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Scattering coefficient, size distribution and the transport process of
tropospheric aerosol in the Arctic region observed with
an aircraft during ASTAR 2000/2004 and
AAMP 2002 campaign in spring

Sadamu Yamagata'*, Keiichiro Hara?>® and Atsushi Matsuki*

(2010 /£ 2 H 12 H32{7; 2010 4F 3 H 6 H3ZH)

Abstract: Airborne aerosol measurements of the Arctic haze were carried
out during three campaigns, Arctic Study of Tropospheric Aerosol and
Radiation 2000 (ASTAR 2000), the Arctic Airborne Measurement Program
2002 (AAMP 2002) and ASTAR 2004. Aircraft used for the campaigns were
Dornier for ASTAR 2000/2004 and Gulfstream II for AAMP 2002. For all
measurements aerosol particles were introduced into the cabin through stain-
less inlets and distributed to several instruments via a diffuser. Scattering
coefficient of aerosol particles measured with an integrating nephelometer
during the Arctic haze period showed a distinct difference between the lower,
ie. up to around 4000 m, and higher troposphere. Meanwhile, scattering
coefficients in higher troposphere during the Arctic haze were in the same
degree with those after the Arctic haze. Size distribution obtained from the data
of a particle counter indicates that aerosol particles in accumulation mode
during the Arctic haze have larger geometric mean diameter than those after the
haze season, which reflects the aged air mass in the Arctic haze.
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“Curtain flight” which was carried out to reveal the fine structure of the haze
layer showed that aerosol particles are transported in the isentropic plane.
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0 VIV ORESARE, EEHHO b O X0 K E L, [INFL o BRI -
TWwbZ kxR,

A R BOWHISE 2SN T 2108 kol h—T > 754 »OfE
B, =7V VEERMEZ@E SN THYE I EBbhoTe,

. T UC®I

IR CREMCBHI SN E 7 —27 7 4 v 7 A RiE, AFBREEOFEFS 2 bk
DO S e 7 AR « REPIRGRE BRI TRA T 2 2 &, KBGO 2wtz
DX, KEOMTIEENE L SHH SN R XIck > (HERB IS HEEL
TaYNVERTHY, KGBEOBEIC LY, STEBEAIC L 28E, S BT
T, BABRRICE > T SN2 (Shaw and Khalil, 1989), D ~A R i3RI O S5
PEEICKREREELEZ TV 500, ZONXFMW ALFEHEEHAMRHSh vz
W, ZHEBHSPICT B 0I21E, I ETORESEGERENIINZ, BiZEsE vz in situ
BHINENTH S, O, MzErHvizo 7 a Y VHE 2 & LBIEIF v >_—>
AAMP 98 (1998 4£ 3 A ~4 X)), ASTAR 2000 (2000 4 3-4 H~A XWHH), AAMP
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Yamanouchi et al, 2003, 2005; Khosrawi et al, 2010).
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Table 1. Observational instruments for each campaign.

Instrument \ Campaign ASTAR 2000 AAMP 2002 ASTAR 2004
"""""""" Integrating Nephelometer (N O O O
" Particle Soot/Absorption Photometer (PSAP) O O o
~ Optical Particle Counter (OPC)  O* O O
””””””””””” Filter sampling o O 0O
"""""""" Absorption Spectrometer  x O xTT

NEREIS DR 2 2 B &R
I XD FHEREE

***pulse height analyzer & i

Sample air Fuselage

N 3/4 inch sample line
| Nephelometei(lN) ?‘_'

| Pump 9 Absorption Photometer (PSAP)] |
[ Mass Flow Meter MOptical Particle Counter(OPC) |

| Pulse Height Analyzer (PHA) |
H Sample filter =" Mass Flow Meter ] Pump |

1 inch sample line

y

2 ASTAR 2004 [FfiZ Polar 4 (Dornier 228) & & iufe =7 vV )V EIHIEERE O E
Fig. 2. OQutline of aerosol-observation instruments installed in Polar 4 during ASTAR 2004
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Fig. 3. Trail of “‘Curtain flight” that repeats ascending and descending across the haze layer
carried out 14 April 2000. Projection views from the top (left) and from the travel
direction (right).
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Fig. 4. Time variations of the scattering coefficient of filtered air (blank test) and altitude of
the aircraft. Insert is the histogram of scattering coefficients of blank test.
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Research M903) O TH B [30 BT 1107 [m1] OMERA] I1ZIF—L T
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T =7 T 4y 7 ~AREEE CLUT, EEH) ©bd (ASTAR 2004, 200446 H 3 H)
P TR S R g, 2000 4F 3 A 23 HIZBUHBARI R Tl b ~A AEIREIC R -7 HT
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Fig. 5. Examples of vertical profile of scattering coefficients during the arctic haze period (@,

23 Mar. 2000) and clean period (@, 3 Jun. 2004). Both are observed above the ocean
around the Ny-Alesund, Svalbard.
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Fig. 6. Statistical data of scattering coefficient observed during ASTAR 2000 (top) and ASTAR
2004 (bottom). Plots indicate minima, averages and maxima. Bars indicate the standard
deviations.
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Fig. 7. Vertical profiles of scattering coefficient up to the stratosphere observed by a jet aircraft
around Svalbard during the Arctic haze period.
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IT 47 A R, HEHNThCBW T 7 F 2Ly —Ya vy E—NIZ2DODE—NF
WRoNIZ, /21, W7 —F 2ECER L IRESAADNNT A=Y BmS,. 7 =0T 4 v
7 ~A RN BT B/NREBIOE — F (S mode) DM B L U MAEHEFA1Z 0.195
um, 126 Thotz, TNEMERBHIZE 2>l AN— OV E L g8 WT, 7—7
FAvIZAA RBCBHI SN T F a2 —YaryE— RO 7 0V VKRS T A —
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Fig. 8. Size distribution of aerosol particles during the arctic haze period (@ solid line) and
clean period (O broken line). Number concentration data from OPC is used under the
postulation of log normal distribution.
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Table 2. Size distribution parameters for aerosol in the Arctic haze period and clean period.

. S mode L mode
Condition \Parameter = ----------------mmmmmmmmm e No/N,
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, Doy 0o Do O
Arctic haze 0195 126 049 1.0 24
(23 Mar. 00 altitude 3300m) "~ "
Clean 0097 147 050 122 850

VE—FEZISIESE-FELE-FIGHILTWS Z L, RFHHD TR
WEPN TG L TWwd Z e o s, HEHICIE S T — F OBAEHES 0.097 um
EINE 7B 8 8 bIT, FEAERZEDS 1.26 25 1.47 ~AKRE L B otz, TRIH UK MO
E—F (L mode) \& P, HH#REL b RS AZMIR s A»r o, £/, WME—F
BT OIEBPEELL No/NL b, A ZHAD 24 1250k U A 850 &, /NRiEE— R O
SHEBDRE { oo Twiz, 2O EiF, MEIEEHIH S Tw 2~ APIIZ 7
Y )V ORGZHTOMERENRL 2D, MMEE-FPRELDEFEZONS,

34 =0T 4w I XNDEEDTHIZOWVWT

SR LTz k91E, 77— 7 4 v 7 ~A RGACEERTEE» S X s B REHIC X -
THRHENTVLEIZEPHIONTWS, UL, BEISNE AL RIFRFZERIIC LB L
THY, MBI B WL THERTIL L EHSIEOBEGEREN S SITHETL TWw 3 2 E7RE
ENIz. FIT, T—=207T 4 v 74 APER STz 2000 44 A 14 Hiz, ZDZE/MIA
N EHSLIZT 2720, M3WRTEIR [H—TY774 M 2BZ->7, KW
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Fig. 9. Vertical profiles of Number concentration of aerosol during ascending of ‘‘Curtain
flight”. Size region of 0.1-0.2 um (@) and those of 0.2-0.3 um (). All ordinates are
the same as the left one.
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Fig. 10. Vertical profiles of geometric mean diameter (a) and total particle numbers (b), and
their potential temperature profiles (c), (d).
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