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OBJE(’TIVE

To determin e the temporal v.i r iahil i ls  of the aerosol s u e  distri bution s in the marine 
V

boundary layer  for difk r ent  meteorologi cal conditions lik e clear air and fog by using an
airborne aerosol size sp ectrom et er. In parti cular,  these measurement s will be used to aid in
the development 0, m a r i t im e aerosol itiodels th ;~i adequately describe the site distribution of
aerosol scatters.

RESU LTS

I .  In general, particle sui~~ and densi t ies  decrease with  hei ght .  However, the vertical
profiles of the cumula t ive  aerosol .~I/ c  dis tr ibut ion in clear air show an enhancement of aero-
sols below the base of the in~cr sion . Above the inversion, the ~er t ic a l  profiles are well
described by a power law.

2. Vertical and horizontal var iabi l i ty  of th e aerosol ~iie distr ibution for both clear
air and fog showed changes in the calculated ext inct ion coefticients ranging over two to three
orders of magnitude.

3. With in  the Santa Ana related fog, particle diameters exceeded the maximu m
observable range of the Kno llenh crg Probe (29 .1 pin ). In clear air, ~art ie le diameters never
exceeded 4 pm.

4. Aerosol size distributions obtained wi th in  fog by the airc ra ft are well described as
exponential distributions.

5. The cumulat ive ~terosol size distributions for D ~ O.45 pm appear to be horizon-
tally homogeneous : however , this does not imply horizont al homogeneity of the individual
aerosol size spectra.

RECOMMENDATIONS

I . Relate measured aerosol distributions and calculated ext inct ion coefficients to
electro-optics (FO) propagation measurements.

2. Make airborne spectrometer measurements for a comprehensive data base of
aerosol size distributions in diffe rent meteorolog ical conditions to aid in the development of
aerosol models which will adequately describe the horizon tal and vertical variability of the
aerosol size distributions.

3. Make fixed position , surface based aerosol distribution measurements to determine
the temporal variabil i ty of the aerosol scatters in clear skies, fog, and haze.

4. Determine the characteristic differences betwe en continental and marine aerosols
by making  airborne spectrometer measurements over coastal regions.

5. Extend the maximum observable range of the Kno llenberg spectrometer ASSP- l 00
determine the aerosol size distribution above 29 .4 pm in fogs and clouds.

Investigate the seasonal variations of ’ the aerosol site distributions and related
ext .~~. scattering, and absorption coefficients.

7. Make simultaneous remote and direct sensor observations of meteorological
parameters and aerosol size distributions to determine any exist ing re lationships.
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Exist ing and proposed I 0 ss ste m s f Vor sun eillance. ..u i i im un i c atm on .  range finding.
tracking, and targe t designation must contend ~ ith the highly sVanable usi b l~ and infrared
propagation characte ristics of ’ t h e  u l l a r u m u e  bou i idam) layer (MB L . (‘u rrently, the Na vy  does
not have the capabilit y to evaluate If l  real time t h e  e l L e N  of atmospheric aerosols and
inhomogeneities in their  c o n e e u I t r . I l  ions on th e pci I ’. si uu ia n ee of \ .~s I () system s Techniques
are needed to predict the p c r f o r i u i . i i m ~c of t hese s~ sL ins in such metetin,logicah condit ions as
clear air, fog. and haze.

I -U propagation pred ic t i on s  in th e IIIa r InC en~ u r onm n enl  require .icroso l m odels th a t
adequately desi ’ nbc the si/ C dis t r ibut i on t ’I the .ieiusI ’I s c a t f c r e m s  l) aia fro in in— situ
measurements of the se aerosol s i/ c  d st r ib t i t io n s  has been f~’~ r bed .in a l%1l ~all~ ~

t V~ and
together with Nl i e scat t er ing th eor )  ~ 11.1% C pro v Id ed a method for v’si u i fl a t ing an opt i~af
range. However , the se models ~ eic ~kseloped I i  rn ‘ i  i un easum e, i i en t s  j, id do not account
for the horizontal and %V er tic a l s a r l ah i l i t )  of I he .iciusol sI/c d is t r ibu t Ion along the  propaga tion
path. In propagation as se ssm i ,ent s . horizontal homogeneity and stand ar d s e r t i ~al lapse rate
of aerosol size distr ibutions are u su.ulk assumed l) e~ atuo n s from such assumptions can
significantly alter the e f t e c t u s e  range of 1-0 s~ s i L m s  . i n i f  Con set luen t l \  degrade the s’~ s t e in
performance.

In April I 976 . two kno Ile , ibe r~ drop- su e sp~ I r o i u i e t cr s  s~ere purchas ed from Particle
Measuring System. Inc (PM S) .  Boulder. ( ui lOradt I . Is) \US( to makc f i x ed  ground based and
airborn e aerosol size distribution m easurement s in t h e  MB I  i t u  det er m ine the temporal and
spatial variabil i ty f both horizonf ~i ll ) and ser t ic a l l >  u i i  us lime ~‘uipuse •‘t t h u s  reporl I t )  present
aircraft observations showiili! the hor i z onta l  and s~ r m i ~ a l sai  i . iI s i l i t ~ oh Ih1~ aerosol sue distri-
butions and corresponding calculated ex t inc t ion  cod lu ~ ie n t s  and t t t t , u l  l iquid ~ .iter contents
for both clear air and Santa Ana related log esen t s .

PRO CEI )UR I

Measurements of the hori z ontal and sertiea l s .u r i . ih i l i I ~ of the  ,udrosr ) l size dis t r ibut ions
in the MBL have been made using an aircr af t  mn oui i t e d Kn o I l ~ iiherg ASSP- I O() aerosol size
spectrometer. A complete descri ption of the axi . i l l )  s c a t t e r i n g  spe~tr oIne t er probe . figure I .
has been given by Dyteh . 5 Specifications for the ASSP- I O0 arc shown in table I .  The
aircraft installation of the spectrometer is shown in f igur e  2 V I l i e  spectrometer probe is
mounted in the free airstr eam on top of a I’iper \as apo a i r cm . u f t .  I gur c 3 shns~s th e  installa-
tion of the electronics and the data acqui s i t i on  s~ stein ~ i t f i i i i  t he , u u r e r . u f t .  lVhe spectrometer

* Considered here to be below about 2 kin .
** Since it is not the intent of this report to make an anal) sis ul or to desk nbc the characteris t ics and

operation of the Kno llenh erg spec tromet er. the interest ed read er is referred In reference ~ -
1. Deirmendjian, D. Scattering and Polar ization Properties of \~ . u i e T  Clouds and h azes in the Visible and

Infrared. App I Opt. v 3 . No 2. p 187— 1% . I%4
2. Junge . C, Air Chemistry and Radioactivity. Academic l’ icss .p  ~s2
3. Junge , C. ilie Size Distribution and Aging of Na tu ra l  V\erosols as I ) icr inined from l Iectrical and Optical

Data on the Atmosphere. J of Meteor. v 12. p I 3—2 S . IVebrtI ar) 19SS

4. l-lulst , i-IC Van de, Light Scattering by Small Particles , Joh n ( V Wiley & Sons . Ncw York. 1957
5 Dytch , lIE , NJ Carrcra . Cloud Drop let Spcctrometry by Means of l.igbt- Scai me ring Techni ques . Atmos-

pheric Technology , No 8, p 10-lb . spring 1976
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I i gu i r ~ I - ~5.LtIl% scatt eri ng spee t ro i m meki  1’~~h~ \SSl’ u~~)

F i gure 2. A i r c r a f t  i n s t a l l a t i o n  of spectrometer probe. -

L _ _ _ _ _  _ _ _ _  
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TABLE I .  K N O L L I - N B E R G  AEROSOL SIZE SPEC TR OMEftR SPECII l( ATION S

S u e  Range : I )  0.45 — 5 . 9 p . 2) 0.5 — 7 . 9 p; 3) 0.7 - lbp ;  4) 1.2 - 2 ’) .4p

Channels IS per range

Resolution: 0.45 p. 0.5 p. 0.7 p. and 1.2 p f o r  ranges I . 2. 3. and 4 , respectively

S t a x i u i t U l i )  Parmicle Rate: 100 k u ,  ( 12 5  I D s  air craf t )
5 kIli (ground )

( oincide nce Errors: L ess than 1’ with concentration of 10 per em3

Output: A nalog; dig ima l ( 18 line parallel 13(’L) and incre m ental tape recorder u

Laser: Ile .Ne .T EM u I ( 6 3 2 :A)

data are recorded on a Kennedy 1600/360. incre m ental ,  one-half inch. nine-chann el magnetic
tape recorder. The spectrometer sites particles from 0.45 pin to 29 .4 pin in f our  range bands
with 15 channels per band. The sy stem sequentially steps f rom range one to range tour in
4 seconds and outputs  a spectrum of I S si/ c channels e~ery second (one I S size channel spec-
trum for each range band ) - By combining the data for  each range band and e l imin a t ing  the
channel overlap , a 32 channel spectrum f rom 0.45 to 29.4 pin can be obtained e\e ry  4
seconds. Particle density per uni t  volume per micrometre interval  amid the cu mn u l a t i se  densities
greater than or equal to a given diameter can he calculated by using the particle count per
unit  time , the sampling area, and the aircraft speed. Also, from the known distribution , the
total liquid water content contained wi th in  the si/c band of 0.45 to 29 .4 pm is obtainable h~ V

in tegrat ing the absolute drop size distributio n for each spectrum. I he  total scattering, absorp-
tion , and extinction coefficients for a given optical wavelength may be calculat ed by inte-
grating the Mie sing le-particle cross sections over the appropriate distribution. All data were
processed using a Nova 800 computer. ihe dat a format is shown in table 2.

The horizontal and vertical profiles of the aerosol size distr ibution,  ext inc t ion
coeft icient . and total liquid water content were obtained in the MBL by flying the aircraft in
spirals , slant radials . and constant al t i tude rad ia ls in a wide range of vi sibi l iti es. The aircraft
flew at airspeeds ranging from 60—80m sec~

1 and at al t i tudes ranging from 15 to bOOm above
MSL. On all spirals and slant radials . the ascent and descent rate was approximately I to 2m
se~H. Figure 4 shows the geometrical configuration for the NOS(’ aircraft operation. All
f l ights were made in the vic in i ty  of a 286°T radial between San t)iego and San Clemente
Island.

--_ _ _ _  - -~~~~~~~V ~~~~~~ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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TABL E 2 . AEROSOL SI/ I  L ) ISrRI B W IO\ DATA FORMAT .

KSPEC DATA AIRCRAFT 17 FEB 77 14 23:2 8- 14:25:00 Z

V KNOLLENBERG DATA (VOL 342.00 (M *s3  WATER CONTENT
CHI DIA COUNTS DENSITY GM/(’M .~ 3 BW-lNT

0.6 7168. 7 O.oQM70~ 9E 2 O.6086499E-I I O,~ O 347 )2 E  2
2 0.9 8351.2 O.8l39574E 0.26l7248E-lO 0.6938680E 2
3 1.2 6470.2 O.630624IE 2 O.5021 705E-I0 0.4496808E 2
4 1.5 4789.4 O,4668033E 2 O.745h183E-l0 0.2604936E 2
5 1.7 2643.3 0.25763l5E 2 0.7229360E—10 0.120452 6F 2
6 2.1 517 .0 0.43l9l31E I O.l9482SOL-10 0.43I63l7E I
7 2.4 253 0 0.2ll36l7E I 0.I529843E—hO 0.2804621E I
8 2.7 200.2 O.l672514E I O.l82ll86E—I0 0.2064855E I
9 3.2 143.0 0.1194653E I 0.1955060E-I0 0.l4794’4E I
10 3.5 90.2 0.6593568E 0 0.1480h 691:-hO O.l 06 l345F. 1
II 3.9 45,1 O.3296784E 0 0.1023932E—10 0,7976024E 0
12 4.3 33.0 O.2l44249E 0 O.8926217E-hI 066573I0E -0
13 4.7 40.7 0.2644575E 0 0.1483963E-lO O.569239RF 0
14 5.2 35.2 0.2058480E 0 0.1559589 1-10 0.4502339E 0
15 5.7 26.4 O.l54386OE 0 O.I536732E-10 O.3473099E 0
16 6.3 25.3 0.1345029E 0 0.17609181 -10 0,270ll69E 0
17 6.9 18.7 0.91 13061E —1 0.1 567464E-l0 O.l961403E 0
18 7.6 17.6 O.735l714E -l O.16S6594E—lO 0.l4~46l9E 0
19 9.4 5.5 O.1461988E -I O.6256989E-l l 0.8999985E -l
20 10.5 11.0 O. )23977E —l O.1747065E—lO O.739l798E —l
21 11.5 6.6 O.1929824E —1 O.l53o73OE-1O 0.4175429E -l
22 12.5 2.2 0.6432749E —2 0.6578292E—I l 0224560SF — l
23 13.5 5.5 O.l608l87E —l 0 .207 1687 E— lO 0.1602329E — l
24 14.5 0.0 O.0000000E 0 0.00000001— 0 -0.5857568E -4
25 15.5 0.0 0.0000000E 0 0.0000000F 0 -0.5857568E -4
26 17.2 0.0 0.0000000E 0 O.0000000E 0 -0.5857568E -4
27 19.1 0.0 0.0000000E 0 0.0000000E 0 -03857568E -4
28 21.0 0.0 O,0000000E 0 0.0000000E 0 -0.5857568E -4
29 22.9 0.0 O.0000000E 0 O.0000000E 0 -0.5857568E -4
30 24.7 0.0 O.0000000E 0 0.0000000E 0 -0.5857568E -4
31 26.6 0.0 O.0000000E 0 O.0000000E 0 -0.5857568E -4
32 28.4 0.0 O.0000000E 0 0.0000000E 0 -.0.5857568E -4

S. 5* S * a S S S S

TOTAL WATER CONTENT OF AIR (GRAMS/CM **3)= 0.4978327E -9

COMPUTED EXTINCTiON, SCATrERING, AND ABSORPTiON COEFFICIENTS (KM .*-1)
FOR LAMBDA= 0.5300
N= 1 .3315000 —i 0.1620000E-8
BETAE= O.l67893l0E 0, BETAS= 0.16789310E 0, BETAA= 0.00000000E 0

9
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I - ug ur e 4 . Geometrical con tig u r.itio m l f o r  \OS(’ aircra li spectro m eter operation.

OBSERV ATIONS

CLEAR SKIES

Airborn e spectrometer  me~u sui r em em l ts  made in clear air  are presented in fi gure s 5—10.
Figure 5 shows the s e r t u c a l  s ;i r i ahil i ty of the cumulat ive  aerosol size di s t r ibut ion (N )  on
19 January 19’7 for a vis ib i l i ty  ~~24 ku n tmea sured by the M R I  \ isiometer Model 1580A).
The distribution s~ ~is measured approximat e ly 1km off-shore from NOSC by making a spiral
ascent froni 30 to 600mw Plott ed on the left side of figure 5 is the 23OSGM T standard US
Weather Bureau radiosond e taken at Montgomery Field (located approximately 18km
northeast of NOSC and des~~nat ed by MYF ) .  A temperature inversion exists at 183m. Below
the inversion at 30m. the cumula t i s e  distr ibution for  particles whose diameter D) is equal to
or greater than 0.45 pm was 8.7 pa r tic l es cm 3. Above the inversion, N reached a minimum
count  of ’ 0. 288cm 3 at 400mn amid again at bOOm. The overall decrease in the particle density
from 30 to bOOm shos~ed a general trend toward smaller drops wi th  heigh t and is well
desc ribed as a ‘.e rt ica l pos er -law densi ty N)decrease. From l OOm to the base of the inver-
sion at I 83m. th e number density increased indicat ing aerosol accumulation below the
inversion. This accumulat i on could greatly affect predicted J o  propagation characteristics
for either se r t i ca ~ or slant radial  paths when the anal ytical aerosol models do not account for
such vertical f l u c t u a t i o n s . Figure 6 shows the corresponding calculated ext inc t ion  coefficient

10 
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Figure 5. Vertical variab i lity ot the cumulative aerosol size distribution
in clear air , 19 Jan uary 1977 .
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Figure 6. Vertical variability of the calculated extinction coefficient and total liquid
water content for the aerosol size distribut ion of figure 5 , 19 January 1977.
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air at 300m above mean sea level (MSL ) . 19 January 1977,
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Figure 8. Horizontal variability of the calculated extinc tion coefficient and total liqui d
water conte nt for the aerosol size distribution of fi gure 7. 19 January 1977 .
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Figure 9. Horizontal variability of the cumulative aerosol size distribution in clear air
at 37m above MSL . 19 Ja nuary 1977.
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Figure tO. Horizontal variability of the calculated extinction coefficient and total
li quid water content for the aerosol size distribution of figure 9, 19 January 1977.
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(a j . -solid l ine I for ~ 0.53 pm and th e total li quid wafer  content ( W I  as a func t ion of h eight
for the si/c dis t r ibut ion shown in figure 5. The 2305GM ! local M YF radiosonde data
shown in figure 5 is repealed in figure 6 for compariso n purposes. The and W curv es are
similar in appearance since both are obtained by integrat ing the aerosol site spectra. Below
l OOm and above 200111. 0k.: shoss s a smooth decrease wi th  hei ght. From l OOm to the base of
the temperature inversion at I 83w ( region of aerosol accum ulat ion ),  a1. varied from a I f l i f l i I l l U I f l
of O.OO3SknH to a maxi m um of O .Olb km ’~~. The dashed line superimposed on aj ; is the best
fit power law taking in to  account all m easured data points on the aE curve. The data fit a
power law up to l OOm amid above 200w. However, at I 50m. a1: Is observed to be 1 .66 time s
larger than would have been predicted by a power law. Therefore , a simple power law model
does riot always adequately describe the media and 10 propagation predictions because there
is the possibility tha t  the vertical or slant radial sig htings could be inaccurate.

The horizontal var iabi l i ty  of the cumulat ive aerosol site distr ibution for clear air above
an inversion (v is ib i l i ty  >24km ) over a 26km path is shown in figure 7 . Profiles were obtained
by flying the airc ra ft above the inver sion ( fi g S l a t  a constant alti tude and direction. The
cumulat ive  aerosol site distr ibution for particles with diameter s equal to or greater than
0.45 pin changed by a factor of two from 0.85 to 1.86 particles cm 3 over the 26km path.
For particles wi th  D~~3 p m N changed by an order of magnitude from a m i n i m u m  of O.023cm 3
to a max imum of ~~~~~~~ and was not detected from 14.5 to 17 .5km nor from 21 km to
the end of the 26 km path. For analytical modeling of aerosol size distributions , these result s
for clear air show that  for D ~ O.5 p m )  horizontal  homogeneity appears to he a good
approximation. However , this  does not imply horizontal homogeneity of the individual
aerosol size spectra since in regions where the number of larger particle s decreased, the number
of smaller particles increased to maintain a constant N . Since a

~ 
amid W are obtained by inte-

grating over the aerosol size distribution , variations in a~ and W would be expected even though
the cumula t ive  aerosol size distributions appear to be horizontall y homogeneous. Figure 8
shows the horizontal variabi l i ty  of the calculated aL and W for the constant al t i tude radial
shown in figure 7 . Over the 26km path. aE varied by a factor of two and W changed by a
factor of six.

Similar profiles of the horizonta l variabil i ty of the cumulat ive aerosol size distribution
below the inversion at art al t i tude of 37w are shown in figure 9. At this al t i tude N had in-
creased by an order of magnitude over that observed at 300w (fi g 5) . (The total concentration
for 1) ~ O.45m chamiged by a factor  of two. 7.8 ~ N ~ 15.2 cm 3.) However , in contrast. N only
changed by a factor of two from 0.73 to 1 .44cm 3 at 37w. At 300m there were no particles
detected above 3 pm diameter,  however , at 37w tile upper size l imit  was 4.5 pm. Figure 10

V shows the horizontal variabil i ty of aL and W obtained below the inversion at 37m. for
X 0.53 pin varied about the mean of 0.0337km 1 by ±3O~ and W varied about the mean of
14. 1 X I O~~~ gm/ cm 3 by ±3O~~. This variabili ty is much less than the order of magnitude
change observed at 300m.

SANTA ANA FOG

Vertical and horizontal profiles of the drop size distribution similar to those made for
clear air were also obtained during a Santa Amia related fog event.  Santa Ana related fogs f

V
Ofl.ti

near the coast of Southern (‘al ifornia and move into the San Diego region within a few days
after tile onset of a Santa Ana cond ition a condition which occurs when a hi gh pressure region
builds over tile high elevated plateau alom ig the western states causing dry warm air to move out
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over the coastal ocean reg ion. Figure I I  shows the vertical variabil i ty of ’ the c u m u l a t i v e
aerosol si/c d is t r ibut ion ( luring the Santa Ana related fog event of ’ 15 February 1977. The
profiles were measure d on a slant radial ( fig 4) whi le  descending from an al t i tude of 457
to 6 l iii during a t ime interval  of ’S minutes 36 seconds ( descent rate of l . l8msec~~ ). The
variability of the particle concentration at thc boundary between fog and clear air change d
by two orders of ’ magnitude. ie. above the fog at lb8m ll . N for  I) ~ O.45 pm, varied from 2
to 4 particles cm 3, with in  the f Vog (below ti t e h i ll ow~ tops at I l4m n ) N varied from 2(~7 to
352 particles ctn 3. From 114 to l68m the aircraft flew in and ottt of ’ the billowy tops and
the resulting spectra were hi ghly variable : these spectra were not plott ed. The 1110  GMT
local MYF radiosonde (taken 3 hours before the fli ght)  showed the base of the inversion at
1 20w, the approxi m ate height where the descending aircraft encountered dense fog. The
billows extending tip to 168w indicate vertical turbulent  mix ing  near the inversion base. The
variabili ty of N above the fog was similar to that for clear air (fig 5) .  In fog. N increased with
height for 0.45 ~ D ~ I I  pm hut  decreased with height for I) > 11  pm.  The corresponding
profiles for aF and W are shown in fi gure 1 2. Both and W changed by three orders of
magnitude at the transition between clear air and fog. Above the fog (height ~~l68m) . 0E
decreased according to a power law (dashed curve superimposed on the aF profile of
figure 1 2) : the decrease is similar to that shown in fi gure 6 t’or clear skies (no fog below) .
However , wi thin  the fog below the inversion , aF did not decrease with heigh t but increased
slightl y from I l .4km ’ at 61m to l 5 . I k m ’’  at I 14w.

Characteristic aerosol size distributions obtained ill clear air above the Santa Ana
related fog at 272 and 168m , and within  the fog at 166 and 95m are shown in figure 13. The
spectra taken at 272 and l68mn in clear air indicate an absence of ’ particles greater than 4pm
and are well described as power law distributions with slopes near two, In the fog at l66m
(aircraft f lying in and out of’ the billows ) and ~t 95m, a higher density of large r particles was
observed: these particles extended out to the maximum size range of the probe (29 .4 pm)
with a peak density occurring at 6.3 pm.  A gap in the  density profile at 166m from 7.6 to
17 .2 pm was created when the aircraft flew out of a fog billow into clear air during the spec-
trometer sampling period. The decrease in the particle density N for II) ~ 6.3 pmn in the fog
is well approximated by an exponential decay. The large difference between the spectrum
at 168 and 166m indicates the presence of a large gradient in aerosols at the fog boundary

V which creates a three order magnitude change in a1;.
The horizontal variabil i ty of the N over a 7.5km path within  the Santa Ari a related

fog is shown in figure 14. N for D ~ O.45 pm was approxi m ately constant at 300 part icles
cm _3 but for the larger particles (D ~ 25.6 pill ) it vari ed from a min imum of O.25cm 3 to a
maximum of 1.08 cm ’3 - a change by a factor of four. The corresponding calculated values
for aE (A = .53 pm) and W are shown in fi gure 15. a~ fluctuated about the mean of 1 .043km — ’ by
±37% while W varied about the mean of 6.8 X 1 0—8 gni cm ’3 by ±3~~~. ‘rllese results for the
horizontal variability of N wi th in  a Santa Ana related fog are similar to those observed in
clear air (no fog present ) in that N for D ~ 0.45 pm appears to he horizontally homogeneous
whereas the corresponding aE and W are not. Figure 16 shows the horizontal variability of

V 

four aerosol size distributions taken at 0.4km intervals along a constant alti tude radial within
the fog. These spectra are characteristic of a regiom i where N for I) ~ 0.45 pm was relatively
constant , where N for the large r particles was changing rapidly (fig 14 between 4 and 5.5km),
and where aF and W show large variation (fig 15). The density profiles obtained over the
1.2km path appear to be simli i lar in characteristics. However , for a given diameter , the particle
densities changed by as much as a factor of 4 and the peak densities occurred at particle
diameters ranging from 1.2 to 3.5 pm. All four profiles are well described as exponential
distributions.
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Figure 11 . Vertical variability of the cumulative aerosol size distrib ution
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within a Santa Ana fog, 15 February 1977.
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Figure I 2. Vertical variability of the calculated extinction coefficient and total liquid
water content for the aerosol ;ize distribution of figure I I , IS Februaiy 1977.
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Figure 14. Horizon tal variability of the cumulative aerosol size
dist ribution within a Santa Ana fog, 15 February 1977.
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Figure 15. Vertical variability of the calculated extinction coefficient and total liquid
water content for the aerosol size distribution of figure 14, 15 February 1977.
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Figure 16. Horizontal variability of aerosol size distributions taken
at 0,4km interval s during a Santa Ma fog, 15 February 1977.
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CONCLUSIONS

Vertical and horizontal varia bility of the aerosol size distribution for different
meteorological conditions of clear air and fog can seriously affect the prediction of EO
system performance . Propagation predictions require aerosol models that adequately
describe the size distribut ion of the aerosol scattere rs and must account for the variability of
the distributions along the propagation path. Aircraft observations of the .ertica l and
horizontal variability of the aerosol size distribution wi th in  clear air and fog show:

I.  In general. that particle sizes and densities decrease with height. However , the vertical
profiles of the cumulative aerosol size distribution in clear air show an enhancement of
aerosols below the base of the inversion. Above the inversion , the vertical profiles are well
described by a power law,
2. Vertical and horizontal variability of the aerosol size distribution in the calculated extinc-

• tion coefficients ranging over two to thre e orders of m agnitude.

3. Within the Santa Ana related fog, the particle diameters exceeded the maximum observ-
able range of the Knollenberg Probe (29 .4 pm). In clear air , particle diameters never exceed
4 pm.
4. Aerosol size distributions obtained by the aircraft within the fog are well descri bed as
exponential distributions.
5. That the cumulative aerosol size distribution for diameters D ~ 0.45 pm appear to be
horizontally homogeneous; however , this does not imp ly horizontal homogeneity of the
individual aerosol size spectra.
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