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axist for estimating vertical extinction profiles tul they

2zve not been vzlidatad sufliciently To do %ils, profilec i

- ~ - 3 T~ - - 3 - 2 ~
of zetuzl extincticn must Te compared to the extinction pre- |

dicted Ty existing models. If The medels do not worx and 17
acdificaticns cannct Te mads, nsw models must be developed.

The purpose of the study 1s to descrive the synoptic condi-
tions occurring with a unigue set of mixed laysr ané aerosol
data to evaluate an existing model.

An experiment entitled llarine Aerosol CGenersztion and
Transport (IIACGAT) was conducted in the vicinity of the
“onteray 3ay, Califormi during the period of April 2% <o

T2y 9, 1980, Ta

()

purpose

o

£ this experiment is to examine

[ the compatitility of optical and micrometerorclogiczl »ropa-

zation theory, and to extend ¢ynamic models of e avolving
marine atmosnneric toundary layer to incliude =zeroscl and
turbulence profiles / Fairall, 1920 ond Fairall 2% al, 13%C_7.
Zro nlatforms, the /7 ACANIA and zn alircralt, were usad.

In tihis study, overwater rodiosonde prefilss from the

w Jr A/ ANY T A - Fa A 2 P
a// ACANIA, profiles Irom the spiral fligats of tie zircrafs,

and overland rzdiosonde profiles at the Naval Fostgraduczte

Scnool (7S] are compared to aerosol measurements zand mclel
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Zaciground discussicn will consist of & swumary of tihe
investigations by Hughes (192%0) and Hughes andé Ricater (15EC),
ar.d orief descriptions of the svaluated models.
ne aerosol axtincticn coefliciant, the pearameter cf
interest, is a2 function of the wzvelengihh of the radiation

(A), particle size (r), 2nd particle index of refraction (n).

Zinc2 a2erosol absorption is negligible, aerosol extincticn can
Se almost entirely atiributed to scattering processes. Jhere
arz thrsee types of scattering (Aeyleigh, .ie, and .on-selective)
tnich depends on the ratio of the size of the particle to thne

wravelength. layleigh scattering applies to particles waich

are much smaller than the wavelengih, liie scattering to

Y]

~articles which are near the same size as the wavelength, and

Ton-selective scaztterin

M

to particles which zrs much larger
than the waveleng:h / Raty, 19€1_/.
'"!1,‘

The scattering area coefficient, 7, i1s tas devermining

narameter in ie scattering. 7 1s the ratio ¢

“rave front to the effective cross-sectionzl arez ¢f she
] narticlzs. The =x3inction cosfficient, o, iz ralzied ¢

P 2z follows:

Py
$—
-~

2
=Jf (2¥/2r) “(n,z/A) A(r) & |




) =/ 2 ~e - o b 2 - e - - 2.
rasre .A‘/jl" 13 The nuncer of ‘_')E.I‘T:.'.Cl'ES ner oSll2 rang? -r N

2 e R < hl - 3 -~ cAa~Ad \ PR -
n 3ize Interval cenvaraed =3 roidius r. (a,o/N) 1z Thn2 lL.i:z
- dm b YA . “- Bk AP e 3 A P Ay
2catiering ar2a ccelflclant, and Avr2) 13 the porwicls zre2,
2

- EN H L - X - o JOUL PO ~O
2xacy .i2 coerllilcients / aacy, 1821 /.

A TAVAL CCREAN SYSITEI SINISR (ICSC) ZIEEIRILTMI

i ERSA P SN} D huse Suaidemi POy Sy

I, G, Hughes (198C) evaluztad extinction profiles deter-
nined from measur=2ments of zerosol size distributions cvtained

Ty UCSC investizators in tiae vicinity of San flicclas Islond,
Celifornia, during April-way 1572, .e compared otserved
extinction coefficient variations with neigat tTo those pre-
dicted from the Jells-Gal-uwan (/Gi) model / ells et al,
1077 7 and to the LCWTRAN 3B model., Relative humidity, which
1s an input parameter of the 'IGL model, was calculatzd from
the zir znd dew-point temper=itures, which wzs measured
coincident with the aerozol measurements.
Three days vvere cnosen ior evaluations because ol The

dentih of the mixed layer and the strengta of inversiocn.

onditions for one day (22 April) were a shallow nined layer
and weak inversicn, conditions for the second day (3 lay)

3

vere a deep mixed layer and a sirong inversion, ané ccnditions
for the third day (11 liay) were a snallow aixed laysr and
strong inversion. The surface wind speeds for these dayrs

were 3-5, 5-7, and 10-12 a/s, and visivilities werse 14, 11,

end 23 ¥, respectively.
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12 neZSuranents

(1Y in =irZorne ncllenterz ASIT-10C cpectrometer prote

radius coverage from C.225 %o 14,7 naicrons. Jata were swunmad

o Tt

/= . 2 2 v - 2 A L - -——a
(3) dn 3ZCG&C U 73-2%L for dew-point vtenrerziure.

S, IZLLS-ZAL-NUNT LCOZL
Thae 7ICGL maritime z2roscl mcdel is a two component analytic
he azerosol size distriburion. Continental and

-

t
meritime zeroscls are represented by twe ccaponents of tThe

The morisime component vas adopted from the Diermendjien's

[ i2lls 2t a1, 1677 7 eze nedel where *he number distrituticn
is

/aN(r) /4 log(xr) / = ar? oun{-try). (2}

LT QIR S 4 - R YA Ead - 2 P -3 -~
() is thz Sotzl nuaber of particles ser cutic centimester,

aa L
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~ - 2 a9 2, Ty H o] el ol de
o Ca u” ls defined =28 z In Igustion 2. 1 13 the zliituds
- =

—m A - b 2 et < - - -— =
znd o, and L, or2 sczle n2igits or Szs continental and

w are

- - - . ~ Fod -t -~ ~ Y R -la - -
aSoritime coapons3nis; rzluzs Jor these sccle nelziite can L2

~Ta T £y WY Yt -~ St - ~eme
acle I of the puvblicied paper / Jells g3 =21, 1277_/.
b AR Yl " - ; 3 - R I SR { O -
Zugaez (1S80) showed iz e censtant ceelficiant in Tae

-

sas . . o s
naritine cemponent should e the inverse, 0,224 instead cf

22
—~ .8

r cpme T -e M ..-C.-._.r
- . '_u..L; i P/ AR GO

[
(o]

A version (Jells-"ztz) of Ttz previously descrived nodel

7. Jecdified fthrcugh empirical .zetacds,

The first <2ym is indspendent of elevation whzrsas it was

no*t in the original model. The third Tarm is still 2levetion
Azpendent. 1 is the droplet radius in 2icrons, 2 is 3ias

elavatior. above sea surface in meiters, and 4 is *the =cele
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a = 0,81 exg/ ©.083 % / (1.C28 - 23 7 (>
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wners R is the fracational relative humidity for relative

numidity tetween 4075 and ¢€.63. v is the wind factor

.

scaled from surface speed u, in this caze the wind speed
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e T ~ 3 neicrt. ~rig d sl A .
“1~2 3as2n from salip heighvt, ond defined 2c2 C.3 u/s for

pzeds less tastn or ejusl o - /3 znd as (u - 2.3, m/s

— ~ - ey o~ -_ . - ! AR - g, - -— . - :
23T Ireeds grszater tasn ~ a/s.  4{k2 growsa Iooter, &, is

A - -~ .. - - s -~ P 4
d2lined 28 one plus The quantity v/6C cuved., [N 15 tnz sams 3

as ¥ in the original squation. <o, + v iz cdelined a

n

2z for velocities greatsr than 7 m/s, whereas tne value Lecoues
.-
230 = 1CCC v°*7 Ior velocitises lass famn cr 2cusl o 7
m/s / wocnkaszar, 1;8C_7.
5. CSUMLAXY OF AUGHIS RISULIS 1

desults of comparisons ovetween cotsarved and predicted

nerocseol extinction ©y nughes (1380) =2nd Hughes =2nd iicnter

(192C) zppear in Figures 1 zné 2. Incse Irom .iughes are tased
on <he .G model anc the LO.JLAW! 3L maritime model., In
generzl, the comparisons Ior coth zre net gocd, per

-

+h2 inversion. <Iurther, &liscuszsicn on this is with-
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28 April 1978
A=375um
. V,~35m/s

0.1 \

llj_lll' Fl bl llllll\ i A
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(2) Aerosol extinction coefficient varia-
tion with altitude calculated using zercosol
size distributions measured during constant
altitude (® ) and spiral ( ) aireraft
flights; <the UIGH modal & X); and the
Lo RRAN 32 maritime model (—-—).
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CALCULATED (SMOOTHED) FNOO;\
KNOLLENBERG MEASUREMENTS

~— —— LOWTRAN 38 (MARITIME)
% A=375um | * CALCULATED USING MUNN-KATZ
AEROSOL MODEL

ALTITUDE, km

vigure 2. Comporiscn of exsincticn ceoaificisny ;f‘:’“l.at}?‘"‘s_ﬁ“
(Smoctned) witn 2l%titude calculated using aircrzft :nollenterg
mexzsurements and those calcuizted using trc 1”&41’1}’1’1«5;:\ Nw

| LCUIRAN 32 nmnritime model. (dughes and Alcatar, 1220,




.. - C----vﬁv-ﬂ-_-,««~
aas x..:x A A ey U

The data for zerosol sxiinction were measured fron the

Ceasurements System (FIS) model i33AT (Figure 3).  all .

~ - TS -~
.5 seconds with = Two-scan

- . - -
flzv at a2 constent

T

altitude for two minutes during measurements then weni to =z
different altitude (ledder) and repeated the process. 7Tie

2 F NN
clirerz®t 21s0 nezsured

; relative humidity. The nrimery verticzl profiles for %hi

F study are of zerosol extincticn (zc

Yl

- — " ey S - - A - - ~Sen
During flybtys wita the R/7 ACANIA, zircgrafs zerosel

iistritutions wers compared wiith those ottained wiii twe
srobes on ti2 ship. The two protes on the 2/V ATANIA were

4

the IS nmedels ZSAS (classical sca*ttering) and ASAS {aciive

n

cz

p

ttering), Tizures L4 =and 5, conirclled Tty a 7.8 dz

cguisition system (D2AS-32) with a computer interface. Ihe

3]

shipboard systems measured zercsols in 90 different si:ze
channels from 2.09 to 14.0 micron radius. Z2ecause tihe shin-

board aerosol system nad 2 wider size range, aircraft zercsol
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ter nrobe mounted on
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t“‘f«'v.;*"ﬁ.lb Snectrometer nrobes and lowg;Tlevel k instru-
S A ¥ e B \ . By a ) - . < N
nents mounted on the dow of the R/V ACANIA.
3
-r‘
caeqge T3
PILOY 2
HOUSE
Tm 1
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«43-@:@—“..:
SEA SURFACE
TEMPERATURE |
|

3 Y e D /T oA AT, ring
Tlgure 5. Sensor locations on board tae R ACATZA: iz

i censors at 2 and L, spectrometer prcbes at 3.
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The weather conditions wers zenerzlly reuitral witn

cccasicnal moderatel

-2 2 h] . -~ . ~ ~
-zcons.  several wealk frenszal systems passed throush the

o~ / - - -
area during the experimental zeried. cure cececurraed lurinz
-, 3 P e I~ Y 3 -3 - 2 =1
thz first and last days of the axreriment in conjunciica wish

frontal passages. Low cloudiness ané feg occurrad during
th2 merning froa 29 April %o 5 lay, wiith fog returning szgain

on the Gtn, the final day of the axperirent.

level, Figure 1f and 19. Zy early morning on 2 .2y, the
2rea is under the fluence cf a weal ridge, Fizure 19. Oon

California on 4 2y lea Z the zre2z under 2n influence of 2
Col, Figure 22. a5 May, the zrea is tetltween =z Iroush and

igure 22). Z2ecause of deepening of the
trough, the area is still on the backside of the trough on
7 lay, Figure 24, A new upper level irough formed and is
approaching the area on the final two days (8-9 ilay) of the

K

axperinment, Figure 2.4,

5t
I |




C %o 10 7%, durin

SR ot -— o

nd Incraase teward tha 223 of trhe nericé =g

1

nature of tha mixed layer, often tonned by zn inversion,

+ ig agsured *theot mixi recoom gvastar as A2+l ang
[P~ agsurec VibTL W -Al~4{mg vaw.‘l.es é-ud.tv— [ COI"’.....\“.V....

)

22 April when ceonditions vecome more neutral. The neutrezl
condition remains until 1 Vzy when ccnditlions cnecs zgzin
tecome statle. A wezl% frontal passaze tefore C5CC
22 3pril does not zppear tc affect conditions of

layer feature. Thz mixed layer remzins stzdle until 2

frental passege on 2 .ay when cernditions Tecome rneuiral and

'S

. ) . . - s . . o .
emains 28 such un%il 5 llay. In ths morning of 5 .ay, con-

(B

: . : z o
tions are slightly stable, rsiturming tc neutral on ¢ ..z,

fa

2 £
-

ramzin nsutral

2 lay.

- EEE 2721 - - AR A v hnhidink d\ Fale Tadalil 4 ™ T T
2. UIVED LAYIR AND AERCSCL ZXTINCTZICY RESULTS

nalysis are 1, 3, 5, z2nd 7 lay.

[§V

Days chosen for further
Rzasons for these choices are presented with the description
of these days. (Cn the first, the area is under the iInfluence
of a surface low in Coloradc, with a frontal systeax
approaching from the northwest, Figure 19. Cn %the <hird,

Le




ts2 2r2a Is on iz tacuside of z rather weal frontal systen,
wnlsh passed thrcugh 2z2rly on the second, Jigure 13, (n

3 e B ~ R~ el . ' - - ade Ty -
Itn, 2 frental systiam pasSses througna the area at

visitility improvad to 25 ailes and later to 45 miles. Cn

1ind the frontal system which

anproacning Irom the nortawvest,
The resulis are shovn in the wvertical rrofilss of specific
aunidity, virtuel pcstential temperature, relative auamidizy,
2nd compariscns ofi observed and predicted aercsol extincticn
a%t the 3.7% micron wavelangth. 1hz 2.75 micron wavelsngth is

chosen hecause it is the waveleneth used by Hughes (1980) and

Hughes and Richter (1980). The locations of the ladder flights,

from which the profiles were ottained, are desigrnated L

in the aircraft flizht paths given in Figures 10-1€. IThe
ladder profiles nave corresponding spiral prcfilss whicha

(1
s
'3

[(]

¥

ks

The profiles of virtuzal potential temperature and specific

numidity ottained Tty spiral and radiosonde ascents are siacwn

U

in the folleowing description of the chosen days. 4an asjpect

cf trese profilss vill Ze the differsnce occurring cetween

+he locations and *the tyves of measurement (spirzl or
r~diosonde). <Ihese differences are described tut thers is

2ttemot to interpret the reason unlsss tihe dillerence

3
(o]

ranresents an otvicus norizontal change in the mixed leyer

in presenting the various profiles

[o N
o}
-
.;.
o
(o]
O
t<a
O
ot
'—:o
<
[¢4]
F 4

Lo




e
-V mea e

-
PRy

olie)
~

) mrrav
Cy ==

-

e

ty) -
G [&] )
o w 3 “1 ¢ ¥
1)) 0] ¢ o = : T3 8] ot 1 t
- .3 3 0 e e (&) 3] I 73 I £ 3 [u] o
w o £ 4 0 @ o« O 2 S n S
[} = —~ s < (@] L] (@) ()] $4 ™ 4> ™ [ 3 [ H
—l V) « S P a « n s Y ed 3 n € = ) (o} €, A
et - £2 o o 3 o € M - S 8 @ t, o Q 0 3 L3 £3
G4 | (e} — = $4 3 1 & o) o < ] U] O
[o] « J . ® Gy % O o o e (4] M e i T 4 (i) $4
1 J ¢ ORI BENE SHNE ¢ M - P ' R - A T oI
0 « o 0 -1 o Er Gy NOIIE IR LIS RSO - S S TS S S BT
(eI VNS (O] o uw 0 a! A ® — z S &) O <% (0] J
(& B w4 0] = < s 0 M - Q /s IR [STN & TR 17} )
) & e & $q ) < Qe [ » v w1 T [ ) -1 42 ] 4> .
4 -~ o3 [ RIS R mu © > ) it 0 —~ ) e )] = ]
I G4 — u} 0 [} I (&) O 2] 1 ¥ £y 0 [} (@] N [ a @ ja ] 2 42
O o o - s S S 0 O £40 f1 o] @ I « A W A P o o« X o
¢ ) 3 @ -4 () (0] | ) {E RS R oV o 3 T [¢] (3] o Q
B 0o ¢ 4 Qg v e N T N VNt o o o) o g
4 R e L R s s s T s S o) W o o 3 o) @
e 3 -3 13} 3 W A e o~ . s Fi O - H won %
» o G Kead 3 0] 42 J 42 4] U - £3 (&) bf) w Le] o i ort o]
13} e} ) 5 QO 0 « o r o < n < e} —~ el (% 3 o 7}
ko) ) r) (53] ed O ) o OE B D 4 PO e 2 ¢ +> {2 o
() £ (] _/ S §4 42 [ I (@} D~ O A | T SR ®©
> n 4 ¥ ol q 44 ()] by 4 2 . = O o 5 [ N o ot 3) &=
£y [l 3 £o0s o < o Gy — [a S /5 s (0] > e [0}
03 O ' bo 3 © G e S 0w~ o by e Gy 0o < < (0] U]
%} 0 ) o 4 a 0 P L S 4 e 3 4 S P & = 3 a4 O
Ke O L3 el < 6 IR RS e O s 5 B4 [} (6] o JERVAN
(o] K 1> 42 44 o P . < n o 82O J 7] =] = 0] 0o
3 O © O £ et v ® el ol o~ 42 O W\ e 5 o o o o
® o] < L] 4 = oA N e e L f¢ F W « M . 4 4 ~ QO 1 &
<3 4} (RIS G 13 )] ord o ™ iy KSRENAY6 IS ord ®
42 - 4 1)} - o n o D) £y o g . o~ P G4 %) o
by 4 W Q - 0 5 O m «~  «f 0 o O n w v o o g
94 - TS T« T = A S TS S S | > 2 0 - 6 M A 5 N o Yoy 300w
o (AT <! X W bp e 0 ® %4 O o 3 4 S o0 M 4
o (SN A I L IR B o B o B - [ ()] by w «
+? ol 1) I -3 () o [rn o3 ) n — o} n 42 4 € e e - o &
] G4 [« I O 1 e Q £ Q (OIS B g %] 3 fra G o~ (O] m@
@ (e} +> 3 Q L0 Q o] « [} 42 m o (5} w (&) 3TV )} Ch 4 &
ST @ £ @ Q TR R & N & o 4 o 12 o = o - PN i o
9] «y FE] [V} 14 « =S Fa n 2 o (6] 4] 0 Q) [ o w [\ 4 3 =
SR B ()] [S TR o FE ¥ 0~ o [V = « &G Q0 o] <, m N i © 0] 11} o 4
— $4 $q 1] ord = (o] Q by $a (o] O o . 43 < 3] - A
m ol oy o} o N o <~ 19} o EX TS | Q < ed ﬂ Q ol
~ > G4 o] 42 1} +3 « kd 1> [0} [y} 42 ™ \O i Y %4 ™ ) < @ et
[\ o 3 Lé] [e} & XS ) B ol — erd 1 S 1 o o QO w4 > m
o o [0} + 0 (3} » — o Q0 £ (8] o» [V o] K$; <1 (¢} F4 o
19} 3 n a L0 [} [ (e} < [ o o O 4 T “m Q<
i IR 3 0 » 3 [ T S = o 42 < n [0} «
0 < U] 42 (] Q © a +> 3 ] [0} [}] (] (@] 4 <3 o] Q
ot [S T 4> (S I SR~ B¢ o [} b Y N B k3 o N >
42 . £ 11} n o % & 4 u} kd <« o NS Q  { o
[T ] g (o} $q (o} 9] 1 - Sy o o =2 o 7} o ¥
o) o : : £ o« o - . .0 @ ! P e N L
o v G e} ) s} E wl [ G! [ ™~ (e} [} 4] 41 o 19 4> —
e m Y] n < 4 (O A m 1 o & < [SEEE oo (ol o¥ | 3 ol (&}
) Sy ty -4 a [ Gy Ty w [ s 1G] — 91 ER RIS ord 4 4> S 1 9

&

et e e e L I N P . . — = T &= =




(%)

Kt

9 2.
S C2LSLUS )
ol 7N
hikviid

P o B
Qo M
[73: 0 I W 1))
o 28}
uxn €L
VOB e

(@]
O

i3]
I

(@)
(9]

F

o D s = - Y —— - > " P A - . A - ——— — ——— P s v w

Hrdrd A OAAA AR QOO0 OUOOOOLOOOFIAHNINCIANCYD
DOOUOOOOCOOOOLWVOLDOOUNDOOVOOOOOOOOOCOOO
I T e e e e e e e
SRR RIS N R IO N R R N R O R N N E R R NG N L E R E R RSO AR RED NG R
A= O 1 DY ENONSE O ONAL YO O)N) ONO N CONONO Uh - 2T el M O)

OOV O YNNI ONO VYO ) O e 8 UNCNOND YUYy - YAV O e UV Y .l
NG ONNON A A AN A N AN CNT VD) e e N ey UNC T () ¢ :,
[ T Y T N TR N TN Y S A TN TN A DO Y Y T T T TR Y N N TN N B A |

YOV YN CLONVOYOL O Oy ONC) TN UL 2] e d GO e T~ i <
NOCNOVONNONONCAONONCONORCIO) YO MY M e i l~oy e eryeym ey ar

A OV AN ONDSNO 2N NV QO VOOV O UNO 50 O rd ST O YN
DO T NOOOANMWS X NOY) O Oazﬂt,c Ca:::(://c IS
. e . c o e e 8 & & o s o & o e s e = c e e o o =
1YY YA T Yt e = L ARIANS :12:135:4.: =i < S eveven

At 4

AN OVONC
1 MMt r Al A A A A A A Al A A

N
rHrdrd et

A~ O~ vd P00 OO NN YT T e ONONINO O D00 ST
00 Oved e WS SN O/C/C O NI\ c,ln)qz:zv,:f/c50,745
(a8 lan Kae o NaV oV N oV oV I oV R oW Ja¥| ~2 211 3333L it iy (S i S S B I A aa Yo ol oY
Ardedrt A et A rdA At A A A A4 At rtrd A A A e d e A A

:;Q_QJQV W(.!_lw Q, 3/: 2 SO C;Q/ZJHV 7/& ﬂ;Ova 9~ ..L 5 g OzEzC/n,(/O 1/

ﬂ)L 142111 ;.“ b L pw 11012211101264 , :/ T. ;« ,ch2

OOOOOCNOOC

QOO OO0OANOQOOLQOOOUOOOAOON-

QMO NO 41403C3ﬂv1
o
~

ODMNOMOMNOONONNTOONQ OO MM

as @s ee e 2e es e e ne e 08 ®s 86 s s %Y a6 ae es BT ea BE S WS s ek e % oo ev oo

VUYWONO T~ OVONO
COOOOOOLOOr

Ol Aoy < WMD) E-T~CI M 00 o~ M
rtrtretled e it edrdedrdrtir 4N QY

1

-
t~

-



ver ‘zrilogram), trokxen line, versus height.
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Tigure 26. 1 Iay 198C at 1710 FIT. Alrcrafi profila of
virtuzal potentizl temperature (Tottom scale, in degrses
Calsius), solid line, and mixing ratio (top scale, in zroms
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Fizure 27 1 lay 1990 at 1722 IFZ.J. Aircreft prsfils of
7irtual sotential temperature (tottom scale, in degrzes
Celsiu o p scale, in grams

solid line, znd mixing ratio (%o
n), troken line, versus neizas.
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virtual potential temperature (toitca scale, In degrees é
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ser %ilogram), trokern line, versus height
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oroten line, versus height,
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