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Abstract

Summertime haze-fog phenomena in eastern China region (east of 110°E and south of 42°N) are
more frequent than in western region. The frequency and annual growth rate of haze-fog in the
region north of 30°N were obviously higher than those in the southern region. It was found that
the extensive reduction of windy days in the north region was the main cause of the rapid increase
of haze-fog, besides the pollution emissions. Comparisons of the atmospheric circulations in the
persistent haze-fog weather days indicated that the common feature is the small wind near the
ground both in the northern and southern regions. In addition, the circulation in the northern re-
gion was featured by the systematic southward airflow with dual effects of aerosol and water va-
por transport. Areas affected by haze-fog in the southern region are under the control of closed
and weak high pressure, and influenced by the systematic northward wind, which may transport
pollutants from the northern region.
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1. 3]

FMFERNRR TR, HIFARMWEE ML R AIER, W ULBAT A LR,  dn] DAR]
FAE. IR A TRALRLE S EATHGE KRR/ BRI S0 AR 2 TP A KRR L
FEARBI R IS . L, K MSEEE S AE i, AT LAIRE St 25 A0 58 [X 70 I AT RE ™ A AR 22

i 10 R T R IR HEBEF G E,  E AR SE A B A R R K HF, HEH
RS EERAL “BRf5 57 $RAE[2]. ERIATTIH, KEABIARY, SEFFEEZEH KL,
HARITA T AetEr 2R E Z 5 N2 KX, b, sESRMBMNIX FEI G . HK[3] [4]
[5] [6]. AARFIEIEAERA, EHES % HEWHIE LIRpEY, £F2FRARZFN, KE HEFNK
Z, R[] (8. EMREERR, T ISR AR HIE KR 2000 LR IGEIE K, W&
T A9 BAh, TSR U SO X R 5 H IO &, PR HE =2R[10] [11]. 1R
SRIEA b, AR BRI TR BRI A R IR AR A X 55 F g8 B RE R, 0 25 5 55 A5
(O BOELARE AU, S B IR A 7 T T Jee 1 AR SR IE, XA T A B 25 5 R U AL A ) 28 A SR POV P i
R T RHARYE[12]

B ORI, BAFERAMLL, Br 723 RIR R MT5 QKT s AR BTG 2R
AR 25 PR UV R R B A6 Rl FO S [13] . o T IRAE BT TR, AR AL JR L H 53R
KSR E/R R MBI IRFA REFRIRR, AR EMEFZEMET, FEL K, MELRE
WM JENMEZ, Z5/DR[14]. BERREN RIS HLX 2 2R A RRE M55 58 KA, B IX K
ik AERARFFTERE . AR R R AN EE R, o, HFEZENIRIRE A
W, HARIER L2 B BORK R RE R, ERFERRS] 153 59 1[15] -
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HAl, RTEFZEN TR ARRE, SR 2 EH R 5% 5 R IE XA st
FARD o FERXFE T, LA UK b E AR ORISR R, 70 b b [ 2R3 0 X IR 22 25 56 FA I 2 20
ATRFAE A TS o AR SR A, BAION 52 5 5 0 300 T 32 () o7 S 4%

2. FRHNTIE
2.1, B

AEERHTHT A G 5 I U 7Rk e AR B S G R PR A . A SCIE B A [RIVE E  1980 28 2012 4F, iEHUK
SR EEAFEEHPRAESIRE] 02, 08, 14, 20 WHAY/KSFAE WL (LL T MIARBE WD) ARSI E . FFxt
4 [ Al R B R EAT R, M AR EMR TG RKA L 5 B S5, JIf Bk
1980~2012 £ E 2= 6~8 H L JoHkillfyut ai, Horb, H[E AR5 X (110°~125°E, 18°~42°N) ISkl st
TF 212 %, IR, A AE T A AR X A 5 L A AR RO S X3, IR R R (R mT DL
A ARER R AR S X ) X 3R AE

AR SCHIFFE R FH 1 RS BRI IE T R s R S B O (ECMWR) 4L 1) ERA-Interim 4xBki% H 7
Pkl BE XY, WA W MmO = R R S, S E 7 H A 500 hPa LA 3L 17 JZ1)
SRR, KPR S#EA 0.5° x 0.5°, TR LR [E N 1980~2012 45 7% 6~8 H .

TEMIS (Tropospheric Emission Monitoring Internet Service) & k%1 5 (European Space Agency) ] J*
Bt R —3 5, AU T TEMIS BT i SO, Hk FEE . FiER A, TR A i 15
PP RV R V5 PR B R AP e, &3d — RS AL 22 S AR I B A A IRAS
X5 SEBRHEBOR A — € 2 R [[16]

22. Bk

KHEABHMWEZCREEH, SRR T8 RS, W5 F48. #. DAOAREEZENER
F, 7€ SCEH B REILE /N T 10 km IFEAEAE S — A% 5 H[16]. %077 REBUF I R AE I 8] . K38 Bl 1)
Z RS, [FIRRT DR A 1 S R R AR IEAR S

KFLPEREA . W38 720347 55 58 B AR bT, BRAMT S T RS AR MG R AL, B
B KFEL o = 0.01.

3. BEEHERBEENIZE SHHFHE
3.1. FERHZTESHHEHE

KRG T B ZEZAET4(1980~2012 4F) %5 5 H A (M A (] 1), oA SR 2 76 /> HRARRAE,
F R X EEERLE 110°E LARK A E RS AP )1 Eh, LR AZyb R im il B i X . 5
KA R S X IR L B rp e L. BEE. VI, VLR dba A i m b X R, HFEWESE H i
I 10 K, IX e X 3 b R AR A B LU UK IS I HRIX .

I T 110°E DAAR A Hp [ ZR 3 1 DX %A 3l i 55 58 H A3S KB 34, HKeddd B A5 B R 4 sl i 2 1)
AT DS 0 AERf ) 5 B R 5 58 I 2 AR AR (1] 2). FETE AEE 212 DTS Gk, A 138 ik
% H R B &S, Hd, 30°N Db IX Lt 83 whi, Lt 60%, EHAFEEMNZ, F5EHEK
FART 0.5 dla [l 383t 30 4, AEAAETE 30°N LULAI X, FOREAL TP ek 2 P R X . FeAi]
Gtk T HER AT 10 FISh AT GE 1), BRI 10 S, 2R b 3 0k, RRUHIR I R, ik 1.2 dia;
55 H K 58 10 BORRE G SR I IR B S, B % h-1.4 d/a.
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Figure 1. Climatological mean of summertime haze-fog days in China for the
period of 1980-2012 (units: d/a)
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Figure 2. Growth rate of summertime haze-fog days in continuous observa-
tion site for the period of 1980-2012 (units: d/a)
2.1980~2012 FEFHELEE R AMKES(BAL: da)

3.2. FEHREZHFHE
%% HPREAR A mam(E 1 E2)aEH, 8 s RX EEERE 110°E LARK
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Table 1. Rankings of the growth rate in summertime haze-fog days (units: d/a)
% 1.1980~2012 A SR E S E B B K EHE (B4 d/a)

s R R USSR
DiEey KA (d/a) bR K (d/a)
1 i 12 alEadt -1.9
2 ZREIE 11 ILTILRH -14
3 RS X 1.0 LI -0.6
4 LK S5 1.0 JRERW -0.5
5 b oL N1 1.0 Jb -0.5
6 L HFIG 0.9 ALHE & -0.3
7 LA R R 08 TL77ERRH -0.3
8 TR 0.8 L PG A -0.3
9 TG A5 0.8 51 e B -0.2
10 IR 5 0.8 IR A -0.1

HHE AR, HEL30°N A7, FALHIMIE S H A KER AR R ZER. ATRIER 7. b FEEK
IARFRIRHE, ASCK 110°E PAZR 1 [ 43 56 3 X 4 Ak 77 (110°~125°E, 30°~42°N). /7 (110°~125°E,
18°~30°N) AN X35, 3 AR v Fg b 75 55 58 1 S [l AR 4eit 1 1980~2012 4k 7y me 7 E 28 XS 3 11
55 H R AR % (5 3), b7 & & B FE N 7.0dla, M 2.7da, LTHEZ TR . 5
Ab, 3 30 R X 25 55 3 R UL BT R 99% B (5 A IE), b7 F 3 H 3K % N 2.4 d/10a,
BI4F 10 R4 T7 %5 %8 AN 2.4 d, 45 WL & TR U7 (B 7 H9 K% 4 0.5 d/10a) . 5 41 3P 2 (E 45 R W,
i 30 AER LT BRI AE Yy — B, 2000 ELARTALT-2218 ETTRN B, FE DK, (KT 33 AEFIME,
2000 FRAJE P B, A R ARSI ZE T, AR S 7 e AR IR ) R . SR ERTIR, mdbTy
BRI 3o — B, BAET7 55 58 I E A KA TR T .

=BGty BT EFESERXICE 5 5 H R HIE KB (L 2). BdbJr 20 4 80 4%, 20
2t 90 4EAR. 21 40 00 A1 % 55 HBFEAIG K, Jordr, 21 #h28 00 EAUIETT . mT7 X~y
%58 73002 20 40 80 4EAR 2.1 £ A0 1.5 7%, W] I rh [ AR S X 55 58 B4R 1 22, (ESG KOl S rg b7 A
5. HEAAEKEAGE 2RI, 167755 0 &N EARN A RER KO KR 99%E 15k
5): 80 FAIEK N 0.17 dla; HEN 90 ARG K EF A PTkLE, v 0.15 d/a; 21 405K ni,
K# 79 0.30 d/a, Bl %558 HRFELL 0.3 RIGELEK . i IX, & AEARPR N %5 58 H K23 9 1EE,
B B R, SIMAREN LA,

33. ZFRHFTATMHRE

Sy Gitt 1980~2012 4 6. 7 8 Aty MU XIS E S H LKL 3). dbTHiX, &% A
BRI bR R 99% B E AR, B 25508 0.8 d/10a. 0.9 d/10a. 0.8 d/10a. HZF4H1
FHEHLL 7 AfZ N 25da, HUJE8 H N 2.4 dla, H/DHZE6 AN22da. BT, JEhZEWNN&
HZBIHTLHEMZES, 6. 7. 8 HEHEERARKR, HEI EFEHHIKELTFERAEZ R,

STELEE T X, XICPEEEHL 6 HiE N 1.1dla, 8 Hikz N 1.0d/a, 7 A&HMUH 0.6d/a, 4
726 H. 8 HI /2, 3/5. fFPrAEZT H, 6 HIKREM, 7y 0.3d/10a, Hilid 7 99%E(E ML, 7 7.
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Figure 3. Time evolutions of summertime haze-fog days in (a) northern region and (b) southern region for the period of
1980-2012 (units: d/a)
[ 3. 1980~2012 £ B Z(a)dt 75 M (b)Fa 75 X BT F 58 H VAT ELRZE (1L d/a)

Table 2. Summertime haze-fog days in climatological mean and its growth rate in each of the years (units: d/a)

F 2 BEEKFHERHRHEERR(BAL: da)

1980s 1990s 2000s
) 4555 58 H (d/a) 45 6.2 9.6
J675
%548 H K% (d/a) 0.17 0.15 0.30
) T35 %5 58 H (d/a) 2.2 26 33
D)
%5 0K % (d/a) + + +

Table 3.Summertime haze-fog days in climatological mean and its growth rate in June, July, August
7= 3.1980~2012 F 6. 7. 8 AitF. EAAXETHEE A RAGKEY

6 H 7H 8 H
FHE S H(d) 2.2 25 24
Bl
%558 H 8K % (d/10a) 0.8 0.9 0.8
P25 H(d) 1.1 0.6 1.0
V]
% 5% H 3K %(d/10a) 0.3 + +

8 ARIARZR EIHEY, RELEGEEER. MWL, MIFETASAZRZERRYE, 5%
#HRHKEL 6 AZ % HIEZ N TE.

Zibpmnd, WEEFEZERIELESAME 110°E DURIPEAREMX, HEIEKES, Bt 21 it
Zm, WRKERGRINR. LL30°N G, AbTr ARG HIX SR I R A 2 SR AR 5, LK
RIS 2 TR T7s Hk, X 58 H i ER g KSR TR &), L7 6. 7.
8 ARKIIMI R ZS, HEIVEN ETHES, HETZENE K6 AZENEZNE.
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Z 5 KA X EEETEN DB E. G5 RIEN T E R, NSEHE STk 5 20
[17]. AL, SR B AR RS RS SRR R 7. Bk, RSO EE15 %
HEBORS R 26 A Wi i 5 Ak X 55 3 B 25 o0 A 2 S RO DR IA
4.1, SRHBXEE T

AR Z 38 H KA SO AR B RAR T V5 Yt FE 1) 23 18] o A (P 4) R () AR A (5 4). s [a) AR
W ERE, B R X AL T7 15 Gk B i R 0y, ARdb X 2 A [ AR 2 R e ™ L 1
Xk WAk, HZFF75 YR B 1 25 18] 0 A 5 % 46 H 23 8] o0 A+ o0 AEABL, - 5558 1 22 R X Sk AR Ar
TI5 BRI KA X, X 0 HE O 55 38 S0 R AE B EE A

M ARG SR (2 4), 15 4Pk B0 21 LR 2 10 BTt ss, dbJr REe 75 X §5 Gedmik B 1 K
4519 45.96 x 10" molecule/cm® #1 33.15 x 10*° molecule/cm®, F§Ab 7775 G it K 22 BRI . (15
RN, SRR E B AR . 57 HL X5 iR i A b 5 55 58 H A AR sl
—8, HYIE 6 HEIM R BT, 7. 8 A EIAWIEM ETA . JbJy i X 2T A HEROE KA
o HIKZHBOR, 6. 7. 8 A S HMKEH)LTRAER, BHBOEKERAE, 6. 7 A2IEE
M EFtads, He AMKERZE LA 45 6%, M8 ANEIAEEN L. ik, S5 4. %4,
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Figure 4. Climatological mean of summertime SO, concentration in Eastern China (units: molecule/cm?)

B 4. REKRBEZ SO, REMZE SR EAL: molecule/cm?)

Table 4.Growth rate of summertime SO, concentration and haze-fog days

F 4. 4t7. BF SO REMEE AL KES

6 A 7H 8 H H7E
) 5 AW FE 18K 2R (molecule/cm?-a) 109.5 24.6 + 45.96
o %58 HI%K % (d/10a) 0.8 0.9 0.8 24
5 YW FE 15 K (molecule/cm?®-a) 84.6 + + 33.15
o % %% H 8K 2 (d/10a) 0.3 + + 05
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4.2. FTERENEERR M

HiTHT R S5 AR AR R R R ORS00 e ) i LB DR 3R 2 — 18] 28 454 o R b 7T X Akt
BRI, R E R X 5 H SIS E T s . D RIgE Tk R H
(H¥XE < 3 mis)s KXH(HBRGE > 5 mis)FfK R, JRRE B E A Ak 2 B (15 5). mTLL
RIS H AR DX OB i U R U RSB ek, AN H BB N, X 55558 H IR E 1 A 94k
HORIOA N R o BbAh, SR by KR I, AN E SR SE g BT 0.4 RIS E S AL Ty S #
34.1%, mJHLIX )y 29.0%, FEALTAHZE A K. Ak H X R R H BE AR INIE FE R I 0.2 R Bk A b
J7 R 13.6%, BTN 6.4%, AL 2 NEE I 2.1 £, D7 K KH BRI G L R K

HE— 2B R R H AT 5 AR AR R G K2 (36 5) K. 80 AR5 HAHI5K 0.17 X, KR
Hykb 0.18 K: #EN 90 A5 % 55 H A BTk gz, AEGT R X E R /Nl 26 A i gz, 53 il
4 0.15 d/a #1-0.17 dfa; 21 40558 HAUR K H 3k, 3842537124 0.30 d/a f1-0.2 dfa. [FHS X L4
AT AN A EL F R BTN AE B AR, AR RIS T R R E A 55 5 H )

KXH /NRH
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Figure 5. Growth rate of (a) large wind days and (b) small wind days in observation site for the period of 1980-2012 (units:
d/a)
5. 1980~2012 £ E R EBuE = (a) KX B F(b)/NR B FE 57 (B L: d/a)
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Table 5. Growth rate of summertime haze-fog days and large wind days in northern region (units: d/a)
= 5.1980~2012 4k A X AKX H R EFE AIEK I (BR4L: da)

1980 s 1990's 2000 s
KR H 8K % (d/a) -0.18 -0.17 -0.20
%558 HIf K% (d/a) 0.17 0.15 0.3

MR KR BeAh, R T 1980~2012 FEEFILTT . BT EE H KK H AKX R, LTI R
#y-0.54, EIILHFAHRKR, FI7HIMK R EN-0.32, SUE | 95%0) BAE kL.

CUAI %5 58 ORI R A e AT 5 I 32 B RS 3h ) BRF- AR O R 7 B 2 [19] . R 1 82 HARA R
DA 250t 55 58 R AR RIS, AR SCIE L T 13 AN AT Re o 55 58 A il AR &R, BRE 52 1980~2012 E NS
FAFFEREN IR S 5 5 H BAOC R B (B, A2 s KRGl AR . uh SUHXHEEE . 925 hPa
LR % A7 . 850 hPa AR & . 850 hPa i & . T [l B AH 244 I % (850 hPa~1000 hPa). 500 hPa I 850 hPa
KPR B Y)AE . 1000 hPa £l 925 hPa 7K AT B V)4 . KSR )Z 135 3 B (1000 hPa~850 hPa). 850
hPa £:[7) . 850 hPa Zi[fl X, LA ZEE . A 4B, XTHFraZEKNT5E%E HIM e, JbrtX K
H A% 58 H A SR, 9~0.54, KR H IR 3 10 3 T R ZE /DS, RIS RASTS e ey
BRI RE JIE RS, ETI RS 55 58 R B Hh X 5 5 5 R AR AR DGR i (U4 R 124 1000 hPa AR FE
I Hb TR R 05 22, 43 N—0.56 A1 0.53, R AHXTIRAE . IR B 05 22 O R A B R AR[20], UEEHEE T
Bk %5 58 TG BRAE AR R IR, (EAREMIRE 58 RAEFUR R, 456 B30, Is 3 s 2 S 8y
FEERINm EEER .

Zr bR, H 2R 07 XS GRS %5 5 AR S (R A AT AN TA) AR A BB — 3, SR 5 %5 2 S N
FEZ B 5 QA 2 . H 2R T KA H SRS B RN 2 R BT 5 5 H B OE B R, 2
GHTE, dETTLCFER N E, B2 B R SRR, At KERFE —BERM, KRN S
AR 2= KR 55 % A mT 4 [21] [22].

5. ERRENREE SR

REAHMERESZTE R K. MYERHER 7 HEEMEM, B WS 5 RS AR
W RE LEK[23]. BFFRI, 3 RULERREEME R IR A 2 BN REIRR R G AT B R R
MAZRIE M [24]. F Bk, XF 1980~2012 FFRF4: 3 K & UL B L% 5% 1) R AAE N — IR FrS: 5 5% KRR,
AT KEFRRIERA S ANHATR T 8. b BEAAEI 24 k. 10 kS5 5%E RSEE, BRF
SV S RS 5 H I B MR EAR —L b FE KA RBEE T2, M5 % FFLL 6
A%, 4677 6. 7. 8 H¥I5IM .

S A A B AR EAT A G I 500 hPa £ Ei Y. 850 hPa i3 g .
S HOTH A% UL % 850 hPa i 38 KUEF(1E 6. 7).

tb 7 % /MBI & R 500 hPa £ 35 27 (1 6(2)ior, b ERIX FES T RETE, TR
P, AFS R ST 8L, R ERR . XS 850 hPa iz 34 & 3% (141 6(b)), db7h 55 58 X Ab T Bl iy & 1k
PG, 2w i, FNAERSS, AN T UiEsh[23]. 24 850 hPa 123 KAl
FE IR A (B 6(c)s I 6(d)), 5 XN RS MEH], BE. BERAGEFIEY BT, B
IS E A BRI, BEESRBERAKEGER N EMRR, iemEEHR TIRm, EREE KA
MR FEAIRFSE ., [FIE &5 A i K37 (K 6(e)), REKGERAG 1.5 m/s 24, M5 EMA 31, FFst
WRL B, EHERREN, ETFRRSRE, RS
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Figure 6. Atmospheric circulations in northern region. (a) 500 hPa geopotential heights field (units: gpm); (b) 850 hPa geo-
potential heights field (units: gpm); (c) 10 meter wind field (units: m/s); (d) 850 hPa relative humidity (shaded, units: %) and
wind (vector, units: m/s) anomaly field; (e) 850 hPa temperature (units: °C) anomaly field

& 6. kFZEENMIERBIRAENIG. () 500 hPa (B EEIH(EEAL: gpm); (b) 850 hPa LS EIA(LLI: gpm);
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Figure 7. Atmospheric circulations in southern region. (a) 500 hPa geopotential heights field (units: gpm); (b) 850 hPa geo-
potential heights field (units: gpm); (c) 10 meter wind field (units: m/s); (d) 850 hPa relative humidity (shaded, units: %) and
wind (vector, units: m/s) anomaly field; (e) 850 hPa temperature (units: °C) anomaly field.
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