28 , 8 Vol. 28 ,No. 8 ,pp1776-1780
2008 8 Foectroscopy and Sectral Analyss August , 2008
, 230031
(FVM) L ED
100 mL , 30 36°
) Mie
) FVM
, FVM 20% 60 % ,
FVM , , FVM )
1 X831; 043 A : 1000-0593(2008) 08-1776-05
, (400 700 nm)
[3]
, 25 45° ,
[45]
, : (WMO)
227 km, '
( ) , .
¢ ) , 5% ( 550
e 1 nm) Ao, Koschmieder ,
Wavelength of \Y Oo 6] .
/ visible light
'obacco smoke/ / _ -2h39-6
| :\:u‘:nwhnlnxh;nm ~ ’ ol V= 0o S
- f il
i Smog ‘-'Ll—dﬁ j:,g 1:&!\”:1 Rain
- . - Bt r > 4 - >
: Fine dust Coarse dust J
- > J » )
e -
001 0.1 1 10 100 1000

Diameter of patticle/um

Fig 1 Typesand sizes of atmospheric particles

: 2007-05-09,
« gagy
, 1976 ,

: 2007-08-26
(2005A A641010)

e mail : mwang @siof m. ac.cn



8 1777
1 2
Stokes , |
lo ,
I = Mlo (4
YL
1
MA ,r, = , ,mB 5
Ao (550 nm) o0 &, r,mP) el Si(x,mB) | +| S(x,mP) |] (5)
Ul , S1(x, m0B), S(x, m,0)
_ A X (x
o —Oo[)\(J @ =2Tr/A) PQA, T,
, = - 13" m,8) 1 ( )
_QsArm
(FVM) MQ ,r,mB) = - PQ,r,mP)
I | SR
2 PQ.r,mf) = (xXnost,r,m
CFVM [ St(x,mP) | +| Sz(x,mﬁ)llmn (6)
LED 100 mL 41 , IOIOP(A,r,m,
3¢ 36° 0)SOd®dp = 4T 0., 1, m) ,
OsQ,r,m = ﬁ .
ﬁ[l S (x,mB) | +| S(x,mP) | ]sO® (7)
Power box Dr"l’lff;%‘fls‘)r [71
11 [
Re('ei\ji // ! n(r) , Os
= P6)
- P EP
Os = ;J'O x2n(x) Qs(x) dx (8)
Sample volume )\3 3 0 d
Fig 2 Schematic diagram of for war ¢ scattering PO) = 41170_5[0 OIS O6mB) |+ S (x, mB) | 1dx
visibility system (9)
g = Lb.rm
6] S Tr?
VM , Porch (1973) Lol (
’ ) SIS
FVM
30° 36°
3 ) _ N 1 - 2
olofmagw g ]
(3 , Os 10) , n(r) . N
k, |0 P@) rgm 1
30 36° |nrgm = Z N : (11)
0-gm y
21
Zni(lnrgm - Inr)?| 2
Mie |mgm = (12)
zni -1
Marshall- Pal mer (1947)

[11]

No = Noe™P (13)



1778 28
, No , D= Tablel K Iofor fog phase functions
0 , No Fog type rgm/t m Ogm K lo
No = 8 x 10°(m™ %) (14) 1 32 165 0 14
i 2 16 0 141
/\ — 4100R-021(m-l) (15) 3 5 157 0 138
R ’ mm- h- L 3 4 4 7.1 145 0 149
5 83 135 0 134
6 97 151 0 135
. 10°7 7 15 157 0 138
g 8 20 178 0 136
& 10
u;-j 10 0 25%
é 103 1 2 ., 25 4
30 %
1x 107
1x107° Mie )
. . ; , 5 , 04
0.4 0.8 1.6
D/mm ' -
Fig 3 M-P didribution o raindrops calculated '
. X
at four rates of rainfall
1: R=1mm- h!;2: R=5mm- h"1; 10'
3: R=10mm- h"1;4: R=25mm- h™!
- 101]
4 I [12,13] 7
£
A =0 85um, m=1 33, £ 107
i 1
N =50, In| =24 =0 03, 3
o] -2
= 10
6s @ FORTRAN s
1 , 30 36 -
, 0 14, 047% . . ,
] 0 30 60 90 120 150 180
10 Scattering angle/(° )
Fig 5 Saattering phase function for
0
o g sveral typical rain distributions
ﬁ 1:1;2:5;3:10;4:25mm- h'?
€ 107
g
e Table 2 K Io for rain phase functions
g 1072 Precip. Rate/ (mm- h™ 1) Dp/d m K lo
1 250 0. 095
10-3 ' . ] i ‘ . 5 330 0 101
0 30 60 90 120 150 180 10 410 0 099
Scattering angle/(° ) 25 520 0 098
Fig 4 Scattering phase function for sveral
typical fog digributions
1 mm [11, 14] )
Mie 5 2 , 25 47 ,
M-P , A
=0 85U m, m=1 33, Dy , , FVM
: 6s , FVM
FORTRAN 2 , )
, 30° 36° , 0. 098, , ' FVM



8 1779
6 8 FVM , (3 (18),
, (17) , FVM
, Koschmieder (1) , FVM ,
; 6 ; ,
, 99. 85 %, ,
101, 0. 022 ) 7 )
y (R<4 mmh- l) s Linear regression: P
Y=A+Bx X y
97. 2%, 1 23, 011 > 1471 4 079779 025047 . "
= B 278609 0.09158
(4mm- h''<R<100mm- h'!) , FVM 27 124 = .
28 R SD NP 3
, , w% 10] 096664 080270 67 < 0.0001_-5
g8 °
, 8 279, é g " s
96 %, 08 %
T e 61
, FVM e &
2T
: BE 4
Oranign = (0. 813 + 0. 07)0 rum (16) SE1
ORinteay = (O 36 = 0. 09)0 rum (17) 0 .
Orvm FVM 0 1.0 2.0 3.0 4.0 5.0
(16) (17) " A Standard extinction/km !
(16) (17) Fig 8 Satter plot of extinction measured with two calibrated
” \ FVMs versus standar d extinction which equals 3 divide
b near regression: . i
B ggl rAExX by manually observed val ues during heavy rainfall
= ' ] A4=0.03526 Error 0.00129 . Lo L .
ﬁg B=100667 Error 0.00176 e m: FVM1; o: FVM2; — Linear fit
.bso g 167 R SD N P
g 0.99852 0.02217 968 < 0.000 1
E é g o 4
¥ 3 12
- 8
§ £ 0.8] , ,
£ 25° 45
04 FVM
0 0.4 038 12 16 ' '
Standard extinction/km™' ) )
Fig. 6 Scatter plot of extinction measured with tow calibrated FVM
FVMs versus standard extinction which equals 3 divide FVM , , , ,
by manually observed values during fog
M: FVMI1; O: FVM2; —.: Linear fit , Mie , 25°
Linear regression: 45° , M-P
247 Y=A+BxX
> 4=0.14591 Error 0.021 43 S 30 % , , FVM
= B=1.22723 Error 0.024 9 e
27, 20 Za )
& R D NP Y .
2% 16 0.97199 0.11065 144 < 0.000 . 5 . FVM 20% 60 %,
Q 1. "
§ : 30 %
88 12 ,
78
°
5% 08 ' ’
1 , v
= 04 , FVM (9

0 0.4 0.8 1.2 1.6
Standard extinction/km ™!
Fig.7 Scatter plot of extinction measured with two calibrated

FVMs versus standard extinction which equals 3 divide
by manually observed values during drizzle, light and
middle rainfall

B FVM1; O: FVM2; —.: Linear fit

2 © 1994-2010 China Academic Journal Electronic Publishing House. All rights reserved.

0 180°

http: //Amww.cnki.net



1780 28

[1] Vogt H. Journa of the Atmospheric Sciences, 1968, 25(5) : 912.
[ 2] David CBurnham, Ffth Symposum on Meteorological Observations and Instrumentations, loronto, Ont. , Canada, April 11-15, 1983.
102.
[3] HONG Guanglie, ZHANG Yin-chao, ZHOU Meng-ran, et a ( , , , ). Sectroscopy and Spectral Analysis(
), 2006, 26(7) : 1249.
[4] WinstanleyJ V, Adams M J. Applied Optics, 1975, 14(9) : 2151.
[ 5] Dermendjian D. The Scattering of Light and Other Blectromagnetic Radiation. M Kerker Ed. , New York: Academic Press, 1969. 171.
[6] ZHOU Xiuji, TAO Shanchang, YAO Keya( , , ). Advanced Atmospheric Physics( ). Beijing:
Meteorological Press( : ) , 1991. 906.
[ 7] MeCartney Earl J. Opticsof the Atmosphere Scattering by Molecules and Particles. New York: John Wiley & Sons, Inc. 1976. 29, 275.
[ 8] Vermote E, et al. 6S User Guide Verson 2, NASA- Goddard Space Flight Cent. , Greenbelt , MD. , 1997.

[9] YIN Hong( ). Atmospheric Radiation Foundation ( ). Beijing: Meteorological Press( : ), 1993.
58.

[10] ZHANG Cheng-chang, ZHOU Wen-xian( , ). Atmospheric Aerosol Tutorials( ). Béjing: Meteorological
Press( : ), 1995. 21.

[11] Yura H T, Barthe K G, Blichtemann W. J. Opt. Soc. Am. , 1983, 73(11) : 1574.

[12] Josef Podzimek. Studia Geophysica et Geodaetica, 1997, 41(3) : 277.

[13] Marshal J S, Pamer W McK. J. Meteorology, 1948, 5: 165.

[14] Ranmaswamy V , Chylek P. Shapeof Raindrops, Light Scattering by Irregularly Shaped Particles, Schuerman D W Ed. , New York: Ple
num Press, 1979.

Sudy on the Measurement of the Atmospheric Extinction of Fogand Rain
by For war d-Scattering Near Infrared Spectr oscopy

WAN G Mian, LIU Werrging, LU Yi-huai , ZHAO Xue-song, SON GBing-chao , ZHANG Yujun, WANG Yaping,

LIAN Cui-hua, CHEN Jun, CHENG Yin, L IU Jiarrguo , WEI Qing-nong

Key L aboratory of Environmental Optics & Technology, Anhui Institute of Optics and Fine Mechanics, Chinese Academy of
Sciences, Hefei 230031, China

Abgtract Inthe visble and near IR, absorption is negligible so that the atmospheric extinction can be derived by atmospheric
scattering which is mainly contributed by fog droplet, rain droplet , another types of droplet and small articles. The forward
scattering vishility meter (FVM) works by illuminating with near IR light a small sample volume of about 100 mL of air and
measuring the intensity scattered in the angular range of 30° to 36° degrees. The scattered intensity is proportional to the extinc
tion coefficient regardless of the article size distribution and after wavelength calibration. The ratio of scattered signal to extinc-
tion coefficient of fog and haze can be achieved by comparative test of FV M outputs and manual observations. Nevertheless, asa
result of the application of the measurement during rain with the ratio of fog and haze, an unacceptable error israised. To obtain
an accuracy extinction measurement during rain, an appropriated ratio of scattered signal to extinction coefficient of rain would be
found. The calculation for different size distributions of fog and rain with Mie theory has been made in this paper. And a con-
parison of extinction measurements made with two FVMs and manua observations during fog and rain has been made. The result
shows that during rain the FVM extinction coefficient isfrom 20 % to 60 % greater than that of manual observations. This result
can be used to define correction factors so that the FVM using forward-scattering near IR spectroscopy not only can be used to
estimate extinction during fog and haze as well as during rain.

Keywords Forward-scattering; Near IR; Atmospheric extinction; Phase function; Sze distribution; Extinction coefficient ;
Vishility
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