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.ere calculated from aerosol size distriluions measured from
an aircraft in the vicinity of &onterey ay. ixad layer
descriptions were obeained from temperature and humidity pro-
files obtained from aircraft spiral ascents and shipboard and
shoreline radiosonde launches. The presence of the inversion
reduced the accuracies of the current "lavy (*.,Jells-.at z) and
Air Force (L'.1TRA ; 32)-models in estimating the extinction
crofile. The inversion represents a cap to the vertical trans-
port of surface generated aerosols. This is not accounted for
in the models. LC'JTRA 3B was found to be inadequate in most
respects whereas the ".Iells-7'atz model could be modified to
obtain reasonable predictions. :,:odel specificat.ion of the
continental component was also found to be a significant factor
in the comparisons.
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Ceoo sc-,t ic I wero e s of' on re:i inc -ron2z :C,

c t sc,?e fetrs sex = izra lo, s or. th-e S.4~Zt

0- ?nr exist.1ing wind speed -.nd husidit,' dePendcernt xict:'

7n~e du -n c :, nd--Irs A - '-'

smcor .c featurs7 Ln qu~s-,.n ar? ie "-lio -. .. s

'~eic.ie... mxe .r. -''d zIe .-a t re c~ th c a r

ierg ion . Aerosol extinctIcn Pro.1iles were cal culnted f'r c:

aerosol sizae 4istrit-utirns measured frc:- an aircra-_ft Lth

vcri of ',,onterey Lay. mieJayer cdescr-pt'os %,ere

cb~iedfrom temperature and humidity pzrof-as o-btai.,ned

from air-craft"' s-- i ra2 as cents and shi oord end s:;crel--3

rn-diosonde launches. Th*,e nresence of the inversion reduced

t>.e ccuraies of the currernt ','avy (*.yells ->-tz nAi

?ore (c;:?~~92) models -L estimating t-e exrtinctio~n -'ro-

fil.e. :he inversion reporesents a ca-:, tc h eria

trazsrcrt of surface trenerated aerosols. 2his Is -no- ccr.:

for in temodels. LCR73Z was fou.nd to Ie i~eua

..:ost rest!ects wh^1ereas the -rel-Ut cdsl coul;d ';e

=nrlified t60 ob.tain reasonable Tradictions. ,;'cda' l

- o tfhe continentzal ccm:.,cnen-.-!a wa, lscf.o ze,:,

Signiricant factor in the cotarniscns.
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3urf'ace Layer Values 1 :*ayr 198C. - --------

urface Layer Values _3 2,ay 1908 0. - -----------

'. urface Layer Values 5 :'ay 19 80.- ------------------ 7

SJ .urf'ace Layer Values 7 ,'.ay 1980.- ------------------
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!. "ughes' Terosol extinction coefficient variations
W..: _lttude. (Hughes, 1980) -

... erosol extnczicn coefficient variations with
aJtitude. (Hughes and Richter, 19380) - )

. pectrometer probe mounted on the aircraft -----

4. Spectrometer probes and lower level wind instrutments
moun ed on the bow3 of the R/V ACA.IA. -----------------

. Sensor locations on board the R/ ACA.A- wind sen-
sors at 2 and 4, spectrometer probes at 3 .

6. Cruise track of the R/V ACANIA on 1 ..:ay 1980 --- -

7. Sime as Figure 6 except 3 :,1ay 1980. -------------------

8. Same as Figure 6 except 5 :.:ay 1980. -------------------

9. Sa3_me as Figure 6 except 6-2 .,ay 1980.- - - -

1n. '1ight path of the aircraft on the afternoon of
1 "ay 1980. -------------------------------------------

11. Sa e as Figure 10 except morning of 3 :!ayr 1930. ---

12. Sane as Figure 10 except afternoon of 3 :.ay 1980.

13. Same as Figure 10 excent morning of 5 :ay 1930.. --

I1. Same as Figure 10 except afternoon of 5 :ay 1960.

_. S-ae as Figure 10 except morning of 7 .-ay 10. -- -

26. Zame as Figure 10 except afternoon of 7 '.*ay 1908C.

17. ..:a of ',:onterey Bay, location of the /7 .1AIA
','hen not on track and locations of ?ritzsche ?ield
(CAR) and .onterey Airport ( -.) ---------------------

12. 3urface and 500 millibar analyses for the -mestern
U.S. at 0500 "7T on 20, 29, and 30 April 1980.
(:7C AA)---------------------------------------------------

19. Same as Figure 18 except 1, 2 and 3 ,,ay 1980.---

2C. 1 ','ay 1920 GC'S .Iest Satellite imagery at 0915 PD. --
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21.2 :.:ay 1980 GC est Satellite ima -- at l2 121'1 '7.

=2. Same as 'igure 10 except 4, 5, ar.d 6 -a,' 10-------

5 :,(~ 19C C a t- at11it~ a r: e -, 16 L;5:~

2L. Same as 1igure 13 except 7, , and 9 .:ay -'---

2-_ . 7 -'ay 198C GCES ':Jest Sate!lie:a ya" i 5" ?m. --er

2.1 "ay 1930 at 1710 ?DT. Aircraf- rofile of v*rtual
notential temperature (ottom scale, in degrees
7esiu), solid line, and mixing ratio (top scale,
in gr~_ns per -ilogram), broken line, versus height. -

27. Same as Figure 26 except 1 May 1980 at 14- F'. --

23. Sare as Figure 26 except 1 .:ay 1980 at 182 ?DT.
9,. Same as Figure 26 except 1 .'ay 190C ..NIA p.ofile

at 1225 FDT- ----------------------------------------

30. Sme as Figure 26 except 1 "ay 1980 "IP profile at
1553 PDT.

31-. -May 1980 at 1754 PZT profile of relative hui ,""y

(bottom scale) solid line, observed extinction
coefficients (top scale), series of short solid and
dashed lines, and predicted extinction coefficients,
series of short solid lines versus height. 2op
scale is logarithmic, where 1 is 10. 1ind speed (U)
at 4.6 m/s and wavelength (a 3.75 4crons. .

32. Same as Figure 31 except 1 ,lay 198c at 1903 D. ---- 2

3. Same as Figure 26 excert 3 May 1930 atC 1C3 FD.

3-. 3ame a s 7' iur 26 exceot .. %.ay 1980 at !L&3 C.D

35. Same as Figure 26 except 3 ,ay 19'O at 1652 7D: ----

36. Cw.e as Figure 26 except 3 -.'ay 19cC at 171- -L..

37. Came as Figure 24 excapt 3 ,ay 19320 at 1834 7------

3. Same as Figure 26 except 3 May 1930 NFS arofila at
0800 -DT. -----------------------------------------

39. Same as Figure 26 except 3 MI'ay 1930 ACATIA profile
at 0845 PDT. -----------------------------------------



-C Same as Figr 26 excer,- 3? :.ay 1930 ACA:A *%rof Ile a t
1 - 4 PDT. -

._,z_ > -s Figure 3 1 excer 3 .,-y 192' t 1CLL , PT and

*ind speed a; .t D-/s. 7

r2. Same as gure 31 extent 3 3.ay9 a 8 1.33 -
'. in d steed at 4.-, 4./s. -

Z3. Same as Figure 31 except 3 M.:ay 1960 at 1730 D- nd
wind spped at 8.2 r/s. h:ind speed calculated from
:riction velocity. -----------------------------------

4 i-4. Same as Figure 26 except 5 la 1930 at iC7 -'I.-

Ss S-me as Fi-ure 26 except 5 .a' 190 at 1035 10:-

46. Same as Figure 26 except 5 May 190 at 1!L,2 7?D.

'7. Sane as Figure 26 except 5 :May 1900 at 1700 ?D. -

4 . Same as Figure 26 except 5 :ay 1920 at 1734 ?D-. -

L9 Same as Figure 26 except 5 .:a,, 1980 at 151 . --

50. S me as Figure 26 except 5 -,ay 1900 2CI. profile
at 0025 PDT.-----------------------------------------

51. Some as Figure 26 except 5 M.ay 1980 ITS profile at
07537DT.--------------------------------------------

52. Same as Figure 26 except 5 ..ay 1980 ACA.IA profile
at 1150 T.----------------------------------------------

'3. ZSme as Figure 26 except 5 _:ay 1930 MS . rofile a;
145~------ -------------------------------------------14'55 'DT -_i

5 . Same as Figure 26 except 5 'ay 2980 ACA:,A profile
at 1600 DT. -----------------------------------------

55 * -ie as Figure 31 except 5 ,.ay 1960 at 1050 -L- and
"find speed at 6.1 m/s. ------------------------------- -

56. Se as Figure 31 except 3 ,,,ay 198 at 1200 K a
wind speed at 6.3 m/s.-------------------------------

57. Same as Figure 31 except 5 May 1980 at 1746 7L4 and
wind speed at 10.3 m/s. ------------------------------

5. Same as Figure 31 except 5 ,iay 1930 at 1901 FZ2 and
• ,ind speed at 10.5 n/s. lind speed calculated from
friction velocity -----------------------------------



......e as z-ur3 -xcezt 7 "ay 19E0 a 0 1C2- 2. --

!im * az~ s ?' '3F:c-,.zr~u a .1P ; C .
-'¢. 2me ?.s ?gur 2" e.6 c 7 *ay 19c0 a; l2Z9 .

2 SZe as Figure 26 except 7 ::-.- 1?30 a; . D. --

. ne as Tigure 26 except 7 ::ay 1980 at 1--5c ...

-ae as F igur 26 e"capt 7 >.a 1 1;99 -z
0 aC. C ---------------------------------------------

c=. >.n, e as Figure 26 except 7 .ay 1980 A.." IA rfile
- C 2D'2 --

-.~ Z.----------------------------------------------------------

Came as Figure 26 except 7 >ay 19 0 2C prof' __ f -
-~~~ -------------------------------------------------

7. C ane as Figure 31 except 7 :lay 1080 at 1C.'2 and
iind speed at 11.0 n/s. "Jind steed calculated from
friction velocity -------------------------------------

68. 2a~e as Figure 31 except 7 , 430 at 1S58 -7 and
w ind sneed at 14.3 im/s -.-----------------------------

69. Relative humidity growth curve for differen; air
mass characterisics, representing different aerosol
types, in terms of ambient (r) versus dry 3ize (r
". "us. (-itzgerald, 1978)
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:h De 7 ~t .r en t c' e f ce (:C. . n- c- a

I-erested i.- o'tc-cJa -rcijer -:-zs cfcas

viean s'rstz!-s. -,.e A~r orce 1Zv~.erzea:

arocsol extinction for A--s p-recizio

--- 'rns wavelerng-'ths tFih c~w -fr- -. ;c .e

:,.:riaereE::ons. -. 1- -..- s ar2~e ..- 1Z :

trzett.a'.n conventicnaj. mun nors nw 0~ o:r L con -

trll-*c factor Is the abi--lity 'of' the ,7u--*'-nce s-iit":7 toc

"e"the targ-e.. h ability for : he -G: o "see" :he : .- t

is *,ez-eden- on the wavelerngth for .-h-*c- senscrs rdsire

ar.4 th!-e -oronerties of the inter,.eninga- snee. '

__ e-rair nrcocerties of the at.--osphere are :rno'clrlecular

-aL sor-,ti-on an~d aerosol scatterinz. :he w v~ntsfor -he

di-'-f'aernt sensors are primarily select.ed sno ta ce~

ai-scr7-zion is --',-,d. erefore, scattaraJn2 y ecs

bei:come.s the main concern, once a r e.aat-*,Ive.-: ,cec

a bcor-jticn free win-dow., has b-een folund.

2eatveyabsorpti-U-on free wn;d.-ws ex-s-ts :in the-,2IC

inf~ard(12), miIllmeterwave, and mlcrowiave -,aveans

th1 cth absor'ntior. and scattering by1 aercsols- are

affected by weather elements, scatt'CerinEg appears -!.o b-e more

affected than absorption in -,os-. cases ZE11 otzreil a-. al, TJ



-"-3e abi l y -.c assess aeroscl extinction from s y.cp;ic

scale descriptions ".-iculd help in decisions of ,:hica tye of

system to use agai=zt a targe. -ecause some ste.s are

launched from the a--, it is imort2nt that descriptions

include vertical distributions of aerosol extinction. ..cdels

exist for estimating vertical extinction profiles but they

have not been validated suficiently. lo do tiis, profiles

of actual extinction must be compared to -he extinction pr

dicted by existing models. If the models do not 'ork and if

modifications cannot be made, new models must be developed.

The purpose of the study is to describe the snoptic condi-

tions occurring with a unique set of mixed layer and aerosol

data to evaluate an existing model.

,In experiment entitled :a.rine Aerosol Generation and

Transport (.:.AGAT) was conducted in the vicinity of the

ronterey 3 ay, California, during the period of April 2S to

lay 9, 1930. The purpose of this experiment is to examine
the comatibility of optical and micrometerorclogical propa-

gation theory, -. d to extend d rnamic models of the evolving

marne atmospheric boundary layer to include aerosol and

turbulence orofiles -?airall, 190 and A:airall et a"l, 1.c7

..TQ Dl atforms, the 7/ ACA. and Fn alrcr aft, :;ere used.

:n this study, ovearater radiosonde prcfiles from the

,/J .A ., profiles from the spiral flihts of te a-r' --. af

and overland radiosonde profiles at the :aval Postgraduate

school (77_S) -are comnared to aerosol measurements -and mcdel

12



~.proah 'as-o describe the rsval2,g s-rrcti2 ccrnd!tc~

-.t -e tme of tha s oudln-s and to ond r

7:feC-,d thie vaertical ae:oscl e: i.--ton a ~ I r 7c m cs.

-..e results are compared ; o those =resentad by '.Huhes (19230),

botare '6.,te he -.1. and thie s-re-gt.- of' ;-h inver,-rsion -iere

das~lr-3d.



-;aclkground dicssion ;vI con iz. of a su;,.7zary of e

inve-stigat ions by, :Hu-es (2:910) and -uge and Bi.c*h4-er (1-'C',

and brief descriptions of the evaluated models.

:'..e aerosol extincti o. coefficient, the parameter- of

ierest, is a f-uncT-ion of the iaveleng- i of the radI-ation

(A)particle size (r) , and -oarticlea index of refract ion (n).

::.nca aerosol absorption is :neglIgible, aerosol extinction can

be almost entiel attributed to scattering processes. -ere
_ tiee ~esoI'scattrn R~ayleigh, :,ie, Tnd i-on-selact-.ve)

w-ch depends on the ratio ofLL th ',e si_4ze of the -rarticle to the

.iavelengt h. aayleigh scat-terig applies to particles ahich

are much smaller than tie wavelengtI-, :,:,e scatterIngt

-ariceswhich are near the same size as th.e wavelengcth, and

:on-selective scattering to partwicles which ar? m-,uch Alager

than the w-avelength E-Iaby, 1981j.

-he scatterin.g area coefficient, :-, i-s th'e de--er-mining

nararneter in :. ,ie scattering. xis the rati-o of ti "ciaent

wave frontu to th.'e effective cross -s ect ional area of -.he

narticl3. Thie ext.inction coefficient, 'b, is ralatead to

as follow. s:

j2DT:)'nrA ~)d 1



-'hr :/rIs the ot-br' f t ntcl.3r rer ciz e an e

s:ze interval cen.trd -a .ius r. (n,1/X) i" :.i

3c atter ---aa ccef 'icant , am And ) is the 7ar-icie a-?ea,
r, for seric1 oar4cles. x .t ients based

.r .... baaseds x hcio oe

on observed aerosol distributions can be computed, for

either discrete wavelengths or a wavelength bend, using

e::act ""i coefficients Z -aby, )2-7.

AL _A. ;"IT" R,"' (C S C) Z 21 :'' -

M. G- Hughes (19CC) evaluated extinction profiles dete

mined from measurements of aerosol size distributions obtained

b'y TCSC investigators Li t",,e viciniy of Sn .Ticcs :sand,

California, during April-.ay 1973. -.e compared observed

extncticn coefficient variations with height to those Dre-

dicted from the .1ells-Gal-'unn ("G;,' model -[ells et al,

S-77J nd to the LC!T.RA: 31 model, Relative humidity, which

is an input parameter of the 1G".: model, was calculated from

the air and dew-point temperatures, *.ch was measured

coi-ncident with the aerosol measurements.

Three days "iere chosen for evaluations because of the

deoth of the mixed layer nd the strength of inversion.

Conditions for one day(2 Aril) were a sbIal o', ."7.e .. er

and ".veak inversicn, conditions for the second day (3 .,af

were a deeo mixed layer -and a strong inversion, and ccnditions

for the third day (11 :.*ay) lere a shallow mixed layer and

strong inversion. 2he surface aind speeds for these days

were 3-5, 5-7, and 10-12 m/s, and visibilities were 16, .,

and 23 1m, respectively.

15



AL. craf-t mcun-t,-d irnztrumnati:c used i.te.e.u~~~t

(2 n irbrn inollen' er:r .ASZ-10C Ozectromreer -)obe

-or ,arosc2. size, distri'outions. :he ,reasurem~ents save a

r-a-dius coverage from 0.225 to 2.4.7 microns. Lata 'iere suzmed

for four second time spans.

(2) _'n :-T2CCA :;uar-ez th"ermorret-er for air t.-mmerature.

(3) .n :~~...~for e-mi;t.etu.

''A raZsure sensor for -,,easur3.men-.-_ of 313vat -ori.

Th~?I~: mritmeaarosol inodel is a two compoonent, alyti]c

ex1,=ession for the aerosol si-ze di-stributio;n. Cotnna nd

x;.ime aerosols are represented byr t-wo, cc:.'.ponernts of h

=-flaytic axpre55s.of.

-na ari-.ime component wias ado-pted from the i-ermendjisn's

E-*J'1ls at al, li77 h-aze -model *ihers the num'oar diLstUributicn

is des--cribed '.-r

:()Is th2 total numnber of o-art-icl1eas 3 *r cuzac eti'etar, r

is raisof the -particle arnd eeneton relaztive . d-t:

aand 7 are de:endsnt or. tevelocity of1 the wvind (u)

in ./s, 3rid b is a constant. '.'-e values for a an~d .ere

detarmined by einojir-call meth-ods and hIave the formn

a = 250 + 7590 u1 6  for u < 7 i/ 3

=o u 0 *2? for u > 7( in/s

1.6



an I

C .?.~ - 0.009 C.- C 'C

Trheao f or t he c.ne-ithe be.vO:f a- Et - z/ is

... a a ranid creei ths inU:"bei^ of lvar pa'ticlas occurs
when "hite cars form. .:,ni -- c aps rm a C;-4 aprxztl

./S. 3e 1 o. 7 i/s. aerosol siz47e d is tr-I -u-ion ta'les on

'he model allo-as fcr ae3roso. ti size chm-ige inr

-estonse to rel.ative humi'dity c:-.angs. .'he equation for thisz

ig iven by

where r is 1 th r -ad, -us o f t"e rartiLcle at zero Der-ernt

relative humidity and F is the grollth" factor. F Is

F = 1- 0.9 nT.-R0ccJ 6

i?/~c s the decimal equivalant of 7-3rcentae.LZ '

noted t1.hat thea sx:)rsssion for F is for sea salt -aeroccls w-L'th

oodiLun iodide as th'-e nucleus.

:nclud--ig relati-v3 haumidity, th-e altitude dependence,

mrd thes ccntinental comonent in the equat i-on yiel~ded the

final form of thie equation used bOy :Jells et al '1977"

ZEd'./dr=j6 0.47 (4)-4 ex-p(~
c

+iZj (C ±q C~U 6 )(- eE-.
1 2

17



-I~eed as a .-. -ution ",. 2-3L the

t. ma co."- onar s val*-r.z~s for Ca -a~~>sc~i~

c un d 'la I of th*-e -ub iz-:-e d p -p-er ZL1e I-I s c- l! 27 7.

U: ( I " CC' -ied -,,at the ccns-ta-L ocefficient i .v

:aItie C cm orn e nt s h ou Id be th1e invear se, Lh iste ad c f

c. ::I.LZ- 7AZ :'c~
A version (el-at)of tepreviously des cribad zncd,--

i1q that used -4o Ccmpara actual 1'ersus cal.culated extinctio.n

Co-:3fj.clents in this 3-oudyr. ::odified t.h.-cuj~i- empirical ehc,

thIe !ells--atz :'odel is as follows

- , -4
E dY/drJ = 1.7 (S-,)j - 1.62 (C" 1j C 2 v)

FT1 F.(z7 -i (~:. ,

The irs ter isindependent oIL elevati-on *hrasit -.as

r.ot in the- orig-*inal model. -h ti-rd tearm is stl levatimr

de-endent. r is the droplet radius in :-icrons, Zi 1-

elevation above sea surfa-ce in meters, andh is the socle

h..ht ( C m for altitudes less 4.han one ct a sgven b,

wihere Risthe fr'acational rela-ive humidity, for relative

zI- ;d It y b-etween 40,'12 and 96-6j. v Is -he wind factor

scaled from surface speed u, in. tliis cas--e the wind s-oeed



-zed ess zn or eiu . ;o .i/s r'.ci jns 'u -l-z

de_-ind ac one plus ;nhe cu=-rri-,y V/00 cu:)ee*,. 1 3 tfl3 camei

a-T~~~-i, Y inzeoiinleuto. 9v _Z 'ined as

a for velocizies greater thiri 7 ims, wahareas 1The value o eco.nez

-0- loc -.Or veloc±zies la.ss tar. cr Cual. to 7

M/ /:- E~ oonkeszar, LQJ.

D2. -,-U: ? iG=S2 i:'ULZZ

?,sull;s of' comp-arisons bezween observed an predicted

a~erosol e.-f.inction by h.,Ughes (1980') and Huighes ?rnd ihe

8.9C) appear in Figures -2nd 2. -hcse f'rom =U- ugnes are baseld

on -.he .G.model and the L i Xmaritime m~odel. in

general, the comparisons for both are not. gocd, pet.Icularl

below tha inversion. -Furt',her, discussion on -.his is %vith-

~edunt,' m- exainaticn, of results from Ti my
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(a) Aerosol extinction coefficient varia-
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L0I'RAT 32 marit-ime model (-)
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T !gure 1. H-ughes aerosol extinctio*Ln coc'f'ic ient va.4at ions
rith alt6itude. (Xughes, 1910)
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CALCULATED (SMOOTHED) FROM
KNOLLENUERO MEASUREMENTS

&75" LOWTRAN 35(MARITIMIE)
A U ~ **CALCULATED USING MUNN-KATZ

AEROSOL MODEL

E 15 MAY 11 MAY 5 MAY

.3-

.2-I

10-0 10-, 10-1 10-' 101

g.ure 2. C m; 'r i z on c f e::-win c zic.n c c ?f'Li cI ent v 'izti0-
kmoothed) '.vica altitude czncula-ed us:ing n&i:_-c'-L:,en.3'
m~eisurqrnents and those c~1cu.ated usingE th7.wmioz
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z~- 1-2 :!'ZCn IT :A2.,'

The d ata -5or aerosol extiction avere Measured f'romth

Airbcrna ?e-sea-'ch Associatas'I turbo c."1aged -_ellanca, sn

t:Iie :cC acr-oscl ::leasur,3nen:Z system ccnric-te.nj of a rcl

..esurmertsSystem (L. -,odeJ. 'aA ( ure3) Al

..easured data :7ere s2.7-1ed every 2 .5 seconds witha a tosa

-verage every-iv secornds. :*.e -nrraf flew at a ccns- ant

altitude for tw.-o minutes during measurements th-en Tlent to a

adiffe rent altitude (ladder) and re-oeated the rocess. T.he

Jda ta -mere stored on magaetic ta-pe-:. The aifrcraft also measured
arand dew?.point temperatures, wnch eesetocmue

relative humidity. -.he -orim.Acry vertical -roffilas for thi-'s

studyr are of aerosol extin~ction (anctual ard prdctd nd

relativa humidity.

D)uring flybys itilthe R/I! Iarcataeco

iitrbuioswere compared :ith those obt'ained w.ithl two,

-rooes on th.:e shi;p. The two probes on them :/) Ar -,,ere

thne -'-:S models OSASJ (classical scat tering) =-.d AS AS (active

s catt1.e rin ), iue s L~ed 5, c o nt rolled by a 7. S data

acquisition system (DA!S-32) with a computer intarfa5ce. Th1e

-;hipboard systems measured aerosols in 90 different size

channels from 0.09 to 14.0 micron radius. B"ecause til9 sh--

board aerosol system h-ad a wider size rance, aircralt aerosol

22



Pigure 3.Spectrometer probe mounted on the aircraft.
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~~~~ ci~ Teto me ter probes and lower level wind i~t'i
:aen-s mounited on th'e bow o' t!he MN ACA-

r4

TEMMOTT 2

2igure~~~~~~~~~'O 5.A Eesrlctoso oadte~VAZ wn
zensors t 2 and ', spectoTerpoe t3
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rjt~e. 2.:C 2eea: 2.~ 0 eurQ Z, T

Othear nan-anerosol inr'e.a:c sed cr. bath.- theL

2ircras t7r.hi a re a .scribed by 'arall (!2--757 end .3chac*-er
-et a'.(722

!surface nd5CO. V' C.-art: ---d

le--t satellite -ageries ?iue 225 c o evaJl-ate

tiarn are frc-m 'TCAA aeerdy seri.es of dally7 vieather ras

local -;'isat:7er a and itians occurrin~g ar-e obtained fro,- the

.2. Array, Fart Crd, -rizshe ied *'eather cbservtims

'Then -cassilble a'izh 2'ield -is not a 24-hour re-ortig

station so observ-atons :rc .the inee aizrrort are used

at ti mes ohe aoera ns are not availa"ble. Tr it z s che

i ldo'oservat ions a- chiosen over th.ose of .- oterey air-port

because :vare mare re-preseintative of th+'--eacni~in

oc:curr_;ng out La The 2ayr hrethe s hb an=d -!1ane ~'"

c-)erat -;ng-,. As 3shio.,rr. In Figre9 1, .- terey a2.r-Orti

,crotecad '-,y a lend -,ass to the-l *.etwih~ee Og

from ariigat thie airport urftal after Its ?t'riv"'l at

Fritzsche Field. ?Frit zsche T-ield iS, located -5 '= fr om the

~ay end l-1, '= to th,,'e -north-n.ortheast of TFPS . 2ecause of the I

l=,d mass west of ':ont.erey 'ay and isoz-ographlic, e-ff-c'.,

f.o g f16o rms re s to o aint .7Inos and then r lb 7ach f illAIs in to re ry
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The weather conditions were generally neutral with

occasicnal moderately, stable and moderately unstable condi-

t'Ons . evera' w-- rontal systems rassed throun-h the

area during the ex-erimenta1 7erid. occurred
t first and last days of the exeriment inr cnjncti' "

frontal passages. Low cloudiness and fog occurred during

the mrn from 29 April to 5 ..ay, with fog- returning again

on the 9th, the fial day of the 3:x-eriment.

At the begin.inj of the period, the area is dcminated

by a slowly eastward migration of a out-off low at the 5CC fz

level, Figure 18 and 19. 2y early morr.!.in on 2 ...ay, the

area is under the influence of a weak ridge, Fi-ure !. On

S:,.a, the area Is under dIverzent z ot at the uer :evel,

Figure 1. An upper level low has formed off of a2a,

California on 4 leavin;. the ara under an i..fluence of

Ccl, Figure 22. Cn 5 ,ay, the P.rea is between a troufh an.

a ridr-e (Figure 22 , and by 6 ;.ay, the area is on the back-

side of the trough (Figure 22). Because of deepening of the

trough, the area is still on the backside of the trougth on

7 :.ay, Figure 24. A new upper level trough formed and is

approaching the area on the final two days (8-9 ay) of the

experiment, Figure 2!.



Zurf~~~~ce~ vi dsar elt vl, 1 -

th-er ;3t and in-crease toward tn-e ?n-l of th"e nericd

Ai. Lft-ortant ftu re tn these in-ternrezatiorns is tle--

nature of thea .mixed layer, often toppned ay iniversion,

wit4h -eegard to stability and he-nce qijXi4na intensities

:t s asue4 that -ixing becomes greaTar as conditions

-eoome more unsta.-I e.

At t.'he start of teexperim-ert, -.he mixed layer enzt

stable to slightly stable conditions until around 1 C00 ?PCaO

23Arril ahen condi-tiorns become more :-eut-ral. The neutral

Conrdition remains until 1 ",ay when ccnditions once a~za:n

"cecome stabole . A "iea!k frontal oassaze before 0500 ? " on

279 April. does not appear to affect conditions of tA.e m!ixed

layer feature. The mixed layer remlains stable utla

_rcrntal -cassa--e on 2 -.ay when condiftion-s become n eutral and

remains as such until 5 ":a~r. --n the MorniJng of 5 -'ay, con-

ditions are slightlyr stable, r-eturni;ng to- neutral on~h

deszite a. frontal passage a- 1300 D0F:' on the fifth. -.'aev

reman netra fro -:ay to .e end of the experiment or.

a .~y.

2. ::Ix=ED LYA*":) AERCSCL ZXT I_'C T _c: "RES L'TS

Days chosen for further snalysis are 1, 3, 5, d 7 hy

Rea-sons for these choices are presentCed with the description

of these days. Cn the first, the area is under teinfluence

of a surface low i.n Colorado, with a frontal system

approaching from the northwest, Figure 10,. Cn the third,
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" - rea ison -. 'c side of a rather weak frontal system,

r'hiz .. assed trzuzh early o t,.e second, 2igure 1-. Ln

-".e fifth, a fr.nta system passes -h:oug h he area at

a=roximately ! CC i- $1gure 22), at this time the

visibility ,,mprovd to 25 miles and later to 45 miles. On

-he seventh, the area is be'hind the frontal system which

-acsed throug- on the fifth hile another s ystem -Is

an:roac, in g from the norThwvest, ?igure 2-.
The results are showvn in the vertical profiles of specific

hu4idity, virtual potential temperature, relative humidity,

and comparisons of observed and predicted aerosol extinction

at the 3.75 micron vavelength. The 3.75 micron .,iavelength is

chosen because it is the wavelength used by Hughes (1930) and

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

from .-thich the profiles were obtained, are designated L

in the aircraft flight paths given in F'igures 10-16. The

ladder profiles have corresponding spiral prcfiles wxhich

a7 ear in Figures iC-16.

ohe -rofiles of virtual potential zemmerature and specific
humidity obtained by snirjal and radiosonde ascents are shc',,.I

in the following description of the chosen days,. An as'zect

cf these profiles --fill be the difference occurring b-etween

the locations and the types of measurement (spiral or

radiosonde). these differences are described but there is

no attemnt to interpret the reason unless the difference

renresents an obvious horizontal change in -he mixed layer

denth. 2he o'jective in presenting the various profiles



. id layer demth -- struc"ur^ s vie- as a

c-notio scale aspec- of :he observed extc---oion profiles.

'he first of -.'; _s chosen because of a -arallel

.....ch study pertar.ng -o th.e use of satellie anomalous

;ra snades to ne ..ct 3xtintion ~c7ui" , 17.

_he surface .-iinds are Ig and -he surface layer

is unstable throughout most of ! :,ay becoff.... sta-le at e

and of the day (Table 1). T"- area iS under *enfluence Of

a surface low in Colorado, ",with a frontal system a-croachin.g

from the northaest, Figure 19. The early morning hours are

Lcminated bIy low cloudiness =nd fog until C,\C ,.T. 45

s'ies .... become scattered and visibilities imr ove after 1CCC

?D_, with the greatest visibility being 25 miles

The airbcrne (siral) profiles, 7 -res 2-2, Show

nea.r-neutral to stable conditions vwithin the mixed layer and

-- conditions azove. rom 1710 to i?52 ... the mixed

layer (de4th decr3es from 450 to 3 Cm a alonz a Ln ext e ,d

om to 76 "1 test of S, FIgure 1. h.E sct=dinzs from

the .,/'T .A.T:A (Fizure 29) and :'FS (Fi=ure 30) show very

uns-able conditions near the surface. 2he -/V AcAwas

43 'm west of , FS , Figure 6. The NI:' soLumding could be

influenced by heat rising from the land. The AC A. .so :n 'in ,
1225 ?D (Figure 29), has lower virtual pctential tempera-

tures than the sriral profiles also causes the

ratio to have lower values because it is computed from

relative humidity and temperature measurements
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X,;rf ac - av*er 'Jm2.'ez .,"a- ~

~ ;r~/see (~/),2( -'s ta-erure da ;-rees celsius,
2 ~c is sea surface ternerature ir. deigrees ce'si-us, R:-(

re 1a-.-v aI hur.-;d it y i'percent, and Z/: ithe st'bll4-

C 3s% 21'

,-:Cc3. 11.07 130t3-.7~0
C6:3 2.211.90 134 3 -9.17:-Cl

07:0. 12.1C 13- .41 92 -2.02--C
0?:42 .112 .17 1.79 6520
C2 :30 b*~ 12.19 13.3 5 95 2. 55-O1
039 :00 12.4L 13.0 7 -3 -CI

030 C3 .3 13 .02 9 122"

10:30 L.2 12.-9 1J.2 7 9 20C
11:00 1.5 12.6-4 13.36 2 -.0-C
11:30) 1.0 12.9/6 13" 0 -. 0-C
12:0C 0.9 12.6 1C4 . 26 Z9 -. 2-C
12:0 . 1-3.0cc 1.3 -2O-C
12:30C 2.5 13.2-.501.0C
13 :0 C. 13.25 15.0 O2L7 -. 1-0
13:;30C 1.7 3b150-.b-C

15:0 0.2 1k.lb1.3

15:30 1.2-
17:00 25 14., 6 Z5.-C

17:0 . b6 50
17C:3 0 0.~ 14.6 47' 0 6S-C2

13:30 *I.62 l.7
12:51' 4. 157 lb5 3 -.2. 1":C2

21:00 571.113.64 3
21:30 6614 .3 "ILL 01 5~2-,2
23 :37. 13 .6 413.536-C
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Figure 26. -ay 198C at 1.iC ET. circrat -orciJla of
virtual potential temperature (bottom scale, Ln dezrees
Celsius), solid lie, and mixing ratio (top scale, in grats
per ilogram), broken line, versus height.
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:izure 27. 1 :ay 1990 at 17-2 --.- A:..f' p ,z of
virtual potential temoerature (bottom scale, in decrees
Celsius), solid line, and mixing ratio (top scale, in grams
er kilogram.), broken line, versus hei t.
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,oijure 30. 1 ',-ay 19PO at 155" D.~ oie~ ita
'00er.tial te:merature (bjottom scale, in dec--rees Cleisiusi,
solid linev, e-d mi-x-in ratio (top scale, in grazs per-

':ilogam'), arck3n li-n e, %re rs us I.Fht.



:he ~2 ir- Frfi3,7i rs 2 -Icdes nc' -no,.,

-aar -3xnonential sh-ae t -175L 7:: ?.-re l .h~

correl ated with the observed P-ero sol ext .ncticns.'

zemlieved that the low *iind sreeds, !.9 :n/, causes the w=e-

di-ctad values to be crrimarily continental vrmd to be determi4ned

rdatv h idtv. in contrast-, th? 7O 3 2)

rcrofille showqs a definite Lnverslor. and the- -redicted extinction

val",es are bOetter correlated wi.h -"-erved values thn-

m.ixed layer. .red ict-%.-ed extinction valu _eS ?-re defi'nitely less

th.,an the observed values above the mixed laner.

2.3 ,.:a-y 13C.0

The th"ird of' ".ay IS chosen because all s-ciralrcie

show classic examplas, Figzures 33-'", of _= well mi-;,ed boun,=daryr

layer capped by ar inversifon. T his assessment is based on both

the virtual potenti-al te.moerature !:rd mixi-ng ratio d'st-

u-1tions wit-.heg.

Thewidsar 7 ~ 0 :t therefore, produ-ction is

-durinc the afternoon =.d thea '3_,-c laye-

-instable throug~n the whole day ( 2l -1 ,. There fore, -pro-

auct'ion isaith -.uite good mixing. :he area i's bhn

weak, frontal systemn, w, hich nassed tr'hthe area in the

?early hours of the day bCefore. Again, early morning hours

-!,- dominated by low clouds and fogwt a lowaest visibility

of two miles. The sk~ies become scatt ered _nnd the foz dissipatas

Ly 1000FDT. lo clouds occcurring: agan:ntearaa

170014 7t, ut the visibility remains unrestrictad.
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?i ur 33 ::ay 190 at 103-- %. -Aircraft Profile of vir"z.
potential terperature (bottom scale, in degrees 'elsius), so!i
line, end r.ixing ratio (tcp scale, i zr-s per .:ilogra.),
broken !-n, versus height.
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e35. 3 [..ay 19.C at 1652 PDT2. Aircraft profile of '*r tua
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e::t"uctio-,n vzluas are nct L~r a~cn.Ie aEgree.--en..:t

t-s'Ose ~eitd
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Results- --- Y

-3 1, a VC1s sectio cre-'

.. e Ii7&jed cth,. L e ac-u a! v a'ue z o =;C-.n c J ;:n

-ire correlated to scme degree in the miJ:3_ layer. ..hen h y

ii. , ehe deviations a-ear tc be I-ua zo -0c.- ,,ind c-ee-

znd rniative humidity sneciiications in e odel. .he

.1ind z-eeds used in the model are averiages over -.ime and are

not he local dind at the time of the observed profile. -his

at-e_-ers to have had the effect of causing the predicted profile

4o be biased to-ward higher or lower values de-ending cn wihethe

the ",.ind speed is over or below 7 m/s. Higher predicted

extinct ions .wV'ere associated sith wind speeds that are too

high and a lower predicted extinction indicates ",rind speeds

toc lo.v on the average. :'ind speeds reco--ded froz, the ship

are believed to be within an a-ccuracy of -e. percent

F-Zchacher et al, 1930a_7 -nd aver-age relative nUMidity are

believed to have accuracies .ithin three percent. :n vi',
of these accuracies of t'e two controlling factors, the

results of the predicted extinction values could stilli not be

-djus'ed to agree waith -he oserved results. Another reason

for the differences betwaeen the predicted and observed

e:: incticn profiles could be round-off and/or tr=.cation

errors of the empirically derived co .. _icients of the

nrediction model. This is not believed to have been the
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-,:--.':T could '-ve '-en !:te,"7 :'zice :x~. t..

-r 3iiVaft -snect cf zha cT.ar c n i'.at

zll*)dlcta value were normalized wih he a ctua'2 value c'

c-x-.L-icion iLn tIVha lower mni*;zecd layae:, seee : ,. 'o 'e

izerccrnontrmticr cf -le-:o2Gls near si.e crn c:

-.,aan ch~redic-ted 7 - the z cdal. ni-s ccul-l ce e2.ane'

on -.he basis of tie relpz.ive humidizy sens '-ivi- y of :hie

grawta, as shown- by Frit-zgerald.(92 gr . :i

rq-zlizy that at a high v~lue of rslative hiiyaih

e:r rrs wocul1d d r astca C l L Y a ffe c th e p rePdict-e d v a Iue s

-his has 4-o bce considered LJn vievi of the thre'ere;-xcr

t-.-nty in the relative 'aum ity ±teacurernenI..

10Ic6
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_he model includes both a ma.ari2ime and con inental com-

nonent above the top of the inversion. .co.vever, the ,aaitime

aer--scls __-i tr, .ped belc the inversion so the _reio .'-cve

-s czm-osed solely cf continental 2ercscls. _is elds to

'nredicted values zenz lar-er th-rn those ectua "Y .ensured

,bo-e the inversion swice _ .a.itime source es Included *:hich

4-o nc exist. Also, the model specifies an exponenta-_

-ecrease %,ith height rate for 'ow reat a hc

*cs not found in the observed extincticn.

-iZferences between the sp.ral profies and the r dio-

!onde profiles suggest that radiosondes can not yield -ccuraze

prediction profiles. Zxtinction profiles from n accurate

model bated on radiosonde data would be in error clue :c

measurement capailit ies.
7he .. . -"" ,

eL.A'Z' 3 profile (Figures 1 and 2) are not

adequate because they are exponenzal even aithin the mi:ed

layer. The model yielded relatively accurate extinction

values near the surface, but yielded erroneous values at

altitudes. This is because realistic relative humidizy

distributions are not considered. At sea, as seen, ;_

users risk underestimating the range wI/hen a fixed zrans-

mitiance occurs Z-Hughes, 19807. Over long over -ater sln z
pah ranges, -C.IT',,I, 3B should not be used for open oceam

vertical distributions of aerosol extinction.
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-s-d cn cncusicnz in -'- A -. 1le ''

... r sers r d osc i onde iFt umens shcul I

ieveloped alcng w.ith Calibration instruments. -he ;erfec;

,xal without accurate measurements of r-la-i.e ; " :-"
• ___ nct > able _J acoura-ly cr .ct cc."

(2) x:erimen s should be conducted in ,he Gulf o

4exico, off the eastern coast of the United States, and

in t3 arid region of the souzhwest. Ihis is because

off -the California aest coast the relativenhmid"t" is

usually not high compared to other U.S. cntinental coastal

regions. The Gulf of wexico would have a higher relative

humidity when winds are from the south around the Lermuda

.1igh. ihe northern part of the east coasz .ould have off

shore wind flo,.w around the Bermuda High. 'nd .he souzhaest

•,culd be lacking - moisture source.

. One model should not 'e used to predict v3rticaI

aerosol extinction for different type regions. Ihis is

ecause of zhe continental component. Aather, a bas-

model should be modified for individual regicns. For
exa.~e: tiV3 .:eils-i:az model could be modified for t.e

Jest Coast to have only a continental component above the

inversion of a ixed layer. An arid region migt'.n ..v e only

- continental component. The Gulf region might have cnly

? maritime component during certain seasons -and a mixed
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