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Abstract: The differences in haze occurrence frequency identified by two different standards, i.e. , the Ob-
servation and Forecasting Levels of Haze (QX/T 113—2010) (hereafter referred to as 2010QX) and the
Haze ldentification for Meteorological Observation (GB/T 36542 — 2018) C(hereafter referred to as
2018GB) are analyzed by employing the hourly meteorological data and particulate matter (PM, ;) mass
concentration from March 2016 to February 2020. The results show that the occurrence frequency of haze
identified by 2018GB is significantly higher than that of haze identified by 2010QX. However, the numbers
of haze days obtained by these two standards are equivalent if we take haze phenomena lasting for 6 h or

more as the criterion of haze days. When 80%<CRH<C95% ., the haze occurrence frequency identified by
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2018GB is higher than that of 2010QX. The higher the humidity, the more it increases. Aerosol hygro-
scopicity parameter has a great influence on the calculation of aerosol extinction coefficient, and the differ-
ence of this parameter in different regions should be paid more attention to when using the 2018GB. When
PM, ;<{75 pg » m °, 2018GB can still identify haze, showing the influence of humidity on visibility. The
difference of haze occurrence between the two distinguishing methods decreases when the pollution level is
moderate-high. The monthly variation of haze occurrence frequency in all cities in Shaanxi Province pres-
ents a U-shaped distribution with high in winter and low in summer, and the monthly haze occurrence fre-
quency is highest in January. Except in Yulin and Yan’an in northern Shaanxi and Shangluo in southern
Shaanxi, the diurnal variation of hourly haze occurrence frequency shows a single peak in the morning from
09:00 BT to 11:00 BT, while the diurnal variation of hourly haze occurrence frequency in other cities has a

bimodal distribution with peaks in the morning from 09:00 BT to 11:00 BT and in the evening from 20:00

BT to 23:00 BT.
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Fig.5 Monthly variation of haze occurrence frequency identified with the 2010QX
and 2018GB in Shaanxi Province from 1 March 2016 to 29 February 2020
(a) Xi’an, (b) Xianyang, (¢) Weinan, (d) Baoji, (e) Tongchuan,
(f) Hanzhong, (g) Ankang, (h) Shangluo, (i) Yan’an, (j) Yulin

R LEM 1 58 & AR SRAE 50 % DL L BRAb A RE
TR R A 3 e AR 43 1 D 11 4390 F1 10. 06 %6 5 45
Hb 5—9 H %8 KB AR R AL, KB 15% , BRI
R R B I AR HE R A—10 H 551K
AEBRTE 2. 7% AT . 5 2010 1574RAH HE, 2018 4R
FREFEBHAITE M 1 A EX85 12 A sk 1—2 H
SR AT PR —4. 84 % ~—0. 0T U I T &
PLAN A 1l KR 03 56 1) & AR AR B L 2010 AT R
e B2 e I A G rh R B I B 911
H$ Rk AR AR IR BEAE 4. 26 %0 ~13. 24 % Hik
B 1 1 W 5 E 3 26 LA 5 B 1) 7 0% e A ) Af b
g HH IR AL SR T 2010 4705 AT 2018 [ A5 AR
(58 BLAR R 4% H 22 506 0. 0% ~2. 1%, B fE A
Ko

3.2 BIEBAZEHEMAEWL

P A Fm o R Y S H AR Ak BT (BT 6D, BR et
PR ART PR L B 222 B T 11 T8 94 38 & A AR 1 H AR b 3R
SR b e A LR A M S R AR R 1 B AR Ry
FEI Ny b R ] AR T 5 e 19 R0 3 A5 4R A 2010
Fim o B[] 56 & ) BB fE 09— 11 B, & A 40
oy 12,6 % I ~33. 8% OR D 5 7% 18] 5% 25 4 1
PR ) 85 B K, B b e 2023 BF, & AR AR R
13. 3% CZRE) ~34. 3% UL PH) o« 56 v 55 K A M R

TR 1 L2 B Bl b AT AR L RE 2 B RE Y R
T8 55 R A R AR I {E 4 B Ry 2. 68%6.6. 5900,
4.83%, H S BLAE 09—10 I 5 T B, 16 B ik
H 07 i, fEPE Shh 4EF57E 4. 83 % LI Ol bR A A 75
2. 13% L)

S0 S ORI VR SR AR R R
(BRF 7045, 2018 3 K Bty FH 55 . 2020 5 PR 55, 20200 , &
Hh I U T P D KA e 73R T R DR B A
a5 WFFE B Be N PML, 5 5T 6 VR 3 2 ££ 50. 6 pg -
m LA b DU R A PML T R A B
49.2 pg e m * .40 pg e mo LR B BURL Y M E N
FEARRE WL OB LR S 4L T/ 1 &4 . W RBAZ
o AR NZSTE s T s 3 2, Uk = 22 4 rh 7RG
JZ 5 TN _E AR B A R B 1 R RE DL R AL B K
s L BB 2 14 R ) DA A 5 7 i B K PR O3 22 L 30
2T YA R T b R ) VR R
G B8 DL K, 56 10 A 48 IR 5 1 1R i K P it Sf
Ul /D i 2 v BE R TS e R AR P AR )Z L I |
DRI /N T 8 A, o — OO g B AR ] 0
{EL. BRAL AR | HE 22, B e 4 1 3 3 = A 14 3t DX A
LA VR FE B AIG  F 50 B B PN A A L JE L R U PML
JR M (Y B 34.0.37.4 F1 34,0 pg e m *
TN F A bR | R 22 b B A R L H P S8 R 43
2.8me-s 2. 1m-s " RAYBURAMBAR . F



%5

2 A O TR 2 TR 3 5 3 X e VG K TR A 5 T 655

T ®) ©

40

i BUR /%

SN = @'\ﬁ M

® (2) (h)
40

30

3 20
10 [

B/ %

5

0
00 04 08 12 16 20
[l /BT

00 04 08 12 16 20
ftiR] /BT

00 04 08 12 16 20
IR /BT

——e— 201077k5

DeSegto0000
00 04 08 12 16 20
fif ] /BT

00 04 08 12 16 20
ftiR) /BT

——eo—— 2018 kR

K6 [ S5.{E58 H A&k

Fig. 6 Same as Fig. 5, but for diurnal variation

BRI A0 3R A RO 73 18] 300 )2 8 B R R (H i T
KA WA UKL VR 5 A P b e A A % i
JE AR CIAF 9 ) BB ARG PR L 2 22 SF 25 4 X 38 13 43531
45, 6%.58. 0%0) , AN G i L RE DL R BB A
X A DX g B R 0 (S AR Y 22 S 4 i R
4.5%.2.1% 1. 7% BZEfL A B R AR i 3% .

55 2010 A7 bR AR LG . BRBRAL AT AR SR, 2018 [ 5
19 BF R H 10 B 38 & A 5 % B 1 46w, L B e
042 B 0 54 Fr AR SR I 4 )1 20 I =R H 08 i 58 K Ak
PR E ARG B HSE ) H AL —3K .

1 ghig e

B PG 45 2% bR T AR, R B 3 H & AR AR
5 T AT v 7 AT bine 7 I 57 B AR R
F 3 R AR MR TR i i 2 . R TR i X ]
Bron” 5 A7 bmen 7 W A0 M A 5 R A 00 AH YL
Fivo ™ 5 AT FRr R OUL I 557 ) ) g kAR AR
ZE SRR B 1020 LA b s 4 55 & A 00 R A /0 1) i O
For kR 25 R 22 A K, #E T 5 H A,
TE 58 K 2 AR 22 1 3t [X DA I 6 R 5 L 5 7
FIRAFLE 6 h R B G — 5 H

2010 175 A1 2018 [ AR H R 55, 22 5 2
BAE 80 Y0<<RH<C95 %1, F 2018 [ 45 J] 342 11 55 )
B AT 2 L T 2010 17AR FIR M £ 8. 1% ~19. 1%,
JuH R 90 Y% <<RH <95 % I} . 2018 [F 45 HI 41 14 55
HBL R L 2010 174R 2 12, 1% ~30. 7% ; 12 JiF

R B T B G 3 R 6F 2018 [ A ) 5 A B )
B B . VA IS TR T 2 O I B K AT I
6 R BT S W B R ZE A 2018 [ B B 7 T
ISR A M 22 5 o SR Y AH R B 5 e ) 3
IR IR N 2% PM, ;i W B

TERE WL <<7. 66 km ,PM, ;<<75 pg + m i},
2018 E BRI T g . LR B 0 56 A7 A PML
<35 pg e mCHYIE L. I Y 5 2 AR 5 Y5 e 6 4
2018 [E bR AR P50 3 B K IR DA SR R
PR W T AR 0 5 | A P I B UL BE S . FE PML, 5 > T75
pg e m CEFHELT 2010 R IR BI B L T 2018
FEL B 1) 155 00 o LS 7E op B2 S DA 75 Y i, 2010 4745
F1 2018 AR 0058 22 5 A K.

B G 45 4 71 9 2 AR AT 1 H AR AL R B A =
HARR U 7oA, 3 H 1 A 56 & B0 R i e
2018 ARG K Bl i rh 2 FE 9—11 A 5k
A 5 R B AR R AR R A 4. 2600~ 13. 24 0%,

Wik e A 1 A P B 22 o B P 1) T 94 98 K A AR 11
H AR A A 5 1 i S i A o G A b T 5 AR AR 1 H
AL 4 FE Iy B R ) A X K e Y R A3 A L
[F1] 5 1 M E AR T AE 09— 11 B, 7 In] 58 1o & B 4
HTE 20—23 I 5 ¢ b 5 K AR AR | TR R A DU
LR, T 2018 FEARFIUL L BRBEIL AT AR A1, 19 B 3
UCH 10 B3 & A 50 S 35 B S 4 vy, L b B e ) 48 B
S AL A4 )1 20 B E W H 08 B 38 K A 4R 42
AR (50 VL D ARSI H AR AL — 3K,



% 548 %

2% Uk

SRR SR R T A5, 2018, KT S Y R AR & J2 PR BE B M
NABESELT]. R 5, 44(7):911-920. Cai Z Y, Zhang M, Han S
Q. et al, 2018, Research on threshold and regularity of mixed
layer thickness in heavy pollution weather in Tianjin[J]. Meteor
Mon,44(7):911-920(in Chinese).

Wi J8 50 B, %, 2020, BRI 2017 45 = I E VS Y
ARERAE X A m B # [T A4, 46(5):675-686.
Chen L,Zhou G Q,Mao Z C,et al,2020. Variation characteris-
tics and meteorological impact factors of three short-time severe
air pollutions in Shanghai in 2017[J]. Meteor Mon,46(5) :675-
686 (in Chinese).

FE 1 3 W B A LR b K o AL R B4, 2018, S UL
MG :GB/T 36542—2018[S1. 4t 1t - i [F Ax M i fit#L. State
Administration for Market Regulation, Standardization Admin-
istration of the People’s Republic of China,2018. Haze identifi-
cation for meteorological observation: GB/T 36542 —2018[ S].
Beijing : Standards Press of China(in Chinese).

W1 Tk Pl g5, 45,2019, BRVY A K L A0 AR AE BS54y BT
0] FRIX AL, 42(4):707-714. Hu L, Zhang X, Su J, et al,
2019. Variation characteristics of haze weather and its climatic
causes in Shaanxi Province[ J]. Arid Land Geogr,42(4) :707-714
(in Chinese).

B ARGER . 2012, B BE 25 KB B AR B (AQD AR ML E GRAT) -
HJ633-2012 [S]. Jbat - o [ FREE R 24 ) jiUAE. Ministry of Envi-
ronmental Protection, 2012. Technical Regulation on Ambient
Air Quality Index (on trail); HJ633-2012 [ S7]. Beijing: China
Environmental Science Press(in Chinese).

B AW . E L AE L2019, 19802016 4F Bk VY 48 &2 55 H Kt
23 AL B 2 R WIAR LT 1. o R EE RE %, 39 (9) £ 3671-3681.
Huang X,Li Y L,Wang J Z,et al,2019. The spatial-temporal
variations of haze in Shaanxi Province from 1980 to 2016 and the
initial exploration of the increase[]]. China Environ Sci,39(9) :
3671-3681(in Chinese).

BOIOTIE A, 2013, RAANBURL A A R A RE WL i s [T, Bl 4%
4% ,58(13):1165-1170. Huang Y L, Yang X, 2013. Influence of
fine particulate matter on atmospheric visibility [ J]. Chin Sci
Bull,58(13) :1165-1170(in Chinese).

R XVER B 5k 3l . 2020 TP AT 50 4 5 R AU 28 0 A AR AE 2
AT, 446 (5) 1 695-704. Jiang L J, Liu X M. Zhang
C,2020. Spatio-temporal characteristics of haze and its forming
reason in Jiangxi Province during the past 50 years[J]. Meteor
Mon,46(5) :695-704 (in Chinese).

25 LA R B L HE ENG L 45 2018, 56 i BORL R AR T RRAE R LR
Wi A F oA L) . 74 - 44(7) :929-935. Li X M, Chen C, Dong Z
P,et al, 2018. Analysis of the impact of meteorological factors
on particle size distribution and its characteristic over
Guanzhong Basin[ ] ]. Meteor Mon,44(7) :929-935(in Chinese).

X B0 X0 o BH Wk 7R L AL 2020, 38 AR E 2 v T 5 AR B AR IE R
KAL) A% 46(7):959-970. Liu R X, Liu D Y, Yao

L,et al,2020. Analysis on the variation characteristics and mete-
orological conditions of haze in Lianyungang City in recent dec-
ade[J]. Meteor Mon,46(7):959-970(in Chinese).

XUJRAR, T2, 9008 55 . 45, 2020, 5T B K R X & TR WL S
PM,_ 5 ik B R BR800 B2 19 Z2 50 [l 43 BT LT ). R 4. 78 (4)
679-690. Liu Z D, Wang H,Shen X Y,et al,2020. Multiple re-
gression analysis of winter visibility, PM3 5 concentration and
humidity in Beijing-Tianjin-Hebei and its surrounding regions
[J]. Acta Meteor Sin,78(4):679-690(in Chinese).

W Ef 70 M M R, 45,2017, 3 50 4 [ 5 45 fUBRFHAE B SRR
(I, RS G % 4% - 28 (3) £ 257-269. Pan W, Zuo Z Y, Xiao D,
et al,2017. Interdecadal variation of haze days over China with
atmospheric causes in recent 50 years[ J]. ] Appl Meteor Sci, 28
(3):257-269(in Chinese).

B 75 48 S5 R R S 068 ) 4 5 2 5 2009, B S S A5 [ VL. 75 % . B v
25 AR M MR #: 160-164. Shaanxi Climate Editing Group of
Shaanxi Meteorological Bureau, 2009. Shaanxi Climate[ M]. Xi’ an:
Shaanxi Science and Technology Press:160-164(in Chinese).

A KT SRS 55,2007, JE T A5 U0 Rl UL Y S R AR I8 A o
Wit 5B A% . 36(6):1693-1702. Shi C E, Zhang H,Ma
J H, et al, 2017. Investigation on norm of haze identification
based on hourly auto-monitored visibility[ J]. Plateau Meteor, 36
(6):1693-1702(in Chinese).

FIMG U AL 2015, KBS RS 2005 0TI A X E AL
(1. B IR % % 4] 26 (2) : 240-246. Si P, Gao R X, 2015, A
comparative evaluation on automatic and manual observations of
fog and haze in Tianjin[ J]. ] Appl Meteor Sci, 26(2) :240-246
(in Chinese).

FEi AR SRS 2015. VLR A AR L EE M N T S L 22
S]] R4 FH%,35(2) : 183-188. Wang R, Zhou X D, Li C
Z.et al,2015. Analysis on visibility difference between manual
and automatic observation in Jiangsu[ J]. ] Meteor Sci,35(2):
183-188(in Chinese).

50,2008, 555 % 19 U FIBOR 3 AT AL BELT DL BREEAL A, 27(3) .
327-330. Wu D, 2008. Discussion on the distinction between haze
and fog and analysis and processing of datal J]. Environ Chem,
27(3):327-330(in Chinese).

FR5,2012. 35 4E P K 58 R AL R LT, BT Bl 5 4Rk, 32
(2):257-269. Wu D, 2012. Hazy weather research in China in
the last decade:a review[]]. Acta Sci Circum,32(2) :257-269(in
Chinese).

RS AR, %R 2006, BRIT =M R R SE S ERE W
el FsE ()] K42l 64(4) :510-517. Wu D.Bi X Y, Deng
X J.et al,2006. Effect of atmospheric haze on the deterioration
of visibility over the Pear River Delta[ J]. Acta Meteor Sin, 64
(4):510-517(in Chinese).

FeO L BRECE L RSG5, 20140 =R H GO IR R LB A A — 1A
B AR R F O S LT ). E R, 34(3) 1 545-554. Wu
D,Chen H Z,Wu M,et al,2014. Comparison of three statistical
methods on calculating haze days-taking areas around the capital

for example[ J]. China Environ Sci,34(3) ;545-554(in Chinese).



%5

2 A O TR 2 TR 3 5 3 X e VG K TR A 5 T 657

F L RIBE R AAE 4. 2010. 19512005 4 H [ i 4 1Y B 25 A8 4l
[J]. K529 ,68(5) :680-688. Wu D, Wu X J,Li F,et al,2010.
Temporal and spatial variation of haze during 1951 — 2005 in
Chinese mainland[ J]. Acta Meteor Sin, 68(5):680-688 (in Chi-
nese).

FO L RBER R NE L 2009, S FIEE [ M. JERT AR . Wa D,
Wu X J.Zhu X X,2009. Fog and Haze[ M]. Beijing: China Mete-
orological Press(in Chinese).

S T 1L, M4, 45,2016, i E P AR B A T4 H 9TE LS &
AFBRMABE MR RLI] A G ¥H,74(3):352-366. Wu
P.Ding Y H,Liu Y J,et al, 2016. Influence of the East Asian
winter monsoon and atmospheric humidity on the wintertime
haze frequency over central-eastern China[ J]. Acta Meteor Sin,
74(3):352-366(in Chinese).

BEZEAE, oK /0 30, 48, 2016, TN TN 5 & 2 L0 8 W R 1Y
XEEC AR LT ] AOGRK SCHE ¥ A A% 33 (3) 1 100-104. Xue Z Z,
Zhang L,Zuo X W,et al,2016. Comparative evaluation on man-
ual and automatic observation of visibility in Ningxia[ J]. Mete-
or, Hydro Marine Instru,33(3):100-104(in Chinese).

WET SR TR B R T 2014, e A Z A X X A I i
I3 A RN AURE UL RE 952 i [T 1. o B PR G R 2, 34 (3) £ 596-603.
Yao Q,Cai Z Y,Han S Q,et al,2014. Effects of relative humidi-
ty on the aerosol size distribution and visibility in the winter in
Tianjin[ J]. China Environ Sci,34(3) :596-603(in Chinese).

BB, BRELAR L BT, 2017, A BRI 55 L 55 V4R 55 5 N LIRS B 43 B
FATIEL)]. BePE < 4. (1):28-30. Zeng Y. Zhang H J, He Y.
2017. Comparative analysis and correction between automatic
observation and artificial observation of haze,fog and light fog
[J].J Shaanxi Meteor, (1) :28-30(in Chinese).

TRLLIE B 9L, 2017, [ B Ak L B RCE 2 0 R CH BT R P Oy i LT ). Bk
PG54 .(2):33-35. Zhang H J,Zeng Y,2017. Data types of au-
tomatic visibility observations and their quality control methods
[J].] Shaanxi Meteor, (2) :33-35(in Chinese).

TR/ANHL PR, W5, 45, 2013, TR E F -5 K R K A BAY 8
(1. RF2 384K .58(13) . 1178-1187. Zhang X Y.Sun ] Y, Wang Y
Q. et al,2013. Factors contributing to haze and fog in China[]].
Chin Sci Bull,58(13) :1178-1187(in Chinese).

PEALRIR 2007, HITE LG AL 56 4 3 RIAZ M . QX/
T48-2007 [S] . db 5% . K% 1 Wikk. China Meteorological Admin-
istration, 2007. Specifications for surface meteorological obser-
vation Part 4. observation of weather phenomenon: QX/T48-

2007 [S]. Beijing: China Meteorological Press(in Chinese).

HE A SR, 2010, F6 0L DN A IR 4 4. QX/T 113—2010[S]. b
oA 4 R #E. China Meteorological Administration, 2010.
Observation and forecasting levels of haze: QX/T 113-2010[ S].
Beijing : China Meteorological Press (in Chinese).

JE 5% L ) 0 B L 48 L2017, BT A Sl AR L EE LI 1 25 R g R
FIUMFEFRDF LT ], V4 R I R 2 2 e CHAR B2 00, 42.(10)
78-83. Zhou G B,Xiang B, Hu C M,et al,2017. The index of fog
and haze distinguishing based on automatic visibility observa-
tions[ ] ]. ] Southwest China Normal Univ (Nat Sci Ed), 42
(10) :78-83(in Chinese).

JEZRSC, s, OG0 . 4L 2020, 5T HEFE 55 56 T AT T K BF
55[17]. K %24 .78 (1) : 154-162. Zhou X W, Han S R, Jing Y
Y,et al, 2020. A study on haze dissipation factors and their
thresholds over Beijing-Tianjin-Hebei Area[]]. Acta Meteor
Sin,78(1):154-162(in Chinese).

Gao L. N,Cao L J,Zhang Y,et al,2020. Re-evaluating the distribu-
tion and variation characteristics of haze in China using different
distinguishing methods during recent years[ ]J]. Sci Total Envi-
ron,732:138905.

Ma N,Zhao C S,Chen J,et al,2014. A novel method for distinguis-
hing fog and haze based on PM2. 5, visibility, and relative hu-
midity[ J]. Sci China Earth Sci,57(9) :2156-2164(in Chinese).

Pei L,Yan Z W, Sun Z B, et al, 2018. Increasing persistent haze in
Beijing ; potential impacts of weakening East Asian winter mon-
soons associated with Northwestern Pacific sea surface tempera-
ture trends[J]. Atmos Chem Phys,18(5):3173-3183.

Wang G H, Zhang R Y, Gomez M E, et al, 2016. Persistent sulfate
formation from London fog to Chinese haze[ J]. Proc Natl Acad
Sci USA,113(48) :13630-13635.

Wu Z J,Zheng J,Shang D J,et al,2016. Particle hygroscopicity and
its link to chemical composition in the urban atmosphere of Bei-
jing,China, during summertime[ J]. Atmos Chem Phys,16(2):
1123-1138.

Zhang J,Xue H,Deng Z,et al,2014. A comparison of the parameter-
ization schemes of fog visibility using the in-situ measurements
in the North China Plain[J]. Atmos Environ,92:44-50.

Zhang R H,Li Q,Zhang R N,2014. Meteorological conditions for the
persistent severe fog and haze event over eastern China in Janu-
ary 2013[J]. Sci China;Earth Sci,57(1) :26-35(in Chinese).

Zhang Y,Gao L. N,Cao L J,et al,2020. Decreasing atmospheric visi-
bility associated with weakening winds from 1980 to 2017 over

China[ J]. Atmos Environ,224:117314.

(AR ST i« ] WO



