) 2 AT
EloTBY, KEERIZESHAR»IBEITH- 72, RuXT o7 2712F (L) ERE
D) 77 ALY BT OESELITRAAA T W EFEZ 5D,

B AL-2(c) K7 Z A (04:55-08:20 D, mEAY 11 km Z23XKfit) TO X7 v VLRI FHIR
EHOBRIPRFEZAL 2R T (7272 LHEHIIEE A 7 —), ZOR%ER% L 0600 H72 D 6
BRI T X 0.15 um DLETHELDBIL <, F7: % OEEL RO BRI CREOA b E-> T
ETCW200500 5, 5SEEICER S AU AEHNCR T4 025,04 pm P EOR FHIESHT
BE (RUEREMNC IZEBEMEID) KESMME A, TIRG BRI S NUEREDO GUERLE
AN IHEREEBID) D% B &, IEERZ L1235, [ AL2b1,b2) OEFa 7 74 L%
B2 e ban7a 727 fCikEiblERE, [R7a 7 7 4 VIEEE 8km bz D TREEL K
EFIREEEREER L Th 20Xt L, 77 AA 7 >Hh vy PEITIEEHEE T H R
B TEOREARERE LS THHRBERTHE L ERLTWD, 22T IOREMME
DFEWEHFTIFERNE L T2Oo%HZ2 o5, —DREEEERONE 70 7 7 4 Lo o HEfl &
N5 LD ADBBEETH, B OIREZESITH 572720, b5 —23 iR 28y« v
M 2 HENMINIEOENTH S, K AL-2N OFREE R 5 & BERERO FAETHT (0435
) 1K & R0 HE S LB At, 06:00 H72 D ORARIAEEACERNCE T O FEER IS R > 1
5, ZOFBIZOWTHRTHEL {ERT 2.

4 A3(a) %, ~Sbh o7 o727 EERE) S KIS A - TeERICBEI S 17z, BHRO A DR
BAMERODETIO/NNY 7 s 5927 b —ifTERT. VY —RAOKBNIT — 5 128 R
T« SURIERT D S 4G X472 & D (the Global Objective Analyses Data of the Japan Meteoro-
logical Agency) TH 5., ZOMA2R 2 L@ 10 HEWC b7z - TR dti 507 YU L) i
PIZESHITIEL T2 905, JHUI LB A3(b) 138 Al-2(c) TR FEIRSHS
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ICKE RN S OB ETH 555, @FE 10 HEITIZ 40-45N H1-0v D, LY
(AR WA E R > T b, X A3(c) R TFEIRSIOHMELER (TR Ob DT, B A3(b)
WAL WEREAEF> T\ 5,

43. 6 March 1998: Anchorage-Barrow

T4 MSARETT7 T4 b EHICBI A2D) CEETHE, TrHavyImnesxa—xThD
774 hTiX, B Al-3(bl) (Anchorage), [ A1-3(b2) (Barrow) DTIESAE 7T 7 7 4 L6
5305 & O, BEERERC VLI NOEREEERL TH b, CZOMOEE, [BS a7 7 A
WIREELTWS (B AL-3(d) 2 epo bElBEEZRITU: LT X, ZORMOREST
BV (X AL-3(c). BAREIZT > ALV y YTl km, NO—TIik 10km Tho 7z,
A3(d) 1R B X L BRSO BRE 2R 123, ([EREHOZESH 2 HIZ EFHI» & &
BEMABE L CETWw5, EERBIcBIT 2, —RWDRMOBEAREEZ TH, B
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WEREEE R LI EEZ 5N,

44. 7 March 1998: Barrow-Longyearbyen (A7 LGY & Bg)

K774 MIABE 52 @EET 2ERITCThH- 72, 2O ZOR[ERERK A2(c) TR?
LB I ST DO EROER S b o BB SESRICHEA L, FFHSE D0 > 74 ¥ E— 2 idBER
FERERIC > 7z, BERERRIC SR 10 km I TERE 288 L, SHEE 2km ZELLZDOLD
5:40-6:00 &7z O THTH4E 0.15 pm LU L TR FHIRSHLISIBIM L, hORER Tiddiciimd L
72 (K Al-4(c)). % DRFHEILIEIRIZEDE A \GEWR THIRS IR ERL TV 5, B Ale)
¥ Z ORTEIRAG AL BN OBRETH 2035, FiHO b ORISR, EEEHID S EFL
TELETHEBRUL w2, ANOSERRE, BEBEL R A5 L | HANCZETIBRIE LA
L, ZHUEED 10K b OFIERAD 2R L Tw b, ZHIC L > Tl OPC TEHEIT X /i
R (R<0.15 um) ORLFHSEERIEER U TR S U755, BURFEELSENNL 12 vJREMLS S 5.,
—%, BA3N) 3oy 74 v E—ABETORETH 553, HHAT» SBECHEEL, HFD
BEIL TRl ZENRENTWS, KAL) OFER RS L 0620 H7:0K7 54
N TCORKERTERLTBY, ZORERRNOES & D {EEEAI TR FEREHE(SEL T
WEHZED, K Al4C) oD, FEOREWLHIEZE A2(c) TR2 L, WihbESE
BRI > T2 E2HTHY, By zy PRI TWizEHEZ oD, ThET
FEHL TE R THRESHETOBEEIIWINOEY = v MESIKBWLTHEL T3,

45. 8 March 1998: LGY-Ny-Alesund-LGY
K754 VRBREMATHZ O I A Y E—VICEE L TRERYIOBDEH (=—A4 LA
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) o, BALSD2) 2R TOnDL L9112, K774 MIERSBEORE VINE 71
77 ANVORERERO—DEk>TED, ZHIZEHEIL - OPC SERE BN FEE S i,
HBFERIIE 3R Lice B THL, BEFREEEIR Ikm H720 TH-o72H, HELZLOT
i, KAISMbL2) #HRZ EEE8km H7-h (11130EH) & | km H72D (1220 ) (2hT
BOENHRR S NS, —RLEWNICIFET 2 L7 0 YV VK T ORI AR HUE 5
DB, EESkm TIEEL S5 kWD E/RTRIZ EEIMOES OIS L,

46. 9 March 1998: LGY-Tromsg-LGY

K774 MIBRNFERNPE—HR L 2o Twicizd, Al-6(a) 2 SRES A K 5 I2FE
FICEBREON TEEEZBAIL:, 2oL 07 oY VR FHud OPC OEBIRF 22
TRIFMREEIC 22 > T %, B Z ITERAIRERE T 11:00-12:20, 13:10-13:30 O £ 5 125 KRR DR
FEIRS OB REETIE OPC 137 OV AR RIBE S TEREIC G TR 2 < 2 0, OO T —
FIZ DT, MOHEIZ 275, MOREE & T 258108 W TO RV RWICHEERET 5,

47. 10 March 1998: LGY-Ny-Alesund-LGY

FIIRAT OB, BRhOREEE 13km LA E TOHE 70 7 7 4 LHHIE S .
PESREE I3 EAE 9.5 km ThZe U BEREZ IR AR LB & 41 (B A1-7(b2)), BESEIL D
TR TERAIDTE LIRE 70 7 7 A VDBl E T, EE 7,9 km O _-EBEC
ERT LB KN TFE BRI S,

48. 12 March 1998: Longyearbyen-Barrow

ZOHIFTHEHL— F OIUBSERRITCh -2, B A2Ad) OKRERBECRS ta> s
AP E-VIIREORBRIMEL TBY, L VERERIOZETHNEEL THhb 2 E2RLT
W3, FRICKIEDOREN N o — I b FE L TE Y, BB IEER < HU7BEKESRO L O
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49. 12 March 1998: Barrow-Anchorage
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4.10. 13 March 1998: Anchorage-Petropavlovsk
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4.11. 14 March 1998: Petropavlovsk-Nagoya
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o 05 March 1998 23:45-01:20 UTC : Nagoya
—e o 06 March 1998 01:20-03:05 UTC : Petropaviovsk
x 06 March 1998 04:39-06:43 UTC : Pelropaviovsk
x 06 March 1998 06:43-08:40 UTC : Anchorage
= 06 March 1998 23:51-01:34 UTC : Anchorage
07 March 1998 01:34-02:55 UTC : Barmow
07 March 1998 05:06-04:20 UTC : Barrow
o 07 March 1998 06:20-09:45 UTC : Longyearbyen
© 08 March 1998 10:46-11:00 UTC : Longyearbyen
o 08 March 1998 11:00-13:35 UTC : Ny-Aalesund
409 March 1998 10:05-10:30 UTC : Longyearbyen
209 March 1998 10:30-12:20 UTC : Tromso
2409 March 1998 12:20-12:50 UTC : Tromso
409 March 1998 12:50-13:25 UTC : Longyearbyen
© 10 March 1998 10:18-10:34 UTC : Longyearbyen
o 10 March 1998 10:36-11:25 UTC : Ny-Aalesund
o 10 March 1998 11:25-11:43 UTC : Ny-Aalesund
o 10 March 1998 11:43-11:56 UTC : Longyearbyen
x 12 March 1998 15:05-17:40 UTC : Longyearbyen
12 March 1998 17:40-19:40 UTC : Bairow
12 March 1998 21:04-22:20 UTC : Banow
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P 4 4 + 13 March 1998 23:40-02:30 UTC : Anchorage
+ 14 March 1998 02:30-03:55 UTC : Petropaviovsk
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Potential Temperature (K) - 14 March 1998 07:08-09:25 UTC : Nagoya
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Fig. 4. Vertical profiles of the potential temperature (K) for all the flights.
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APPENDIX

774 FEIOPC B 7 — ¥ —&, IMAMFRI7 74 MNEEZRT, RABFHLED
Th7 77Xy bOBERILLTOMED :
(a) £7 74 PEBUIARRNETLORKEMEED I VR TFHEAL (mg™)
OFFZAL, BZNE UTC, SEBIINBIETH 5. (b) bBH - TREEICE T 55
BB LOERRET EORTHESL (mg™) OME 707 71 )b, (c) K (a) &
Tt L, HEEh A SR S IRENC A Lz, BREICB T AR TEESE (mg™)
ORIz . FZIE UTC, BRETHRL LT VI ERETNER (X) 2#
7, S WBEITY (Bt RM XH) 2E-7200.(d) &7 71 McBU &,
Bk A vy IR (Inlet T, BALZE), H5UR (SAT, HALIFERK) ORFHE
Z2Mb, BZIZ UTC, (e) 774 MhOBIKOEE EAIE, HALIZR), BE OR
DIIE, BALIZE) oK% . () 774 MhoEE b & 0 & U CTREHEID IE,
B3R, BGE (m/s) ORFREZEAL.
Measurement results on each flight. Letters after numbers mean the following:
(a) Particle number mixing ratio (mg~') for each size versus time (UTC). The
vertical axis is on a logarithmic scale. (b) Vertical profiles of static air temper-
ature (°C) and particle nhumber mixing ratio (mg~') for each size during the
period shown in the title. (c) Particle number mixing ratio (mg~') for each size
versus time (UTC). The vertical axis is on a linear scale. The data were
multiplied by a factor X for each size and were smoothed by the running mean
method using adjacent RM sampling points. (d) The flight altitude, the tempera-
ture at the exit of the aircraft inlet, and the outer air temperature (Static Air
Temperature) versus time (UTC) on each flight. (e) The latitude and longitude
of each flight versus time (UTC). (f) The wind direction and the wind speed
on each flight path versus time.
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Nagoya-Petropavlovsk: 3/05 23:45:04 - 3/06 03:04:13
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Wind Direction, deg CW from N
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Petropavlovsk-Anchorage: 3/06 04:39:09 - 3/06 08:40:24
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Wind Direction, deg CW from N
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Particle Number Mixing Ratio, mg-!
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Wind Direction, deg CW from N
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l?98/3/§09; ZQOhPa geopotential height(m) - -
T T (b)

RA2 774 MBI ATEEE 2000Pallm BEOKIEE) EOYART v
WA MIHBEVZ 74 b /82 (CKFR). &ZB (a-g) ORZNZLITO®ED.

Fig. A2.  The geopotential map at the 200 hPa pressure altitude for each flight. The flight
path is shown as a thick line.
(a) 00 UTC, 6 March 1998. Nagoya- Petropaviovsk-Kamchatski, (b) 06 UTC, 6
March 1998. Petropaviovsk-Anchorage-Barrow, (c) 06 UTC, 7 March [998.
Barrow- Longyearbyen, (d) 17 UTC, 12 March 1998. Longyearbyen-Barrow, (e)
22 UTC, 12 March 1998. Barrow- Anchorage, (f) 02 UTC, 14 March 1998.
Anchorage- Petropaviovsk, (g) 07 UTC, 14 March 1998. Petropaviovsk- Nagoya.
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1998/3/14 022 200hPa geopotential height(m) _

 1998/3/12 227 200hPa geopotential height(m)

1998/3/14 07Z 200hPa geopotential height(m)
I

; ,.:-‘/;“ Az ﬁg
I g Fig. A2 (continued).

A3 (opposite) ERHIFFORBRIZESGID NNy 7 b9 27 b —HTER, B EEI3K
AR, hEREREE, GIRRE, FRAIAL (potential vorticity), 4713
IEEOREA RS, TTE R LEBNT — 5 I3 FIT - SRR st s
723 @ (the Global Objective Analyses Data of the Japan Meteorological Agency) T,
ERAIT B CHEF -« B S ETBOBERTEL Tnw b, wiioBEIR, Hiwl
WRIFE NS b ONEBOHETENTLUED % », ZOBEAEOEHEEDIE
ELTRLTH D, EXBOFHEBGBA S L ORZNIE (a-m) RIED.

Fig. A3. (opposite) The isentropic backward trajectory analysis for the initial points.

Horizontal advection (top), altitude (middle left), temperature (middle right), poten-
tial vorticity (lower left), and relative humidity (lower right), based on the Global
Objective Analyses Data of the Japan Meteorological Agency.
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Altitude (km)

Potential vorticity (PVU)

Initial point 60.0%, -173.0° 11.0 km - 8=339.2 K 1998/03/06 07:00Z

WiZopkig#E OPC 1o & 2 =7 u VLB

219

20

16 -

18-

-200

-150 -100

time (hour)

Relative humidity (%)

200

-150 -100
time (hour)

(¢c) 60°N, 173°W, 11 km,

-150

-100

-50 0
time (hour)
100 [ ' i i T ]
80 | .
[
60 A
40 L §
[ ]
20 E b
Otl Fumt T -l Ll W hovn B £ = I ey Kj
-200 -150 -100 -50 0

6 March, 7 UTC.

time (hour)



220 EEES

Initial point 70.0°, -152.0° 12.0 km - 8=347.9 K 1998/03/07 01:00Z
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(d) 70°N, 152°W, 12 km, 7 March, 1 UTC.
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(f) 8O°N, I0O°E, 12 km, 7 March 9, UTC.
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(h) 75°N, 150°W, 12 km, 12 March, 19 UTC.
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(j) 70°N, 156°W, 12 km, 12 March, 22 UTC.
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