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Impact of Precipitation on Atmospheric Visibility and the PM;_;
Concentration Based on the Minute-Scale

High-Resolution Observations
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Abstract: To explicitly investigate the influence of precipitation on visibility and PM, ; concentration, mi-
nute-scale observations of Hangzhou during 2014—2015 are used to comparatively analyze the distribution
characteristics of visibility and PM, ; concentration under different levels of precipitation, and, further-
more, the quantitative impacts of precipitation with different intensities on visibility and PM, ; concentra-
tion are studied. The results indicate that the intensity and duration of precipitation can significantly mod-
ulate visibility and PM, ; concentration. Consistent and stable rainfall are easy to trigger long low-visibility
scenario, and the sudden heavy precipitation is an important factor inducing the sharp-decrease of visibili-
ty. With the rise of rainfall, the visibility changes from rapid-decline to slow-decline and there exists an in-
flection point. The removing effect of precipitation on PM, ; concentration can be mediated by the intensity
of rainfall and the PM, ; concentration before raining. When there is modest/small rainfall, the removing
effect usually occurs several time later. However, heavy precipitation is able to remove PM; ; quickly. Ba-
sically, synchronous changes among precipitation, PM, ;5 concentration and visibility can appear. Based on

the two factors of precipitation intensity and PM, ; concentration before raining, a quantitative statistical
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model reflecting the influence of rainfall on PM, s concentration is constructed with the non-linear fitting

technology, and the modeling results agree well with observations. Finally, the existing limitations and

some scientific issues which need further exploring in the future are discussed.

Key words: precipitation, atmospheric visibility, PM; 5, non-linear fitting
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Fig.1 Occurrence frequency of different

levels of precipitation at minute-scale

over Hangzhou
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Table 1 Different mean visibility and visibility occurrence frequency under

different grades of minute-scale precipitation

R L e

FeAkF % /mm =2 km 2~5 km 5~10 km =10 km FHRRRE/km
TCREIK 13.5 33.1 30.9 22.5 7.1
0.1~0.5 40. 9 42.3 14.6 2.2 3.1
0.6~1.0 67.0 26.9 4.8 1.3 1.8
1.1~1.5 69.9 25.5 3.7 1.1 1.8
1.6~2.0 73.7 18. 4 7.9 0.0 1.8
2.1 0k 78. 4 16.2 5.4 0.0 1.7
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KA D L GE it B9 AR At AR RO R IR O i
REERKECH 2.0 mm, fy (& 0] WL, [ K 5 6E DL BE A7
e BR R AR AL S P A S R B B0, 97 Tl g
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Fig.4 Statistical characteristics of the

relationship between precipitation and

visibility at minute-scale in Hangzhou
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R B S G 1) o R R A O — A AR . AR 3R T 8
AR B O A IR [ B 5 fR 9. 2016)
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C R EAT LK 2] 6826 15 Y B 6 90 5 i 7ETC
WK 28 S B A 3906, B A T A UK
I 1 2 AT G R B R Oy 1804 BT i T A
W 7K IR A HH B

x2 TEELPMiRETRE
BFEK 5 TR KR BT R
Table 2 Occurrence frequency of different
levels of PM, s concentration under two

scenarios with/without precipitation

PM s ¥ % /pg » m™* K/ % TEREK/ %

<15 28.64 7.14
15~25 22.77 14. 89
25~35 16. 85 16.52
35~45 11.17 14. 80
45~55 7.29 12. 26
55~65 4.32 9.03
65~75 2.97 6.96
75~115 4.37 13.31
=115 1.63 5.10

HE— 25 W 55 A2 AT B K B B K X PML 5 119 375 B3 g
J1o FIHBEAKRET— /N PM, s e B 5 B K JG — /N
PM, s ¥ BE 22 . R R IB BE K X PM,. s 5 B & . 5%
M) PM,, s W BE 1 A5 25 1 BR B K A1 s XU L XL ]
Xt 2 1 48 ¥ A 5 (Kim et al, 20065 52 58 %,
2007 ;5K /NH,, 2007 ; T 4E 4E 45, 2011 ; Zhang et al,
2012 REFS 20135 WS, 2015) , HAE S
FN W R KT PM 5 (1 1 bR 2 A7 15 7 BR A s bR
VLA T 2R B R M L5 A R (B2 20 R 2 . 19925 X
PG 1145, 20105 SR A ZE4E,2010) . 23 9158116 7] [
IKEERT (£ 3) KA PM, s e B G 9 F (3% 4) %
KX PM, 5 B 1E 15 BR 5 57075 BR 45 o B K /N80
Oy EE I L B A R K G OR L B OKE PML s 1)
TWHERIEFZ WS K. BeAh, B K AT B PM,.; k2R
AN X B K I Y R AR A B R R . H 2% 4 1T
PM, s W FETE 25 pg » m* LR B, B K SE A (R LA
HIEBRAE R M 25 pg » m° DL . FEK 197 BR
VER G HN B, JUH & PM, WA F) 65 pg » m ™’
DAL T 3 BR AR s T BRI 2 50U

H1 DL B A3 AT BT B K R PML 5 3% B R0
B 5 [ K 2 VDA 26 A o 15 R K TP ML, 5 3k i 4%
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Table 3 Positive and negative PM, ; removing ratios under different levels of precipitation

& 7K 25 4% /mm <1 1~2 2~3 3~4 4~5 5~10 =10
A/ 33.60 9.77 3.99 1.94 1.55 2.49 1. 00
B/% 31.78 7.16 2.88 1. 14 0. 86 1. 44 0.41
A/B 1. 06 1. 36 1.39 1. 69 1. 80 1.73 2.43
TE e ATEEREE >0 o B R B L] B 3 BR 4 <<0 o5 B K R B LL 491
Note: A (B) is the ratio of removing ratio being greater than 0 (less than) to precipitation numbers.

x4 FRELZ PV REERKENERESISEORABEKRKREES X

Table 4 Positive and negative PM, s removing ratios under different levels of PM, s concentration

PM; 5 % 4% _ _ _ - - - -

) 5 <15 15~25 25~35 35~45 45~55 55~65 65~175 75~115 >115

/pg e m
A/ % 11.09 11.24 9.65 7.48 5.22 2.88 1.85 3.40 1. 26
B/% 16.23 11. 83 7.45 4.31 2.20 1. 56 0. 88 1.26 0.21
A/B 0.68 0.95 1. 30 1.73 2.37 1.85 2. 10 2.70 6.14

EA Y B XIS,

Note: A and B same as Table 3.
PIAROG . AW R B 7 @ m b PM, 5 i
Bt A AR ARG 7 B A G R B TN T

Y = 0.85+0.49C+ 0. 02CP — 0. 7InC —
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HAHSC R EGXRF] 0. 65,383 1 0. 01 /9 2.2 K
A I B B AL SCR

6 ik St
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o ATV 6, R 2014—2015 4R850 50 <,
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PM, 5 ¥ B 119 3 A5 R AE B2 AS [7] 56k B B3 7K % i L B e
PM, s ¢ £ 52 ) E B 00 R EESS IR N
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mm 4 A S0 81. 300,11, 9%0.2. 8%
A 1. 306 10 I Bl 5 AR /K 5 B 1 R S B R B
Fé. 2 km DU FARAE WL B %y 14. 426,10 km
DL b v B LR H B Ry 21, 9% . PML, s We i 0~ 35
pg e m A BER R 45.0%0,75 pg e m P L BN
12..0 %0« 15t B 23 A5 5 i B AR B0 R 25 4 K

(2) Bk T g UL B2 1) 52 ) J2 A% G B 58 1, AH L
FEE R W R K I R s R SR IR LT &, R K
SR VB 7K 23 5 T UL R T R IR R AR . LM B K S5 1 R

(RE WL BE SE 2 2.9 km, B 5 F 3E B K B 19
7.1 km; Fifi 5 K 38 K R RE DL B H B S % T
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5 B8 UL 22 0] 56 2R AF B B oR o A R AE S BE DL Bl
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— N 05 B KN T 1 A AR BB D R I o K 39 R PR
T R 5 17 A 7K R 455 S MBI o B L o o 7K 1 K 2%
ERNGR

(3) BRI PM, 5 B ¥ bR AR FH 2% R 7K i S Rk
AT PML s V& B R/INAE R AR A . B /KX PML 5 1 ¥ BR
VE TR B K B85 /N R 2l i, 2 3 0 PML, s Yk BB 1) 22
18 T W 5 T o e 7K ok AR F PML 14 35 I 7B T 43 B
L RRK R PM, s R RE WL = 35 2 A B AR
— W FE AR, 7E PM, s W #ad 25 pg » m™?
PUIG BB K 175 B A R B PML 5 Vi 52 388 0 320 37 18 58
I /B R K 2 5 B KR PML, 5 &R PR AS TR 7R
FHARR MRS I BRI T B K X PML ;35 B
Gl AE R, R 40045 SR 5 R AR 0 SR 9 A 26 &R Bk #
0. 65 BTG4 U A BRI AL

AR SCAE A3 A AT N [ K X i AL BE AT PML, 5 96 B Y
A N T SuR L R RS NS TE O N )4
AR B VR MK 0 5 — R SRS s
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