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Study on Physical Properties of Atmospheric Aerosols

over Huang—Bo Sea and Beijing Areas

Abstract

In this paper, it is obtained and analyzed firstly that many data of aerosol number
densities and size distributions measured by laser aerosol particle size spectrometer
(LAP-321) during the Yellow Sea voyage in June 2011 and the Huang-Bo Sea voyage
in November and December 2011. And the relationships between aerosol number
densities and wind direction, wind speed are studied at the same time. Secondly,
seasonal characters of aerosols’ volume distributions of Beijing are studied by using
AERONET data. And the relationships between aerosol size and single scattering rate
are discussed as well. Finally, the distributions of clouds and aerosols in the

atmospheric vertical direction are discussed by using the CALIPSO satellite data.

Studies find that aerosol number density values are relatively high at the inshore
affected by human activities, especially the aerosols with radius of 0.15 pm - 1.0 um.
In the area, human activities, fog and haze are the main factors causing the aerosol
number density increase, except the impact of dust storms and other severe natural
phenomena. Relative humidity isn’t very important for number density, so it can be
used as adjuvant factor. Aerosols, r=1.0 pm - 2.0 um, in the sea areas far away from
the coast mainly appeared around wind source and high wind speed areas, are less
affected by human activities. And those aerosols mainly are small scale sea salt
aerosols generated by the sea - gas exchange process. Main factor affecting aerosols
with =2.0 um -5.0 pm is wind speed. Big size sea salt aerosols are produced when

sprays on the sea surface are broken under the strong wind.

It is analyzed that the seasonal variation of aerosols' volume distributions,
aerosols' volume distributions and optical thickness, Angstrdom exponent, fine mode
fraction, and single scattering albedo, by using the monthly mean data of the

AERONET site in Beijing. The results show that the maximum peek value of



aerosols' volume distributions in Beijing in Spring is contributed by dust (the
maximum peek radius is about 3.0 um, coarse mode), in Summer it is main affected
by higher temperature and relative humidity (peek radius of the volume is 0.25 pum,
fine mode). Single scattering albedo will decrease with wavelength increasing when
the concentration of the absorbing particles is lower and the fine mode aerosols are
dominated. And it will increase as wavelength increasing when the coarse mode

aerosols are predominant.

The attenuation backscattering intensity and color ratio figures are calculated
according to data of the CALIPSO satellite. And the vertical structures of cloud and
aerosols distributions are studied. Meanwhile, main land and sea surface can be
distinguished clearly by wusing the attenuation backscatter coefficient and
backscattering color ratio in the case of absence of not penetrate the cloud. That is to

say, the sea surface color ratio is y ">0.2, while the terrestrial color ratio isy '<0.2.

Key words: Aerosol, number density, number density distribution,

aerosols’ volume distribution, fine mode fraction
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B02 | 2011.11.21 | 08:02:00 | 122°57.286 | 36°27.289 | 358 63 | 547 |

B03 2011.11.21 | 10:04:00 | 122°47.773 | 36°39.179 | 279 1.7 53.7 | &

B05 2011.11.21 | 13:17:00 | 122°39.025 | 36°59.03 258 1.5 47.8 | W

B06 | 2011.11.21 | 14:57:00 | 122°52.495 | 36°59.623 44 2.1 48.7 | W

B07 | 2011.11.21 | 16:31:00 | 123°10.368 | 36°59.548 | 359 3.0 53.3 | i

B09 | 2011.11.21 | 20:27:00 | 123°42.423 | 36°59.016 | 36 7.2 54.4 | I

BZ1 | 2011.11.22 | 00:13:00 | 123°44.350 | 37°14.749 | 214 1.7 51.1 | i

BZz2 | 2011.11.22 | 02:17:00 | 123°29.554 | 37°28.928 | 220 8.0 62.8 | I

B13 | 2011.11.22 | 07:51:00 | 123°14.814 | 38°08.276 | 129 1.3 57.8 | BH, %

Bl14 | 2011.11.22 | 10:33:00 | 123°28.683 | 38°25.928 | 141 5.8 66.9 | [H,#%

BF1 2011.11.24 | 05:45:00 | 122°31.439 | 38°58.789 | 358 1.3 49.8 | If§

B22 2011.11.24 | 07:44:00 | 122°29.942 | 38°44.854 | 129 0.4 53.5 | g
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B23 | 2011.11.24 | 09:42:00 | 122°29.443 | 38°26.523 | 153 1.5 59 | B
B25 | 2011.11.24 | 13:40:00 | 122°29.059 | 38°00.001 | 263 8.0 | 70.9 | ik
B26 | 2011.11.24 | 15:58:00 | 122°28.650 | 37°46.704 | 244 58 | 564 |
B28 | 2011.11.24 | 19:58:00 | 121°59.420 | 37°42.141 | 298 4.7 44 | HE
B31 | 2011.11.25 | 01:56:00 | 121°59.846 | 38°29.639 | 331 3.8 | 63.8 |
B32 | 2011.11.25 | 03:22:00 | 122°00.197 | 38°40.068 | 3 52 | 78.2 |
B33 | 2011.11.25 | 05:28:00 | 121°37.544 | 38°40.068 | 13 57 | 68.7 | W
B34A | 2011.11.25 | 07:00:00 | 121°24.497 | 38°38.099 | 71 58 | 719 | =
B35 | 2011.11.25 | 08:31:00 | 121°19.413 | 38°25.137 | 79 53 | 71.8 |
B36 | 2011.11.25 | 09:26:00 | 121°16.021 | 38°15.963 | 76 22 | 474 | W
B38 | 2011.11.25 | 12:42:00 | 121°09.575 | 37°54.613 | 165 47 | 583 | i
B39 | 2011.11.25 | 17:51:00 | 120°44.431 | 38°20.701 | 142 58 | 54.8 |
B40 | 2011.11.25 | 19:32:00 | 120°27.192 | 38°20.350 | 155 7.3 54.7 | i
B41 | 2011.11.25 | 21:12:00 | 120°11.530 | 38°20.128 | 165 8.5 62.5 | B, A%
BYOI | 2011.11.25 | 23:27:00 | 120°08.292 | 38°38.339 | 290 3.7 745 | L, A%
B44 | 2011.11.26 | 07:22:00 | 119°12.761 | 38°19.044 | 143 05 | 763 |, %
B45 | 2011.11.26 | 08:43:00 | 119°00.089 | 38°19.070 | 68 28 | 706 | B, &
B50 | 2011.11.26 | 18:02:00 | 119°42.705 | 39°18.492 | 92 6.5 | 626 |, &
B51 | 2011.11.26 | 20:15:00 | 120°03.946 | 39°10.980 | 93 59 | 661 |, &
B60 | 2011.11.27 | 06:18:00 | 120°14.363 | 39°19.145 | 327 56 | 752 | K, &
B61 | 2011.11.27 | 08:35:00 | 119°53.596 | 39°02.757 | 168 54 | 703 | BH,E5H
B62 | 2011.11.27 | 10:17:00 | 119°40.078 | 38°52.156 | 279 45 | 768 | B, 55
B63 | 2011.11.27 | 12:34:00 | 119°22.739 | 38°38.086 | 77 2.9 734 | B, %%
B64 | 2011.11.27 | 14:14:00 | 119°09.611 | 38°28.287 | 96 1.6 772 | B, %%k
B65 | 2011.11.28 | 08:45:00 | 119°19.156 | 37°55.112 | 81 6.5 83.8 | B, 55 %
BF2 | 2011.12.01 | 12:12:00 | 119°51.693 | 37°43.436 | 18 89 | 59.8 | I}
B70 | 2011.12.01 | 16:49:00 | 120°06.716 | 37°43.341 | 49 57 | 634 | Zx
B71 | 2011.12.01 | 18:50:00 | 120°17.842 | 37°56.824 | 43 59 | 636 |Zxn
HOI | 2011.12.03 | 17:32:00 | 121°00.580 | 35°58.076 | 19 9.1 71 | 2=
HO3 | 2011.12.03 | 21:19:00 | 121°39.867 | 35°58.183 | 356 95 | 663 | Zxn
HO4 | 2011.12.03 | 23:20:00 | 121°59.352 | 35°57.962 | 346 85 | 647 | Z
HO5 | 2011.12.04 | 01:17:00 | 122°19.536 | 35°57.903 | 356 99 | 659 | £~
HO7 | 2011.12.04 | 05:31:00 | 122°59.985 | 35°57.844 | 348 99 | 675 | £~
H09 | 2011.12.04 | 11:35:00 | 123°29.957 | 35°30.123 | 128 49 | 602 | Z=x
HI10 | 2011.12.04 | 14:47:00 | 123°29.720 | 34°59.352 | 65 48 | 614 | 2=
HIl | 2011.12.04 | 17:36:00 | 123°00.071 | 34°59.948 | 7 62 | 625 | Z=x
H13 | 2011.12.04 | 21:57:00 | 122°20.165 | 35°00.875 | 23 56 | 589 |Z=x
H14 | 2011.12.05 | 00:04:00 | 122°59.592 | 35°00.31 49 54 | 569 | Z=x
H16 | 2011.12.05 | 03:54:00 | 121°20.085 | 34°59.823 | 57 49 | 593 | Z=x
H22 | 2011.12.05 | 09:51:00 | 121°20.018 | 33°59.992 | 73 94 | 677 | £~
H23 | 2011.12.05 | 12:00:00 | 121°40.031 | 34°00.031 | 58 95 | 638 | £~
H24 | 2011.12.05 | 13:59:00 | 121°58.970 | 33°58.717 | 201 6.8 | 61.6 | Zxn
H25 | 2011.12.05 | 16:06:00 | 122°19.782 | 34°00.086 | 97 78 | 596 | £~
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H26 2011.12.05 | 18:13:00 | 122°39.590 | 34°01.862 45 7.1 663 | £~
H33 2011.12.06 | 06:18:00 | 122°59.631 | 33°00.130 | 258 4.3 732 | =~
H34 2011.12.06 | 07:50:00 | 122°40.470 | 33°00.128 | 234 9.5 765 | =~
H35 2011.12.06 | 10:09:00 | 122°20.641 | 33°00.391 | 239 7.3 743 | =&
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bbo B R RBEARSAARS, ORI, SR TR REERZ 0, S
R e . Bl Angstrom P KR $a=0.75 KX 2 GRS 7 dy 32 S H
IR, EHS FMF 676 ~50%. < BT LLIEFE 676nm K ALK FMF, &K
S IXAN B A R PR R (i K, RERLAE S0% A4
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(HPAR LU AR AR A = I W A I B R IR A%, 32 H T s i R v B TR 1 0
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7E 0.05 T, NS A 4% r20.15 pm, KBS I 4% a3 um. 45 F3k,
ATTRT RAAS 3, S Ak i s I AR R R e ) 210 A K1) B TR 3 VR
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UCHIS S R wo (GRS 1HEILAT 451

(1) AEATTET R T AR AR 5 R At ILAE R S (a3 pm), T2
SO R R vy AR s KU — AR AR 4TS (0025 pm), 5L
Mg DT 8 M P A 5 KA1 BRI AS A A B (I LU RALL, AR A 1

WA V- AR AR B 2R PR/ N 7 T RS, BRI 1 5 A 2= A AL
(2) B2 AOT 5 K, FMF_676>80%, AFZAKIT b7 EE A%, AOT 400

e K FZM AOT HEFR/N, FMF_676<75%, FLF AR R4 1 21 %,
AOT 400 [FMEWR LA K FAZFEH AOT th B F/INAIZ, 75%<FMF_676<85%.

(3) HWHAHEIL, 24 FMF_676>75%M, o BEPE KK KIMTIDN, wo HIFLE K
fHINy, PKA=676nm; 24 FMF_676<75%h), o B K HIHE KK, oo Bl
RAARS, WeKA>676nm. A5 HHAH SRR, AR AT g2 2 D R ot O e

(ARG 2, B S VA R S A e
4.3 FIF CALIPSO D EN N \Ei3hE i L= AREES T

4.3.1 CALIPSO ¥u#5 i/

CALIPSO & M- R E B AL AMEN B2, fEEisirfXJLE, o4
R T BRI TR ARG I A R . % TEPIE Y 16 K.
CALIPSO B A R — A~ H A IE AW & B I e 0 1 = - IR WOL TR &
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CALIOP, 7] LA#& 532nm Fl 1064nm P AN BEAE LIS AT B Fo6f i 7 i) (1) 2
5 1) B R BRI ) AR 532nm BB e m R E EERL ™. H AR R I
HIOR PR IR 5 SO 38 5 AT IS R UM R BRI LU . CALIPSO MLl 1 %%
P =i, ER 38 BT TR J5 (NASA) 1) 2% F) 4iff 5T 40 (Langley Research Center,
LaRC) KB H b Ab B AE RGN R AT it 1) 2246 U HDF #:0, &
A LO-L4 N, HHRISE LT A L2 BRI Eds. L1 5dli =&, CALIOP
AL T 532nm (T ELAPATIIIE, LA 1064nm (LT AN A T2 98 1f) B 50
FEAE, TR L AMES S50, WFC SRRSO S5, L2 Bl =i o,
TR RV PRI i, 0T A =K #5%: 333m. 1km. Skm,
TEATAE 532nm A KRS [0 HU BB REL. 2R T EH LWk
HZH . NTEIR A Sk 2 FERE 0, BB AR K A IR R T
L ERER L REIREEUE B B EER At FFIE RS (opacity flag)5F
4.3.2 XAy R IR R B
Levert %k + 525 ) #UR 22 B, () il H R A 2ok KR

AU

B, (1) = 3

= (B @+ B, O)T, (T, (T, (1) (4-2)

R, BT ARG . B0 & RICEHEIR. B : Ja i
FHC T2 () T2, (0 T2 () HAT 5L RIS | 0 R U i i .
3K HEL RO AR )2 25 IR T oS et 3
T? (r) = exp(-27,. (1)) = exp(-2 j o, (r)dr) (4-3)
o, e SRR o KAUREIIDERE
B ) B L 7T U LR 24 3R
%' = ﬂ£064/ﬂ;32 (4-4)
Mark  ASEAC BT 2 RIS, TR SES T
SRR % IR L 26 7 PR O R, 40 5 BRI 340 i it CAD(Cloud

Aerosol Discrimination) 57 v K i & = MWK 2, SR J5 15 F | SCA(Scene
Classification Algorithms) H K THH 2B IA L . = UK-/KM BT IR Bk b . HR s
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FEPR O FEAAE 532nm S8 IE (1) R R R R = 2R, Ik 4-2
Fyfi—\‘o
R 42 ANFERIEERANT RS0 i B 28 ORI S8 i 18 FEC LG

Cumulus/Stratu
Maritime Maritime/Arctic/Antarctic/
Desert Cirrus S
(RH: 90%) Urban /Continental
/high Fog

Color ratio

1.17-1.2 0.6-1.7 0.9-1.1 0.6-0.75 0.35-0.55

1064nm/532nm
Backscatter 0.009-0.
0.01-1 0.03-10 0.001-0.008 0.00004-0.01
coefficient at 532nm 01
]

K 4-10 2006 4 10 J 12 H 17:52:12-18:38:28 ] CALIPSO T 2517 &

Kl 4-10 W< T CALIPSO AT 2006 4 10 H 12 H 17:52:12-18:38:28 Z [f]
B AT s, U A R i, BT A # i 3 #) 532nm (1)
SRS 1) R 9B B A DL, W 4-11, AEE S K 4-12,

K 4-11 FIP 4-12 L FEVE A (20N, 116°E )-(50°N, 125°E). M4 R A%
4-2 FronsHIECE R M B 4-11 R 4-12, ELAE T E IS Z T B 7 ) B
BRI, BB ALERE B bR Skm LL B s, A4 o) A
FH, WMTHBBERNZ, WG5S ETE. MBS A i (16 2 ik
8km LA R KA M, Jf B A ZEAERE 2R 2km DU 147 B . 7EHbER 2,
AT R ITEIREU R AR, BT T 0.1 kst (AR FEIRELLETN 0.2 A4,
JIr A s 4 1F7 52 375 G A ™ F (1) /N RIR 2 B 72 25 1 55 5 Ko K]
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4-11 A1 4-12 P o 2 J2KIE N = IR VS IRIZ 4k, AR T AT DK
R LR R 5 1) RS IR AT A RIS A R TR 22 A I ] B 18 e 5
PRI BE AR, g AR AR AT 58 38 A SRS (10 S T8 o TR [0 O 9 L 1) 2 A
PIANSE g £ LU I, LA T EL A A« 3 I DU I 21 2 L O I R I 22 0 AT 5

K 4-12 2006 4F 10 H 12 H 17:52:12-18:38:28 (115 [ Hb 2os (0 b 43 A
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BATFET CALIPSO T2 CF 2011 4F 11 H 21, 22, 23, 24, 29, 30 H,
X UK L1 Hidhs, 2R Ab P45 3 S8k 5 1) R 5 R 5 1) FHUN S8k £ LU &

4-13 &75 T CALIPSO PAAE 2011 4F 11 H 21 H 04:21:19 % 05:13:58 X
AN R BRI, 53k 07 R RIS Jr 1), I BATT I e A A 15 P o
RS HR. ATKIAEL 46° N, mEL 6km A, FEIUS 17 HURF R 2L
B3, =0.6 kmlsrt, HUR ALy ~1.1, BB = 7540 20N-40'N, m/E410% 1.5km
K, Biy>0.0 kmlsrl, =1, RIRFTREAEZ 25; 7620 29°N-41'N, g, 2,
RIFRRTAL, iy, ~0.03 km sty y >0.6 RUR AT GEFT A7 AE . [ RN, 7E4E
J o 47°N-50°N [Fyu, B FHuRIM S, Aty <0.2.

4-14 575 7 CALIPSO P27 2011 4F 11 ] 22 H 17:29:17-18:15:28 I [H]
B Ras AT, Has A7y m i b ik s, SZIRNE I fE A B Ll R
P, AVRIMAELEE R 32.24'N-26'N, iK% 1km B, B, ~0.006
kmlsr!, o ~0.5, IRFTREA G LRI K EAEAE, HILEMRA. RN
6km, Z5E Ny 44°N A BLUEEL N 4km MR =2, BLES 75 S Wa9ENE,
JEJ9 10km, ZiJ0 29°N &b, HE=HMFAE. ELE N 4TN-50'N fJyuH,
THERMALE, (Blhy <0.2.

4-15 75 7 CALIPSO 27 2011 4F 11 J 23 H 04:08:43-05:01:02 I [H]
BN I AT, Hs AT J7 I nd Sk s, BN TR A R A B an E h AL (R S
e WLAER, T2 12km G5 24475, TEEBEN 2km T, )2 447
[FINy, FEMBERMIT, Z6RE04 20°N-34'N ML, Wl s R iEigm L, A
W — AR . (R 42°N-47N TG, BE THUR IS, Oty
<0.6, HIEFELIE N 47°N-50°N [FyulH, B FHuRIIE, iy <0.2.
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4-16 o~ T CALIPSO PAEAE 2011 4F 11 H 24 H 17:16:22-18:02:56 I [H]
B 0z, JLAgATJ7 g Sk, RS A BT CE (R0 an 1 A e B
No ATLLRIN, TELGSEN 35.22°N-29.29°N (iR ML, A —ZHE N IRE,
I FESL E05 2km A 3T, AR AAFAE. fE 35.22°N-38.19'N iz, 1E4f#sd
PR, (RN 2km I B, H—ERRITE R0, HRIE Lk
158 Ho |2 il 7 NI R 5 R I HE RIS . 740 47T°N-50'N HIVE I,
TR AL E, Oty <0.2.

K 4-17 278 T CALIPSO TAYE 2011 4 11 H 29 H 17::35:12-18:21:27 B[]
BN IR AT B0, JLIs 4707 Wi Sk B, SR RES B T 7e 407 & 0 Bl 20 60 2 5
N ATLURIN, AELEREN 35.22°N-26.28'N [, 22 REEMAFLE, YK
UZRMAEAE R E, T BAMEETILH , 764 H iR I — 2 s <
WIRAFAE . TELEREN 42°N-50°N (1], Hal TR IAE, bty <0.2.

4-18 {78 T CALIPSO 27 2011 4F 11 J 30 H 04:14:49-05:07:23 I [H]
BN L, FEEAT 5 m g Sk s, wTLUE S, R4 20°'N-40.86'N ] _1-4%,
LS 1) S B R IR ORI 2 SR 2 S A IR, 1] H R AOIR
DA E . BB GH IS ESE, RIS BRI RO 7ELR BN
42°N-50°N [Pu [, o TR g, by <0.2,

RYE CALIPSO 2K L1 #dls, 193 2011 4F 11 J] 21, 22, 23. 24. 29,
30 /NSRRI EEIRSE o) HUN SRR b, A3 BILL R 458

(1) T8 250 [0 FEO AT 1) O € O A B LU, 7 A7 R U ) 38 K< 1
HER b, AR o At s

() ERANAGE =G, IER R SCRGUT T 08U m) 5
FIJG U (O LI, BEAT 2800 W Bl b R 1T, RIGE 00, I Rl
x>0.2, Bfih Fathy <0.2,

(3) B I IS 1) HBUR RS 1) HUR A, BERID I H R AR,
U SR EE S U B TS . 2R BLAUIR, B HRAR AT RE R R .
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4.4 REINGE

B BRI S KR BV (T, AT T 2GR I B R
S S HSHhs A5 BRI O P IR X AR Ik, AR YE B30 SR 1R X
[ R AHEAC 55 5 0 AN [R] 3 (87 8 S JEORE 3 1R 7 2R, Wi D4 3 Pl = I
AT GRS T o KT I 0 EL R S AT ) R S AL . KA
R rb S ANE I IR 3 B0 SR il o I (K R A D, A= 5M ) CALIPSO
LB N AR BT 1) B, SREE R AR IR, R KB B IR AR SR i S
%o JERTHIDGTAF R, Z 5 R CIRDUN HA AL, X it DX IR s A g 2t A
BRI R, A1 SCHRH AERONET [0t 7 b 5 B S7 (1ol st et , i AR
TR 6 JF AN/ INRORE L ) S5 4 X s IR B G A PR AT 0 i, AT 0
Aod o 0 5 BT e [ 8 4 DX e (R W
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5 REERE

5.1 545

ICNEA

ARV S B ISR D I A At X T e e . R 2011 4F
11-12 3 B0 RO AR 1 (S0 8 (1) 250% FE 4, AERONET b 5 ol st 1 550
Yokl LLE45A CALIPSO TR Lever 1 ¥ o) B2k UM RECE R, #3132
it r .

1) ARHEA s LAP321 Wl F (¥ B e 2 1OV JRORE 1~ it s 4 AN IR) RS
ST, FHR PSRBT S R KU AT, R IS2 NS 30 52
P (I R, OV RO B LR, R RS Y 0.15um<r< 1.0pm.
TEAZIFE, BT WA RS0 QRBL R MR 2 5k, NG B 155 45 R s
A IR B B ORI T BEDR 38, T AR B X S IR B FE IR A/ o U
A 1.0pm<r<2.0pm 5 Bl (/R 1 B SR iz i, =2 NSRS sl e/,
FE IR KRR, DA R /NS R (R B A, D 43 12 FRi: /A8
P R AR /N B AU BRI . AR 2.0pum<r<5.0pum o Bl (1R IR
R, SPATAERCHEAL, - EE5Ema PR e R, 2 T R S R T b IR TR AR
R AR, T R BB R 88 T IRORL T

2) 14 AERONET ZEE, 434 T AL X AR AR 1% (1 2= 15 P 2 A s
fiE, RIS ES S TRBOCE LB . Angstrom AT E/INURL LA
DGR, A IBORL 1R/ B SR OC R, KB AEstli = A
JRARRR U B WA IR AE RS, B N 3 2 by BRI R — ik
HIRAE AR, 2B DR 2R il B R s KA AR R AT 11 0
H LR, AR R EAE P ARATN B = [R5~ /NMK T 1) (i #% , HREAS I >
HHHANETHIML. EEREEEE R K, FMF_676>80%, 4k AH ¥ b &=
BN BN S EER/N, FMF_676<75%, HIBASRLT 85 15
W2, KAENTHOLEERE N2, 75%<FMF_676<85%. 18 154U T,
4 FMF_676>75% I} HL U HUR S HE %6 oo BE I A 38 KRN s Moo 5 KA I,
PiKA=676; 4 FMF_676<75%], oo FEAKIIERMIE R, Moo e KIEHI, P
A>676. 5 LA KPR,  TUAR AT 6 2 2 1 I i v O IR It A 1 2
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191 1 B RS R A e 46

3) M4 CALIPSO IR L1 Hidls, 73 2I5E0m0n 0 AU s A e Lb &, fg
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