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Seasonal Variations in the Vertical Distribution of Aerosols During Dry Haze

Periods in Regions Around Shanghai

XU Ting-ting' ,QING Yan',GENG Fu-hai*, CHEN Yong-hang', ZHANG Hua’, LIU Qiong' ,MA Xiao-jun'

(1. College of Environmental Science and Engineering, Donghua University, Shanghai 201620, China; 2. Shanghai Meteorological
Bureau, Shanghai 200135, China; 3. National Climate Center of China Meteorological Administration, Beijing 100081, China)

Abstract: Based on the onboard lidar data from CALIPSO satellite of National Aeronautics and Space Administration ( NASA) from
January 2007 to November 2010, the vertical distribution of optical and micro-physical properties of aerosols around Shanghai during
the haze periods when relative humidity less than 80% were revealed by analyzing the parameters of 532 nm total attenuated
backscatter coefficient, volume depolarization ratio and total attenuated color ratio. The results showed that during dry haze periods,
the scattering ability of lower troposphere (0-2 km) was the highest and the main constituents were regular aerosols. The scattering
ability of the upper troposphere (8-10 km) was the lowest and the proportion of irregular aerosols was the highest among the five
altitude layers. In addition, the scattering ability of the altitude range (2-8 km) was lower than that of the lower troposphere, and
the scattering ability and irregularity of aerosols at different altitude levels within the range were close to each other. Fine particle
aerosols were the dominant aerosols in altitude range of 0-10 km. To be noted, the proportion of fine particles decreased with
increasing altitude within the altitude range of 2-8 km. The proportion of large and irregular aerosols were higher in spring, whereas
the proportion of fine and regular aerosols were higher in summer. According to the analysis of a dry haze episode on May 7", 2007 ,
it was found that a mass of aerosols mainly distributed within the altitude range of 0-1. 5 km and partially within the altitude range of
4.0-5.5 km. The HYSPLIT model was applied to analyze the sources of aerosols in the episode, and the results indicated that the
dry haze was mainly caused not only by local emissions but also by the dust aerosols transported from Mongolia, the northwest and
north of China by the airflow.

Key words :dry haze; aerosols; CALIPSO satellite; optical properties; micro physical properties

bR T8 A RE WL RE 1) fa Ak, L R Ak RUETT , 3 2010 4F_F B AR HGE | 4R FREE

T R R I A oy N A B AR S BR B A R AN FREA R R AR R E TS H AT A Rk
SEmp DRI AT A R B A B AT 2 B R G . BN R BRI E EIS YY), 2001 ~2009 4
AR K AIF 78 35 B4R e g 00 TR A R TR SR KA B REOH 3 150 4 R B e T
U ARSI AR E S T R o R

S HHA: 2011-09-26; f&iTHHA: 2011-12-22

S5 L (H R 280 B i 5% 0 2 2 1 5 o5 1 T U 0 ¢ HE&TE. E%Eﬁﬂ%gﬁﬁéﬁé(m%om;@é%%%;ﬁga{
: = o = Sl 1S S : 3 ; ¢JEFI(973) T H (2011CB403405 ) 5 IR LR/ IT

AL 2 AR T A ORI 11 sz Y 5 SR, o X3k 3 T A BT IE ST ( Kij-201203)

R T B M A R B SEAR PR . RIS (1981 ~ ), % W BF5E A, T BE0F 5007 o Hy ik

KA FNIE IR, E-mail ; tracy. tt. xu@ gmail. com

J:/i/ﬁzj‘j {}l % Z%)% \j\ H i%%% E"Jﬁj( # JHIREEER A, E-mail ; yonghangchen@ dhu. edu. cn



2166 AN 5%

B 2% 33 %

SERUBRLA R 78 2 SR AL TRERAEAE O I
VR TIT ) 2 05 % 52 At HE s A DXl % 1 3 [R) 52
M5 Ye %2 i PM, T e 8 AR T A7 71 2
TR, PM, ¢ 19 32 B4 00 2 A7 BLe; Y05k
SEUIO T T i T R S R R AORL ) ViR B B
TCRMPRAR 3 A 5 Bk SCAEN Ak 1 Tl 5 0 )
PM, 5 \PM, 75 44X} B2 B i R LRI R H 2407732
NECEAT —FE 5.

(EREP M wi=2 451 SN0 LD O R Ry & = KK s
AER RIS i 25 DL T V8 JEE ) 2 70 A AR 2 A
SR ST RN A A 3 22— Liao %790
YO RRRCE g AR R NN E =) o N &SR 2 )
PRI AT BT ANTE] ;. Meloni 28170 R BAE RSB A A
IS¢ JL g e S 3 2 U T L0 AT S R
g ALY ) FH Ll e T O TR A SR ST T — IR
g o R A RN D' 2 B S H B AR AIE B 2
FBOCTR IR M T i B J 1 DI g 3 1] s e 1) 't
AR B P 9 3 70 A1 5 O R BIEREATI AR Bk =
R ASBIFSE 4 0 = - O L B IR L0 AN T A
T E WM (cloud aerosol lidar and infrared
pathfinder satellite observation, CALIPSO) A9 Jz {# %%
HHo3 A b 5 A0 T S0 T A BB R R /N FTAR
D) ) T 5347 15 10 R0 25 AR AR ARRAE , DU Ry 116
ST ST | T TR A R il S (LR 22 A A

1 HiEESHZE

AHFFE T BRI CALIPSO T A #1
IE AL = -SB BEOE 7R 35 (CALIOP) L1 7 fift.
CALIPSO H 32 [E ) NASA | Ball 72 ] 192 [ & % 25
[ 85T 0 (CNES) S BB I, T 2006 4F 4 H 28
H T & 51 FF23. CALIOP J& CALIPSO DA F %
AR 2 — B R A R DL K
ZIREST. CALIPSO R HH T D H s I B2 A, #R03
Rl B e B R R A B Re T A 45 1
TR M- 25 4 A R Bl A P 2L SERE R
WA T RIS P RN A R AE A S

AWM 2010 4E 6 A 1 H It i E R L%
FElARAE" MG B E IR UL <10 km,
PIAIXHEE <95% , Tok&K 2% b 174 4
Fe R R A ] i R R AT KR4 B
F, PR 3. S 08 SERF g 0 B A X
<80% Mg R 5. SR BT AR ARFIL .
F ARG 113X 4 A4 8 2007 4F 1 H ~2010 4F
11 i W A5 s | 24 220 2 ANl s AR 8] —BF 9 B

BT g0, HERR CALIPSO LA L1 7= & A g il
St DA R 2 2 i R O T 2 = R AR
JERAR TR, T 1E R ER 1 s DX 107 s B 99
A~ CALIPSO 3 5 1) 55451, 43 Ar LA e 1)
F RV 3L P 1) S AR 43 A SRR R 2545 43 A A
FEEE BRI HE S e T RESR U

2 HFREHMW

2.1 SRS ARHE
2.1.1 RO B R B AT
S R FIURE A X6 I BH i 59 049 T 16 (— e P 80K
YIS ) Bl R B 0 3 )2 fil U R Y 32
). CALIOP R A3 B8 (1 R A iy 2 A~k
(532 nm F1 064 nm) A9 5 W] U R 5, 35 532
nm S5 [ ECE R 8L, 532 nm I H S 16 B AR B0
1064 nm J5 [0 U 2L A AL .
Bgsz,m;ﬂ(z) = [,3// (z) +B, (z2)] - T§32<Z> (1)
B;SZ,L(Z) = BL <Z> : Tisz(z) (2)
,81064(3) = 31064(2) : T?064<z> (3)
KB (2) FRIARA[R] = B 4 I ) 0 3R 40,
Sk g K A 532 nm A1 064 nm. F A5 L i/
Gy IR RAR G 532 nm SFATEH 532 nm T EDE,
T? (2) T AW KB R

T°(z) = exp{ —ZKSM[Sm(z') +

8,(2') +8,(:")]d' | (4)
Xi,8,, .8, Al 8, srFR MRS IR
MR 2 RE TR L.
W 1 RS, T3 532 nm S5 T Rk
o1 B8 03 5 o 2 TS 2R B B T . AN T e
(R AHBUH S LR A, 2 (0 ~2.0 km, 2.0
~4.0 km, 4.0 ~6.0 km, 6.0 ~8.0 km #18.0 ~
10. 0 km) 532 nm &L [ HCE REUM AT 556 W E 2
Js. 532 nm B JE W ECS R AN 0 ~ 0.0024
km ™"« sr S L0 SRR 2 R R I R i AT
FE8.0~10.0 km = 2 ik K, 7 70.176% , 0
~2.0 km 5 B2 B R R BUR RN, R
42.360% ; 2.0 ~4.0 km . 4.0 ~6.0 km F16.0 ~8.0
km HICSF FR B0 R BUSCR 5230, 430 Ry 46.485% |
47.859% H147.873% .0 ~ 8.0 km U Bl P 4% 25 7
BT 20 00.0024 ~0.0030 km ™' -sr™! (1 2B
LA F 8.0 ~10. 0 km 5B F iU REGE H
P RN, K 8. 053% . B 2 BHE0. 003 0



7 TRl . PR LI X 5O

ST BT 14 2 AR AR R 2167

~0.010 0 km ™" ~sr ™' B Y SRBEUI R l 25 v 2 110 34
I AEE R 8.0 ~10.0 km  F IS 25 2B
I/, R 21.771% , I ELZEU 2 8005 B A 2R
PRI E 2.0 ~4.0 km, 4.0 ~6.0 km F1 6.0 ~
8.0 km 23T, 43 W A 44.631% . 43.427% Al
43.427% . W] UL, TR Bl R ARSI, R K
SHEE 1SS, Hih 2.0 ~8.0 km G N & & 2R
KA BE ST IT,0 ~ 2.0 km FORSHUET fiE
FEAS 2 B )2 i, X E BT 2 KA A A
A HEC 2 ] o ST b AV R T4 22, DT i
KB HE TG 5.

5

4

3

B I%

w MMHHHHHH“HHHHHHHHHHM

0 10 20 30 40 50 60 70 80 90 100
532 nm 5 1 S R A< 10 ¥ km s !

1 SE0~10 km TER 532 nm RS EBEHAES T
Fig. 1 Frequency distribution of 532 nm total attenuated backscatter

coefficient at 0-10 km heights during dry haze periods

8
7 == (-2 km
6 —o— 2~4 km
—— 4-6 km
- 5 —— 6~8 km
g Al —=— §~10 km
ﬁ ''''''

=T -

1
0 10 20 30 40 50 60 70 80 90 100
532 nm 5 1) 155 2 2 < 104 km s !

2 FTERAESES2 nm 2EEHSRESES
Fig. 2 Frequency distribution of 532 nm total attenuated backscatter

coefficient at different heights during dry haze periods

2.1.2  {RBURW LAY B
PRAGE R e 2 532 nm 3 BLS [0 B0 RS
532 nm “FATJE MIEU RECZ L, B TR I U )
AR AR B AR
ﬁ;}Z,L (2)
VDR(Z) - ﬁ;32,//(z) <5)
TR i LB A 1 W AR A AN R0 38 5 3R s L AT X
Oy BRI FARERIE IR Bk 1. ARSI, IR
B EE AR AR Lin %2 548 b AR SR

JRE AR K HAS RO, A FAR fi FE A VPR UR IR
IR i S Je 322 Pl 0 0] 02 400 2 B, A4 B GR i L
K0 ~3% 5 FEARPRFE s L 3 R g K I o A
R, ABGR R EE A 0 ~ 5% . T5ER},0 ~
10 km 735 J3 70 ] AR RRGR i L 14 A7 4503 B R R
s LE3G T80 (G 3)

4

3

2

B/ %

I

0 10 20 30 40 50 60 70 80 90 100
BUR T e/

B3 HEO0-~10 km TEMRGHRKILAES
Fig. 3 Frequency distribution of volume depolarization ratio

at 0-10 km heights during dry haze periods

BEAR AN ] o B R AR s L 19 39 % 43 A5 an 1] 4
Jis. A LLE Y, 0 ~ 2.0 km BHAFUE R R 0 ~
22% I RBUIRIE A = B R TR i ok, o 37.093% ;
8.0 ~10.0 km B A& BUR f b 28 BUM K I /N,
32.371% ;2.0 ~4.0 km, 4.0 ~6.0 km F16.0 ~8.0
km 7E 2 7R BUR i 1L BP9 0 38 BB 56 43 0] Oy
34.884% . 36.282% 1 36.017% . 1K 38 1 Lt Ky
22% ~64% I 8.0 ~10. 0 km ERRTL A, 1M
Hoftl i BE 2 ) BRI, 64% ~ 100% 14
FRGR i b AE 4% 50 B 2 B R A 23, Horp 2.0
~4.0 km PRFGER i b B0 2 5 K oh 21, 285% ,0
~2.0 km {RFUR f b RS /N R 19. 727 % . 1]
WL, FHeEE 45 5 B2 DO SR ol &5 5 HE
A ,0 ~2.0 km BN A0A BT o5 He e K,
8.0 ~10.0 km ANHLI A BT 7 Ll e K.

5
—o—=0~2km
4L —— 2~4 km
r, ——4~6km

—— G~8 km
—=— 8~10 km

0 1020 30 40 50 60 70 80 90 100
ERLE K%
4 TEWRTEASERREBRELFEES 5
Fig. 4 Frequency distribution of volume depolarization ratio

at different heights during dry haze periods



2168

i

2.1.3 @EHWEE
T DXl T AN 2895 B8 U 3 KA o
L i AR i) S R R A R AL AL b A/ SN
AN 8RR U PR 8 EE 1 064 nm 5L )
U R B 05 532 nm SS9 U R AL Blsy o Z
A
181064(2)
185,532,Tota1(z) (6)
WS Fiw, 780 ~ 10 km & JE R, T 50
M= O TR R N = A (E NI A N i K =195
FRB(WE6),8.0~10.0 km & E F@H KO ~
0. 6 Y [Bl P 19 451 3 3 e /N, SRR Oy 42, 840%
MAEELLEN 0.6 ~ 1. 8 JuFNTE 8.0 ~10. 0 km = i
R R, BBUIE N 53.538% . TR 2.0 ~
8.0 km JLFIN, (At 0 ~0.2 1 BiHHRME
FE RIS I 7 2.0 ~4.0 km B JE FiZE G
Rl i 2B R A Ik, M 20.388% . 4G 1.8 ~
2.0 B, 2% B 2 i M A A gzl W L, Ak
WEAEAS 2 Ty & 3 b, Ho gk A IR
£ 2.0 ~8.0 km = B30 Bl N BT o LU BE K. 4% i i
SRR RIS IEAE 8.0 ~10. 0 km 7= & BBl Y Jr
o7 B R, R A 0 ~2.0 km. T 7£ 8.0 ~
10. 0 km 0 [l N AT R AE 75 46 = R R i 3k VD28
T3 B A AT BT 5 17 0 ~ 2.0 km JE A, 3
BLZ B AR MG B AR s DT R ROk S
T IS AE AT b T A T o G E G

ACR(z) =

B B %
5
4L
=3
¥
",
| MMMMMHH
: I
0 02 04 06 08 10 12 14 16 18 2.0
&
5 BEO0~10 km FTENRBELMESS
Fig. 5 Frequency distribution of total attenuated color ratio at
0-10 km heights during dry haze periods
5
—=0-2km
4 " —e—2~4 km
——4~6km
e 3 ——6~8 km
£ —=—8~10km
&

1
1.0

0 02 04 06 08 12 14 16 18 20
(£1:4
Ele FTENAESERLAESR

Fig. 6 Frequency distribution of total attenuated color ratio

at different heights during dry haze periods
Z(3.4.51),2%F(6.7.8 ) ,#kZFE(9,10, 11

), &Z(1, 2,12 H). K29 M), 5 2
26 M BKZE 23 DA, A ZR 21 DAV R 1R

2.2 FTARHE 2 MIEE 3 43 B0 T g IO JRORE T RIS R AL
K Pl 8 19 CALIPSO TR B F =T 02K MCBUR i LU A6 LE A ZR 3550340 A
®1 FTEMS2 nm BREMHHSEFTRES G/ %

Table 1  Seasonal frequency distribution of 532 nm total attenuated backscatter coefficient during dry haze periods/%
2 532 nm S5 ] BUR R H % 10*/km ~" -7

0~10 10 ~20 20 ~30 30 ~40 40 ~50 50 ~60 60 ~70 70 ~80 80 ~90 90 ~ 100
fe=s 22.542 19.478 15. 347 11.783 9.018 6.947 5.311 4. 056 3.124 2.393
7 22.325 19. 199 15.290 11. 841 9.104 6.945 5.381 4.176 3.204 2.534
R 23.702 19. 898 15.519 11.743 8. 888 6. 650 4.989 3.747 2.797 2. 068
X% 24. 997 20. 390 15.118 11.187 8.423 6.391 4. 830 3.702 2.826 2.136

®2 TERGHBRILHETRESM/ %
Table 2 Seasonal frequency distribution of volume depolarization ratio during dry haze periods/%

iy BUR R L/ %

0~10 10 ~20 20 ~30 30 ~40 40 ~50 50 ~60 60 ~70 70 ~80 80 ~90 90 ~ 100
fe=s 16. 543 15.343 13.524 11.795 10. 226 8.562 7.424 6.283 5. 446 4.853
7 17. 002 15. 402 13.250 11. 540 9.923 8.525 7.383 6.362 5.634 4.978
B 17. 807 15. 659 13. 448 11. 647 9.932 8.421 7.075 6.124 5.254 4.633
A7 17.209 15. 659 13.762 11. 832 10. 286 8.414 7.099 6. 086 5.126 4.528
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Table 3  Seasonal frequency distribution of total attenuated color ratio during dry haze periods/%
=4 (XA
0~0.2 0.2~0.4 0.4~0.6 0.6~0.8 0.8~1.0 1.0~1.2 1.2~1.4 1.4~1.6 1.6~1.8 1.8~2.0
K 18. 011 16. 139 13. 894 11. 987 10. 509 8. 850 7.015 5.563 4.429 3.602
HE 19. 955 17.416 14. 460 11.763 9. 605 7. 835 6.296 5.044 4.118 3.508
ez 18. 829 16. 745 14. 108 11. 867 10. 173 8.384 6. 654 5.295 4.350 3.595
pS== 18. 507 16. 582 14.186 11.974 10. 228 8.552 6.761 5.301 4.347 3.562
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