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Abstract Since 2013, low visibility events have been repeatedly observed in Beijing-Tianjin-Hebei and its surrounding regions.
PM, 5 concentration and humidity are considered to be key factors leading to low visibility. Using surface meteorological data from
MICAPS and PM, 5 concentration observation data from the China Environmental Monitoring Center, the influences of PM, 5 and
humidity on visibility under different relative humidity (RH) and pollution levels are investigated. According to the differences in
geographical environment and pollution degree, the study region was divided into Beijing-Tianjin and Hebei-Shandong regions. The
multiple regression equations of visibility, PM, s concentration, temperature and dew point temperature are established based on data
of January 2017, and these equations are tested using the data of January 2015, 2016, 2018 and 2019. Results show that when
RH<(70% and PM, 5 concentration<<75 pg/m’, the visibility in Beijing-Tianjin region and Hebei-Shandong region is usually higher
than 10 km. The increase in PM, s concentration is the dominant factor for the rapid decrease in visibility. The combination of
increase in RH (70%—85%) and increase in PM, 5 concentration (75—200 pg/m®) can result in further decrease of visibility (10—
5 km). The decrease in visibility (5—2 km) is mostly depended on further increase in RH (85%—95%), while the correlation between
PM, 5 concentration and visibility becomes weaker in this situation. The decrease in visibility to 2 km or even lower is mainly due to
the extinction of droplets under the near saturation of water vapor (RH> 95%), and has little relation with changes in PM, s
concentration. Compared with establishing the visibility fitting equation directly without grouping, establishing the visibility fitting

equation according to the RH above or below 85% respectively can greatly optimize the multivariate regression models. The RMSEs
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for visibility fittings with RH>85% decreases from 9.2 and 5.2 km to 0.5 and 0.7 km. The visibility in January of 2015, 2016, 2018
and 2019 are well reproduced by these fitting models. Correlation coefficients between the observed visibility and the calculated
visibility all are higher than 0.91. This study provides a new visibility parameterization for the haze-fog numerical prediction system.

Key words Beijing-Tianjin-Hebei, PM, 5 concentration, Relative humidity, Visibility, Multiple nonlinear regression
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Fig. 1

(a) Spatial distribution of monthly average visibility in Beijing-Tianjin-Hebei and its surrounding regions

in January 2017, (b) Topographic features of the study region and the distribution of pollutants observation

stations and surface meteorology stations
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Fig. 2

(a) Regional average visibility over Beijing-Tianjin region and Hebei-Shandong region and number of days

with visibility<<10 km and <2 km during January 2017 , (b) Time series of daily average visibility in
Beijing-Tianjin region, Hebei-Shandong region, Beijing, Tianjin, Xingtai and Jinan
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Scatterplots and fittings of visibility and PM, s concentration under different relative humidity (shading) at stations

in (a) Beijing, (b) Tianjin, (¢) Xingtai and (d) Jinan in January 2017
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AR 2 o 3477 W 1 25 Bl A A o Il 0 O R L(E
550 DB =2 8] 4 i 25, B B/ 8 OR 00 6 R
U K 6 3G Jr R, TH 5 AH X BE = T 85% i
P DX A0 G e UL RE Y 38 O AR R 25 43 i R 9.19.

5.16 km; 1M $% AHXHE BE 85% -l L& 1k (& 5), A
X 5 T 85% 11 #8145 BE UL B RMSE {0 43 51
0.53.0.70 km. PAAERYRFFE (BE S 0845, 2016) 45
SR, BUM T RN 3 3T BE LR UL (B 5 4
BT BRI EIR T 5 M A G, MR B o
24 0.851, 0.883, 0.750, (HJEM AN} T 5 km [ fE
DB LA B SR AR 225 JE 25 87 46 (2016) BN T KIT =
F U H X 2013 44 B8 UL JE £ o0 A R A, 45
WoR, WA E 5 TH 5 A Ak 35— 30, B0 I R
i, BT A0 R> S 0.81. MRE WL A8 fh #a # |
fife BT 25 L BT MIR 22K F , FAR X B o APl A
AL R UL HULA B
4.3 SERUNKESIMNEIEE 388 I E T a) STk

it — 2 X 5y PM, 5 W B 5 B0 5 00 B X L -
R b X5 VAT b - 1 AR b DX RE D B 7 £k BT ik 10 AR X
B, 4300 PM, MR E S R R (IR
(7). B&EIRIE (T)ARF) X X IR BE UL E k47 [ )5
I3HT, AR PR .

FHXHE AR T 85% B, db 5t - K i X 5 ) k-
1 25 b X BE DL 25 F 5 km, S {E 4 518 15.7
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Fig. 6 Time series of regional averages of observed visibility and simulated visibility in (a) Beijing-Tianjin

region and (b) Hebei-Shandong region

#1
Table 1

AT R U DXRIRT - 1 7 i DXOUL I FE AL 2 P PR LA L2 4% 405 TR [l 5 7 7 5 40 DS

Average observed visibility, regression equations and R*> with different types

of factors in Beijing-Tianjin region and Hebei-Shandong region

L WA WA e
PM, sifk Ji VIS=50.1-8.7In PM, 5 0.77
RH<85% 15.7 DR VIS=-1.5-12T4+0.5T 0.65
N PM, sk BE+ IR IR VIS=41.0-7.6In PM, s—0.4T;+0.5T 0.89
S PM, 57k B VIS=20.9-3.5In PM, 5 0.67
RH=>85% 3.0 DR VIS=-0.2-0.9T4+0.7T 0.41
PM, sk BE+ IR IR VIS=15.3-2.7In PM, s—0.6T;+0.5T 0.86
PM, sifk Ji VIS=50.1-8.7In PM, 5 0.80
RH<85% 12.4 B VIS=-0.7-1.1T4+0.4T 0.76
PM, ik BE+ IR IR VIS=35.1-6.2PM, s—0.4T;+0.3T 0.93
AL LR H X
PM, sifk Ji VIS=4.4-0.01PM, 5 0.06
RH=>85% 2.6 B VIS=0.9-0.8T4+0.7T 0.58
PM, sV FE+ IR 2 VIS=3.3-0.01PM, s—0.9T,+0.8T 0.78

5 12.4 km. [BEIESHT R, A6 -RE XI5 AL-
L 7R IX sk 25 S AR, fiE UL B2 34 B PM, 5 W 3 T i At
X B AR, R 2390 4 0.77., 0.80, KWL % JE PM,
R AT LA B b T - R A X 38 5 T b - 1 AR X R D
FEARAIY 77% F1 80%; (7% ISR EE M BE T LA figt et
- OR HE DX 9T b - AR X IR D B AR A 1Y 65%

1 76%. PM, 5 ¥ B X M I A8 UL B8 %) o2 ik v T 36 058
MREE . WO LA LA B LA P R O R B R T A R
7 Z A, 5 h 89% Fl 93%, X & i A 14
R G RE DL BE DTAR AR L 558 ) S 3

A i T 85% B, Jb it - K X 5 ) k-
AR M X B WL 2K F 5 km, F2{E 4390 3.0
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52.5kmo W TG RRRE | MR FIA R4
119 22 55, PM, 5 ¢ B RT3 45 3008 88 ) Ibb sF AL 8 Y
BTk AE b E - K XA b - 2R X A S
Ao [ 5081 s, PM, o W B 5 3R 55 1 B AT LA 4%
) B g R b mt - K HE b X RE UL BE AR AR 1Y) 67%
41%, PM, s 15 G AT AR 2 At - Rt L IX. 5 km DL g
AR E SR ZE, WX T db-1h R X, 5
B FE AT LA B A R R UL B AR AR Y 58%, PM, 5 Wk B
LR 6%, P FL [ LA IS R 78%. HHE i
JEE B8R b - 1L 2R H DX e UL B AR Ak Y 3 5 R, o
kM 58%—72%.

5 ZouhlHM A E T g E

R TR 4.2 T T AR RE L A 2200 (A ) 2Rk [l
I\ R E B A — M TiRee 7, K S B A
7 20 3B T 2015, 2016, 2018, 2019 4F 1 A
[ BE DL BE, 5 S BRI E AT T X He, S5 R anE 7
fizs. 2015, 2016, 2018, 2019 4= 1 H fig UL & WL
(B $UA AR B UL 5 0L A (8 A 56 R B R
PR 2,

Af LI, WX 0 3 hoBE DL 4L A 1 5 0
EAR A IR — 3, RS, ME 7 B HE
W v T LI, PEIAJE T 2017 4F 1 A B9RE WL E LT
(8] U9 5 2 2 Wk Gl v A H At 4F 3 8 UL BE K. R WL
LI E 5 LA (B A G R A A 3] 0.91, T
0.01 7K G 1k ¢ K50 . A DL LN A 5 4005 1
BT iR 22k 2.2—3.6 km., PM, K JE | IR &
SR EE 3 IR R AR Sz ey i B R ] 300 1 IX e
ARk

AR L, B T R X b -1 AR b XRE I R
AR T AL B - K X, ] A2 -1l AR b

X5 YL o i, I 5 km LAR AL A9 I YR £,
U5 T IR A B B 22, fdi 459204 X A8 UL B 1Y (el 19
JrREEE A . WA T R AE AN (R AF 0 S5 RS
AT, WX 2015 5 2019 48004 &R F
2016 52018 4F ., LIERAFSE (Liu Z D, et al, 2019)
£, 2015 520194 1 A &mas RAEHE 2017 4
VA, DL m 33 3, 98 KRR b fa
FE, 1M 2016 A1 2018 4F 1 A 5t E 3 K JH i b IX i 2
TR B S LR, X AT RE AT
2017 4F % 8% B 159 09 88 UL BE [l A 7 B X 2015 5
2019 4 BE WL BE 09 Al B8O R B P T 2016 5 2018 4F
MR Z —

6 it Tt

DL 2017 4F 1 J B9 RE UL BE . PM, ¢ ¥k B2 | i J3E AN
5 I B A R SR B, B R L 2R R
AT, LIAH X G 85% H1 95% g3 L4k, #F5Y
TN EAHRRBE T, 5 EE s N S5 300 4 X PM, 5 MR BE
IAIE W X6 R UL B AR A i A X sk . ARAE HBIE L <
GRS YRR B Y 25 55, B X 80 3R b -
TR 1 DX 55 T b - 1 AR M DX, e A R R 85 % K AL
e, S B SE T PM, s MR | PREEIR I X i UL
() 226 (IE ) Ze P [l 05 J5 725 f# 4] 2015, 2016, 2018
52019 4R RR4E 1 58, MR DL R 3 S 500E L AH
RFAB By AR 255 7 R I T Re L EE el ) 5 AR
MR fE 1. SR,

(D)HFHEEMRT 70% . PM, s WK T 75 pg/m’
B, bt - K e X 59T b - 11 AR M X RE UL 2 K F
10 km, PM, 5 ¥ 3 T i A2 S A i AL 5 e R IR 17 3=
SR XTI EE M 70% T & 85% 1 PM, ¢ ¥R
M 75 pg/m® FHE E 200 pg/m?® BRI S30 T

F 2 Abnt- K XS - 1D AR DCRE UL EE I X (B SLA R0 LI B 5 4005 (A OC R AU R 7 iR 22

Table 2 Average observed visibility, average simulated visibility, correlation coefficients and Root Mean
Squared Errors of Beijing-Tianjin region and Hebei-Shandong region
X AEGy MDA (km) G (km) AR FRE B2 (km)
2015 11.5 12.2 0.92 3.0
R 2016 13.3 143 0.93 3.0
JeEt- R HEH X
2018 16.4 17.6 0.93 2.9
2019 14.2 16.7 0.95 3.6
2015 10.5 10.5 0.91 2.2
. 2016 8.4 10.8 0.92 3.1
b1 2R b X
2018 123 12.6 0.95 2.2
2019 10.6 12.5 0.96 2.6
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