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A b st r a ct
- T h e v i ol e nt e ru p ti o n Of P h ilip pi n e v ol c a n o

pi n at tlb o izl mi d Jt 皿 e Of 1 9 9 1 c al lS e d a s e r 10 u S p e rt u r b atio n

o n th e str at o sp h e ri c a e r o s ols fo r a l o n g p e rl O d . t n th e p ap e r .

w e rep o rt L 6 2 5 1id a r ob s e r v ati o n al r e s ults i n th e p e rio d of

19 9 1 ･ 1 99 6 .
i n clu d l n g e v olu t io n O f v ol c a EIO Pi n at u b o cl otld .

T h e ti m e V a n ati o n a n d v er ti c al dist ri b uti o n o f t h e v ol c a nic

clo ud h ei gh t , th ic k n e ss . p e a k s c aLlt e ri n g r ati o . aJld i n t e gr at ed

b a ck s c att e rl n g C O efrI Cie nt s wi ll b e a n aly z ed . L 6 2 5 1id a r

m ea s u r e m p nt d at a o f st r at o s p h e ri c a e r os ol r e v e al th e

ch a m ct e ri s tl C S Of b a ck■g r o u n d p e ri o d b ef o r e t h e v ol c a nic

e ru pti o n , t h e e v ol d o n o f tIl e Pi n at tlb o v ol c a ni c cl o u d . a n d

pr ese nt n e w b a ck g r o un d le v el .

m T R O D tI C T I O N

V ar latl O n O f st r at o s p h e ri c a e r o s ol aff e ct s at l n O Sp h e ri c

mi n o r c o n st lt u e n tS a n d clilll at e tl lr O u gh ch a n g es ill tll e
radi at l O n 丘eld a s w ell a s b y d y n a mi c a n d cll e mi c al p r o c e s s e s .

I n or de r t o es ti m at e th e i m p a ct q u a n tit ati v ely , it is v er y
im p o rt an t to ob s占r v e str at o s p ll e ri c a e r o s ol v e r ti c al

distrlb tltl O n S a n d th eir ti m e v a r l a ti o n s . L id a r is a v e ry

p o w e r fu l re zT10 t e S e n S l n g te Clln lq u e f o r m o nlt O n n g tlle

st rat o splle rl C a e r O S OI s wi th a lli gh v e rtl C al a n d t e m p o r al
res oltlti o n . T h lS P a p e r wi ll a n aly z e til e V a ri atl O n S O f tll e

str at o sp h e ri c a e r o s ol p r ofil es m e a s u r e d b y a L 6 2 5 1id a r o y er

H e 血 (31 1 9
o

N
,
1 1 7 . 1 7 o E ) . C hi n a . d tl ri n g 1 9 9 1

-1 9
L
) 6 .

L 6 2 5 L II) A R A N D M E A S U R E M E N T S

L 6 25 1id a r sy st e m c o n sist s of a d o u bl e fr e q u e n cy Y A G
la se r( w a v el e n g th 5 3 2 n m ) ,

e mi tti n g 1 0 0 m J p e r p uls e at a

r ep etiti o n r at e o f 5 H z . a r e c ei v l n g t el e s c o p e o f dia m et er

6 2 5 m m
･ a n d a p h o t o n c o u nt l n g u nit ･ A m e cll a ni c al c h op p e r

c a ll C ut th e st r o n g
-i n t e n sity si g n al b e fo r e.it is a m p lifL ed b y

血e P M T (E M 1 9 8 1 7 B) . T h e h eigllt r e s olu ti o n i s 6 0 0 m ,
n o r m a u y ･ T h e w h ol e sy s t e m . w h ic h is c o nt r olle d b y a P C

c O m p tlt e r l is s et o n t h e t o p 丑o o r of a b uil dl n g wi th a d o m e
c eili ng at th e s u b u rb of H efei ci甘.

l n or d e r f o r o n e P M T t o c o v er th e w h ol e sig ll al r a n g e
of a b otlt th r e e o r d e r s of m a g nit u d e fr o nt 6 k m t o 3 5 k lr m r

hig h e r , t h e m e a s 町 e m e n t is di vid ed i n t o t w o st e p s ･ I n til e

B rst st ep l an a v e r a g e d p r o 五I e . fo r a b o ut l o o n l as e r sl1 0 tS . Of

re t u m sig n al is ob t ai n e d at r ela ti v ely l o w altit u d e ( a b o t(I 6 -

2 5 k m ) . w h e n th e cllO p P e r O p e n s aLt 6 k m a n d a n e u t r al

att e ntl at O r wi tl 1 1 r a n S m itt a n c e of 5 % i s in s e rt ed i n 鉦o nt of

th e P M T ･ T h u s
,
th e p h ot o n a m v al r a t e is s m all e n o tlgh t o

eli mi n at e t h e p uls e
-

p む r er r o r . A t th e s e c o n d st q ), th e

c h op p e r i 昏 adj u st e d t o c tlt O q th e r et u r n slg n als 丘o m th e
altit u d e s b el o w l O k m

. a n d t h e att e nlJ at O r is t ak eh a w 野 . S O

t h at t h e r et u rn slg n al c a n b e r e c o r d e d 丘o m h igh e r attit u d e s

( 1 O - 3 5 k m ) . th e w h ol e m e as tl r e m e n t t a k e s ab ollt 3 0 mi n u te s .
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g r a n d c o m p o sit e
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p r ofile sp a n m n g th e alti t u d e r egi o n o f

i n t er est b et w e e n 6 k m a n d 3 5 k l n C a n b e fわr m ed by m at chi n g

t h e ab o v e t w o p r o 丘I es .

T h e lid a t b 且Ck ･ s c att e ri n g r ati o , A( z) . is d e 丘n e d a s

R( z)
≡

【B a( z) ＋73. v( z)】/ B tn( z) = ､1 ＋ 73 a( z) / B ¢( z) (1)

w h er e B a( z) , ら. n( z) a r e a e r o s ol a n d l n Ol e c tlla r b a ck

s c atf e ri Jlg fu JICti o n s , r e s p e ctiv ely .
T h e B , .( z) c an b e

c alc lll at e d 丑
･

o m r adi o s o u n d e d at a o r E lt erT n a n m od el . T h e

b a c k s c att e ri n g r atio A ( z) is c alc ul at ed b y e v al tla:t l n g

･ R( z)
= k N

s( z ) Z
2

/ B 皿( Z) / Q
2

( z) (2)

w ll e r e N s( z) is p h ot o n n n m b e r o f r ett1 rn Sig n al . Q
2

( z) is th e

t w o - w ay at m o s p h eri c tr a n s mi tt a n c e , a n d k is a sy st e m

c o n st a n t d et er m i n e d b y tl O r n d l 血 g th e righ t - h a n d sid e
.
o f

E q . ( 2) t o a n e x p e ct e d mi nl r n u 皿 V al u e (R rE,血
= 1 .0 1) of R o v e r

a s pe ci丘ed al ti 山d e ra Jlg e (2 8 - 3 2 k m ) . l n c al ctll a ti o n of th e

t r a n s mi tt a n c e Q
コ

( z) , m ole c ul a r e x t in cti o n is f r o m

r adi o s o n d e o ll n O d el
,
a n d a e r o s ol e x也n cti o ll is c al c ul at ed

dir e ctly fr o m th e a e r os ol b a ck s c att e ri n g fu FI Cb o n b y u s L n g

e xti n cti o n -b a ck s c alt e ri n g r a ti o v altl e S[l] o f 2 2 . 4 0 , 43
d u ri n g d l e p e ri o d o f P i n atllb o v olc a n l C Cl olld (J u n e of 1 9 9 1 -

J u Jl e Of 1 9 9 4) . a n d 3 4 . 5 2
.
5 8 d u ri n g th e p e ri o d wi th n o rm al

sit u atl O l1
,
O V e r tll e lleig ht r a n g e s of 1 5

- 2 0
､
2 0 - 2 5

,
a n d 2 5 -3 0

k m
.
re s p e cti v ely .

T h e E q .( 2) is s olv e d b y u si n g up d at ed

v al ll e O f a e r o s ol e x t h c ti o J l fo r it e r atl O IIS , M o r e th a n 4 0 0

p r o 血e s ( ni gh t s) w e r e o bt ai n e d dl 山 n g 1 9 9 1 - 1 9 9 6 .
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T h e vi ol e n t e ru pti o n o f P h il lp Pi n e v ol c a n o･P i n a t u b o i n

mi d J un e of 1 9 9 1 c aIIS e d a s e ri o u s p e r h lrb a .Li o n o n d i e

st r at o sp h e ri c a e r o s ol s fo r a l o n g p e ri o d . L 6 2 5 1id a r w a s u s e d

at H efei fo r m e a s u r el n e nt O f st r a t o sp h e ri c a er o s ol p r o fi l es in

th e p e r1 0 d o f 1 9 9 1
- 1 9 9 6 . i n cltユdi n g e v ol u tl O n Of v ol c an o

Pi n at ub o cl o u d .

F ig ･ 1 s h o w s s o m e ty p ic al p r o 五I e s o f st r at o sp h e ri c

a e r os ols . T h e si x y e ar s 丑
･

o m 1 9 9 1 t o 1 9 9 6 m ay b e di vi d e d

i n t o th r e e p e ri o d s : (i) th e b a ck g r o u ld p e rio d fr o m J a n u a ry

t o mi d J un e . 1 9 9 1 b ef o r e th e e ru p ti o n , (ii) tll e V OIc a l li c

clo lld e v o h ti o n p e ri o d fr o r n J u n e o f 1 9 9 1 t o mi d
- 1 9 9 4

,
az ld

( 班) th e p r es e n t n e w b a ck g r o u n d p e ri o d si n c e mi d
- 1 9 9 4 ･ A

p r o 五I e t ak e n o n M a:y 1 5 , 1 9 9 1 r e p r es e n t s th e b a ck g r o u Jld

p n o r t o th e P i n at u b o e ru p tl O n , W l1 0 S e P e a k s c att e n n g r ati o ,

R n a x , is l ･2 1 o nly at 1 8 ･3 k m alti t u d e ･ T h e 血st i n cr
e a s e of

th e a e r o s ols f r o m Pi n atllb o e ru p tl O n W a s Ob s e r v e d at 1 5 ･9

k 皿 wi th R w of 4 .
5 4 at H ef ei o n J u n e 2 7 ､ 1 9 9 l .j u st 1 2 d a y s

l at e r a丑e r 也e e ru p ti o n . O n J uly l
')

.
a b o llt a ln O ntll a ft e r til e

e ru p t18 n .
a St r o n g S C att e n n g l aぎe r W a s Ob s e r v e d a ∫o u n d 2 1

k m . T h e s e r e slllt s a J e Si mi l a r wi th tll e d at a o b s e r v ed b y M R l

lid a r sy st e m t2] at T s 血 b a , J a p a n . O n A tlg tlSt 8 , th e v al u e

o f R ..p x.
i n c r e a s ed llp t O 3 7 .6 2 at 2 2 . 5 k m . F r o m A llg u St 1 9 9 1 .

･ th e u p p e r laLy e r g r e w d ay b y d a y o v e r H efei a n d l Tle rB e d i n to

a b r o a d l ay e r t o g eth e r wi th th e l o w e r la y e r . U n til th e e n d of

A u g t} st of 1 9 9 i a d o tlb le
-l a y e r ed st ru ct u r e c o uld b e ob s e r v e d .

a n d si n c e e a rly S ep t e m b e r s am e y e a r it w a s r epl a c ed by a

sl n gl e l ay e r wi th a p e ak n e a r 2 2 k m . A p r o 丘1e t ak e n o n

O ct ob e r 3 , 1 9 9 6 r e p r e s e n ts th e n at u r e ill lle W b a LC k g r o ll n d

p e ri o d . w h os e v ah le O f R w K is 1 ,2 7 at 1 7 .6 k m .

Fig . 2 sh o w s th e e v o h ti o n o f 血e m a xi m u m s c att e rl n g
r a 也o o v e r E efei . T h e v a h e s o f R m B X i n iti ally sh o w ed l ar g e

fl tlCttl ati o n
.
r en e ctin g in I1 0 111( 唱e n eity o f tile Cl o ud

d lSt rib 11t1 0 n . It w a s c oI 血 rm ed by S A G E II m e a s u r e m e nt s( 3]

丘o a J u n e t O A llg q S t O f 1 9 9 1 th at th e m aj o r p a rt of th e cl otld

w as c o n h ed t o 加I eq u at O ri al b adld 2 0
o

S t o 3 O
o

N
.
H ef lei is

j u st l o c at e d o n t h e n o rth b o u m d aJy Of t h e b a lld ,
T h e la r g e

f h ctll ati o n
_
w a s p r o b ab ly r el at e d t o til e fo r w a rd alld

b a c k w a rd m o v e m e nt of th e clo u d ar o u n d th e eq u at or . A 免e r
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Fig .2 M a xl m u r n b a c k s c a tte n n g r ati o

A u g us t 1 9 9 1 , th e clo u d w a s t r a n sp o rt e d t o w a r d s t h e n o rth

th e n tlCt u ati o n b e c a m e s m al l er a n d t h e p e a k s c att e d n g r atio

g e n e r ally v iu l ed b et w e e n 1 0 an d 2 0 , It w a s ab o ut 1 0 i n t h e

e arly 1 9 9 2 .
t h e n d e c r e a s ed t o a b o u t 5 i ll S u m m e r Of 19 9 2 ,

T h e altit u d e of th e pe ak s c att e n n g r a h o . th at i s , t h e clolld

h ei gh L o v er tl ef ei w a s m o stly a b o u t 2 2 k m . P o siti v e

c o rr el ati o n b et w e e n p e ak s c att e ri n g r ati o a n d th e cl oll d

h eig ht w a s ob s e r v ed . i . e . . a l a r g e r p e ak s c att e n n g r atl O W a s

l o c at e d at lu g h e r al tlt u d e , g e n e r ally .A

n l e i nt eg r at e d b a ck s c a tt e rillg C O efEi cie n t(I B C) r ep re se nts

tile t o t al l o ad in g o f a e r o s ols . I B C is c al c ul at e d 丘o rn 16 k lrl

t o 2 7 k m . T h e B C v al u e s a r e ap p r o x l m at ely 2 ･0 × 1 0
J I

s{
)

a n d 3 .0 × 1 0
･ 4

s r
- 1

f o r p r e
-b a ck g r o u n d p e ri o d a n d p re s e nt

b a ck g T O u n d pe d o d . r e sp e cti v ely . D ll ri n g t h e e ff e cti v e p eri od

o f P i n at u b o v ol c a n o
,
tile m a xi m u m v al tl e O f IB C is 9 .2 4 ×

1 0‾
3
s r

'1

o n N o v e m b e r 2 5 . 1 9 9 l . T h e m 弧i m um v al u e of

m o ntld y a v e r a g e of I B C is 5 . l o x l o
l a
s r

-I
f o r D e c e m b er of

1 9 9 1 . T h e e -f oldi n g d e c a y ti m e o f I B C is e st l m at e d t o b e

a p p r o x i m a t ely 15 m o n th s . T h e I B C d at且 a r e a v e r a g e d for

e v er y l lal f a y e a r , F ig , 3 sh o w e d th e v a ri atio n of h al f -

a n n u al a v e r a g e d I B C f r o m 1 9 9 1 t o 1 9 9 6 . T h e m a xi m u m

v al u e e m e rg e d al t h e s e c o n d ll alf o f 1 9
(
) l

.
a n d it d e c r e a sed

lT1 0 n Ot O n O u Sly a s ti m e g o e s o n ,
w h i cl l r e v e als th e e v oh ltio n
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F ig .4 V a ri ati o n o f P i n at u b o v o(c a n[ c cl o ud

of Pi n attlb o v ol c a ni c cl o u d ･ Fig ･
4 S h o w e d t h e a v e r ag ed

h eigh t s of Pi n at u b o v olc a nic cl o u d t o p a n d b ott o m .
w h o s e

sc atte ri ng
.
r at1 0 V al u e s ar e d e 血I e d t o b e ll1 0 r e tll a n 2 ,0 . 1t

c a n b e d ed u c ed th at th e life o f P i n attlb o v ol c a lli c cl o ud i s

缶o m Jt n e o f 19 9 1 t o th e mi d dle of 1 9 () 4 o v e r H e fei. T h e

cl o u d i niti ally ､∇a s th lrL l ay e n n g a n d s o m eti tt一e S S h o w ed a

d o u bl e - p e ak st n l Ctllr e d u ri n g aLut u L n r1 0f 1 9 9l . It b e c a m e

t hi ch e r a Lld t hi c k e r w itll i n c r e as l n B t L m e u ntil alltt uT m Of

1 9 9 2 ･ T h e th ic k k e pt t o b e 8
- 9 k m fr o m wi nt er of 19 9 1 t o

a 血 1 m n O f 1 9 9 2 ･ T h e m o n tld y a v e r ag e of cl o tld thi ck fo r

A p rll o f I .

9 9 2 w a s u p t o 9 18 k m ･ Tll e pe a k s c atte ri n g r ati o

b e c a lrL e le s s tl一a l1 2 .0 a 丑e r tll e e n d of 1 9 9 3 .
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1 9 8 7
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