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his reMPort describes =W preliminary results of an effort to relate

total aerosol optical depth at visible vavelengths to the visibility in the

marine boundary layer (MBL). Mb present an atmoaqbric model vhich explains

the cbserved height dependence of the aerosol extinction, agxunie aircraft

and sip data fran the MRMT experiment, illustrate the influnce of synp-

tic scale weather patterns an aerosol structure and present a simple model

to relate M to total vertical depth. 'lh ultimate goal of the project is

to allow an estimaticn of IR ranges (dua primarily to atmsspboric water

vapor density, 0) ha satellite rarot umnsing data. A feasibility study

an the concept use parBray In two NPS data sets# (JASIN and C24 78) us-

ing the relaticriship

Q/Qs - a + b emp C-1.25 %o1/2 (7/U)3/21 (0)

%ras is the saturatian %star vapor density at 130 C, c0 the surface

extinction coefficient in Im-1 and U is the wind speed in nVs. A least
sqmres fit for 834 points yielded a - 1.02, b - -.27 and a correlaticn of

0.56.

6



2.0 O

2.1 Cpticl Depth

Let the atmospheric transmission coefficient, T, due solely to

aerosols be represented by

T - ep (-u) (1)

where

R =f (Z)dZ (2)

0

and a is the aerosol extinction coefficient, Z the vertical coordinate, and

a - f tr2 dN/dr Q(Xn)dr (3)

0

with r the aerosol particle radius, dN/dr the aerosol nunber density spec-

trun and Q(A ,n) the Mie scattering efficiency. If dN/dr is kXM from the

surface to the top of the atmosphere, then P can be calculated. Alter-

nately, m can be measured fran satellites. Ih questin is bow is m re-

lated to the surfce visibility (extinction).

Omnsider an idealization of the atmospheric extinction coefficient

vertical profile (Fig. 1)

m <*> h + 0 + a (4a)m $

Ij Ma L (4b)wt4

ere <a), is the average extinction in a we1l mixed boundary layer ofm
depth, h, a+ is the extinction in the clearer air just above the boundary

layer, L is an effective potential scale length for the decay of O(Z) for

Z > h, i the optical depth of the troposphere aboe the mixed layer and

us is the optical depth of the stratosphere. This idealimticn is a result

7
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Ilure 1. Shmat-ic representation of the height dependence of aerosol

e.tinction coefficient, a, within and above the marine bowdary

layer of depth h.
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of the typical well-mied nature of the marine boundary layer (Section

2.2). The surface extinction, 1o, is related to <>m by the factor f

a10 = f<g> (5)
0

which is less than one duo to the vertical structure of tmperature and

water vapor in the marine boundary layr.

If all of the relevant variables can be estimated, then 4e can calcu-

Late a using

a = f (i $A. - )/h (6)

For example, Ps and It could be obtained fra the LCWTRA Tropospheric

Modlel, h from syaptic climtology and f established by model calculation

and ampirical measuremnt. Typical values of L are 2 to 5 kn, a+ might be

10-3 to 10 - 1 )c-l in the visible.

2.2 NPS Aerosol .Bourary Layer Model Structure

The marine boundary layer meteorological structure is illustrated in

Fig. 2. 'fr aerosol structure in the well-mixed cotext is depicted in

Fig. 3. The total aerosol volume spectral density, V(ro), is the sun of

otinental, Vc, and rn-mit, V., camonp nts, %kre ((r o ) dV/dro )

1 V-V3 + VC  Z < h (7a)

V-V Z > h (7b)

at == reference humidity (w have assumed no clouls). The volume density

is related to the number density by

V(r) - 4/3 Tr 3 dN/dr (8)

and the particle radius at saturation S is given by

r - ro g(s) (9)
ItsI specification of V8and VCis based on empirical paamteriza-

tin. Fr exmpe, V c an be represented as a Juge distribution and V.

as a modified gamma functicn, F (Goroch et al, 1982)

9
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Vc - Ar ( )

v- Vo(r o , B, Y) (lob)

where Vo, B, and Y depend an wind speed.

Alternatively, one can use log-nomal distributions to represent both

ccmpnents. 3h a recent study of atmospheric electrical conduativity this

method (which included a log-noanel cloud-droplet campoment, Vd) was found

to be reasonable. The NPS log-nomnal aerosol nunber density model is as

follows:
N(r) -N(rV2w(j) exp[-CJn(r/r M) ) 2 / ( 2 0t, 2 ) Ala

t = Ln(a) (11b)

wherermo - r,/g(S) is te dry (S - 0) radius

g(S) - 0.8 (l-n(lS)) , S > 0.4 (12a)

g(S) - I (12b)

The model parameters are given in Ihble 1.

Table I. Log-nonal aerosol parameters for the NPS model. Wind
speed is u(w/s) and cloud liquid water density is W(gm/]g).
(Nbte that W depends an laight within cloud.)

rmo,

cont. .027 2.2 102 -105

Sea salt .088 + .026 u 2.2 0.0012 u 3 /r mo

Cloud 4 + 10 W 1.4 50 - 200

A typical Jurge value (A - 1 at S - .8) corresponds to N - 650 par-

ticles per cm3 . A typical wind speed of 7 m/sec gives 55 sea-salt par-

ticles per cm3 with a nunber density mode radius of 0.27 Pm.

2.3 Iblaxation of the Wbll-Mixed Assunption

Considerable evidence exists to suggest that the well-mixed assunption

is an approximation. It is believed that this is due to the balance of

11



surface flux, entrairnuit and the boundary layer mixing time. Fbr the

qAntity, X let F be the surface flu and Fh be the flux at the top of

tie boundary layer (fluxes defined positive upmrd). X can be e , q or

aerosols. Define three velocities, W, wg and W.
e 0

-ph =FWh (13a)

Wo  F/ Ao  (13b)

W - x(w , w) (13c)

The quantities are the Juie in X at the two interfaes

o - XO - M (la)

In - Xf - Xb (14b)

%here Xo is the sea-surface value, Y6 the value of X at Z 0, Xfh the

valuta of X within the mixed layer at Z - h and Xf the free atmosphere value

of Xat Z = h (Fig. 4). The value of Xwithin the mixed layer at height Z

is given by

X(Z) - Xm + t(We/2g)K+1 Ah + ("4)(wV1 g) K+l 1o (15)

4are C - Z/h, Xm is the average "wll-mixed" value and K is an integer (K

- 3 is presently ued) btA tat WO - cX1/2 c1/2 u re C is the drag

coefficient. A typical value for We is 3 x 10- 3 wtile Wo is 9 x 10- 3 at

u= 7 n/s.

The application of BF (15) to 8e and q leads to a different (cre

gradual) beight dependece of S in the mixed layer. The applicatin to

aerosols leads to a slight decrease in the total number density with in-

creasing heighL. Both of these factors result in a more gradual increase

of xtinctiun with increasing Ieight in the mixed layer. Therefore, f will

be closer to 1.0.

12

-4 
r



Ah

0 ff

t t-

, Xm h

X E X

FlgLu*e 4. epresentation of the gradient of a meteorological variable

in the boundary layer when the well-mixed assumption is relaxed.

13

* 
.

- --- 
-

a 

. .



2.4 Mixed-ALer Mepth

it* applicatinm of RBp (6) is criticly depedet upon a reliable

estimate of h - ]h mid-latitudes damhiated by hiqh pressure (e-g., U.S.

West Danst) h is typically 200 to 800 m, in tropical regimne h is typically

1 to 2.5 ki. Note that h can vary a factor of tuo over a 24-hour period at

a given location. It is hoped that h can be determin froU climatology

(combined with synoptic scale classification) or rmote sensing of nearby

cloud top ta ratures.

2.5 Synoptic Cassification

The method used for synoptic classification vas taken fran the Lefrac-

tive Effects Gidbook (lEG, CTHIMWLT Tic. Me. 230-2-75). Figure 5 is a

ample synopti cinrt from the MG. 2we M G clams are given below in

Table 2.

Thble 2. M G syoptic clasms, typical duct heights, subsidence
and air mass type (ST - subtropical, P - polar, T -

tropical, M - modified).

TYM h,m SIBBSMI0

A 200 ++ ST
B 600 + ST
C 200 ++ P
D 700 + MP
E 1700 o T

F 3000 0 MT
G 4800 - MT

H 100, 1700 0 T

IHigh - T

J 2400 o MT
K no inverslons 0 Tap

14
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2me capital letters designate regions of different s~xoptic

I class
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It must be raumeuered that the MG desigstucn of duct height are

based primarily an discontinuities in the vater vapor profile. hle lowest

water vapor discotinuity my or my not correspond to the top of the mixed

layer. Rr aupVL, ths 9 cateory data frcm ?BW had inigni fJicant vater

vapor jups at thm top of the mixed layer (typically h - 250 m). Ite major

discmtinuity in %ater vapor occurred above 1500 m, consistent with the

value given in Ibble 2.

3.0 bW.AT E rim.nt

Ve krine AMrosol Geieration and ansport experiment (MMAT) vas

beld in onterey in My, 1980. Vhe instruwted platform participating

wre ths IVV PAMIA (MM) and the Aizborne sseach Aociates (APA) -

ellanca aircraft. Awoscl asaplir devices ware installed on both plat-

forms (Faira11, 1901).

3.1 MG Clasifications

Bich day during MWT (4/29 - 5/09) vs classified using tim surface

pressure chart analysis from FI. The results are given in Table 3.

'able 3. REG classes during M AT.

DATA CLASS

4/29 9 (Front 2300)
4/30 D
5/01 E (Front 2300)

5/02 D

5/03 D
5/04 D
5/o5 (ftmt 0700)

5/06 D
5/07 D

5/0 K (Frnt 1500)

5/09 R

16



3.2 Arosol Extinction Profiles

Typical rofiles for M D and E type classes are shown in Fig. 6.

Tka KWRT profiles wre divided into cloud-free and cloudy profile sibeets.

A profile vas designated as cloud-fve if no cloud dreplets wre encon-

tered during the profile measurements. This does not imply that no clouds

were visIble anyiwere but sizuply means that this particuar soulnding did

not pas through a cloud (MIble 4).

Itte average valuta of f for the cloud-free cames was 0.90 with a stan-

dard deviatim of 0.22 and an uncertainty in the mean estimate of + 0.06.

The ias no significant difference in the average f for D and E classes

but the variancs for D (based an only four points) was much less. Nbte

that the optical depth uz in Table 4 is the total actually measured by the

aircraft (typically to a maximun altitude of 1.5 km) , not the total atmo-

spheric optical depth. It average mixed layer height under cloud-free

conditions vas 5 - 0.29 Ian uile under clouy coditions R = 0.49 kl. This

simply implies that the average lifting condensation level (1L,) for the

expriment %as no greater than 0.3 kan.

3.3 Umpqeric Extinction

A caosite of all tropospheric extinction profiles frou MRMT (Z > h)

is given in Fig. 7. Since the profiles do not indicate any significant

height dependence on this scale (.4 to 1.5 in), the data we cazbined in a

nuzber distributicn graph (Fig. 8). ibr D classes ;+ - 1. 2 x 10 - 2 and f=
-2.

E classe a+ = 3.0 x 10-2 . ls andard deviation fr LOr (*+) vas 0.5.

The difference betwa fc- the two class is pr cb&ay not due to a

difference in aerosol ctent but a reflection of the greater relative

hunidity (MI 40%) present aboe the mixed layer fr REG class E.

17
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Ta~ble 4. Data stmhary for the 26 lader profiles frcm MAT.

111Is tbg total optical depth to the maximunf altitude

mwasured and , is the mixed lapr optical depth.

CER SKY

Date 
Y. hkm ~ f M-

4/29 1 .57 .33 .19 .31 .92 5

4/29 2 .46 .40 .37 .55 .68 E

4/30 4 .47 .20 .19 .34 .84 D

5/1 5 .14 .074 .018 .16 1.17 E

5/1 6 .23 .11 .082 .24 .67 E

5/4 14 . I8 .065 .055 .25 .82 D

5/5 17 .17 .040 .019 .15 1.34 5

5/5 18 .13 .035 .012 .15 1.02 E

5/5 20 .10 .029 .020 .18 .9 E

5/6 22 .28 .i8 .15 .53 .98 D

5/7 23 .46 .14 .12 .23 .88 D

5/9 26 .21 .15 .088 .23 .55 E

Average = .28 .15 .11 D .34 .9

E .25
CLaUD

4/30 3 .5 .45 D

5/2 7 .18 .40 D

5/2 8 .15 .44 D

5/2 9 .19 .42 D

5/3 10 .21 .52 D

5/3 11 .26 .55 D

5/3 12 .19 - D

5/3 13 .56 .50 D

5/4 is .27 .6o D

5/4 16 .16 .42 D

5/5 19 .13 .32 E

5/6 21 .30 .60 D

5/7 24 .35 .50 D

5/8 25 .20 .90 E

23



The estimation of the tropospheric cotributi, tt, requires a scale

length L uhich is either the expnential decay length or the height of the

troposperic aerosol canponent ht . If ue tale a typical value of L - 7.5

ka, trm Ut = 0.75 for class D and pt ..225 for class E for MAT. Assum-

ing a climatological mean for s - .01 + .005 (Tom and Pollack, 1976) then

Um/ 11 .11/.2 - .55 for D and PI/ /- .11/.35 - .32 for E cases. Alterna-

tively, if - assume ht = 2 km (based on REG data and some aircraft cbser-

vatims) then P /u - .11/. 14 - .79 for D and un/v - .11/.18 - .61 for E

cases. 1hus, the mixed layer typically contributes 60% to 80% of the total

optical depth for MAAT.

3.4 Afriability Analysis

The Ml9WT data bave yielded sane estimates of the variability of the

conpmets in Eqn (6) which we can use for a simple error analysis

(Table 5).

2hble 5. Ariability contribution of the items of Bjn (6) for MAMT.

Parameter, X f us Ut h,k.

ierage, X 0.9 0.01 0.09 0.3

&X 0.2 0.005 0.07 0.15

A o citri. af m fh faus/h fAut/h f Ah/h2

wl ue aQ0  0.07 0.015 0.21 0.17

This value of ut is the estimated total ut , not the porticn measured by
the aircraft.

A sum of the variances (c,2) of the four terus yields a total standard

deviation a - 0.28 )= - 1 for mo (therefoe AGc/co - 0.85).

3.5 Algorithm Evaluation

Iha M T dta can be used to test Rn (6) in a for Wtimized to the

data set by using MKMXT mien parameters for the tenon. If we assume +-

24



0.01, r - 0.35 for class Dand a+ 0.03 and I - 0.25 for class E, then

ao' .9(p'- 0.013)/1.35 for class D (16a)

ao '  .9(,'- 0.033)/1.25 for class E (16b)

In i ble 6 we show a comparison of ao with the measured mo for the 12

MAGkT cloud-free profiles.

Ibble 6. Valuaticn of BRn (6) as optimized (qn (16)) for the
mean -- iticns during MAGT.

# Class I 00' ,o =7 1  , )- 1  &'/40

1 E .33 .29 1.04 .57 1.82
2 E .44 .40 1.44 .46 3.13
3 D .20 .19 .49 .47 1.24
4 E .074 .036 .13 .14 .92
5 E .11 .072 .26 .23 1.13
6 D .265 .052 .13 .18 .72
7 E .04 0 0 .17 0
8 E .035 0 0 .13 0
9 E .029 0 0 .10 0
10 D .18 .17 .44 .28 1.57
11 D .14 .13 .33 .46 .72
12 E .15 .11 .40 .21 1.9

An analysis of the data in 2Lble 6 yields (o'/0o) - 1.07 and O = .92,

which is consistent with the estimates of the previous section.

4.0 N4PS Modlel Sirmula.ion

The NPS aerosol molel, as described in Section 2.2, bas not been run

on the M MT data sets . A preliminary simulatim %as dcne for a typical A

climatological mean for open ocean ccnditicns. The following parameters

wreselected: Nc - 650 cn 3, u- 7 m/s, h - .35 ka, RH(z - 10 m) - S0%,

Ts - 15°C, T - 13°C, aq - -5, A v = 10 and W - 0.1 an/s. fhis case
e

yielded Itm 0.33 and f - 0.72 (Fig. 9). Ito valtuof N0 was based on open

25
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ocean measurements fra COCM-78, ,ASIN and Sn=. ote that N - 650

a- 3 yields a+ - 3 x i0- 3, %hich is cosierably lower than the values

found during MkGkT. The R/V ACANC A measurements of the continental com-

ponent imply a+ - 8 x 10 - 3 which is in agreent with the aircraft data.

fIe model gave f - 0.77 which is considerably less than the value of 0.9

foiul for the MWGAT data.

5.0 Conclusions

s.1 Concept

" The optical depth is comsidered to be made up of three atmosperic

regions: mixed layer, tzoposplhric and stratospheric.

" 7he relationship of surface visibility (3in 6) is quite simple in

the three layer contact.

5.2 MAGAT Evaluation

T RI G synoptic categories were clearly correlated with certain

f:eatures of the extinction profile (e.g. a+ and h).

. The value of f of 0.9 indicates that it is a smaller correction

than anticipated from malel simulation .

• 2Da tropspheric compont of the optical depth varied about a

factor of three.

* Using parameters optimized to the data, W (6) auld predict a toI0
roughly a factor of 2.

5.3 NPS Arosol Model

*0 he model reproduced the general mixed layer and troospheric

fmtincticn profiles.

* Although the moel allo sme relaxation of the well-mixed

assuuptm, it appears that the mixed layer gradients are slightly

greater than given by the model.
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I to primary uti.lity of the model in the future for this project

may be in its ability to indicate the proe e of a cloud-free (h <

IL) boundary layer.

5.4 Gneral Caawnts

0 he accuracy of the model (Eqn (6)) is primarily lmited by the

variability of h and mt (we Table 5) .

• Global appliction of 3R (6) using climatology only will procably

allow estimates of mo to about a factor of 3. (NRte that it is the

accuracy of the blls-Inn-[tz model based on in-situ wind speed

and hunidity muasureints.)
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