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A m tllti - w a v el e n gth M ie lid a r is a p o w er fu l t o ol t o i n v e stig at e th e o p ti c al p r o pe rtie s of a e r o s ol p 机i cl e s al o n g wi th th eir

v ertic al p r ofil e i n fo r m atio n ･ h th e u s u al a n aly sis wi th th e F e rn al d Tn et h o d , h o w e v e r, it is r e q uir e d t o a s s u m e b oth t h e

e x 血c ti o n -t o - b a c k s c att e ri D g r atio (lid ar r ati o , S l) a n d t h e e xtin c ti o n c o efrlCie nt s at th e f ar e n d b o u n d a ry . F o r a
m uユti - w a v ele n gt h lid a r, ap p r op ri at e c h oic e s o f t h es e p ar am et e rs a r e in dis p e n s ab le t o d e ri v e c o n sist e nt p r o file s 舟o m t h e

act u al d at a ･ I n this w o rk , w e p r op o s e t w o alg o rit h m s fa r t h e an aly sis of f otlr - W a v el e n gt h lid a r d at a . T h e fir st a pp r o a ch is a

pr ag m a
tic o n e

,
a nd it r eli e s o n th e s u n p h o t o m et e r d at a si m u lt a n e o u sly m e a s u re d wi th th e lid a r d aLt a ･ B y a s s u m i n g a c o nSt arLt

sI V altle 6o r e a c h w a v ele n g t h i n th e l o w e r tr o p o s ph e r e , a c o n sist e n t s et o f S L is d et er mi n ed b y fitt in g th e o b s er v e d p r o rlle s t o

re fe r e h C e P r O fLl es t h at ar e r el e v an t t o th e a e r o s ol o pti c al thic k n e s s e s 舟o m th e s u n p h o t o m et er m e a s u r e m e nt . T h e s e c o nd

al g o rith m is m o r e c o m p r e h e n si v e i n t h at it a d o pt s th e dir e ct fitti n g o f th e lid a r A ･ s c DP e S t O th e t h e o r etic al c u r y e s th at ar e

b as e d o n a lo o k - u p t a ble : th e t a ble is p r o
- c al c ulat ed fo r v ari o u s c o m bi n ati o n s o f th e e x t in cti o n c o efrlCi e nt , S l p a r a m et e r ,

c o m pl e x r e 触 cti v e i n d e x , a n d a e r o s ol siz e dist rib uti o n ･ As a r e s 叫 th e v e rti c al p r ofile s o f th e s e p ar a m et er s a r e d et e r mi n e d
al o n g wi th th e e x ti n cti o n p r o fil e .
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, N T R O D tJC T I O N

M ie - s e a:tt eri n g■1id a r5 p r o vi d e e xtin cti o n p r ofil es o f at m o s p h eri c a e r o s ols ･ F o r th e in v e rsio n o f t h e lid a r d at a t o gi v e th e

ae ro s ol e x ti n cti o n ･ F er n al d
l)
m eth o d s a r e c o m m o nly e m p lo y e d ･ h this m e th o d , it is n e c e s s ar y t o p o st ul at 印 1id ar r ati o , als o

k n o w n as t h e S l p ar a m et er ･ F o r p a rti cl e si z e dist rib utio n s an d‾r e舟a cti v e irldi c e s o f tr op o sp h e ric a er o s ols , M ie c alc ulatio n s

sh o w t h at th e v alu e s o f t h e S I P a r a m et er C a n V a ry in a r a n g e o f 1 0 t o 1 0 0 s E ･ T his wi d e r a n g e i m p li e s u n c ert ai n t y of m o r e

th a n a f a ct o r o f 1 0 in th e r e tri e v e d o ptic al 也i ck n e s s , ob vi o u sly t o o l ar g e t o p r o vid e r eli abl e in f o m atio n o n a e r o s ol

e xti n cti o n p r o日1 es fo r m a n y p r a cti c al p u rp o5 e S ･ K n o wl e dg e of th e lid a r r ati o is e s s e n ti a一f or t h e in t erp r et ati o n o f th e lid a r

d at a ･ Sin c e it is b y n o m e an s p o s sible t o d et e rm in e th e lid a r r ati o o nly 丘
･

o m t h e ela stic b a ck s c att e ri n g lid ar zn e a s u r e m e nts ,

pra ctic al c alib r atio n m e th o d s h a v e t o b e c o n tri v e d ･ I n r e g a rd t o this , t w o c o TrlPl¢m e nt a ry , alt e m ati y e a p p r o a ch e s 打 e
a v ai1a ble ･ First

,
th e o p ti c al thi c k n e ss d aLt a 丘o m a s tl n p h ot o m ¢t er c a m b e u s ed t o c alib r at e th e lid a r d a it a . S e

-
c o l d

,
th e M i e

th e or y c a n b e e m pl o y ed t o c al c ul at e th e a e r o s ol o ptic al p r o p erti e s b ef o r eh a n d .

I n th e first ap p r o a ch , a s u n p h ot o r n et e r i s u s e d t o ob s e r v e th e a e r o s ol o ptic al thi ck n es s siJn ult a rl e O u Sly w it h th e lid ar
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sh o w e d th e c a p ability o f a m u lti
-

w a v ele n g th lid ar fo r d is cri mi n ati n g b e t w e e n s eT
e r al a e r o s ol t y p es u sin g th e w a v el e n g th

d ep e n d e n c e o fa e r o s ol b a ck s c aLtt e r C O efB cie nt s . Q in g et aL .
5)
si m u lat e d n um e rlC al 1y th e d e ri v ati o n o f th e A S D 丘o m

m ulti - w a v ele n g th lid ar d at a , a n d dis c u s se d th e err o r s i n th e d e ri v e d si z e distrib u ti o n .
R aj e c v a n d P ar a m e s w a r a r1
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k e m ot e s e n sin g , ｡ hib a U ni , 軸
pro vi d e s in fo r m a ti o n o n tr o p o s ph e ric a er o s ols at w a v el e n g th s o f 3 5 5 , 5 3 2 , 75 6 a n d 1 0 6 4 I u n ･ T h e sy st e m is d e sig n e d t o
m o nit o r th e a er o s o l in th e l o w er tr op o s p h er e , th e c o nt rib u ti o n 丘

･

o rn w h ic h is e s s e mi al fo r th e at m o s ph e ric c o rr e cti o n o f
s atellit e re m ot e s e n si n g d at a ･ h th e p r e s e n t w o rk , w e p r o p o s e t w o m et h o d s fo r th e a n aly sis o f m ulti

- w a v el e n gt h lid ar d at a
e m pl oyi ng t h e A D C L c a s e fo r o Ⅶ

･

si m u lati o n an d d e m o n st r ati o n ･ N e v e rth el e ss , it is e m p h asi z e d th at o t - p p r o a ch c o uld in
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i m ult m e . u sl, m e 朋 ∬e d wi th 血e li 血 d d a Si n c e a s un

p h ot o m et er p r o vid e s m ultトw a v el e n gth o ptic al thic k n e s s d ぬ , it s u s e as a c al ib r a ti o n t o ol i n th e m ulti - w a v el e ng th lid a r
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m e as u r e m e nt s m i gh t･s e ep
st rai gh tf o r w ard at- B rst gl a n c e ･ P r a cti c al ly sp e aki n g ; h o w 8 V er ･ t his

･is n ot al w a y s t h e c as e ･ E v e n

w h e n a s u 任i cie rlt r a n g e lS C O V e r e d fo r a w a v el e n gth n e a r th
e c erlt er O f th e vi sib le s p e ct ru m ( e ･g ･ at 5 3 2 n m ) , th e sit n atio n

b e c o m e s w o r s e fo r lo n g e r w a v ele n g th s b e c atlS e O f t he d eg r ad ati o n of th e d et e ct o r s
e n siti vi ty ･ F o r sh ort e r w a v ele n gt h ･ o n th e

oth e r h an d , l a rg er e xti n ctio n d tle t O t h e- m ol e c ul ar s c att e r in gl a n d
ab s o r pti o n･t e n d t o hi n d er s u fB cie nt r a n g e c o v e r ag e . F o r

th es e w a v el e n gth s it m a;y h ap p e n th at th ” a 噛 o f lid a r d a t a is t o o li mi t e d t o i n f er th e o p tic al th ic k n e ss w hi c h is t o b e

c o m p ar ed wi th th e s u n p h ot o m et e r d at a ･ T o _
al le viat e s u ch diirlC ulti早S aS S O Ci at e d wi th th e w a v ele n gth , h e r e w e p r op o se a

"

r efbr e n c e p r o fll e
''

m eth o d , w hic h is b a s e d o n t h e si m u lt a n e o u s m e a s u r e m e nt u s ln g a m ulti
- w a v ele n gt h lid a r a n d a s u n

p h ot o m et er ･ I n th e a n aly sis , w e p o st u lat e t h t fo r e a ch w a v el e n gth , t h e
v al u e o f th e S t p a r a m et e r is c o n st a nt i n t he e ntire

t r o p o sp h e r e . T h e p a r a m et e r at 5 3 2 n m is d et e r mi n e d by c o m p ar h g t h e d at a
丘.o m t h e t w o i n st r u m e nt s (th e n -

m at ching

m e th o d ,
_
a B m e n ti o n e d a b o v e) . T o obt ai n th e r e fe re n c e p r o fi le , w e a ss u m e t h at at e a ch altit u d e , t h e a e r o s ol e xti n ctio n

c o efn ci er(ts f o r th e oth e r w a v ele n gth s (3‾5 5 , 75 6 , a nd 1 0 6 4 n m ) ar e p r op o rti o n al t o t h e c o efficie nt
'

at 5 3 2 n m . T h e

p r op o rti o n al fa ct o r s ar e gi v e n b y th e r ati o b e t w e e n th e o ptic al thic k n es s at e a c h w a v ele r
lgt h a n d th at at 53 2 r u n ･ O n th e ot he r

h a rLd
,
th e lid ar sig n al s f o r th e th r e e w a v e一e n g th s ar e s ep a r

at ely a n aly z e d w i th th e F e m ald m et h o d b y c h a n gi n g S l ib a

p la u sible r a ng e / B y mi ni m i z . n g th e diffe re r
l C e b et w e e n th is r e h

･

ie y e d p r o file a n d t h e r e fe r e n c e■p r ofLl e ･ it b e c o m e s p o s sible t o

d et eh n in e th e S I P a r ar n e t er .

T h e s e c o n d alg o rit h m
lO)
utili z e s a l o ok - up t a ble (L U T) t o d e ri v e v e rti c al d ist rib uti o n s o f a e r o s ol o pti c al p ar a m et e rs in

th e t r o p o s p h e r e . T h e L U T is c alc u h t e d b y th e M
ie t h e o r y fo r l l ty p e s b f a e r o s ol si z e dist rib uti o n s a n d 3 0 0 0 v al u e s of th e

i m a g in ar y p a r( o f th e c o m pl e x r e 触 cti v e in d e x ･ T h e a n a
ly sis o f m ulti

- w a v ele n gt h lid ar sig n als is a c c o m plis h e d b y dire ctly

fitti n g th e lid a r A
- s c op e s t o th e t h e o r etic al c

ll r V e S t h at a r e b a s e d o n th e l o o k - u p t ab leこA t e a c h altit u d e ･ n ot o nly t h e a er o s ol

e xti n ctio n c o e fB ci e nt b ut als o th e S I P a r a m et e r , th e i m ag l n ary p a rt Of t h e c o T n Pl e x r e丑
･

a cti v e in d e x
,
an d t h e A S D a r e d e ri v ed

B o m th is p r o c ed n r e . T h e s e in cl ud e m o st o
f t h e irrlP Ort a nt in fo rm ati o n o n th e 在e r O S O l o p ti c al p r o p e rtie s ･ I n t his r e s pe ct , this

al g o ri th m e x h ibit s q uit e a t mi q u e fe at u r e am o n g th e a n aly sis m e th o d s o f m u
lti - w a v el e n gth lid a r d at a ･ T h e r es ulti n g optic al

p ar a m et e rs , h o w e v er , a r e d e p e n d e
n t o n th e p a r a m et e r s th at ar e u s e d t o pr o

- c al c ul at e th e L U T ･ T his i n fe r s th at in or d er t o

att a in r e a s o n a ble r es ults , it is in dis p e n s a ble t o p r ep a r e a L U T w hi ch is r ep r e s e nt ati v e o f th e a cr u al a e r o s ol p r o p ertie s ･ F o r

th is pl 叩 O S e C O n V e nti o n al ap p r o a ch es s u c h a s t h e
-
r efe r e n c e p r o fil e m eth o d ar e u s e fu l fo r t h e first

- St e p a n al ys IS Of

Ⅱm lti ･ w a v el e n g th 1id ar d at a ･

2 . T II E O R Y

2 .1 . F e r 甘al d A n aly s 15

H e r e w e b ri e E y S U I - ari ze t h e a n aly sis o f lid ar s lg n als u tili z m g th 声 F e m ald m e th o d ･
1)
T his al g o ri th m is m ai nl y r e q uir e d fわr

th e i m p le m e n t ati o n of th e r eBe r e n c e p r ofile m eth o d (S e c ･ 2 ･
2) ･ T h e si n gl e s c att eri n g lid a r e q u ati o n is giv e n b y

p( z' - K 苧抄1
.
( z' ＋P 2' z'] ×e X P[ -?I: a l( z

･

q - 2f: α 2( z
･

W] ･ (1)

w h e r e K is a s y st
-e m c o n st a n t

,
G ( z) th e g e o m et ri c f or m-fa ct o r , I -th e r a n g e B

･

o m t h e lid ar t o 也e t a rg et , a n d 6 j a n d a j(j
= 1 ,2)

a r e th e b a c k s c att erin g a n d e xtin cti o n c o efrl Cie nt s , re s p e c ti v ely : stlb s c ri p t s I a n d 2 r e fe r t o th e a e r o s ol p a rticle s an d

m ole c ule s ･
_
r e sp e c ti v ely ･ W β as s um e a l in e a r r elati o n b et w e e n J7j a n d α/ :

a
j
= S
, P j , (2)

w h er ¢ S] is th占e xtin cti o n -

t o
- b a ck s c Ett e ri n g r ati o . T h e m ol e c ul ar c o efrl Ci e nt s ( 6 2 a n d α 2) c a n b e o bt ai n e d 触･ m st a n 血d

at m o sp h eri c d at a ･ W e d e B n e th e ra n g e
-

C o rr e ct e d siB n al a s x ( z) ≡ P( I) I
2

I T h e a e r o s ol e xt in c ti o n c o efrl Cie nt c a n b e d eri v ed

a 5

a
l' z' =

- # a " z' '

#
'”

w h er e th e h t eg r d s ]'4 W {z' ar e d e h e d a ら

I; I, - 2 L ･･[3 # 1 1]& 2' z
r

わz
; , (4,
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a n d

J ( I) - 2上
2 '

s
l( z

'

) x ( z
'

) ¢x p []( z
'

)k 2
'

･ (5)

J n t h e s e e q u ati o n s , z f
r e fe rs t o t h e f ar - e n d b o u n d ar y alti t tld e at w h ic h a v al u e is as s u r n e d fo r th e a e r o s o l e xti n c ti o n

a
.( I ,)

I

2 1 . R e fe r e n c e p r ofil e m et h o d

T h e S l p a r a m et er at 5 3 2 n m is d et er mi rle d b y a dj u sti n g it ill t h e F c r n ald a n al y sis o f t h e lid a r d at a at 5 3 2 n m s o t h at t h e
r es ult a nt o p ti c al t hi c k n e s s aB r e e S wi th th a t 舟o m th e si m ult aLl e O-ユSly m e as u r e d s u n p h ot o m et e r d at a . T h e a e r o s ol e x tirI Ctio n

p r o 伽 α
.

P h s)
(1 5 3 ユ, I) C a n als o b e d et er mi n ed 王n th is rn a n n e r ･

T h e r e6e r e n c e p r o fu e 6o r e a c h w a v ele n gt h a .
( O b 5)
(1 5】, , I) (j

= 3 5 5
,
7 5 6

,
atld 1 0 6 4) is d e fi n e d a s fわll o w s:

α
l

( R cf '
( Ja J , I)

- C
,
α
.

C o b s)
( 1 5 ,2 , Z) , (6)

w h er e c
J

- T( A ,)/ T(4 , , 2) W ith T(4 , ,2) a n d T(A ,) r ep r e s e n ti n g th e o ptic al thi c k n e s s at ち, l a n d at A j a S d e ri v ed 缶o m t h e･
s u n p h ot o m et er d at a ･ O n t h e ot h e r h a n d , th e F e m ald a n al y s IS O f th e d at a ? t ス

ノ
yi eld s a n

``

o b s e r v ed
M

p r o 311 e o f

α
1

( O h )
( s l , A J , ご)

･ W h e n a
I

( 0 ぬ)

(s l ･ 1 J ･ Z )
is r et rie v ed & o m t h e lid a r sig n al , w e 8 rn Pl o y th e v alu e of α

l

( R d )

( スJ , I)
at th ¢

fa r - e n d b o u n d a ry ･ T h e n th e di 飴r c n c e b et w e e n α
[

( O b s)
( s [ ･ A j ･ Z)

a n d a
l

( R ep)
(A ) , I )

is c o n sid e r e d u si n g a 触ICti o n

D
j(S .) -(Lfm[a I

{ 0 ”(s . I l J ･ Z ,) -

a
,

LR -(A , , I ,)f)
I/

袖差α･
( - ,(1 j , I ,)]

- I

( 7)

v lh er e m a n d ” d e n ot e t h e i niti al (th e l o w e st altit u d e) a n d th e f h al (th e hig h e st altit u d e) d at a n u m b e r o f th e Tlttin 島
r 鮎p e Cti v ely, wi t h N i ndi c ati n g ”-

-

m ＋ 1 . F or e a c h w a v el e n g th , th e v al u e o f S l is d et e r m in ed by th e c o n diti o n t h at o n e

obt ai n s a mi tli n u m v al u e o f 句(S l) i n a pl a u sible r a n g e o f S l 1

2 .3 . L U T m et h o d

2 3 .1 . C o n st r u c tio n o f I J U T

A lo ok u p t able ( L U T) is c o n s d u ct ed b y m e a n s o f th e M i e -s c att e ri n 各th e or y . T able 1 s u m m ari2X)S th e p a r a m et e r s u s e d t o

c 8lc ulat e th e p r e s e nt L U T . F or th e A s ° ”( r) , w e t ak e th e u rb a n a n d m a riti m e rn o d el
l l)
a s t w o e xt r e m e c a s e s

,
a n d nin e

ht er m edial e c a s e s a r e d eflrl ed b y l o g a ri th mi c al 1y i Ⅱt e rp ol ati n g b et w e e n th e t w o , T h e r e al p a rt o f t h e a er o s ol r e fr a cti v e iT ld e x

(zn
'

) is fi x e d al 1 ･5 0
,
r e pr e s e n tin g a n a v e r a g e v al u e u s u ally o bt ai n ed 丘o m th e g r o u n d s a m plin g .

T h e i m a gi n a ry p a rt( m
”

) , o n
t h e ot h e r b a n d

,
is all o w e d t o v a r y b et w e e n O ･0 an d O ･ 03 , w ith a st e p o f l ･0 × 1 0

1 5

･ T his s m al l s te p si z e is n e c e s s ar y t o d e al

wi th th e r ap id ch a n g es in th e w a v el e n gt h d ep e n d e n c e o f th e o pti c al p a r a m et e rs d e ri v e d & o m th e L U T an aly si s I F or

sim plicity , w e n egl e ct th e w a v ele n gth d ep e n d e n c e o f th e r e & a cti v e in d e x .

U si n g th e M i e
-

s c att e ri n g t h e oが
)
, w e c alc ul at e th e e xti n c ti o n c o e F I Ci e n t α 1 a n d th e S l p ar a m et e r f o r e a ch ”( y), m

”

,

a n d w a v ele n gth s ノZ (3 5 5 , 5 3 2 , 7 5 6 , 1 0 6 4 n m ) . A t abl e c o n sist s o f a s et o f α 1 a n d S I P ar ar n et er S f o r th e fo u r w a v el erlg th s
c alc ul at e d wi th th e s a m e si z e dis trib u ti o n a n d th e r e & a cti v e i n d e x . T h e v al u e s o f α

I a r e n Or m ali2 .ed t o th e v a h le fo r 5 3 2 n m .

hl th e f oll o w i n g , w e d e n ot e th e ( n o rm ali z e d) e x ti n cti o n c o effi cie nt a n d SI P a r a m et e r O f th e t a ble d at a a s e .( 九( I
-

) , m U ),
s( ”)) m d S l( 九(i) , m U ) , s( ”)), r es p e cti v ely . H e r e a (t

'

) i n dic at e s th e w a v ele n gt h (i … 1 f o r 3 5 5 , L
'

= 2 fo r 5 3 2 n m , r
-

= 3 fo r

75 6 n m
, a n d i

= 4 f o r 1 0 6 4 n m) , 7 nU ) th e r e 舟a ctiv e in d e x U = 0
,
1
,

, . .

,
3 0 0 0) , s( a ) th e siz e distrib utio n m o d el( ”

= 0 f or th e

nrb aJl ” . ”
= 1 0 fo r th e m a ri ti m e) .
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T a b l e 1 . P a ra m et e r s u s ed t o c al c u l a te L U T .

I
S i z e d ist rj b tI( b d

u rb a n a e n ) s o t m o d d
lカ

M a ri 血 貯 8 er O S O J m o d el
11)

N
D

1 9 .93 X I O
4
0 .0 0 6 5 1 O .2 4 5

2 1 .l l x l O
)
0 .00 7 1 4 () .6 6 6

3 3 .64 )り 04 0 .02 4 8 0 .3 3 7

1 1 .3 3 × 1 02 O .0 0 3 9 0 .6 5 7

2 6 .6 6 × 1 0 L 0 .0 1 3 3 0 .2 1 0

3 3 ,0 6 × 10
D 0 . 2 9 0 .3 9 6

諾丁
-妄念 叩[-

些 詳]
D iv由i o n o F e a c h m o d d in t o 1 0 k l g a rid l mi c ally ( u

= 0 ( o 1 0) .

s(0) : U rb a n n l O d cl ,
-

,
S(”) ,

-

,
s(1 0) : M a Eit h e m o d el

I C o r n p l e x r e f m c ti v e h d e x

R e al p a rt: 1 .5 0

h n a g h
a ry p a rt: O LO O O O O to O ･0 3 0 0 0( ste p O LO OO O l)

I
W & v e l e n g t b

3 5 5
,
5 32

,
7 5 6 a n d l O6 4 n n

ユ.3 .2 . L tJ T D etll O d

T h e altit u d e z is c o n sid e r e d i n a dis c r et e w a y o f z (q ) ( q
- I ,2 , … ,Q ) wi th z l = Z (1) b e in g th e l o w e st alti t u d e in t h e a n aly sis .

I n o r d e r t o a v oid th e eire ct of th e lid ar o v e rla p pi n g fu rl Cti o n , w e a ss u m e th at I I is t ak e n at an altit u d e w h e r e G( I ) b e c o m es

t mi t y ,･ M o r e o v e r, w e as s u m e th at fTo r e v e r y w a v ele n gt h , α 1( Z l)
≡

α
1(Z 2) a n d S l(2 1)

I S l( Z 2): f o r al 1 th e altit u d e s b el o w z ユ,

o
･

1 a n d S l a r e P O 申11 ぬ d t o b e c or d an t ･ U n d er th e s e a s s um pti o n s , th e a e r o s o l o p tic al p a r a m et e r s a r e d et e r m in e d a s

d e s c rib e d b el o w . I n th e f ollo wi n g , t h e e x t in cti o n c o efE ci e nt , S l p a r a m et e r, r e 怠
.

a cti v e in d e x , si2:e dist ri b utio n , an d th e sig n al

p o w e r ar e w ritt e n a s ( y l
*

( I( q ) , 1 (i) ) , S ]
*

( I( q ) , 九(i)) , n
*

( I (q ) , 1 (i)) , P c d
*

( I (q ) , 九O
.

)) ) , r e sp e ctiv ely ･

2
.3 . 2 . 1 . D e t e r mi n a ti o n o f th e i11iti a[ p a r a m e t e rs

First w e d et er mi lle th e i niti al v al tle S O f α 1
*

( Z l , 1 (I
-

)) ≡ α 1
*

(Z 2
,

1 (L
'

)) a n d S l
＋

( Z l , 見(L
'

)) = S l
*

(Z 2 , 九(L
'

)) . Sin c e th e

e xtin cti o n c o efB cie nt in th e L U でis n? rm ali ヱ¢d t o di e V al u e ? f 5 3 2 n m , w e ap ply a･fa ct o r C(i) t o c o n v ert th e v alu e t o th e

a ct u al e xti n ctio n c o effi cie n t . H er e
,
C (i) is y a ri e d b et w e e n 5 .0 ×1 0

- `

t o 1 .0 ×1 0ー
3

(i n un it s o f m
J 1
) wi th a st e p o f 5 .0 ×

1 0
- &

( t
'

. e . I = 0 - 2 0 0) . T h u s , th e a e r o s ol e xti n cti o n is gi v e n b y C(t)
I

e
l( A ,(i ) , m U ) , s( ”)) . C o m b in i n g th is e xti n ctio n

c o efB cie n t wi th th e S
I P ar a m et e r, S l( み(i) , m U ) , s( ”)) , th e sig n al int e n sity at th e altit u d e s I l an d I 2 a r e C al c ulat e d a s

p
d L(2( q, ,A

.

( I - , ･ s(”, ･

?
(i,, -

1孟[ # ･
皇 撃 沖f

'q･

c(i,
･

e
l( 1( I

.

, ”(j, , s( ”, Q I 2f
'q･

q (! k
･

L
去̀'

W e d e 血I e a n e rr or
,
E r r , a s th e 畠u m m atio n o v e r d i e fo l∬ W a v ele n g th s o f th e diffe r e n c e b et w e e n th e c alc tll at ed r ati o of th e

sig n al in t e n si ty a n d th e ob s e r v e d r aLti o o f th e sig n al h t e n sib , .

E F ･域畿 既き詑き譜-畿欝讃]
2

(9)

N ot e th at t h e s y st e m c o n st a nt K in eq , (1) is elit n in aLte d o w in g t o t h e fわr m o f e q . ( 9) . T h e v al u e o f E r r is c alc ul at e d fo r all

th e p o s sible c o m b in atio n s o fj
= 0 - 3 0 0 0 , ”

= 0 - 1 0 , an d t 二 0 - 2 0 0 . W e d et¢r m in e th ¢p a r a m et er s at I 1 a n d z 2 & o m th e

- 86
-



.
A (I)) - 0( T) I

e l( A (L
'

) , D 2( I) , a( U ))

九()
I

)) ≡ S l( 九(I
-

) , a ( I) , s( U ))

( 1 0)

し
= P c al ･( z(1 , 2) , 1 (]

'

)
･
R 2( J) , s( U ) , C( T))

2 .3 .2 .2 . S t) c c e s si v e d e t e r m i n a ti o n o f t h e p a r a m e t e rs

S e c o n d , w e ap ply t h e m eth o d i n a s u c c e s si v e w a y t o d et e rm irle th e a e r o s ol p a r a m et e rs at alti t u d e s I( q ) (q ≧3) . T h e sig n al

p o w e r at I(q ) is c al c ul at e d a s

p
d .( I( q, ･ A(i, , m (j, I s( ”, I C( I,) - 封

三等讃慧認許.空 # ]
ヰii

"q- l'
α
･

8

( I
.

, ”j, 叫:
`q

-J '

a
2( z
･

B
･

) - 2(JE
L

(

'

,,

q

: L, C (E,
: e
･(1(i, - (j, , s( ”,k k

･

･ I
.

I

::., a 紳)L a,
(ll)

S in c e t h e e xtin ctio n
チⅠ
* is alr e ad y k n o wn b elo w t h e altit u d e o f f( q - 1) , it is o nly r e q uir e d t o d e te rm in e th e

.
p ar a m et e rs at

I(q) . I n this c a s e , w e I n tr o d u c e a n er r o r fu n c ti o n d e fi n e d a 5

E - - 紺 地 粁 一 朝
ユ

嘩喜

(12)

N a m ely , th e s q u a r e d di ff e r e n c e b et w e e n th e r ati o o f th e c al c ul at e d sig n al iTlt e n Siti e s a n d t h e r ati o o f t h e o b s er v e d sig n al

int e n sitie s is s u m m e d o v er th e alti t u d e s b el o w I(q -1) a n d o v e r t h e w a v el e n g th s ･ T h e r e as o n w e
.

e m pl oy th e altit ud e b el o w

I(q ･2) is t o h old d o w n th e n o is e e ff e ct s ･ T h e mi nilTl u m O f E r r is s o tl gh t b y ch a n gi n g t h e in d ic e s J , ”, a n d i, as i n th e c a s e o f
eq ･ (8) (th e v alu e s o f in di c e s a r e d e t e r m in e d t o b e J , U , a n d T , r e s p e cti v ely) . I n th ]

'

s m a n n er , th e a
l

e r o s ol p a r a m et er s at th e

altih ld e I( q ) a r c o b tai tlCd t o b e

r s
a

l

三言z%
q

,ヲ
･

1

1

&
'? &%
T

(

'

)

･

･

,?
l

i
^

(i
z

;!
,

i

-

56,
', 或F ''

(1 3)

し
= p c &1 1( a(q ) ･ 1 G

'

) , R Z( I) ･ s( U ) I C( T))

B y u s e o f t h e p a r a m ¢t e rs in e q s ･ (1 0) a n d (1 3) a Jl d th e si ze distrib u ti o n fu n cti o n n s( r) fo r th e m o d el dist rib u ti o n s
'

( I(q )) ,
t he si z e dist rib tlti o n at a n altit u d e I(q ) c a n b e d e ri v ed a s

n

.

( r , z( q ), - n s( r,諺慧恕
(14)

T htlS , al 1 th e a e r o s o l p ar am e t e rs h a v e b e e n d et e r m i n e d at I(q ) , A si mi l ar p r o c ed u r e is ap p li e d at a n e xt altit u d e o f f
(q ＋1) ･ T h e p a r a n ct er s ar e ob t ai n e d in t his m a n n e r at e a c h altit u d e u p t o I( Q ) .

-
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3 . R E SIJL T S A ND D IS C tTS SI O N .

3 .I . R efe r e n c e m et h o d

3 .1 ･1 1 S i m tl b ti o D O f th e r e f e r e n c e p r o fil e t n et h o d

T n th is s e cti o n
,
w e d e s cri b e th e r e s ult o f a si m ul ati o n in w hic h t h e i n n u e n c e o f 左t m o sp h e ri c a s w ell a s op e r ati o n al

p ar a m et e r s is e x a mi n ed fo r t h e r e fe r e n c e p r o 丘1e m e th o d . As f o r th e v e rtic al distri b uti o rl O f a e r o s ol e x ti n cti o n , w e u s e m od el

p r ofLl e at 3 5 5 a n d 5 3 2 n m .
T h e r n o d el e x tin ctio n

.

c o e ffi cie nt is a s s u m e d t o b e c o n st a nt i n‾th e m i x e d b o u n d a ry l ay e r( M B L)
u p t o 1 5 0 0 m . I n th e 丘e e t r o p o sp h e r e , th e e x ti n ctl O n C O e q icie Tlt is p o st ulat e d t o d e c r e a s e e x p o n e n ti ally wi th th e altit u d e . F o r

5 3 2 ru n
･ th e e x t in cti o n v ah le i n th i s l ay er is c h a n g ed i n fi v e w a y s: a )

( M d ELl

(^ 5.
12 ,
M 8 L )

-

I lo × 1 0
･4

･ 2 ･5 ×1 0
･

4

,
5 ･0 ×1 0

･ 4

, 7 ･5

×1 0
4
,
a n d 1 .0 ×1 0

-3

m
' 1

. ( H e r e aft e r th e s e ar e n a m e d as m o d els 1
- 5 ,)

B y u sin g t h e s e m o d el p r ofile s ( a n d t h e w a y el e n gt h d ep e n d eTI C e O f α . aTld S l p aJ u et e r S , a S e xp l ain e d b el o w ), 1id a r

sig n al s ar e si m ul at e d a n d a n aly 2=e d w i th th e F e rn ald J n et h o d t o o bt ai n a l
' O h s)

( 1 j , I )
･ A t t h e s arrl e ti m e

･
th e t ot al o ptic al

th ic k n e s s is d e ri v e d f o r e a c h w a v el e n g th , yieldi n g th e p r o p o rti o n al c o n st an t Cj in e q ･ (6) I

T h e w a v el e n g h d ep e n d e n c e o f th e e x ti n c ti o n a n d th e v al u e o f S I P a r a m et e r a r e C al c u lat e d b y m e a n s of th e M ie

s c att e rin g th e o ry , Ⅰ71 M B L , a n a e r o s ol r e 丘a cti v e i n d e x o f l ･5
- O 10 5 i is a s sll m e d fo r all t h e w a v ele n gt h s wi th th e size

distrib utio n o f u r b an ty p e
u )

･ In th e & e e tr o p o s p h e r e , o n t h e oth e r h an d , w e a s s u m e t h at th e r e 鮎 c ti v e i n d e x is l ･5
-

0 .Oli

a n d th e siz e dist ri b uti o n is o f b a ck g r o u n d ty p e
l l)

. T h e v e rti c al distrib u ti o n o f S
l is c o m m o n t o all th e m o d els . A lth o u gh w e

a ss um e a c o n st an t S
l p a r a m et er fo r th e e n tir e r a n g e of an al y s IS i n th e r efe r e n c e p r o fil e m et h o d , w e r et ai n it s altit ud e

d e p elld e n c e i n th e c alc ulati o n o f th e s e T n Od el p r ofile s ･ B el o w , w e d e ri v e th e S l p a r a m et e r i n th e M B L .

育

E勺

Ⅰ50

lo o

5 0

- M od el5

- - - - M od d 4
I - - -

1 A 4 od d 3
･ ･ ･ ･
■ ト

･･-･ h 4 od βu
-

づモ
ー -

M o一d 1

h4 m m al 血血 【叫

Fig tL r e 1 , E ffTe ct o f th e fitti n g i n te r v al o n t h e r et ri e v al o f th e S l p a m et e r ･ W i th a fi x e d i n iti al altit u d e o f 5 0 0 m , th e v a ria ti o n o f th e

r e s u lt in g S I P a r a m e t e r is e x a m h e d fわr 3 5 5 n m b y ch a n gi r)g th e m 8 X iJT lt m l altittl d e . F o r m o d el s 2 ･ 5
,
r e as o n a bl e v al u e s a r e o b t ai n e d fo r

IT l a Xi m u m al tit u d e s a b o v e 2 0 0 0 r n .

I n t h e 一 曲 r e n c e p r o file m e th o d ･ th e di ff e r e n c e b et w e e n a
]

( ob り

( s い I j ･ Z)
a n d

a
l

(
.

R d )

( l
j
,
I) = C J

α
l

( O b ,)

( l 5】ユ , I) 1S C O n Sid
ered

血 a g DJ S l) i n e q . (7) ･ If t h e in t er v al b et w e e n th e l o w e st altit ud e a n d th e m
竺
xi m u m altit u d e is t o o s m all

,
lo c al

h h o m o g e n ei ty in α
1

` O b ' mi gh t l e ad t o an e rr? r of S l 1 0 n th e c o nt r a ry ･ if th e m a x l m u m altit u d e is t o o hi gh ,
th e n oise

i n cl u d e d in a
.

【O b 冨'
( dtle t O th e d eg r a d e d･ sig n al -t o エ n O is e r ati o) m ay o b s c ur e t h e mi ni m um o f D,.(S l) ･ T h e r e fo r e , h e re 耶

e x a mi n e h o w th e titt in g o f S l is in fl u e n c e d b y th e 丘tti ng in t e r v al . I n th e v ertic al m e a s ur c m e nt wi t h th e A D C L , th e lo w e st

al tit u d e (d et e r m i n e d b y th e■o v e rla p of th e l a s e r b e a n l wi th th e t ele s c op e 6 eld o f vie w) is ap p r o xi m at el y 4 0 0 m wi th a
t ele s c o p e fleld

･ o f - vi e w a n gle of 3 t=u n d ･ T h u s , fl Xi n･g th e･inili al altit u d e at 5 0 0 m , w e h a v e st u di e d th e v ari atio n o f th e

r e stlltin g S I P a r ar n et e r fo r 3 5 5 n m by ch a n gi n g th e m a xi m u m al tit u d e ･ T h e r e s ult is s u r n m ariz ed in F ig . 1 f or th e e xti n ctio n

p r o file s ( m o d els 1 -5) m e,Itio n e d ab o v e ･ A s s e e n 丘o m th is fig t q e , th e b e h a vi o r fo r th e c a s e o f m o d el 2 - 5 is m o r e o r le ss

si mi la r, th o u gh it is o b vi o u sly diffe r e n t f o r m o d el I , w hi ch h as t h e s m alle st v al u e o f th e e x ti n cti o n in t h e M B L . Si n c e i□ this

latt e r c a s e th e c o n trib uti o n ab o v e th e M B L b e c o m e s m or e sig nific a n t , t h e r e s ult a nt v al u e o f S ) e x hibit s n oti c e able

-
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d ep e n d
e n c e o n th e m a xi m u m ･ altittld e ･ Al th o u g h th e v alu e s at u ra:t e s ab o v e a:p p r o xi m at ely 3 50 0 r n , 也t s li mi tin g v al tl e･h as tl O

r elati o n w it h th e M B L v al u e i n th e o n g l n al as s u m pti o n . F or m o d els 2
-5
,
o n th e c o ntr a ry , th e d e ri v ed v al u es ar e fo u n d t o b e

wi th i n ±1 5 % o f th e o rigin ally a s s u m e d v al u e i n t h e M B L ( S l
≡ 7 4 .8 sr) as l o n g a s t h e m a xi m tl m altittld e is pl a c e d a b o v e

20 0 0 m .

3 .1 .2 .
A p pli c a ti o n of t b e r e f e r e n c e p r o fil e m ett1 0 d t o A D C L d a t a

H er e th e re fe r e n c e p r ofile m eth o d is a pp li e d t o t h e 早Ct u a1 1id ar d at a m e as u r ed w i th th e A D C L ･

T o o bt ain a
l

' 恥
(i ) ,

I) u Si n g th e F e r n ald m et h o d , w e a s s u m e c o n st a n t,
v al u e s of e xtiJIC ti o n c o e 触 ie nt s f o r t h e altittld e

r a n g e-1 o w er th a n th e fu 11 o v e rl ap alti t u d e o
f th e A D C L ･

F igtlr e 2 d ep ict s th e r e s ults f o r sig n al s o b s e r v ed o n O ct ob e r 9 , 1 99 8 ･

】o
3

1 0
D
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Ⅰ8 00
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1 2 00
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･ - - lb Ler c r c e p T D 馳
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O d
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9
.
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.

0
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.
0 0 D I 0 .C o o一5 0

,
0 0 O 2 0 .OOO 2 5

E 血 血r' c o 舶 【m
■

1

F ig u r e 2 ･ An aly sis o f a n A D C L d at a o b s e r v e d o n O c t o b e r 9 ･ 1 9 9& ･( a) B e h a vi o r o f th e n o 皿 al
.

i z e d dif fe r e n c e D
]( S .)

a s a fu n c ti o n

o f S
l
( A
j

-
- 3 5 5

･
7 5 6

,
a n d 1 0 6 4 n m ) ･ F r o m th e mi n i m u m p o siti o n s of th e c u r v es ･ b e st

- flt V alu e s of S
l
a r e d et e r m i n ed ･ (b) C o rn p a ri s o 皿

b et w e e n th e r e6 e r e n c e p r ofil e a
l

( R ef )
( A , 5 5 ,

a ) w ith th e b e st
-fit c u r v e o f cy

.

( O b s )
( A , , 5 ,

I ) t h a t mi n i m i z e s D ユ5 , ( S .) A

Figt u e 2( a) s h o w s th e b e h a vi o r o f D ,( S l)
a S a f u n cti o n o f S

l( 1
j

- 3 5 5
･
7 5 6

,
a n d 1 0 6 4 rL m ) ･ T h e v al u e o f D j( S l) i

s

n o r m ali z ed s o t h at it s mi ni m u m v al u e b e c o m e s u nity . T h e i niti al a n d fi n al attit ud e s of th e fittin g a r e se t t o b e 1 0 0 0 m a nd

2 000 m , r e s p e cti v ely ･ t n Fig ･ 2(b) w e pl ot a l
( 帆
( A 】5 , , 2) al o n g wi th th e b e st

-fit p r ofile o f a .
' O b s'
( i , , , , I) th at mi nirni z e s

D
, s5( S l) ･ F o r 53 2 n m , 伽 v al u e o f th e S

l p a r a m et e
r is 4 3 s r , a s d e ri v e d & o m th e I

- m at c hi n g m e th o d ･ F o r t h e oth e r

w a vele n gt h s , th e b e st
･ fit v alu e s 丑

･

o t71 t his a n aly sis a r e 3 4 sr (3 5 5 n m) , 3 6 sr (7 5 6 n m ) , a n d 44 sr (1 0 6 4 r u n) ･ lTl th e c a s e o f

Fig ･ 2 , th e o p ti c al th ic k n e s s at 1 5 】2
b et w e e n th e al tit u d e of 0 m a nd 2 0 0 0 m a m o u nt s t o 84 % o f th e t ot al o ptic al t hic k n e s s ･

T h u s
, i n a c c o rd a n c e wi d l t h e r e s ult i n S e c ･ 3 1 1 ･1 , th e l r r O r in t h e e sti m ati o n of α】

( R d ) is s m all ･ T o c h e c k t h e S I V al u e s

d eriv e d & o m th e r e fe r e rl C e p r O 丘Ie m e th o d , w e d e ri v e S l b y u s ln g t h e s e p ar at e ap plic ati o n o f th e で
I m at Chi n g m eth o d t o
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e a c h w a v ele n gt h . T h e S l p ar m e t er S a r e O bt ai n e d t o b e 3 1 s r (3 55 n m ) , 2 9 s r ( 7 5 6 n m ) , a n d 3 7 s r ( 1 0 64 n m ) , i n r e as o n able
ag r e e m e nt wi th th e v ?l u es & o m t h e p r es e 4tt all al y sis .

3 .2 . L tr T t n et b o d

3 . 2 .1 . S i m u h ti o n o f th c I .tT T m e t h o d

S in c e th e L U T m et h o d b a sic ally r elie s o n th e w a v el e n gt h d e p e nd e n c e o f th e sig n al in t e E15ity , it m ay h ap p e z7 t h at a n ois e

s tlp e
r P O S e d o r[t o th e sig n al at a p a rti c ul ar w a v el e n g th 出 a p a rtic ula r r a n g e a 飽 cts th e e

ntir e r e s u lt hi gh e r t h a n th at al tit u de .
h o rd e r t o e v al tlat e Stl Ch a n ois e eff e ct , h e r e w e c o n d u c t a s e n siti vi ty

- a n al y sis si m u h ti o n a ss u m i ng a t h r e e f old l a y e r . First

w e p re p a r e 也e v e rtic al dist rib tlti o n s of t h e e x ti n cti o n c o e
f B ci e nt5 a n d th e S I P ar a m et e rS ･ F o r t h e g r o u n d l ay er & o m o t o

l O O O m , w e as s u m e th e si z e dist rib u tio n o f th e t汀b a n a e r os ol m o d el(s
= 0) wi th a r el ati v ely l arg e v al u e of th e i m agi n a ry pa rt

o f th e r e 鮎 cti v e in d e x o f m
' '
= 0 . 0 2 . F o r th e zTlid d le (1 0 0 0 - 2 0 0 0 m ) a n d up pe r ( 2 0 0 0 - 3 0 0 0 m) l ay e rs , w e a s s u m e s =

5 w ith

m
川
- 0 .0 1

,
a n d s - 1 0 wi th m

' '
- 0 ･0 , r es p e cti v ely ･ A n ois e o f 6 ･5 % in m a g nit u d e is ap plie d t o a d aLt a p o in t a:t 1 6 0 0 m o f t h e 3 5 5

n n s l p r o fil e , a n d its e q e ct is e x a mi n e d i n th c p r o file s o f e xtin cti o n c o efB ci e7It S a n d S l p ar am et er s , aS r et ri e v e d b y th e L U T

m e dl Od . T his sit u atio rl is e q tli y al erlt t O th e ad diti o n o f mi s e i n t h e sig n al i nt e n sity , si n c e w ith th e c h an g e i n th e S l th e v al ue

of t h e a e r o s ol b a c k s c a-tt e ri n g is al s o ch a n g e d . B y as s u m irlg th &t th e o v e rla p pi n g fu n cti o n G( I ) t ak e s a v alu e o f 1 , w e

c al cllh t e th e lid ar Sig n als fo r th e fo tF W a v ele n g th s by u s e o f e q ･ (1) ･

T h e L U T m eth o d is ap p lie d t o th e p r ep a r e d sig n als I T h e r e s ult s h o w s th at f o r b ot h a
]
a n d S l , th e e r r o rs at th e l o c atio n

o f 1 60 0 m a r e l es s th an 1 0 % in th e r etrie v e d p r o 8l e s ･ F or altit u d e s hi gh e r th a n th e n ois e l o c atio n , th c m o rs 甲
e fo u n d t o be

l e s s tll a n 1 .2 % . T h e r e fo r e , th e L U T m e th o d is r el ati v ely I n s e n sitiv e t o th e n oi s e if it in n u e n c e s th e lid a r s lg n al o nl y at a

l o c atio n at a p a rtic tll ar w a v ele n g【h ･ A si m il a r si m ul atio rl is c ar ri ed o ut f o r a c a s e in w hi ch a 6 ･5 % n ois e is a d d ed at a n

altit u d e t o t w o w a v el e n gth s . n e r e s ultiTlg e r r o r s h t h e S l p a m n et e rS at hig b cr altit u d e s t u r n o tlt t O b e l es s th ar1 6 % .

3 . 2 .2 . A p p li c ati o J) Of t h e L tJ T m e th o d t o A D C L d a t a

T h e L U T m e th o d is ap pli ed t o t h e a ct u al lid a r d at a ob tai n ed wi th th e A D C L at C hib a U ni v e r sity . T h e d at a w e r e t a k e n o n

M a y 2 l , 1 9 99 (J S T 1 5 :5 5) wi th a v ertic al r e s ol u ti o n o f 1 5 r n . T h e r e s ult s ar e d ep ict ed in F ig ･ 3 ･

Fig u r e 3( a) s h o w s th e v e rti c al p r ofil es o f th e a er o s ol e xtin ctio n_
fo r th e fo u r w a v ele n g th s ･ It is s e e n th at t h e mi x e d lay e r

h ei gh t is a b o ut 2 3 0 0 m ･ T h e al tit u d e d ep ezld e n c e o f th e S l p a r a m et er is s h o w n i n F ig ･ 3(b) ･ F o r al l th e w a v ele n gth s , th e S I
v alu e s a r e re h ti v ely l arg e n e a r th e g r o tJL d l e y el: th e v al ll e S d e c r e as e t o w a r d hi gh er al tit u d es , b e c o mi n g l a rg er ag ai n i n th e
缶e e tr o p o s p h e r e . It is als o s e e n th at t h e diffTe r e n c e s o f S l a m o n g W a v el e n g th s t e n d t o d e c r e a s e a s th e altit tld e b e c o m e s high e r .

T h e S I P a ri m ete r fo r 53 2 n m v ari e s h a r a n g e o f 2 0
～ 8 0 s r , wi th a n ad diti o n al l ay e r

-lik e st ru ct u r e ar o un d 1 5 0 0 m . F o r this

w a v ele n gth , p r e v io u s w o rk s h a v e d e ri v e d S I V alu es o f 6 0
- 7 0 s r

1 2)fo r c o I 血 e nt al a er o s ols u s in g a 1 g o
o

b a c k s c att ering

TLe Ph elo m et er , 2 0
- 70 s r

2) 鮎 n th e g r o u n d o b s e m :ti o n t u i n g a s u n p h ot o m et e r, a n d 7 5 ±2 0 s r
1 3) & o m th e ve rtic al

dist ri b tlti o n o f th e S
I P a r a m et e r d et e r m in e d u si n g a R a m a n lid a r . T h e p r e s e n t r e s ult o f 2 0

- 8 0 sr is c o n sid e r ed t o b e

r e a s o n abl e as c o m p a r ed wi th th es e p r e vi o 血Iy r ep o rt ed v al u e s .

F ig ttr e ･ 4 s h o w s th e c u
.

y e s o f th e A S D fo r fi v e altit u d e s b et w e e n 1 0 0 0 m a n d 3 0 0 0 m . W ithi n th e mi Ⅹed la y e r, it js

ap p a r e nt th at t h e fin e (a c c u m u h tio n m o d e) p a rd cl e s a r e d o n in a nt ･ an d th e s h p e a n d m a g nit u d e o f th e c
,

u r v e s e xhibit s

little ch an g e s ･ h th e B e e tr o p o sp h e r e , o n th e o th e r h a n d , th e r e h ti v e i m p o rt a n c e o f th e c o ar s e m o d e p arti cl e s I n c r e as es , wi th

n ot able d e c r e a s e i n p a rticle c o n c e nt r atio n s

ln th e p r e s e nt m eth o d
l
u si ng a L U T , 也e an aly sis st arts at t h e n e ar

- e n d b o u n d ar y ･ T his is in c otltr a St W ith th e c a s e of th e

F e r n ald m eth o d , i n w h ich a 包r - e n d b o u n d a ry v ah l e is a s s u m e d fo r th e e x t in cti o n e o eifi ci e n t 1 O b vi o u sly , th e p r e s e nt zn eth o d

h a s th e ad v a n t ag e t h at th e sig n al at th e n?
那 - e n d b o u n d a ry is le s s lik ely t o b e inf h e n c ed b y th e d et e cti o n n ois e , a n d a s a

r e stllt
,
st able c o n v e rg e n c e o f th e s olu ti o n lS e x p e ct e d . I n Fig . 5 , w e sh o w th e v ertic al distri b u ti o n o f th e a e r o s ol e xtin ct;o n

c o e 缶ci e n t ob t a in e d b y ap plyin g th e F e rn al d m e th o d t o th e s a m e s lg n als u s ed in F ig . 3 . I n th is c a s e
,
th e i n v er si o n is c arri ed

o ut u s in g th e S I P a ra m et er s d e ri v ed 合o 皿 th e M i e
- s c att e ri n g c alc u h tio n w it h a r e 血 c ti v e in d e x o f I .5 0 - 0 . 01i , a v alu e u s u ally

a s s um e d f or th e u rb a n a e r os ol m o d el ･
l l) F r o m Fig ･ 5 , it is s e e n t h at th e v a ri ati o n

_
o f th e e x tin cti o n c o e ffi cie nt is s m o o th e r

th m t h e c as e o f F ig ･ 3( a) , e x hib itin g n e ar ly c o n st a nt V al u e s b el o w - 15 0 0 m . W h er e a s i n F ig . 3( a) a h y e r -lik e fe at ure is
r e c o g mi z a bl e

- a r o un dp 15 0 0 m , n o stlCh fe at u r e is f o u n d in Fig ･ 5 e x c ep t o n e a r o un d 3 0 0 0 m . T h e e x t in c ti o n c o efficie nt s

e x hibit b r o a d p e ak s a r o un d 2 0 0 0 m i n F ig ･ 5 : th e l o c ati o n a n d h eigh t o f th e p e ak s , h o w e v e r , a r e V a riabl e in a c c o r d a n c e wi th
th e c h o ic e of th e fa r - e n d b otln d a ry v al u e s a n d S l p a r a m et er s .
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4 . C O N C L tJSI O N S

W e h a v e d e s c rib ed th e p rl n Ciple , sih ltll ati o n , a n d p r a cti c al ap plic ati o n o f th e r e fe r e n c e p r ofile m e th o d an d L U T m et h o d t o

d et er m in e th e a e r o s ol o ptic al p r o p erti e s fr o T n n ulti
- w a v el e n gt h lid ar ob s e r v ati o n s ･

I n t h e r e fe r e n c e p r o fil e rn eth 6 d , w e c h o o s e 5 3 2 n 171 d at a a s a rd e r e n c e , c o n sid e ri n g th e w a v ele n g th d ep e n d e n c e of th e
lid a r o b s e r v ati o n r a n g e . A u xiliar y d at a o bt ai n e d/

b y a s u n p h ot o rh et e r c a n b e ap p li e d at this w a v ele n g th t o c alib r at e t h e lid ar

d at a . S u b s e q u e ntly , th e S l p a r a m et e rs f o r o th e r w a v el e ng th s ar e d et e rT n in e d o n t h e b asis o f r e fe re n c e p r o file s o bt ain ed by

s c ali n g th e 5 3 2 n m p r ofil e w ith a p p r o p r lal e p r o p orti o n al fh ct o rs ･ T h e fTa ct o rs a r e d et er mi n e d fr o m th e s Ll n p h o t o m et e r d at a

fo r o th e r w a v el e n g th s ･ T h e a p plic ati o n o f t his alg o rit h rn t o th e a ct u al li d a r d at a o bt ai n e d wi th th e A D C L gi v e s r e s ult s

c o m p ar abl e t o th os e o bt airl e d 丘
･

o m th e s e p a r at e d et e rm i n ati o n of th e S l p a m Tl et e r b y u sl n g t h e s u n p h o t o m et e r o ptic al

th ic kn e ss at e a ch w a v el e n g th .
T h e ad v a nt a g e o f th e r e fe r e n c e p r o Bl e

m et h o d c o n sist s i n th e f a ct th at ap a rt & o m th e 5 3 2 n m

d at a
,
it is n ot r eq uir e d t o h a v e

`

胤Il r a n g e
' '

1id ar d at a a t oth e r w a v e] e ngt h s I T his all e viat es th e b u rd e n o n th e lid a r h ard w are ,

allo w l n g t h e li mi t e d r a n g e o f o b s e r v ati o n fo r s o m e w a v ele
n gth s , d u e p r e s u m ably t o s m all l as er p o w e r o r li mi t e d d et e ct o r

efB ci e n c y ･ T h e a e r o s ol p r o pe r(ie 5 th u s d e ri v e d 丘o m t h e r efe r e n c e p r ofil e m et h o d p r o vid e c o n v e n ie nt b a s e s fo r th e

c o n st ru cti o n o f th e t abl e in th e L U T ap p r o a ch ･

I n th e L U で m et h o d , a er o s ol o pti c al p ar a m et er s a r e d e ri v e d in a h eig h t
- r e s ol v e d w a y th r o u gh fitti n g th e o b s e r y ed

slg rL als t o th e c alc ul ate d Sig n al s b a s e d o n th e L U T I
B ett e r r e s ult s a re e x p e ct ed if th e L U T i5 P r e p a r ed fo r p a r a m e t e r r at)B e S as

wi d e a s p o s sibl e ･ B e c a u s e o f th e li m it i n th e c o m p tlt ati o n ti m e , h o w e v e r, o u r c alc ul ati o n is p er fo rm ed f o r 1 I t y p e s of A SI)

( v a ry h g b et w e e n t u b a n a n d m ariti m e r n o d e]) a rid 3 0 0 0 v alu e s o f t h e i m agi n ar y p a rt o f th e r e & a cti v e i n d e x ( m
' '
= 0 ･0 - 0 ･03).

T h u s , g o o d kn o w le d g e a b o ut th e pla u sible ra n g e s irl W hic h a e r o s o一p r op e rti e s m a y c h a n g e is p r e r e q uisit e fo r t h e efr
･e ctiv e

i m p le m e n t ati o n o f th e m eth o d ,

R E F E R E N C E S

1 . F . G . F e rn ald ,
"

An aly sis o f at m o s ph e ric lid ar o b s e r v ati o n s : s o I 血 c o m m eTlt S ,
”

A p pl . C
)
p t . , 2 3 , p p . 6 5 2 1 6 5 3

.
, I 9 84 .

2 . T . T hk a m ur a , Y . S a s a n o , a n d T . H a y a s ak a ,
"

T r o p o s p h e ri c a er o s o l o p tic al p r o pe rtie s d e ri v e d 丘
.

o m lid ar , s un p h o t o m et er.

an d o pti c al p alti.
cle c o u nt e r m e as u r e m e nt 5

,

' '

A p p l . ( 初 .

,
3 3
, p p . 7 13 2 - 7 1 4 0

,
1 9 9 4 .

3 . A . C . v a n d e H tllst
.
L T

'

g h t s c att e r t
-

n g 句′S m a 11 P a rli cl e s , p p . 11 4 - 1 7 1
,
D o v e r

,
N e w Y o r k

,
1 9 5 7 .

4 ･ Y ･ S as a n o a n d E ･ V I B r o w ell ,
"

Li gh t s c att eri n g ch ar ac t e ri stic s o f v a ri o u s a e r o s ol ty p e s
.
d eriv e d 丘

.

o m m u lti w a v ele n gth

lid ar ob s e r v ati o n s
,

”

A p pl . O p t . , 2 8 , p p . 1 6 7 0 - 1 6 7 9 , 1 9 8 9 .

5 . P . Q in g , fl . N a k a n e , Y . S as a n o , atld S . K it a m u r a
,

`

N u m e ri c al si m ul早tio n o f t h e r et rie v al o f a e r o s ol si2 .e distrib u ti o n & o Ⅲ

T n ulti w a v el e71gt h l as ¢r r a d a r m e as tu
.

e m e n t s
,

' '

A F P l . O p t ･ , 2 S , p p . 5 25 9 - 5 2 6 5
,
1 9 8 9 .

6 . E ” R aj e e v a n d K . P a r ar n e s w ar a n ,
･ `

It e r ati v e m e th o d fo r th e in v e r si o n o f m ulti w a÷ele n gt h lid a r sig n als t o d e te mi n e
a er o s ol si z e dist ri b u ti o n/

'

A p p l. O p t , , 3 7 , p p .
4 6 9 0

-

4 7 0 0 , 1 9 9 8 .

7 . N . T a k etlCh i
,
H . K u z e , Y S ak u r a d a , T . T a k a m lJr a , S , M 血t a , K . A b e a n d S . M o o dy : P r o c . 1 8E h l n t . C o nf L a s e r R a d ar,

B e rZl77 , 1 9 9 6 (S p ri n g e r - V e rl ag , B erliz), 1 9 9 7) p . 7l .

8 ･ H ･ K u z e
,
M ･ Q i an g , Y ･ S a k u r a d a , T ･ T d ' am u r a , a n d N ･ T ak e u c hi: P r o c . I 8 th ln t , C o nf-エa s e r R a d ar; B e rli n , 1 9 9 6

( S p r in g e ト V erlag , B e rli n , 1 9 9 7) p . 7 5 .

9 ･ E ･ Ki nj o , l L K u z e , T . T ak a m t m , M . Y ab u k i, a n d N . Th k etl Chi:
”

D et er mi n ati o n o f a e r o s ol e xtin cti o n -t o -b a ck s c att e r in g

R ati o 丘o m M ulti w a v ele n gth lid ar o b s e rv ati oll,
' '

: J ･ J I A p pl ･ P hy s ･ , 4 0 , im p r e s s .

1 0 ･ M I Y ab uk i, I .･ K u z e , H . K i nj o , an d N . T hk e u c hi: I . J . A p pl . P h y s . , t o b e s u b mi tt e d .

1 1 ･ R ･ J a e n ich e
,
I? op o s p h e n

L

c A e r os ol s , h P et er V . H o b b s e d . , A e r o s ol
- C l o u d - Cli m a t e I n t e r a ctL

l

o n s
, p p , I - 3 1

,
A c a d e mi c,

1 9 8 3 ,

12 1 S ･ J ･ D oll e r ty , T ･ L ･ An d er s o Tl, a n d R ･ I
, C h ar is o n ,

` `

M e a s u r eJn e nt O f th e li 血
･

r ati o f o r at m o s p h e ri c a e r o s ols w it h 1 B o
o

b a ck s c att er n e ph el o m et er ,
' '

A F P l. C p L , 3 8 , pp . 1 由3 -

1 8 3 2 , 1 9 9 9 .

1 3 ･ D ･ M ulle r
, u W a n di n g e r , D ･ A i th a u s e n

,
I . M attis , a n d A . An sr n a n

,

"

R e t ri e v al o f p h y sic al p arti cl e s 丑
･

o m lid ar

o b s er v ati o n s of e x tin cti o n a n d b a ck s c att e r at m ultiple w a v ele n gt h s:
'

A p p I , O p t . , 3 7 , p p . 2 2 6 0
-

2 2 6 2 , 1 9 9 8 ,

-

9 2 -
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