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Abstract

Atmospheric visibility is an important indicator to measure atmospheric transparence. It is often
used to characterize the quality of atmospheric environment, which is closely related to people’s
life and health. In recent years, the atmospheric visibility in Mianyang city has decreased signifi-
cantly due to the air pollution and environmental deterioration. The frequent occurrences of low-
visibility weather in winter have caused serious impacts on the environment and road traffic. There-
fore, in this study, the variation characteristics of atmospheric visibility in Mianyang city were ana-
lyzed by using scientific statistical methods with the meteorological data from 2008 to 2019 and
the air pollutant data from 2014 to 2016. Based on the correlations among atmospheric visibility,
meteorological and pollutant factors, a reasonable mathematical model was established to identi-
fy the influencing factors of atmospheric visibility.
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1. 51§

KARE N R R BRI EEFR bR, & nT DL it B R 1) 25 S ¥k B DA R ST R
E AN 20 70580 T RS R N AR TG (KR8 LB S A % R AR I e B R R 2 T A8
TG B R RURLS eV FETRISE N . M\ 1960 s TF4R,  FIORLTS G REm ke I FE IR B0 5 52 380 (6 A 412 2
Mz ok, HEIIE SRR A AR A MR TR [1] . Sloane &8 704 1 AU REE RN S5 400 KA
REJLEE OS2I, ARRE T AR BE I AR A K Re WL RIS Rl . Lee 5. Doyel #1 Dorling %5 FHR &
— BRI ) PR R RE L BE VR R BB LB ) AR AL R HE RS R A PR AFAE — 8 HOME S o oA RSB LB 1)
BT RGBS SR (2] R, X ORACRE L BE RS f K R R AN Rl 2 KGR AT AH
XTREE, AT —B0AA, AR R = (K B A RORL YR 1 1) RS KN R AEAR A, AT e 38 Rk )
BT REG AR RE W R AR [3]

KA LR B E (1 R GURE T TT 46 BT aR i (R e T R A B 58, FIREEEE 4]0 T AL s iiiE 10
SRR ARG LB AR A AT SE M R 22, W STIER T KR WA R i H AR AR RIAE AR AL
PM10, SO,, MU FIAHXS AL /e AE A2 FEEAE MM R 2= 11 RH XUE KN PM10 2 Hp = A
FWRFEERAMEE, HXSIESHRRF R ER RH I EK 2 SR, MO
(ORI FEUEBA,  FR0RLTS G 3 B E e O IR AT e KA RE L P AR g [5]. 45 BATA, DLHATRE
IRIEE R R K-SR AE  AKAE WL Sk BRI 78 AR v TR R B A5 Yo R 7 (0 AR A R AE AN TE B |
TESERRTIR TAEF, EARTIRAR AR LB A K P A s, (R IC RN EE, FIEHREZA R 4.

ITHEAESR, KRR VR 2 KR B K DI IR S5 A AR 3 B B 1 22 55 A0 Tk g &, S 8ia ek
AW, MAEEI AN, SRR, N A ORI TR AR LR A IR 2, KRR
1. 2. 12 Afy, FHERSKHERERT, FEORARILE RERK. R LERAN, ZRRE
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RZERSm, EEEANNRE, SRR RIGYE, BoK W nTiE ol )2 1068 LR %, (H2
F2 B S DR T R ] SO . ASCR A ETEA I, R emaiZ X K< A WL
(R B SR, DA A 4 B B X RS RE LR [ e SR A S R A
2. AR

1) MICAPS (Meteorological Information Comprehensive Analysis and Process System)Hh i+ #1 < 5 W
TEHE. 2) VY)E IR RIRAE A 4RBH X ) 2014~2016 4E 0% <R B 595 H %kl . 3) NECP/NCARS6 /)
I — IR I3% H BT BRI R 17 x 17, 4) 8 [E A A 2 A O 3R e 7 55 T E 1 90 em x
90 cm ¥ % ) DEM = A2 54
3. AT ARSI ENTFHES 7
3.1 IE+EFEXSERENETH I

AR5 20 B 1 [X )\ AN ] 5K 3 2008~2019 47 19 KR8 L FE AL £ ] i, ~1-350 K CRE DL S 2 08 B 11.92
km, 14 i 19.23 km, 20 i 16.21 km, = ABLRIEE N 15.79 kme \ANETXH, KA R WE R
B NTT T 10.5 km; B oAk 25.31 kmo BB B 1T IX KBS WL LE 1.

Table 1. Atmospheric visibility distribution (Unit: km)
F 1 BIHMEXASELESHERLEM: FX)

IR
Bl X 5)
08 it 14 It 20 i} =UCEAE

2 X (56190) 8.41 15.64 12.06 12.04
Tk £ (56193) 13.67 18.25 16.10 16.00
k)11 E:(56194) 11.94 14.42 12.22 12.86
T3 717 (56195) 8.35 12.36 10.77 10.50
23 FH T (56196) 9.59 16.17 16.10 13.96
P H(57304) 19.78 29.15 26.99 25.31
= 5(57307) 12.74 28.59 20.66 20.66
= F.(57308) 10.88 19.27 14.80 15.00

BHiIX1 11.92 19.23 16.21 15.79

FANRZE L AT, fE LR ZE IR O IR R 11.92 km,  SUFHIE S, 19.23 km (R 2
16.21 km. 4R IX AEPI B8 W S (M 0 AR 1] 1 B NI AT DUS SR A H, L a0 A R AR &
PRI A ARRIE . RESJLE(RREE, =68, $he L)l Ea-riim, 278 15~25 km Z[a], 7EH#H:
[X B8 WL AR~ SAMERR, Z07E 10~15 km 2 [A]. F AR Ly i KA Re WL AP 5 (E (% h 10.50 km, X /& H
T TN, KV AR K R S KA A I SR IR, AR A P R e AR K RS YR 2R 2
TR IR A 1 R A

R 5 267 SH 3 DX 5 1 DR DL 58 b TR VU 44098 7T %0, 2008 ££~2019 S 1-F ¥ RE WL A 13.11 km, 11.96
km, 11.71 km, 12.31 km, 12.52 km, 14.68 km, 16.48 km, 18.89 km, 19.89 km, 18.11 km, 18.31 km,
13.68 km. M 2013 FFF4f, B WL B W S, 2010 42 T35 AE WL SR —4F, 2016 fFa e
VLR, S5EE LR 2010 SEAHELES, 2016 4 LT+ 13T 70%.
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Figure 1. Spatial distribution of visibility in Mianyang ((a) 08; (b) 14; (c) 20; (d) All day average)
L RAX X FIENEERE =BT E () 08 5 (b) 14 BF; () 20 &S (d) 2K FH)

3.2. IEHEXRSERENEHEL S

20 B AN [ EL 7 DX AR R RE L BE A WS (K 2R 284, (ELREAN R B i X2 TR I AR (AN IS A D
AT e PR K TRE AR T R IR AU, 5] 2 251 1 2008~2019 44 FH 11 [X K AE ILEE )
VUZ=-F- 2 a5 B o A e IR 2(a) W] AFE HY, 240 H X RE UL 280 “ AL sme i R IR A 151 2(b)
HEM MR WA ESETMCL. B 2(c)ME 2(d)KFMAFIREILE T LI EE T, Fale4F,
KAREISEAE A BARTH I, T TAER T (X A X) BT ARRE R X B, & 2
IKED, KARGHINEGE, KA BokMEE, RKUSEMERMR, FERELE R, 75 0I5 %
KA BRRAGATAN, EARAECE 5 AL BT be LSS U S HE O R B8 1735 G i 3L,
HUIRAE IR B -
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Figure 2. Seasonal average of visibility in Mianyang ((a) Spring; (b) Summer; (c) Autumn ; (d) Winter)
2. WA X SEREETLFHINZ=ESHE(R) FF; Ob) BSE; (o) MF; (d) £%)

3.3.2016 FASEENERHIL

K 3 N4 . B K. AU KRR A H ARt 4, BRI, DUASZEAT R SRR
WA RN H R, SARRHERI “——8" FRME, (REEAE 70 HILE 08 AT 17 I, X
& T WA e KA A Z ISR 2 I AEAE, 0T SIS RRLT I O AR i, K& ORI e AR R
EA R EREH[6]. FI4h, WIENREAS, AXHR AR R, KUREUN, WORRE BRI 2 2 R A
TE—i, WRWSCEE 2 /KR, 3R LR ISR RS T AR, AT Eb 81 AR B AR K<L RE AL

Hrb, XA K RAL, HERMKBBB N2, 24 E £ 8000~140,000 m Z [f], F %
e 5 AR AERE s WHRAE H LG R I KRR 08, BUEIL 2 15 S Sy . ANl
A LA H 05 A ~08 I 2 K At IR F A A B B, 78 17 B (R0t B0 5 K AEL, 2 S B X6h 9 58 B PO Uk /)
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Figure 3. Diurnal variation of visibility in four seasons

E 3. @HEERXE. B, . EEONMETHASELER BT

4. 48PHTH 2016 SFIMEF S ERIKRE N WHED
4.1.2016 £ AQI IE5EE L

XA R BRI AQIE R B, AQIEIMUK, TRz X A2 AR R A
I ARFHIX 2016 &0 . H BKUAFEAT RIS DA E AR, RIEAID B R X 2 Ui
MR-

HIC 2 TR, MRBHIX R 2. D AETNE R, FFET, A
Mo X R VR S e s e s FREEAUREUIRM ROV E; RFEERE
NE; METRREUMRMREANE. BAEER, GHHX AT R E.

. A4
Rhf, DA

Table 2. Air quality level frequency in four seasons of Mianyang 2016 (%)
= 2. 2016 FLRPAMX U F & FRHT SFRE L INRF IR (%)

= 1 =3 LIRS rh RS GG
KZE(1H) 9.7 29.0 41.9 19.4 0.0
FHFEAA) 54.8 29.0 12.9 0.0 0.0
HETH) 10 76.7 16.7 0.0 0.0
KZE(10H) 21.9 64.5 12.9 0.0 0.0
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42.1. RTLEHE

X2 BHHB X IR 25 4P (PM2.5. PM10)K [E 4% A ridtA7 4t 48X PM2.5. PM10 ) H
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Figure 4. Monthly concentration change of pollutants (PM2.5, PM10) in Mianyang
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Figure 5. Seasonal concentration changes of pollutants (PM2.5, PM10) in Mianyang
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Rt X ) PM2.5. PM10 (PR BEARIE A T de iy, BFFIRL, HFRIL, KEEF. ROVERZ, RS
XL B IR, AR KPS A R ELAR, 0 L R K IR B P S 95 S 1 5 7 1 PRk PM2.5
A PMI10 WRPEAR; MfEAZE, FoKED, TRBUR, REE, IHUREZE, B EXRE s
R, I R HEBOUA SR HE O B At LA 21 SURE N, BT PM2.5 R PM10 IR o

5. KSgERESEmEFHEXES

KARIWE FEZRRGH TR SR SRR ) AN B2 K 5 (PM10. PM2.5. NO2 LA
J NOX)[sm o 7ELA R E A5, EZ/Hrsgm GE LE 1 LA EZH 7 1R AR, Kitie KReENLES
EATZ A AE e

51. 5SSKETFHEXES R

AR B 4R P X AR R AR 0 H S E R, R R RE L S AT ARSI AT, 23l
3] 7 RAREN SRR . G AR R R . ik 3 ATLMGH,  RAURE ML 5 AN
LR FH EHRKR, SHMBEREBZENIMIRR; SUSEARENIMIKR. HLTLE
H, MASRYERT, XSRS i KA R TR MR, RN U, SR s o
R RGE A s B ETERFRE, . AR DR AR R ARG B2, MRS
RAREEAARAEA R

Table 3. Correlation coefficient between visibility and meteorological factors

3 RSERESESKETFHHEXRY

AE L JRH HARHE Vs i
AL 1
A 0.7633 1
RN A -0.8815 -0.9601 1
E —0.6461 —0.6649 0.5772 1
iR 0.8558 0.9692 -0.9986 -0.5647 1

& 5HA: 0.7067: #£ 0.05 /KF L& EAML.

5.1.1. RUEXHAS e L E R R0

PR X KSR LR LR, XU K KN BB R 2 5 e ik B 1 I DA B R SRR e B Y
RE, FBOCRR R A B SR . 7R KGR OCR,  RRE LR S R B R 28R, KSR
JE AT

M 6 FTBLEH, KABEILE S KGR HA M R B EMIEMIR R KN, BoRs JmE KA
WFZAE, AESGYHEL KA IWERRG MRGEER K, 5305 BN RERE 1 suiiss, 559
MR E RS TR, KAFEERRIK, KRREEmS T 5.
5.1.2. SiRXASeERERR A

MIE 7 FTRLE Y, KA RE LS IR 2 W B AR DG OC R, AT DA AR =, 30 b 2 P 5 T ki,
FROEEMZE, KARENEHRE, 500k mataIt; m BB, SRk, KSR, 557
W, FECORARRIEALZ . BARUIRARARE W H AR AR YRR AT, (H2 A BE U I
A AT ARE KSRE LR AR A A L
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Figure 6. Daily variation curve of visibility and wind speed
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Figure 7. Daily variation curve of visibility and temperature
7. REgEIESSIERTR#IZ%

5.1.3. HEXEENKSEERENFIE

ME 8 T, KR S AR 2 B3 ARG R R, AR BT el T R, KARE
WEERARARE N S Z A S TR T, KRR SRR IO N Z, K RRTRL)
L 3t e R A P SR KL ELAR TS M RE L RE b 8 B e KGR R AR T e T, o S 1 e
Jiigas, BN R AR FRAS A R K TRE L I BRI, (R IR AT KRS T, fE
SR HERF— AR, (B RE WL 2 B IR BT Rk M 38 K [7] [8] [9] -
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Figure 8. Daily variation curve of visibility and relative humidity
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Figure 9. Daily variation curve of visibility and air pressure
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5.2. 5i5%4EF(PM10. PM25. NO, & SO,)RIHHX M54

TR TRENE S BV5 R R PR BEZ O &, R K Re I RE R Gt 5 05 5 gk AT A o6
PEHT, 3 HRRREIE S &5 R 7 B A G R 8. W& 4 R DUE |, KAEENLELS PM10 #1
PM2.5 & WM RAHICIC R ULHTANMURLS B3 KR WL I seme B35, B PM2.5 5 KA LR i) AH
FAER T PM10 5 KSR WLEE ARG . IR NRFILRE R, KBNS SO, Fl NO, th &2 [ AH KK
F2, A SZ B PR AN - BRI AR /N, A G VRS 55, Be WLEEBEE SO, Fll NO, M BE IR A 80/ 1] [12].
PR M AR A S PR Y o 3 2 1B PMI0 AT PM2.5 S K RE L JEE R4

Table 4. Correlation coefficient between visibility and pollutant factors

® 4 RERERESBRIETFHEXRY

AE LR SO, NO;, PM2.5 PM10
e WL 1
S0, -0.3086 1
NO, -0.3849 0.5926 1
PM2.5 -0.6178 0.4933 0.6810 1
PM10 —0.5512 0.5309 0.6850 0.9570 1

IG5E: 0.2424; 1£0.05 /KT - REM*<.
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B4 RAENEHEAR, 55 RIENRIREAR, SRR,

HR, KA Z 0B R T7 200 e W 5 R QB R HRE, W, AUk, X)L B3E 4T 7
Mr, PR AL T 45 R R & R R R, BRI PUAN R -3 % & .

BN AR AIRIE

y(AEJLEE) =—-0.179*RH +0.423*T +0.249* P +0.448*V —223.794 (1)

Ht, RH OAMXHBEL, T ARE, P ASE, V AKE,
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Figure 10. Forecast model test of meteorological factors and visibility
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T, Ik 365 MEAR: ik 80%IEARMFEAR, 20%/E Nk A, HAd A 1 H 1 B, &
G4 RAEAEBEA, 55 RIEAWBAEA, REKIKEHE.

FR, RH 2 g8t (81 V3 77 250 66 WL BE 595 Qe DRl (1 el A Y 3647404

BB AE B A (B3 75 1k 2 A5 Gk FE R - 5B SO, A NO, (FH T+ 78 X fi L2 18 ot = 22
PEEUR, IR RAEE).

R PRI,

y (B ILEE ) = —0.325* PM2.5+0.104* PM10 + 26.250 2)

Ja, FIFHEA 20086 5 REA T B R HEATR 5

ST B8 WL RE S8 (15 B R s 45 5, B8 IR TG 5 8 L SEBRE AR e M 2 3%, R? = 0.552. 114 11,
6. &

2T A 23 S5 e 0 T HE AV 5 A A, 45 BH b DX 4SBT 52 AR T R ARG 1 25 1) 0 AT RFAE
ZA5 b FEREWEAESN LR “FEdbE g U 946 mMAERTRKE D KRZEEMTEE .
KEAY B Z. KGR BRRER S, EREEINEHERTESMNES, HRt WEAAKE “—I&
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Figure 11. Forecast model test of pollutant factors and visibility
Bl 11 SRYET 58N EN TR EG L

PM10 Fil PM2.5 A4 S X ) 8 B85 e, 8 10 0 AN RURE RO BE AL U AR BL, B & i

BRI, BERR. £FRERSEESLFERKD R, BETRE. V250K,
I EZE RAR G SIINE, SRR B AR, N KR 758, 15 QPR 1 5 3 B 2 B Rk
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