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Abstract Pearl River Delta (PRD) is a region in China with severe aerosol pollution and is the focus of early research
on haze weather. These studies on haze weather include haze references, scientific concepts, long-term trends,

fine-particle pollution, horizontal transfer and vertical diffusion ability, aerosol physical, chemical characteristics, and
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aerosol optical properties. The results of this research have indicated that the pollution by aerosols over the PRD has
worsened in recent years. Aerosol clouds occur all year round, with an area of heavy pollution located at the western side
of the Pearl River Estuary. The haze weather mainly occurs from October to the following April, resulting in visibility
deterioration. Since the beginning of the 1980s, the frequency of haze weather over the PRD has obviously increased and
visibility has deteriorated dramatically. Three major fluctuations in visibility deterioration have been accompanied by
development of the economy, which has caused dust pollution, sulfate and dust pollution, and dust, sulfate, and
automobile exhaust pollution caused by photochemical processes, respectively. No indication has been made that the
long-term tendency of fog and light fog days is affected by human activities or economical development, and its
fluctuation was governed by the intrinsic inter-annual and inter-decadal variations of climate. The deterioration of
visibility over the PRD is strongly associated with fine-particle pollution. Half of the monthly mean PM10 observations
exceeded the mean critical value of the national second graded standard (70 pg m ™), and all of the mean PM2.5 values
exceeded the mean critical value of the U.S. national standard (35 pg m ™). Some mean values of PM2.5 reached nearly
twice the standard value, indicating high concentrations of fine particles. The ratio of PM2.5 to PM10 was also very high
at approximately 51%—79%. The monthly mean of black carbon concentration was 5.0 pg m >—9.1 ug m>. Compared
with observations data recorded 20 years ago, the ratio of fine particles has obviously increased. The ratios of organic
carbon, nitrate, and ammonium have increased, while that of sulfate slightly decreased and that of calcium obviously
decreased. The formation of an airflow stagnation area is the main meteorological condition causing this severe haze

weather, which is aggravated by weak vertical transport.
Keywords
stagnation area, Vertical transport
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B HRE I B LB AR & R A B .
DRI, R TG R X R UKL A2 3 ol 4 A58 R
SN, BETIRRY . A R RN AR K F A A SR
o oy EERUEE T SR

R 2 NBERE TSR TR E MR TR G
Ee a1k
Table 2 The mass concentration of coarse particles and fine

particles and the ratio of fine to coarse particles in Guangzhou

S0 TURL I BE/ PM10 5/ 4 kL)
FAhy pgm> pgm- BTy Ee gl
1989 54.8 117.0 46.8%
2004 88.8 143.6 61.8%
2005 75.2 129.8 57.9%
2006 65.2 88.9 73.3%
2007 48.9 61.7 79.3%
2008 49.2 61.9 79.5%
2009 42.0 529 79.4%
2010 39.4 519 75.9%
2011 422 62.5 67.5%
2012 44.7 59.9 74.6%
2013 39.9 52.7 75.7%

FE WA DA R Z 3 NRAIER WiE . TR
G2 LA P A GRS SRR AT T
REIFFT, ARERRE I MRS RS FUAR A
%. Wu et al. (2005) B XFERIT = A PHHBIX )9
PEIRKSE R AAEL S8/, M HE A8 T 2003
1L AT MR AR IR FE RS RS
T, FRH Y ERYL =M X AR & RO, 2 F
DURTAER], IRE SRR, M KUEAR N, gk
TABRAGY B, i F3ae ARG, HIT
R P&/ TN

I ML A6 4 R M T R 5 KT e I A%
WA EoE S, AEH RN A . a2
KPS R, HEN R I Al ROk ) 56 v R e
KEHERT, ik 2 A, RodBkoR, v5 4
VRSB RMRAEN, SRR EE
AW 5 8 R -1 (0 S SR AR IR, (S G DL
Pkt o TRIL = AMYNE T8 WG R MRX, 27
KGEM 2, FRREATARALX, W AT AL
ERIEFENGE SN, CIESZ 20X IR

LSBT 2 ] N TR M TR B =R - A 18

AU DX T R B T X3Pt ik 44
SEBRVL = A1 YN B R X 3ok 1 ¢ 5 1 A 3 R 7 ) o
FMB) IR, AE AT A TR R R AE T
DI R Bk p e 3 S i S i ) [ P 28
VRIS R TI TR T R 40 ) = A (SR 5
&, 2008; BEESE, 2012),

B 6a 42 KK 5 RS, BN BRIV = A
P H R XX 120 h KUK B ANEESR /N, V5
Y7V B AR 25, A5 i DX B 41 R 47
TSI AR T 6b A L )
AN, AN BRTT = A 2 L ] Bl X R R AL
R, 153 IE AR GF (55058, 2008).

FIH Micaps 3.0 RELH K $550. L BBV IK
FRECTORIMS T BT I R N R TR
W% Re DT VRS, AT 800 2K 36 R SRR
BRSO T TR, AU SR RS S
GO G501 1SR TURIR G . K Fr%L. W I
O (=5 €5 A1) AR IS RUITID O/ 1 N I (B e < 2
EFEASE, A A = H A A H 2 TE E AR
, NHTERRRAEE IR AL R E
B A 5 ok R R 3ok 3ok R A T AT e AR B
15000, R B AT REU/N T 15000 B, 37X
G RAEIRGE RS R T X 3 i
R (BEEESE, 2012).

ISR THINNS, — BB /DR 58
HERT 253 RIAFO R (60%~85% )0 [ HE R K 5 K
R I PR A IR IS DU R, 2 T
Wml—ANEa g, BRI A VS Q) o O RE
UEAh, SR A TPk A e 3l T M i,
WAE IR T I E B GE b R AR AR A A
Kbt I ERMALE, DR EAE, KA K,
ST R Rl YA B N, IR
R, N L H R, BEGE, SRy
W2 2 KR SR 22 R N, 2 FBURSE (R
7%, 2011a, 2011b, 2011c; WuMetal., 2013).

6 SIAERBISCFHE

WAER, BRIT = A X (s e v 4 H o™
&, KABEWHEBOREZE, RIS A8 e H
LU RIEKPEYIA G, DL R I X R (5=
LA, 2006a). B 7 SEERTL = AAHHIX 2000~2011
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Fig. 6 Sums of wind vectors for 120 hours during (a) 0000 LST 5 Jan to 2300 LST 9 Jan 2004 (haze process) and (b) 0000 LST 15 Nov to 2300 LST 20 Nov

2005 (clean process)

SE1f) EOS/MODIS T AL 18 A G 24 L o A
[ N S 7 o < 7L 1 O £ 0 NG R 7
JBE5 G W] b U A X P B, 550 nm RSP BRI
He2E R FEAE 0.7~1.2 2 [a], B A LT K 1 4%
KR ARz, 1 B S X T BRV T
CAVGIIERYE = A NPU M, 1 A A TSI = (11
%, SRR BN TR = A OX,
XTI Wil K Rg i T E . I A K B
{140 100 S JCHE AR 25 B 1) DX IR T I AT G o TR I
S5 (2006, 2009) % ) 754 B Hb X A 1) K BH DY
FEVE I MIAG BV SEIR I F JR I NASA A%
R AT PEGIAT LE, AR IX — = i B AT LA s 1)
R RA T B B IR A B AR Bk vy
IS5 R AT ) 1 DX () S IR AIE . (HIX S5 3T
RSB BE I AN —[ml 5, B TR 16
22 R B 58 A R R MR I Ry YR, 75 ZEE
—WIF R AL

FIGH T MHLX ZAEE H R iR IR

£, 9 SERBERHEOR, 2 RO IR
SR I N 4.8~8.6 pgm s 5~8 J AN
%, H¥MEN 4.8~6.1 pgm>; 11 JEKE 1 AA
3 AR, AMMEIES] 7.3~8.6 pgm . 9 4F
SRR A 6.5 pg m, U] SRR TS Yt
TR, (HAFEY (Wuetal, 2009, 2013).

2003 ~ 2008 4= A Al [ AT OB 3 A
(Model 1.180, Grimm Technologies, Inc. Germany )
TE] MU = ik 95 kL (W et al., 2005, 2006,
2009) Z7R, 10 um KL 7 25 4, 2.5 um BRI TH
2500 /N, 1 pum FRLFA7 17000 4>, 0.25 um [FRF
A 9X10° A, FoRL 115 URBCKAE TR 22 10° 4%,
IR T R0 (H FL A% A2 0.28 um, T HAR A& 0.31
um, R A LR R0k B S 4R o0 R LK,
JO L A A T A 5 BIUMG R L R A
RIS, R L E 25T Bl 8 (Dengetal.,
2008) AILLRIL, 0.25~1.0 um (KPR 146 fE WL JE %

PRI TTRRAE 69 %, SREIRE 10 BE WL EE AL 1 DTk 2
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Fig. 7 Aerosol optical depths from MODIS on annual average (a—1) from 2000 to 2011
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Table 3 The monthly concentration variation of black carbon in Guangzhou during 2004-2012

SR /ug m
A 1 2 31 4 J 5H 6 J 7H 8 J 9 J 10 JJ 117 12 /] 1
2004 1.1 10.7 125 10.6 9.5 10.6 8.2 8.3 10.8 10.7 13.0 14.8 10.9
2005 75 53 10.7 10.7 73 6.6 7.6 8.2 1.8 8.5 11.7 10.9 9.5
2006 9.2 9.2 10.8 6.9 5.4 9.3 6.9 9.3 6.0 7.0 6.0 6.0 7.6
2007 6.1 5.6 5.7 5.4 72 5.7 3.1 4.5 52 73 73 1.5 6.2
2008 7.4 6.9 8.2 7.0 6.9 48 52 42 5.3 53 5.3 7.9 6.2
2009 5.6 4.4 45 5.3 4.1 48 3.1 4.7 5.0 73 7.0 8.0 53
2010 103 5.4 6.4 46 29 32 22 29 33 29 5.6 6.6 4.7
2011 4.1 4.6 5.3 47 4.1 3.0 35 3.1 42 3.8 5.4 6.1 43
2012 4.4 5.5 6.3 42 3.7 3.0 28 3.7 33 4.6 44 48 42

RE2] 7.3 6.4 7.9 6.7 5.7 5.7 4.8 5.5 6.1 6.5 7.3 8.6 6.5




2 1 S U BRI = AL IX (1) 5 R SRt
No. 2 WU Dui et al. Advances in Studies of Haze Weather over Pearl River Delta 259

1%
9% ;

21%

%

772 025~10pmbite 7777 MBAKIK
U77] 1025 m g N 2510 pmife
Bl 8 RIS LB ALY TR
Fig. 8

Contribution rates of different size particles to visibility

deterioration

21%, PEMIMCZoTEk 7 90%, 1 2.5~10 pum
K0t fie I EEEAL I DTk R AT 9%, PMI10 X ik
FERITTHR A 90 % , 1 4R FSURLA2) %) B3t Tk 5 1) ik o
90%, fie ILEE AL 2 K FE AN A DTk ) o 1Kl A2
N AT A2 A AR B ) A3 AR s G TR, T I
PM10 it il FEIR bR I B [

WIHT T, FATI PM10 FI40 SR 1) 5t
WEAR TR, PMI0 A8 — BT E XK
THRRE (70 ug m), TGN ORI AR A 4
R bR (35 pgm™), kL. 5
Ak, 4RI 5 PMI0 I LEEE R &, ATk 57 % ~
79% (3 2), 620 KRR HERSZ . "]
DIER, SEEENE ARk 710 L AR,
R = A YN XK 3 (P AR 15 G i 2, 3% 2
FEUABRYT = A I X 40k 7 L S R AR i, A
20 40 80 AFAX (1) 46 %6 B IN BT 4F (14T 80% .« IX
SRULEE, 7R INHL X s ey g, LR AR
TG AR ORI AH ORI, AR T
SO, SMRIE I Ab 2F A AT HEBR I R WL 1 R 8 e i
AORLEE AR IR RO b R 32 WLl A R AR
Heb 2= VTR CREN) . —F Ak R
AIAEYD W RAMR IR E AT R, &
. bk, HRESH5NE RN, FFRRY)
SURIRIETH RGO A O BHEIRES (PAND, %

TR T A HURHRANRL T, X IE T AE WL TS I
J5 A

7 SIERBUEHE

Xif ELAE R HL X (R SR L 9 20 SRR AT
TR, M 20 D 80 HEACUKLIBRERIR . 454 &,
AR I AE DU HLRR S 8% BRIR MR AR AR b 3= (&
9), PRELT B A KIS YRR, B 10 R,
DAbREVE S 1 ok, RRES L. &R n
B R M D B TN T R AR s e A 2
Fgahl, MR G R 2 T R T e )
HARRAERE (EA5%, 20105 %G, 2012).

SESTHTT AR AT LUR I, S 8hE WL AL I
EA11 VAR €101 B s N S N - 3 £ 27 S Iy £ 71 e LA R
R GRS e SO 1 VAR S PR ORI VA 4
BRI GG, AR AR S AEAE— L4 NO,
I VOCs S N HTAAY), R B, T
WAk PG FEZE ARG HEBO) . A% T SO,
M I 2 AT ORI Bk IS e, AR
ALV SUSuN Ep ol o A EER VIR KSR £ L B e
SN HT R Tk AR IR S (P s A R, B
LI WA VAHER Ak T (Twomey, 1984; ZEHifll
BFEA, 2003). MWE 10 v ORI, BRI
VIR L SO,2 . Ca®™45 k¥, AR R — kA
HUBRAT NOs v NH, 45 YR 11 Lo K 3 i,
TXIE A TRYE = A1 9 Hh DX T F K B8 DL B TR AL 1)
JEA o

A, YT R, sk, ST, 8
SRV Y HE R BN T AR IR T, RS
AR TN, (RS R W)
P2, B T3 T ) A D R S A A 4 5 i B
o AFH I (]2 R S IR AR A SR
RIS, WALl 3R
T AR A 3 A, AT I VRS
53 RN R REARRHIE ) 22 5, B3R
WIS BB ARG W il R B R A
FVEH, 0T Sk BRI 76 A ra vl b3k o v 4
KA PIEBFENLE, B A K i IR e 4
T FEREI BRI R R, 8T T iR A S
178 I M DX U B S IR M AR IE S 22 5, AR
P VR T T ¥ B AR 3R R L PSR A (R 5

4%, 2011d; BRELSE, 2013).
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Fig. 9 Chemical components of aerosol particle in Pearl River Delta in 1988—1990 (left panel) and 2008-2010 (right panel)
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Fig. 10  Variations of the calcium and ammonium in aerosol in
Guangzhou

TELR G KFERRE . BHPRMES . BRVL =M YN
(ORISR A TN | AR O NI O S & g I
B HURE 7 LR I 1) 6 27 R VR0 ) B A 27
PEUGRIGEER [, T RSN (MMS),
Hesi =X (SMOKE) FKS 4k 2215 (CMAQD,
WO AHHEREE L, 76 2008 FEEENL T BRYL =4
XA BER TR RS, SZERA RS
SPIE R VPRI — IR IR A A1)
TR AE 1. AHFH 2009~2011 £F (1) 520 B0 X 7
SERLHEAT TR, A DL RS RN A1 R0k A7) ) PO AR R U
T FAH 5% R B ik 0.76 F10.78. O3 Al NO, )
TOHR AR AL IR (1) AH OC R0 0.64 F11 0.61. A5 Fil
RIS N, PR AR AT B FRAC. TTHAER
ZE) 2 NIAD AR, O I TR A II{EL
AR R A 0.68 Al 0.81, NO, 73524 0.57
H10.640 {EAHKIMATFIZ G FH, HEEE KR
FORBE WEAHOC R i e, AHORREOX 0.71. REJE
PP L M RGBT BE L A 5 R B0 ok
0.55. 0.50. F1—0.37, 7EKFEEFET, ARy
PMI0 [ EIRE N 78%. £ AT EAE,
T R 6 T o7 1 B TR B v, oty 4 DR A A R Ik B
33%, JLHEKA 18%, AHIA 14%, ¥l 5%,
THIR LA 1%, AR5 I R 1 A I 1 ST A
FLLE R (355, 2012, 2013). %M
KRG M is S FRIIKIs S RET
HEAEH.

8 it

(1) BRYL=AMUNHLIXAE 1954~1978 4R HE
DR AT, RAERE BN T 10 km K58 RS A

NI ST R R R AR AR, S
P Bl TR TS A B AT AR s A AR AR B AR
k.

(2) UrHb 25k 5 EE AT e iR, <
TATH X T R S e 1 DX s 4 1F, R BRYL
AT R I L I A R 2 B )
TGN, RS T A e R A T H BRI AT 7T X
P TR B AR, REFRIERIT = A X K
TSR AT ik, I RFRELE TR,

(3) WIEAZEELERE, TFERBRIT = A
MRy 4 Bl ™ o, KAUB WSR2, &
WA 5 NG B H A5 R E DI, DL
A A P DX IR A o 3% XK AR A7 AR A IR
7o, T H R B DX A T BRVE O BAVE R ERY T = A v
M, KSR TZEHIA 10 HRRE4 H.

(4) ZRYT = A X 8 0L B2 RoEAL 3= 22 5 4
TRARWEKR, PMI0 FBMEHA P EEK
TYARUMEREBMEBRAE (70 pg m?), T4H R )
G AT PR A 38 8 SRR o ] R A AR A
BRAG (35 pg m™), JUHEA SRR L br
HERRAE T 2 £5, diRi kS . H4h, k4l
ORI PMIO [ LE RS Ry, vk 57%~79%,
PRI AR BRY L — A P DX s Ay Gy, 224
(ISR

(5) 5 20 REFITRAHEL, k0113
A PMIO I3 N KA 2, 4k e i i b
FAT LRI, ANTRI/PMI0 LE 20 AT
RPN =P

(6) PRSI F, 5~8 HURFEA X4
%, H¥MEK 4.8~6.1 pgm>, 11 JIEKE 1 I
3 W, HYMEIEE] 7.3~8.6 ugm >, 8 £
BIEE A 6.5 png m, Ui W] BTG Y™
q, (H1FEY.

(7) L (1988~1990 4F) HI S e 2 53 v LA
SO\ Ca”™ 4 3, T4 (2008~2010 4£) 3k —
A HUAT NOs ™ NHy ™45 YOk 1 A5 K 1
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