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Abstract: The Fisher optimum separation method was used to analyze the hazy days and associated climate jumps in Hefei during the period from 1965 to
2005 and back-trajectory-cluster analysis was used to determine the effects of transport patterns at different heights on haze frequency. The monthly
variation of hazy days and their relationships with surface meteorological parameters are analyzed with data from 2001 to 2005. The monthly variation of the
hazy days shows a “W” pattern, with maxima in January, June and November, and minima in April and August. The number of hazy days in autumn and
winter accounts for more than 70% of the annual hazy days. During those forty-one years, annual hazy days kept increasing with 3 climate jumps, which
occurred in 1978, 1992, 2005, corresponding to different stages of Chinese economic development. The haze occurrence has little relationship with the
direction of the back trajectory in the upper atmospheric boundary layer ( ABL) (1000 m) ; however, it has close relationship with the direction of air
mass in the lower ABL and with the length of the trajectory in the upper ABL. The air masses in the lower ABL with the highest haze occurrence are
mainly from east in spring, summer and winter, and local, and north in autumn. The light wind, high humidity and easterly wind at the ground level are
conducive to occurrence of haze. With the increase of PM,, concentration, the frequency of haze increases. The frequency of haze occurrence reaches
75% when the air quality is medium polluted. However, high PM;,concentration does not always mean haze nor vice versa.

Keywords: haze; Fisher optimum separation method; back-trajectory; cluster analysis; climate jump; influencing factors
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(Radojevic et al. ,1999 ; Aditama, 2000 ) , 38 2= X i Bk
RGNS HAAEH (Kerr e al. ,1995) ,E BLA
—MFHIR SRR REEAR, Z B F 5 ER
R RIE. B A BCR X 2R A R R R
f&¥:IE 47 T W %% ( Malm, 1992 ; Schichtel et al. ,
2001 ; Doyle et al. ,2002; Quinn et al. ,2003) , F
Malm (1992) % 3 [ K fifi ¥ IR 48 K <69 B 2 18 78
TT BRI, RGN SE RSB E TR FE
B3 R R R S, R 40 M X A R A AL
JB 9 BTHR 2 %8 K 5 Schichtel (2001) #i] A 35 & 298
ARG R WL BERL 24 T 36 [ 1980 ~ 1995 4F 58
A AR, R IR E B ST % % 47 35 (Clean
Air Act) ZJ5 , JKSE H 15 4E[H FRET 24 10% , 5
TEMRHR BT RER L. Rk, RE K
WiTERSREIE GG REANYENZRE. M
TR 38 B AR RS OB W) o & vk BEAE TSP oP BT o5 A9 1
B L RLABURL ) 5 (Bt & 55 ,2006) , 75 % 1E K& K
RTRAIPEY FRMRIE HRESER TEY
KRR, MHEKEE®R R THRE(ZEWE %,
2007 ) s ANFEVEE XS (X% 45 ,2004) (R (FR
H§45,2006) (B It (B S52 75 55,2007 ) 55 3 9 5 K<
BAT T Geit i, K4S H 58 H BOEAER R 7E 1970
FERARP 1980 FRAHE L, EHHE EFA SRR
BRYWE EFA X, B RE SHEIIRFMR
IAR SR s B B3l X A JK 58 %5 (B A8 400 3R B, IXUGE | AR X
12 BE PM, ¥ B2 R K 88 LAY 3= 2 e (R 3R (#A 2
F,2009) . R 5L 5F (2008 ) 73 A7 A& B, 46 1] 3 0
ES5E5KRI=ZAMBBRINRERMERREY,
WA RERER, A TIZMBREDY 8,
AGHE TR

LR, REFECEWNBEZRKIMTERR
AR E A2 R AR S H ) (R R AT TIRAR
o XS ST 4R & T AT 58 A9 ) 3 AL 24 R AE
ARSI A R REGRIAR, BRDAF A
5 FH 2 WL 23 B B9 0 36 F 5 3R H B0RY SUAR BR AR &R
REHEFMS5ER SRR A SCR F &AL 53 #13%xt
1965 ~2005 & AE%& H %19 28 1k s #1347 & W R
a3, FEGE o A R 28 o M AR 45 5 B9 7 i 3% & IEAR
IF) 1o B 0 % 28 S 1 R AT & WL 43 26, LA 50 [ i ik
FAEXT SR R AR, IG5 T E AR
TGS e Wy ok BE YR 0 AT B AE B B9 R R T
X0 I J g8 R AR T TR S L e VA Mk 55 6 E
TR, A R BOUR BR SRR AR 7 35 5 E AE O B

FIRMERL =R I
2 #PE5 A% (Data and methods)

2.1 FHKIR

AR E AL M B RRE T8 TR
LI v, (14558 K AH B AR XTI B | b T XU P
7K s HLTET T35 G W ok BE ROk B B AE T B 35 M 0 0
FRET R X EFR B Z8AE ST FL, A TS
HHEMIR G KR F NOAA ) FNL % (NOAA,
1997).

Hu TSR AT (P E SRR J5,2003) NEATR
4 NITEME T SRR F A AR — —RAFIE SR A L,
TRREM MR, W F, HKFRER
BE/NT 10km , I 23 S8 ik ; R B, T
WESCTE R A A, R YRR 6
ERRAFKFMH,EEML, BERTRTRAEX
R IO B A B 28 7E — K R AR AR B A 28 T
. o, ZRAE IR RS AL & AL E 58 R SR A
X R AR T 70% , AKX A T4255 (R 56,2005) , Bk
BAER, FTRE S WL 52 M 2 3 A 5% B T4 30T ie
B 2a RE T 2245 /Y B, T [R] — 300 ool A9 W0 N R 2
HEXTARRE B9, BRI O 25 LI A B3R WE A iR 22, 4R
KA LAM 5 A0 57 R, 76 Rl B 3E1T
H.ZE FEN%IT
2.2 HRF &

A R BRI N DR FF X, 40
k2, FER—FEMNITE, ERERBEER/D. EX
FEA P B 4T 43 F B, S A B2 40 1 Y 45 B o B4R
PRI, T 4 B N & BOUE B9 8 R AR R RO,
AR A/ R A BOBOHE AR, B I AR ARG 40 ED B
MR Y5 B AR 22 FE AT 43 F. 12 07 15 76 BF 5% BR R R AE B,
BEFTAZ WME LR R MR E S % S, XaERR AN
W TR AR E S (&5, 1997; 3 546,
2004). Giit R B 41 FRGEE BB BKE I E
BOHFEHBRERE (B 1) . BEARCH PSR
ZWUFRE %07 B 40 B 6 AE 58 B 0 SR BR AR
FFE.

REMARERH, ERXINWHASE BT EREY
FH IR, T — A 3 X B30 T RS T5 e W A ¥k B — 7 T
RE T RHLT5 R IR M58, 55— J7 P E T 4 3 /Y
3k MY B F (Quinn et al. , 20035 R 5 4,
2008) . #1385 43 H7 & BF 5% X 31k 25 K075 G a0
FI B9 77 3 ( Miller, 1987 ; Brankov et al. , 1998 ; F $
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2006 ; 7 7 1 45,2008, 2008b ; X1 [ i1 % , 2008) .
2% 3L A 5% [ ) 20 v A0 R B (NOAA) 7 il
Y HYSPLIT4 ( Draxler,2003) ##5 # =X; , 718 T 2001
1 /7 1 HE]2005 48 12 A 31 H LK H BT
M RZE S AT A 72h J5 7 H0E. 8 G Lk
AT 4 B[] D — K30 3 A9 AP A B B (b 5t A
8:00) , %30 2 4 45 43 B B 7E B i T 10m A1 1000m ,
1000m X B Fiz Hh X i 5= H L #E.

HTRRATHBEERSZIIZG NS
I3 HEER AR 2 | 4 A7 4R 22 DL R 5B A Y — g
1B 8 B R, BRI 5 SR P R B 0050 3R 28 o i Y O
ERPFE R & W BEAY B R 5 A R ik
B2 |8 By £ & (Brankov et al. , 1998 ; Kim et al. ,
2005 ; 7 &1 5F ,2008b ) . K37 —F LTSt
AR EER BRI RBR T EAA BT Z 0.
BTN KRB VORN AT 4 4, 43 40 Y SR N R Ak B A
[ 22 Sl K, 4 A 22 AR /0N 2% 5 ¥R AT AR 4 ST K
V- 3h B A 7 [ X BT A Bk AT 0 KR B A [E
R SE, N RRBEYREBERK. 5
16) 9135 % 5} 9 B[] i) B Ay 6, B8 — AR L3 T A4S 2]
12 HZEPE (x) -4 B (y) Mo bR, X 20 AL bR B4R O TR 26
SR ENRASE, BETEL BT ES X
fik (Dorling et al. ,1992) . A B 538 K R BE i 1% 4% 1 %
FIEERIK I, RARES I TEX S F£XRTE
KesK H B9 BT A 72h J5 [m) Bk 4% 221 3547 0 26, &
TH& MR AR T SR R AR,

3 EXSHS1&ET 4 E (The variations of haze

phenomena)

3.1 BHAWAGKKARERLERELLZIF
KBt K R
R1ILEHEGETARFEREHHA B LK TUE
i ,20 it 22 80 A LS 48 i 3L H %8 2 b 71,2000
~2005 FEEL R F T 72. 7d. [HAFE H K2 1980s
UEHEHBNEREBESFEEZ IR ERES
JLP R (A &K ,2008¢).

*1 AERTAEERELHRAY
Table 1 Number of hazy days in different decades in Hefei

i H/d
1965 ~ 1969 70 44X 80 4E4R 90 4E{X 2000 ~2005
MHE 29 139 407 590 436
HEHE 5.8 13.9  40.7  59.0 72.7

B 1 o5& RE T 2 4R 58 B AR 20 A 5 0. DA T BR
AP lE] B BERLAE G, R A 5 4R 3 3P 3% 2R H 4K

FFEIBEAT T AL B (X % 4F,2004) , F S fft 2 1 3%
ST AL 41 R AESE H B URBR B 2 3 AR
A RGARETE 1. 45 Rl T4 3CigEsE (1997) 4
WA F %, RN TE T BRNTTE W MBEJ % B
L ZRIR=(B-W)/W=0.993, {58 53 )2 5 R
B4

1200 O wA% }
100 —O0— 55153%5#1%215]

80 ‘
60 |- \ .
40 -

20

FHE /M

.oﬂooﬂ..
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Fy

E1 /BT 1965 ~2005 £ 3% £ B T4 ( | FREKER)
Fig. 1 Variation of annual hazy days in Hefei from 1965 to 2005
( | jump time)
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7.6d, 3% —BF B R 10 4 3Cil KA, E Tl
A2 iz il v R AR B 2 R R, A 2R TE 3 XK T A
ER) R m B/, R D, BB B (1978 ~ 1991
), %8 HBORIE B BT, 4545 39. 8d, 53X — B 3 % iz
FEUCEF R K 14 5, 25200, Wi b2 m ik,
Tl BEYE 3838 Mk & e, BB TR TH #E R B 3 K, HE
BRSPS HMESEREYE®E LA, 5EH
WA HEE K. FE=PrB (1992 ~2004 4 ), 58 H $0H
B A, 63.8d, X~ R& N T RE AL
B FF 45 (1992 48 ) 1 Y 4 Bl XU , B0 58 H B0H0 R
FF+,1990s J5 HA%E H $0E T M #,2000 ~ 2001 4E
H—BA, X E5EENEH R (ERFHF,2007).
PELEIIEF (2005) 41,1997 F e 2 EREEE
TREH B, ZTHEmARNEN, RE
Tl 7E 1997 J5 A —A & R We 22 i B 1. 56 14 B Bk
(2005 4F) , %8 H BBk BR R K, X AT RE 5 & IE M T
B ik b ot 7= FF & B 5%, & B T 2 AR X T ARAE
2000 4E Z J5 M #E P K, 2000 42k 125km”, 2005 4
ik 225km’.
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3.2 BEHAFEARKE

mR 1 ME 1 ARG ESE H BER R R
R ASCE 5 #r 2001 ~ 2005 4F 58 H 2089 A 224k
(K2). BlESAFHEARE WRLA,LA.6
AA10 A4 3 AR ME,4 AR 8 H 8B/
18 REASCER 5 F 8970 2 A REFE /DK 5 IR
RARRE & F T 85 T HI. Hik, ATREKH
X 1] XU A X B R R K H B R B
HEHZAREE. SR FHRERER TR, KL
F%,4 AP EER, Bt 3m-s™,9 ~2 A7
WHEEMETF 2. 5m-s . KBRS HERLER,
MEAZER, EEZFU4.7.8 AkE, KL
12d, Mt 4.7.8 H 58 H 38 A A AL T REH
6 A, K HEIRTH REHMAM( <10d) ,°F
BT , KR S, 35 KR D R 2R AR
KRR, RIS TR 55,5 A% 6 AR EIT
WX RWET, KRR AKBERBT, ERES
HR JIURE 49y e BE T TR 3R T A b X AT B8 R IC S AR
BL )G AA (AR TERE K ) AT ANE 3T 2= <05
B, REERIIE. B TR R REH —
RE B JE RO, B 6 H Ay 9 5E H BR Wi &

—O—FHWHH —— MokHE —— X
14 g

FiH¥/d
Mk H%L /d

Gk /(m-s™h)

1 T 1.8
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T R B
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B2 &HB 2001 ~2005 £ & A F5 3 B Bk BHRRE
Fig. 2 Monthly mean of hazy days, wind speed and rain days in

Hefei during 2001 to 2005

Gt &, & F 5 HEON 30.6d 5 &F5E
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FHEEEH KN 70% LI, TR FEN L2 FH
13.9% ,RAHKLFHARRIL , FRFLH 2
i FRAE. X AT RE 5 B K B 2= A8 A6 A 5%, 4% 2001 ~
2005 45 REFETE B BTRHE AN, R FEK 54 SR
46.9% ,FZ 5 24.2% X% \513.3% ,FHRES5E
A9 2715 40 A TE S AR . B2 T v B T K 0 2 P &
T IR AL A0 R AR o AR T, R 5 T SR TE B
b, B Z RN WIS S R, (R B 5 8

MR, Wi k. £ BRARBIER, KR 4R
5 LSRN M T 10 BB S R
ETR. %5 hRERS.

4 FEEESEEEREMEN XK R (The effects
of transport patterns at different heights on haze

frequency)

4.1 1000m % &

N FH B8 28 43 B B9 J7 5 X 2001 ~ 2005 4F 4% 2
1000m 7= FE AL B )5 I Bl 64T & W 4r 28, B/ ] Bk
ZPWESHERE] 7.5.5.5 HAFR G RS £ H
BT R K A ILE 3 (a ~d) , B EFE R4y
HIF5 , 3655 N BT 2 7 s 2% A B8 A S B
RMEER R ER. Pl Ko BETHBEERRR
P B35 A 1 LA B 224 9 1 X, AR 1 L S T A b
SEBBREEE, K BB B s RS E 4
MR RKEABNEE. [ —FFE—F m T geE A
SEBHEENIIEHFAES AT B3HEEHER
b TEAHAT e BB 8 SR A H

HE3(a~d)FLLEH,FESELHHIBTE
FRANTR] [F]— 28745 4 20 0500 Fr X N ) 35 & AR A 3R A7
EREER. OBRELZFEI, £ HH0 0 XN 5EEE
BRERE R 2 5 &2 KA R B WL 7 1 49 3
XoF I F) 58 & AE A B AR (20% ), At 45 41 #R 8 i
40% . @4 RE WY Z5 e A |- HR S A b B30 XF B & B =
) 38 & HE IR 5 [R] — 7 1) K [R) 40 28 ) R AR SRR 5 80
MEKER R FNEZFEILHD, H0 R K E N B
IR/, X — 5 PM BT 45 RAR (A&
%45 ,2008b) , & EFZE TG M Lk K PM,,F
PIvk BE R R, X 2 B R 3 REE Y BUORLY) 5 R R B T
FE PM, B 50 AR, B E R B RRBRLY) £ 2
YR, PM R B W E R EE MR F TR R
F. 4R EERE TR RN YR B, M
AL vb A 2 7= AR B KR T BT DL S X 2R R B
BT FR % B B AR T b X, 1 BRR T b X
WER PM 5. @QBERESMNMRESHREF LH
AT RRAAR, BES5RERERREY, —
fe Xt 17 % R A B0 9 <CH
4.2 10m &%

10m & BEAL MY )5 19 BB FE B ] JRK W& W 243
53] 8.7.6.6 AR 5 18 3. & 407 ¥ 8k i 7K
A B4 A LI S B RN 58 Y & AE ST EE LA 3 (e
~h). LK 3(e ~h) 58 3(a~d) K, EHE)G
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Fig. 3 Distributions of cluster-mean back-trajectories at 1000 m and 10m in four seasons
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HE 3(e ~h) AT DL - O Z & 45 A ok
X 7 5 B S AR AR AR B 3 N [, &2 48 T 1) B T AR
AEBH. QF B A Z R AR 7 1 B9 5% X 5L
ERANERXRER BLTABADT, X—K5
1000m = FEHYG5 R AR, BK 22473 4R 2 A 3t 0038 %k Jo
ERENERER ORRABEFTEN TR LRI
S B S b T i 1) 8 A K F 7 1) AR b A, (B
HEMEZE AR R @ SR EE B KA 55 AR
N[5 5 0 2R T i 4 < A 7 T 2 X O A v BE Y
AR R R T = A Y 3 X35 e ) HE O A
b 58 K TR

5 EXSEHESKEFGMETRYRENXR
( Relationships between haze phenomena and

ground level meteorology . pollutant concentrations)

5.1 W@ X

2001 ~2005 4/ %6t , 58 B BT H 3% XU
CRRHE N, Pl <2m-s T N £ (53.3%),2 ~ 3
m-s” KL (30.7% ), B REKF Sm-s B, H
FlFE b 5 e 9 8L, BB M HLEAR K. KA
[ JXU o) %of o7 P9 2 o BRAR R (3R 2) AT LA Y, & KU )
THEEHA, FARNELAMEE S, HRKE
ENE X, X 5 _F— %7 i #h 1 J5 [0 § il -3 28 o0 #1945
RE—EHH.

R2 TRRE R HRTE

Table 2 Occurrence frequencies of hazy days for each wind direction

RIS
N NNE NE ENE E ESE SE SSE S
7.8% 28.8% 22.7% 31% 15.8% 24.8% 29.4% 22.6% 12.9%
RIS
SSW SW WSwW W WNW NW NNW C(i# )
13.9% 25% 28.6% 28.5% 27.5% 20.8% 20.7% 53.7%
5.2 HXEE o, KR 70% ~80% , HAHR IR BE <30% N B A

F 3 ARFEARGHREE T 58 HBFR, ATLLFEH,
4 H RN R TR 60% ~ T0% B 5 i BLA &

R3 FEEREER R H I IRE

Table 3  Occurrence frequencies of hazy days for each relative humidity

AT B <30% 30% ~40% 40% ~50%

50% ~60%

60% ~70% 70% ~80% 80% ~90% >90%

B =R 0 6.9% 10.8%

12.5%

15.6% 14.3% 7.2% 0.6%

75 18 B HH X I XS IR Ot AR R R
K, AGETt 41 k4% H 28 B PR E <90%
9 B (dyy) F1 <70% B H L (dyy) 2R (dog = dy)
HEXS T doo 15 HH B9 B 20 3R 50 A7 A X BEXS A 58 H

100%
90%
80%
70%
60%.
50%

(d‘)()'dﬂ))/ d‘)()

40%
30% [~

20% —L—1
1 k 8 9 10 11 12

R

B4 BTEEXF &GS
Fig. 4 Percentage of hazy days with high relative humidity

95 m (1R 1555 ,2006 ; 2 582 F 55,2007 ) .

B 4 R SR K T & LB S AR R B X
TR ZE H AL AR K, B A X IR B (70% ~
90% ) K FE H 50 & &L 58 B A Lt 38 % 7E 40% LA
E,7~9 A8t 70% , 7] WL B A A T 55 A4 H .
53 BRASHTFEURENX R

R, A T 4EH SO, NO, \PM, ¥k BE 2 34 fin
B (BRI HESF,2009) , 545 58 H 80 22 1k i #AH
XFRE. et 2001 ~ 2005 4E R Bk & B, RIS LY
WE R TIEE RS, FEX SO, . NO, PM, -3 ¥k i 43
Bk 13.7.28.1.,145. 1pg-m i JE 58 K 5 51 T &
$59.8.21.4.91.0pg-m . FEHEZERNWEET
G ER = PM,, (A F R ,2008a) , 1 4347 T A [F]
PM, kB F A B (R 4) ,TLEH, 4
PM VR ER SN A ERMELBER, CHEYS
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I I 0 &

KI5 R A6 B T e i, 5B A9 B0 R X F
75% s{HFEE I HenT (2d) , M8 A W 5 , 76 =
SRR N R A A 58 B B, X P — U B 1 3R

KA I BT 5 18 B iR Wk B P, F) 008
VIR,

R4 TEPM REEETHEHIME

Table 4 Occurrence frequencies of hazy days at different ranges of PM,, concentration

PM, ¥k 32 3l / 0~50 50 ~ 150 150 ~350 350 ~420 >420
(pgem™) () (R) () (P EE) (ERF)
5 B R 2.3% 19.2% 48.5% 75.0% 0

6 451 ( Conclusions)

DERAFHEHLE W B S A4,1.6,10 A
N3 ARKRE 4 A8 A NP /AME, KL P ZE
HEFEEHEM 0% U E EENSL2FEH
13.9% 3% B 73 45 55 [ 7K 70 b TG XU B A 728 4 % )
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