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properties of these models are discussed and some comparisons of the model
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Models for the Aerosols of the Lower Atmosphere
and the Effects of Humidity Variations on Their

Optical Properties

1. INTRODUCTION

Propagation of electromagnetic radiation at optical /infrared frequencies through
the atmnarhere is affected by abeorption and scattering by air molecules and by
particulate matter (haze. dust, fog, and cloud droplets) suspended in the air..
Scattering and absorption by haze particles or aerosols becomes the dominant factor
in the boundary layer near the earth's surface, especially under low visibility con-

ditions.

Atmospheric aerosol particles in the atmosphere vary greatly in their concen-
tration, size, and composition, and consequently in their effects on optical and IR
radiation.

There are many scientific and technical reasons why it is necessary to develop
models for atmospheric aerosols. They are needed to make estimates of the trans-
mittance, of angular light scattering distribution, of contrast reduction, sky radiance,
or other atmospheric optical properties or effects.

Models for the optical properties of aerosols have been developed previously at

AFGL and elsewhere. 1-*For the lower layer near the earth's surface, these
models define an average continental type aerosol whose concentration can be scaled
according to surface visibility.

(Ri-eele&or publication 20 September 1979)
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Due to the large number of references cited in this report, they will not be
footnoted. See References, pages 89 through 94.
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The aerosol properties in these models were based on experimental measure-

ments that were made during and prior to the mid-1960's. At that time there was

sufficient experimental data available to define an average aerosol model with some
different haze concentrations in the lower troposphere (up to a few km altitude)
"with exponential vertical decrease in particle concentration.

During the past decade, in this country and elsewhere, extensive additional

measurements from ground as well as airborne platforms have been made of aerosol
concentrations, their size distribution, and optical properties, to warrant the

development of updated aerosol models that also describe some of the temporal and

spatial variations in atmospheric aerosol distributions and properties. There are

now sufficient experimental data to develop models for several different types of
tropospheric aerosols, including the dependence of the aerosol properties on rela-
tive humidity.

Such updated models have been developed by Shettle and Fenn and Toon and
9

Pollack, except both of these sets of models neglect the effects of relative humidity.

The present report describes aerosol models for the lower atmosphere and their

optical prope-ties including a discussion of how the aerosol properties change as a
function of relative humidity. The optical properties of the models are given for a

number of wavelengths between 0. 2 and 40 j m, and for several different relative

humidities ranging from 0 to 99 percent. In addition four fog models are given for
the droplet-condensation phase.

The models of the atmospheric aerosols and their optical properties presented

below are based on a review of the available data on the nature of the aerosols, their
sizes, their distribution, anc .ariability. However, it must be emphasized that

these models represent only a simple, generalized version of typical conditions. It
is not practical to include all the details of natural aerosol distributions nor are

existing experimental data sufficient to describe the frequency of occurrence of the
different conditions. While these aerosol models were developed to be as representa-

tive as possible of different atmospheric conditions, the following point should be kept

in mind when using any such model: Given the natural variability of the atmospheric
aerosols almost any aerosol model is supported by some measurements and no

model (or set of models) will be consistent with all measurements.

2. MODELS FOR THE PHYSICAL PROPERTIES OF THE AEROSOLS

2.1 Model Size Distribution

The size distributions for the different aerosol models are represented by one
or the sum of two log-normal distributions:

12
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2 N, )(log r- logr) 2

SdN(r) .Tn(r) (I&)) x

"�uI in (10)" r.c1i ea I

where N(r) is the cumulative number density of particles of radius r; o is the

standard deviation; ri, Ni are the mode radius and the number density with r,.

This form of distribution function represents the multimodal nature of the atmos-

pheric aerosols that has been discussed in various studies. 10-14 While Harris and
McCormick5 have suggested using the sum of four log-normal distributions and

Davies 1 6 has used the sum of as many as seven log-normal distributions to fit a

measured aerosol size distribution, Whitby and Cantrell1 7 have shown that two

modes are generally adequate to characterize the gross features of most aerosol

distributions. Whie a third component is often necessary to represent the Aitken

nuclei especially near sources of combustion particulates, their effect on the optical

properties is small and will be neglected.

There are measurements showing the composition of the atmospheric particu-

lates depending on their size, 18. 19 and using a bimodal size distribution offers the

possibility of treating the composition of the individual modes separately. However,

there is, in general, insufficient experimental data to uniquely define different

refractive index models for the different size ranges, along with differing dependence
on relative humidity.

For the maritime conditions, there is evidence20 showing that the large par-

ticles are almost exclusively of oceanic origin and the smaller particles are pre-

dominantly of the same composition as the continental aerosols so that we do not

differentiate between the two size ranges in terms of their composition.

Four different aerosol models for the atmospheric boundary layer near the

earth's surface have been developed. They differ in particle size distribution and

particle refractive index. Table 1 lists the parameters defining the size distribu-

tions in accordance with Eq. (1) for these models.

The choices of N in Table 1 are normalized to correspond to I particle/cm 3 .

The actual size distributions can be re-normalized to give the correct extinction

coefficients for the altitude and for the visibility being used. The continental and

oceanic components of the maritime model can be used in various proportions

depending on the prevailing winds--particularly in coastal regions. The basis for

the characterization of each of the aerosol models is discussed in Sections 2. 3

through 2.6.

Following the usual convention, log is the logarithm to the base 10 and In is the
logarithm to the base e.

13
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Table 1. Characteristics of the Aerosol Models of the Lower Atmosphere

Aerosol Model Size Distribution Type

Ni ri It

RURAL 0.999875 0.03 0.35 Mixture of Water-Soluble
0.000125 0.5 0.4 and Dust-Like Aerosols

URBAN 0. 999875 0.03 0.35 Rural Aerosol Mixture
0.000125 0.5 0.4 with Soot-Like Aerosols

MARITIME
Continental 1. 0.03 0. 35 Rural Aerosol Mixture
Origin

Oceanic 1. 0. 3 0.4 Sea Salt Solution
Origir, in Water

TROPOSPHERIC 1. 0.03 0.35 Rural Aerosol Mixture

These mode radii correspond to moderate humidities (70 to 80%); values of
ri as function of humidity are given in Table 2.

Table 2. Mode Radii for the Aerosol Models as a Function of Relative Humidity

Relative Tropospheric Rural Maritime Urban
Humidity rI rI r 2  rI r 2

0%0 0. 02700 0.02700 0.4300 0. 1600 0.02500 0.4000

50%0 0.02748 0.02748 0.4377 0.1711 0.02563 0.4113

70%0o 0.02646 0.02846 0.4571 0.2041 0.02911 0.4777

80% 0.03274 0.03274 0.5477 0.3180 0.03514 0.5805

90% 0.03884 0.03884 0.6462 0.3803 0.04187 0.7061

95% 0.04238 0.04238 0. 7078 0.4606 0.04904 0.8634

98%0 0.04751 0.04751 0. 9728 0.6024 0.05996 1. 1691

99% 0.05215 0.05215 1. 1755 0.7505 0.06847 1.4858

2.2 Effects of Humidity Varitions on Aerosol Properties

As the relative humidity increases, water vapor condenses out of the atmos-

phere onto the particulates suspended in the atmosphere. This cnndensed water

increases the size of the aerosols and changes their composition and their effective

refractive index. The resulting effect of the aerosols on the absorption and scatter-

ing of light will correspondingly be modified. There have been a number of studies

of the change of aerosol properties as a function of relative humidity. 21-28 The
most comprehensive of these, especially in terms of the resulting effects on the

aerosol optical properties is the work of Hdnel, 26-28

14



The cha-ge in the particulate size is related to the relative humidity by

(following H14nel's notation)

riaw) = r 1 +P. m" (a )] 1/3 (2)

where

r is the dry particle radius.

p is the particle density relative to that of water,

mw(aw) is the mass of condensed water,

m is the dry particle mass, and
a is the water activity which is essentially the relative humidity f,

corrected for curvature of the particle surface.

-oVw
aw. f. e exp (3)

where

9 a surface tension on the wet particle surface,

Vw, specific volume of water,

Rw specific gas constant for water,

T = absolute temperature (OK).

For room temperature (T a 2986K),

2TVw2a w t 0. 001056 [micron) (Hinel, 28 page 126),

"w"

Typical atmospheric temperatures are as much as 20 percent lower but, for

particle radii r> 0. 01 At m, this leads to errors of less than 2 percent in curvature
effect so Eq. (3) can be rewritten as

a N f* ex /-0.00105o (4

where rim in Am and where the dependence of r on a has been made explicit.
There are a number of studies on change in size or mass of aerosol particles

as a function of relative humidity for various electrolytes 2 1, 25 and natural atmos-
pheric particula~tes. 11, 12. 15. 17, 18, 19. 22. 23, 28. 28. 29, 30 Haned2 8 (in his Table IV)

has tabulated his and other measurements of-"''-w'w vs a for various types ofmo w

II -, ! -~-. .... . -- -



natvral aerosols. However, even with this data on the relative mass of condensed
water for use in Eq. (2). it is not possible to combine Eq. (2) and (4) into an exact

analytic expression giving aerosol radius, r. as an explicit function of relative
humidity, because a, appears on both sides of Eq. (4). Various approximations
have been developed.25. 28,31 However, these tend to breakdown for small particle

sizes and high humidities.

To avoid the limitations of these approximations, Eq. (2) and (4) were used
alternately in an iterative manner until they converged (typically 5 or 6 iterations)

starting with a wf on the right side of Eq. (2). Starting with ra ro In Eq. (4) leads
to the same result. To interpolate between Hkinel ls2 data for different water

activities, a and a l it was assumed thatw w

w w W(5)

m (a1)
w w L1, ;7)

Once the wet aerosol particle size is found from Eq. (2) and (4), the effective com-

plex refractive index, n, is simply the volume weighted average of the refractive
indexes of the dry aerosol substance, no. and water, n w. Equivalently, this can
be written as _

3

- "nw + (non r (6)

For the refractive index of water, the survey of Hale and Querry3 2 was used. While

there are some minor differences between the optical constants in Hale and Querry's

survey and the more recent measurements 3 3' 34 these differences are comparable
with the experimental errors and are small compared with the other uncertainties

in the model parameters. These refractive index data are shown in Figure 1.

2.3 Rural Aerosol Model

The "Rural Model" is intended to represent the aerosol under conditions where
it is not directly influenced by urban and/or industrial aerosol sources. The rural

aerosols are assumed to be composed of a mixture of 70 percent of water soluble

substance (ammonium and calcium sulfate and also organic compounds) and 30 per-

cent dust-like aerosols. The refractive index for these components based on the
measurements of Volz 3 5 ' 36 is shown in Figure 2 and tabulated in Table 3. These
refractive index data weighted by the mixing ratio of the two components are con-
sistent with other direct measurements, 37,38 and with values inferred from in situ

measurements. 39-41

18
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In the preliminary version of these models, 8 the water-soluble and dust-like

components were treated separately and the results of the Mie scattering calcula-
tions on individual components were combined. To reduce the calculations for the
current models, which now are done as a function of humidity, the individual
aerosol particles were considered to be a homogeneous comoination of the different

types of substance-as many natural aerosols are. 4 2 The resulting refractive index
for the composite rural aerosol is given in Table 3. However, Bergstrom43 has

argued that using such mean refractive indexes in determining the optical properties

will result in errors.
However, it should be noted that using this composite refractive index and

8Shettle and Fenn's rural aerosol size distribution and comparing these results for

the scattering and absorption coefficients with those based on separate calculations

for the different aerosol types, one finds only a 5 percent difference except for the
scattering minimum at 8. 2 At m where the difference was 16 percent.

The parameters for the rural model size distribution given in Table 1 fall within

what Whitby and Cantrel117 give as a typical range of values for the accumulation

and coarse particle modes.

The resulting number density distribution, n~r). is shown in Figure 3. While

this size distribution approximates a r"4 power law for radii between 0. 1 and
20Ai mo 44, 4 5 there are some fluctuations about a slope of -4 because of the bimodal

nature of the distribution. 46 The major change from the earlier version of the rural
8model is that the nu.mber density of the very small (r < 0. 5 p m) particles is more

accurately represented.

To allow for the dependence of the humidity effects on the size of the dry aero-
sol, the growth of the aerosol was computed separately for the accumulation and
coarse particle components using Hinel's model No. 6 water uptake data. In
accounting for the aerosol growth in Eq. (2), changes in the width of the size dis-

tribution were assumed negligible so only the mode radius, rip was modified by
humidity changes. The effective refractive indexes for the two size components were

then computed from Eq. (6) as a function of relative humidity. The cumulative nurn-

ber density and the volume distribution are shown in Figures 4 and 5 respectively
for several different relative humidities. The refr2ctive index as a function of

wavelength and relative humidity is given in Table 4.

2.4 Urban Aerosol Model

In urban areas the air with a rural aerosol background is primarily modified by

the addition of aerosols from combustion products and industrial sour( . e

urban aerosol model therefore was taken to be a mixture n" the rural aerosol with
carbonaceous aerosols. The sootlike aerosols are assumed to have the same :i-17'

distribution as both components of the rural i.iodel. The proport`-,..s of the sc: .- ,[
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aerosols and the rural type of aerosol mixture are assumed to be 20 percent and

80 percent respectively. The refractive index of the sootlike aerosols was based

on the soot data in Twitty and Weinman's 4 7 survey of the refractive index of

carbonaceous materials. As with the rural model, a composite urban aerosol

refractive index was determined at each wavelength. These values are given in

Table 3.
28

The change in aerosol was based on Hinel's urban aerosol data (his Model 5)

and is given In Table 2. The resulting refractive indexes as a function of relative

humidity are given in Table 5.

RURAL AEROSOL MODELS
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Figure 3. Aerosol Number Distribution
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2.5 Maritime Aerosol Model

The aerosol compositions and distributions of oceanic origin are significantly

different from continental aerosol types. These aerosols are largely sea-salt

particles which are produced by the evaporation of sea-spray droplets and then have I -

grown again due to aggregation of water under high relative humidity conditions.

However, even over the ocean there is a more or less pronounced continental aero-

sol background, which, mixed with the aerosols of oceanic origin, forms a fairly

uniform rn.aritime aerosol that is representative for the boundary layer in the lower

2-3 km in the atmosphere over the oceans but that also may occur over the con-

tinents in a maritime air mass. This maritime model should be distinguished from

the fresh sea-spray aerosol which exists in the lower 10-20 m above the ocean

surface and which is strongly dependent on wind speed.

The maritime aerosol model tnerefore, has been composed of two components:

the sea-salt component; and a continental component which was assumed to be

I identical to the rural aerosol with the exception that the very large particles were

eliminated since they will eventually be lost due to fa'lout as the air masses move

across the oceans. This model is similar to the one suggested by Junge42,48 based

on his measurements. 49.50 It is also supported by the measurements made by
20

Meszaros and Vissy in the South Atlantic and Indian Oceans. They found that the

larger particles had a predominantly cubic crystalline structure characteristic of

sodium chloride and that the other major constituents were of other crystal types.

The smallest particles were a mixture of other aerosol types-the most common

identifiable component being ammonium sulphate.

For the size distribution of the oceanic component, a log normal distribution

is used wit.a ro = 0.3 for moderate relative humidities (x 80 percent) and a = 0.4.

This is consistent with the measurements of Woodcock 5 1 as well as the more re-

cent measurements of Junge and Jaenicke and the sea-salt type component of the
data of Meszaros and Vissy 20 The relative proportions of aerosols oiý oceanic or

continental origins will vary particularly in coastal regions. To account for these

variations, the model permits the user to adjust the relative amounts of the oceanic

and continental types of aerosol. The size distribution used for the results here has

1 percent of the total number of particles of oceanic origin. The change of particle

size with relative humidity is based oa Hanel's28 results for a sea-spray aerosol

(his Model 2). This number density distribution is shown in Figure 6, with the

c, rresponding cumulative number distribution and volume distributions shown in

Figures 7 and 8.

26



MRRITIME AEROSOL MODELS

tooS10o' -- ,I.

.,I , -

i z~ ~ I0°

! t• ,:.Distribution (cn- 3 UnV" for
S••10" \ the Maritime Model at Different•'xx\ R~elative Humidities With thenr Total Particle Concentration10' .Fixed at 4000 eca"

to,\

•_ ~101 "
z i%-

SRitrbUo ((MICRONS)

1 1RRITIIlE iEROSOL MiODELS

S. ... .. .*--: .... -I. . • . ..

i 0-9

109

A10'

j ~~~10 '-9-r ult

, --- " -.

el- It ,:.. Figure 7. y~laie NumberS*- Density (cm-) ror the Maritime
•...-,.Aerosol Model at Different•-s•.x r Relative Humidities With the

' "; Fixed at 4000 crn- 3

A 104

Cc ot - iue .- plteNme

Denit (cm ) o•h M rtm

Z10' AeooLoeJa ifrn

\"z ixdat400cr-

iL

10 1 1' O 10 8

RADIUS (MICRONS)

27



MARITIME AEROSOL MODELS
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The refractive index is based on that for a solution of sea salt In water, using

a weighted average of the refractive indexes of water and sea salt. The relative !

weighting an a function of the relative humidity is based on Eq. er). The refractive

262

index of the sea salt is primarily taken from the measurements of Volz. 52His data

for the imaginary part were limited to wavelengths longer than 2. 5 A m, but this

was extended to 0. 2 AL m by using• the difference between absorption measurements

for sea water and pure water compiled by Dorsey53 (Table 6).

A ilmi-i two-component maritime aerosol model has boon developed by Wells
et &I5 based on the earlier models of Barnhardt and Street5 and Hodges8 , They

also have components representing aerosol# of continental and marine origin. How-

ever their size distributions differ from the present modelsl they use more simpli-

fied refractive index models, and the treatment of humidity neglects the dependence

of the relative humidity effects on either the size or composition of the aerosol.
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I
5

A significant addition by Wells et al to these other models is the inclusion of

the effects of wind speed on the marine component of the aerosol distributions.
They did this by modifying the parameters defining their size distribution as a

ffunction of wind. based on Woodcock's 5 1 data (while they cite Manson57 as their
58. 59source, the data can be traced to Woodcock through Junge ). They used a

modified r size distribution. 60, 61 with a = 2,

dN a (
-a n(r) = Ar exp (-bry) (7)

and fit A. which is proportional to the total number of particles, and y. which is

primarily the rate of decrease of the number density for the large particles as a

function of wind speed. A simpler way of adding the effects of wind to our maritime
model would be based on Lovett's work. 62,63 Based on his measurements of the

concentration of sea-salt in the atmosphere as a function of wind speed, he derived

the following empirical relationship

ln 0 = 0. 16 y+ 1. 45 (8)

where 0 is concentration of sea salt inAg m-3 and v is the wind speed in m/sec.

Making the simplifying assumption that this concentration is proportional to the total
number of particles of oceanic origin, it can be shown that

N(v) = N(vo) exp [0.16 (v- vo)] (9)

where N(v) is the number of sea salt particulates for a wind speed v. Since Lovett's 6 2

measurements of relative mass distribution vs aerosol size show no significant

dependence on wind speed, the assumption that particle number is proportional to

the sea-salt mass is reasonable. It should be noted that the relevant indicator of
wind speed is the mean prevailing wind speed, since the lifetime of these aerosols

is on the order of a few days.

2.6 Tropospheric Model

The tropospheric aerosol model represents the aerosols within the troposphere
above the boundary layer. These aerosols are assumed to have the same composi-

tion as the rural model (70 percent water-soluble and 30 percent dust-like). The

size distribution is modified from the rural model by eliminating the large (or

coarse) particle (ri a 0. 5) component of the size distribution because of the longer

residence of aerosols above the boundary and the expected differential loss of the

larger particles. This leaves the log-normal distribution with the small lor
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accumulation) particle component. This is consistent with the changes in aerosol

size distribution with altitude suggested by Whitby and Cantrell. 17 The dependence

of particle size on rejative humidity is the same as for the small particle compo-

nent of the rural model, and is shown in Figures 9- 11.
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2.7 Fog ModelsI When the air becomes nearly saturated with water vapor (relative humidity

close to 100 percent), fog can form (assuming sufficient condensation nuclei are
present). The air can become saturated in two ways, either by mixing of air masses

with different temperatures and/or humidities (advection fogs), or by the air cooling

until the air temperature approaches the dew point temperature (radiation fogs). 64
To represent the range of the different types of fog, we usa the fog models

85 86presented by Silverman and Sprague. following the work of Dyachenko. These
were chosen to represent the range of measured size distributions, and correspond
to what Silverman and Sprague identified as typical of radiation fogs and advection

fogs, although they are also characteristic of developing and mature fogs, respective-

ly. They use a modified gamma size distribution [Eq. (7)] to describe the size
distrib ition.

The values of the parameters, A, a, b. y are given in Table - along with the

mode radius and total particle number.

Table 7. Size Distribution Parameters of the Fog Models

(A)

Type of Fog Model A o b , rmode N0 (cm-3

Advection Fog 1 0.06592 3 0. 3 1 10.0 20

2 0.027 3 0.375 1 8.0 20

Radiation Fog 3 2.37305 6 1. 5 1 4.0 100
4 607.5 6 3.0 1 2.0 200

Models I and 3 represent heavy, and Mcdals 2 and 4 moderate fog conditions
66-70for the different types. Generally, measured fog droplet size distributions

fall within the variations represented by these models. For example, extensive

measurements of valley fog by Pilie et al67, 68 have shown that developing fog is

characterized by droplet concentrations of 100 to 200 particles per cm 3 in the
I to 10 A zn radius range with mean radius of 2 to 4 A m. As the fog thickens, the

droplet concentration decreases to less than 2 particles per cm3 and mean radius
increases from 6 to 12 A m. Drorlets less than 3 Am radius were seldom observed

in fully developed fog.
It was assumed the refractive index for the fog was that of pure water. While

most of the fog droplets have condensation nuclei, the effect on the refractive index

was considered to be negligible compared with the other uncertainties in these
models. The size distribution for the fog models is shown in Figures 12-14.
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3. AEROSOL OPTICAL PROPERTIES

3.1 Mie Scattering Calculations

Once the size distribution and refractive index of the aerosol models are spe-

cified, the optical properties, such as the scattering or absorption coefficients can
71-74be calculated from Mie theory. There are a number of versions of Mie

75
scattering computer codes available for such computations (for example, Dave,
and Hansen and Travis 76). For the present work, a modified version of a program

77developed by RRA for AFGL was used. The most important modification on it was

to use downward recursion to calculate the logarithmic derivative of the Ricatti-
Bessel function used in calculating the Mie coefficients to avoid the numerical in-

stabilities that develop with these calculations for large absorbing particles when

upward recursion is used. 75, 78

For the Mie scattering calculations the aerosol particles are assumed to be

spherical, which is not in general true. While liquid aerosols will be approximately

spherical, the dry particles usually are irregularly shaped. However it can be

argued that many of the measurements of aerosol size distributions are measuring
scattered light79-82 and the size "assigned" to a given particle, is the size of a

t sphere that has similar scattering properties to the measured particle. Further-
more, the irregular shaped particles are closest to "equivalent" spheres in their

35
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scattering properties in the forward direction generally used for size measure-
merits. 83,84 So the resulting size distribution in the size distribution of spheres
that have similar optical properties to the actual aerosol particles. Also studies

by Chylek8 3 and Holland and Gagne 84 indicate that for particles of equal overall

dimensions but different shapes, the spherical particle extinction has the highest
values.

3.2 Aerosol Model Attenuation

The attenuation coefficients for the rural aerosol model at 50 percent and
95 percent relative humidity are shown in Figures 15 and 16 as a function of wave-
length. To show the effect of variations of relative humidity on the aerosol extinc-

tion. the rural model extinction has been calculated over a range of humidities for
a constant total number density. The resulting extinction vs wavelength is shown
in Figure 17 for several relative humidities between 0 and 99 percent where the

3number density is held fixed at 15,000 particles/cm , which correspond to a
meteorological range of about 25 km for the dry aerosols and about 5 km at 99

percent relative humidity.
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The development of the 3-g. m water absorption feature with increasing relative

humidity is apparent in these figures. Also apparent from these figures is the

.-- [masking of the strong dispersion from the 9 A m sulfate in the dry aerosol by the

water condensed on the aerosol.

The attenuation coefficients for the urban aerosol model are shown in Figures
18 through 20 as a function of wavelength, for several different humidities. The
corresponding results for the maritime and tropospheric aerosol models are shown

in Figures 21 throuph 23 and Figures 24 through 26 respectively.
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One feature common to all these models it the reducti( i in the slope of the
extinction coefficient vs wavelength with increasing relative humidity. This is

due to the growth of the aerosols, which is greatest for the i, rger particles,
and the corresponding increased contribution'of scattering to the total extinction,

especially in the infrared.

The total number of particles for the components of the different aerosol models
are given in Tables 8 through 11 normalized to different meteorological ranges, V,

* for various relative humidities. Using Koschmieder's law or the visual range
formula8 5 ' 88 at a wavelength of 0. 55 microns.

1 i1. 3.912

where e, the threshold contrast is 2 percent and 0 a 0 molecular + 0 aerosol' is the
total extinction. The N1 and N2 in the tables are the appropriately normalized

values of the Ni in Table 1, where i a I is the small particler component and i n 2
the large particle component. It is important to note that caution should be exer-

cised in comparing total numbers of aerosol particles between various models
and/or measured number densities. The results depend on the details of the small

particle distributions; for models, the total numbers are most sensitive to the
assumed distribution of the smallest particles, and for mAasurements, the total

numbers are most sensitive to the small particle cut-off characteristios of the

measuring instrument. This can be seen from any of the plots of the aerosol cumiu-

lative number density (Figures 4, 7, or 10) where changing the small particle cut-
off from 0. I to 1. 0 jA m (a representative range for particle counters) will change

the total number of aerosol particles counted, by a factor between 100 and 1000.
The smallest aerosols (less than 0. 1 ; m) are usually the least important particles

in terms of the optical or IR properties.

Strictly speaking the extinction should be weighted by the photopic response of the
eye, and the effects of tbsorption neglected in deriving Eq. (10).

43

L -



Nr4

4F. mUu o.. ý .4 o
& m 4v 4pN - .

I. .~ . % %

C: :. tv U'. 00 wO qAN M*%..

44 q

11% tU (U 0

40 f .4 0 .4 w w 0 14
14A4 IA "M AlU 'N ..

'04 ty U%

%P N .4 .

4. P4 IA *. 4V4 6

.4 NO ~ .
dN .6.~.

4P 0.4 N04 N4 01 N 41 U

ey on 0 C; do 04N i

*f~ PSi NEN.4 0

0i Si -t .4 It

4D NN 16*. * 4 .

M% 0 NU% .Ir. N ' .0 41% a E D 0. P.4 0

.. 4 'A a4 4% 9 4 44 P 4s
C' r) Ai N U% IAN 40 U' 0u4

i' Ný .4 .4 .4 * .

4DN *N * 04 0' *0 U'VON .
tyP N i III 

.y .0

o..4 .1z M

IC.

-b44

ID
0~ - -. o.. 3



ow 4

441 ~ P 0 .0 A ~ O N 940 '

C O. 4.N P0 N 1. do 41,0 ~ G

0 bP q6I-
V ~ ~ se .4414. 0 mpG No 00 ol JO .6.

4 all -a ft a NetNa

II

on 4y .44 NpW DEV 4D Pb* a c *o *o N

ItPJ * 0l ty 40 4D U0 SAm .10
V4 IP *"N all I.o *w .Ve

ow f l 4D f0 10 N

.- C3 U a a0 cp

(11 00j *ý CZ 910 JA P r CD f

04 4

f, 40 P. P, GAD 0 N
M 66 WN .46 916 o

ol uuP.U H ~ ~
dy EEU 0% 10, G

0 .4

~&IdI"PD U.Ll MZ p ~.~---



C ............4W

3.3 Fog Mode Attenuation

The attenuation coefficients for the fog models are shown in Figures 27

through 31. using the number densities given in Table 7. The meteorological ranges

for these droplet concentrations vary from 130 m for Fog Model 1 (Advtction Fog)

to 450 m for Fog Model 4 (Radiation Fog). However. the models are representative

of heavy fogs with visibilities of less than 50 m, to light fogs with visibiUties over

I km. and can be scaled to visibilities over this range.

F06 MODEL I
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LU

L)-L-, 100

0. . ...... . .

NRVELENGTH (MICRONS)

Figure 27. Attenuation Coefficients vs
Wavelength; Heavy Advection Fog
Model I
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3.4 Tables of Aussol Attenuation

The attenuation coefficients for the different aerosol models are given in

Tables 12 through 47. These attenuation coefficiente in the tables are normalized

to different number densities characteristic of the different types of aerosol, with

the total number of particles being the same for each of the different humidities. for

which the results are tabulated. This permits examination of how the optical pro-
perties of a given type of aerosol change with changes in the relative humidity.

assuming no other processes, such as nucleation, coagulation, or sedimentation,

affect the size distribution.
These tables also include the albedo for single scatter. a. which is the ratio

of the scattering to total extinction cross-sections

a - sckt = seat G 1l)

Oext s cat * a abe

Because it provides a convenient one parameter representation for the angular
dependence of scattering by the aerosols, the asymmetry parameter. g, also has

been given. The asymmetry parameter is defined as the cosine weighted average
of the phase function, P (6)

+1

f coso P(O) d(cos 8)
-1 (12)

f P(8) d(cos 6)

where P(O ) is the differential probability of scattering at an angle 0.
The asymmetry parameter is particularly useful when multiple scattering

effects are significant, and the details of the scattering function are smoothed out;

then g characterizes the angular distribution of the radiation field in approximate

radiative transfer methods as the Eddington approximation, 87 the Delta Eddington
approximation,8 and various forms of the Two-stream approximation, 8990Using

approximation,91Usn
the asymmetry parameter with the Henyey-Greenstein phase function

SP(O) 4 (1-12) 1713)

7 [i+g --2g coso

reasonably accurate intensities can be determined with the more exact radiative
92

transfer methods. However. for single scattering calculations this or any other

one parameter approximation to the phase function should only be used with extreme

caution.
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Table 12. Attenuation Coefficients, Single Scatter Albedo, and Asymmetry
Parameter for Relative Humidity a 0% Rural Model

tooftsltivi TO A NURSERt OENSITY OF 1.991#E*04 PART!CLES/C443
WAVFLENGTH EXTINCTION SCATTERING AOSOmPTION SINGLE ASYMMETRY
(4ICRON) 1 0W-1 ) I K14-1 ) 4 KO-1 ) SCD?.*LS6 PARAMETER

.206 3*0961-01 200761-01 9.61M1-02 .6709 .7501
.36 2.591E-01 1.3771-61 1*714.16-02 .1311 .6705

9337 t.3#451-01 2022z1f-o 1.2314S-02 .,91.0 .6712
.'S56 1.6611-01 1.375E-01 8.6651-03 .9460 .64.79
0694. 1.099E-01 1#621.E-01 7.5201-03 .431g .634.2

1.6260 6.1291-02 94791e-02 affole1-3 *0613 *6176
1.536 3.9171-Of 2.78sf-92 7.316E-03 .792C .6734
2.0fe 2.1499-02 1.06?E-02 2.6?9E-03 .8661 .7063
2.250 1.9661E-02 1.64.11-02 3.02of-ex .81442 .72?1
2.500 1.710T-0Z 1.480E-02 3 .0 ?3E-0 3 *62ml .7463
20700 1#936E-02 1.110E-02 9.262E-03 .97'1 .??as
3.000 1.63(;E-12 1.229E-02 4..06A1-03 .7513 .7707
3.392 1.5200-0 2 10332E-02 1.9251-03 .671 .7%2&.
30950 1*4.551-02 1032SE-02 1027O1-4v 89127 .7112
4..500 1.342E-02 1 .129E-02 2.115E-03 .84.10 .76442
5.000 1.2351-01 1.04.3E-02 1.914.1-! .64.49 .71516
5.500 1 .14.9E-V2 9.12#&E-03 2.3751-03 *79?3 .7662
6.000 10027E-02 1.32SE-03 2.943E1-03 .7114 .794.0
6.200 1.03&E-02 7.199E-03 3.1631-03 .694.' .*?to
6.500 10091E-02 ?.053F-03 1.6611-03 WS7~ .7797
7.200 1.1391-02 6.2156-03 5.170r1-3 .49459 .78664
7.900 6.5401E-0 3 2.4.19E-03 4.129E-03 .3694. f525 i
8.200 6.4.32E-03 6.4.4.5-04. 5.7671-03 .10C2 08.
W.00 1.7601-02 7.898E-03 9.9061-03 .64146 .5864
9.000 1.6501-02 ?.85$E-03 1.064E1-02 .4.248 .93570
9.200 1.6751-02 6.6851-03 1.1871-fl2 .3672 . K9 9 2

10.000 1.3371-02 7.4.781-03 548931-03 S991! b8159
109S91 1*180E-02 7.1651-03 19.6391-0't .6670 .6271
11.000 1.0901-02 7.164.1-03 3.735E-03 .6573 .6257
11.500 1.006E-02 6.6371-03 3.4.101-07 .6601 .6376 I
12.560 86.16f-03 5.634E1-01 3.1831-03 .6390 .6566
16.000 7.233E-03 3.3971-03 3.3616-03 .4.697 *6861
15.000 6.5561-03 2.79SE-03 5.7611-03 .3266 .6699
16.6%0 8.766F-03 6.*2126-03 4.954E1-03 .4.815 .6120
17.200 1.0161-02 4..773E-03 5.051S-01 .4.689 *5570
16.500 8.3621-03 4.04.11-03 4..322E-03 .48032 .5013
Z1.360 60639E-03 3.727E-03 581121-03 .6421? .5341
25.000 7.569E-o3 2.834E1-03 6.7351)-03 .374.4 .5204.
38*001 6.001E-03 1.e93E-03 6&.0191-03 .2621 .5137
4.3.000 6.269E-03 1.354.-03 4a.9351-0 3 .?154. .4.366
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Table 13. Attenuation Coefficients. Single Scatter Aleo and Asymmetry
Parameter for Relative Humidity - 50% Rural Model

NORNAL 221 TO A WUHER OENSITY OfP 1.5'oof04.' **RlzCLFS/c"! I
WAVELENGTH EXTINUCTION SCATTERING Ae50*PTION SINGLE ASYNNETRY
(IwiOWr IM-1 ) ( Kh-1 1 94 E- ) SCAT*ALR* P*ARAPTIq

.266 3.17H1.01 2.1771-f1 9.944E-02 #soft .7598

.300 20641E1-01 2.4671-61 1.71411-32 .931.1 .6636

.33? 2.4.219-01 2.303E-01 1.24.6E-02 *9.? .6762

.550 105141-01 180u6E-01 W.AE-¶p92

.696 1 .139F-c1 1.061.1-01 7. 56R1-03 *93!6 .8392
1.860 6.3611-02 5*50'.E-02 A.5711-01 .1651 .6220

3.0 .653E-02 2.14151-02 7386F1-3 .7,97A .7'.76
2e@90 2.0001-02 1.9F17-02 2.912T6-q3 .87,1 .78201

3.000 1.82'E-V 2 1.1761-L? 6.0*59E-11 f*5'. .7739
3.392 1.6051-0? 1.390e-02 2.l'.6E-03 .6662 .7'.07
3.050 1.520E-e? 1.369E-D? 1.3111-33 .911? .7311

'.6 .60.2 1.1751-4'? 2.21.7t-c! *S395 074.6C
5.009 1.2671-02 1.086E-4'? 2.0599F03 .640#43 .?535
5.900 1.1 96 e-0 2  9.5041-0' 2.455F-03 .7947 .7645
66000 1.0901-0? ?*'.?'1-G ? 3.640E-:3 Mt$~ .7482
6s280 1.104E1-02 74.4SE5-c3 3.5951-Q3 067'.'.69
6.500 t.10Y1-92 7.377E-03 ?.656E-n3 .6606 67810
r.2600 1120 6.9031-D? 9.322F-"3 .5f*99 .76618
7.980 6.17-3 2.676E-0! 4.2721-OS .36r2 .8519
sol00 6.6761-;' 7.41.21-0' 5 *9'2E -%,3 .1115 t9719
6.700 1 .6'1E-02 6.192-03 I.02z2E-Oz .4450S .5921,
9.000 1 .916 P-72 8*156V-03 1.102f1-12 .14293 .9652
9.260 1.938E-32 7.121.7-03 .2E-? .3676 Wit7
10.000 1.714? 7.6W3-0? 6.076E113 .9556? .06 24q
10.591 1.2151-02 7.1151-0' '..63!E-C3 .6022 .637'.
11.000 1.123F-32 7#24fsE-03 !19918f-03 #61.b9 06376
11.596 1.3140[-D 2 6.633E-0' '.765(-03 .63PO .650'
12.500 9 .2S6 r-03 5.506E-03 3. 7149f- 03 .595a .6680#
116.800 7.6791-03 3 VFS61-03 4.423F-03 .1.2'9 .6919
15.000 9.22SE-CZ 2*630E-03 6.3941o-O! .3906 .6692
16.8800 9.362r-03 '..20s7-0' 5.157E-03 .64192 46? 00
17.200 14Wb-02 d..61T1-03 S.926(-03 .4.1.04 6565?
16.500 80.9F5-03 6.0711-3 It.6451E-0 3 .1.566 .5665
21.300 9.3191-03 3.615f-03 5.504E-03 .4#q'. .541.0'
25.000 7.969E-03 2.9221-CS 9.0671-03 .3656 .5331
30.000 7.0621-03 1.973E-03 5.0691-03 02794 .5176r
'1.0.60 6.663E-03 1.41.1E-03 5.192E-03 .2137 .1.399
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Table 14. Attenuation Coefficients, Single Scatter Albedo, and Asymmetry
Parameter for Relative Humidity - 7041 Rural Model

"t OpI6LIZEO TO A NUMBER O1#453TY OF 1*5001*0f#. OARIICL75S/CM!
WAVELENGTH EETIPICTON SCATTCR!NG ASSOOPT ION SINGLE ASYMMENITRY

(tnIoR) I HI1 I I KII.1 I 6 SCAT.AL11. P&RAMETFR

.36 2.$0 E2-01I 2.666E-01 1.765F-02 .9379 .6924
.337 1.611E-01 2.4866-1-1 1.S2E2-02 .9521 #686S
.SSG 1.6311-01 1.55.5.-01 807771-03 .94.22 .6638
.694 10219[-01 1.15S3201 7.65.12-03 *9378 .. 4.96
14068 6.6621-02 6.011E-02 8 .711-03 .0?".4 .63114
1.536 3.9701-02 3.217E-02 7.527r1-0 .81-'4. .646V0
?.000 2.4.66E-0 2 2.1871-02 2.9661-P3 a.6709 .719f
2.250 2.221E -az 1.911E-02 3.1021-l! .06C3 .7703
E.500 2.029E-02 1.709E-02 3.20CE-03 .85.23 .7S2Z
2.730 2.1581-02 1.296E-02 9.0171-n3 .4a21 . ?9,
36088 2.296E-02 1.15.3E-02 1.10E1-02 .506e .7011.
3.392 1.9007-02 1.536F-0? 2.6951-93 .8509
3.750 1.6051-02 1.546E.-02 1.4.13(123 .9161 .?I
4..500 1 .51&?1-9 2 1.29I.1-0? 2.S226-93 .8369 7p
5.0610 1.'.24.E-02 1.200E-02 2.21.2F.03 .04.26 .75684
5.900 1.3181-02 1.053E-02 2.6521-03 .7908 .T7zp
6.000 1.25.71-02 7.71.51-ý3 4..?2F-ý1 .6211 A0C1
6.290 1.*273E-0 2 8.1121-03 1..616E-13 .6373 .7929
6.500 1.2371-02? 0.234E1-03 4.1351-03 .6657 .724.3
t.210 1.2561-02 ?.266E-V3 5.694.1-01 .56!6 *77'.?
70900 7.s9972-0 3 3.372E-03 4.624E1-03 .4.217 .ecol?
86.210 7.310E-03 1.1001-03 6.29DE-03 .140S .e75e
8.r00 1 .901-0 2 8.91.6E-03 1 .09 11-f2 .'.5e6 .6212
9.0080 2.079E-02 0.919E-03 1016?F-02 .4.29" 5ý
9.200 2.9096E-0 2 7.7371-01 1. 312E--12 . 3r'9 .2?
10.000 1.4?75.-0 2 8 .2371E-03 6.9061-03 .55(47 .65.6(
10.591 1.299E-02 7.689E-03 5.301E-03 .591q .1611.
11.060 1 .2004-0?2 7.'..5E-03 14..6001-0 3 .61f1 .66151
110580 1.1211-02 6#639E-03 4.s921-03 .5911 .6798
12.500 1.0331-02 5.27S1-03 5.05S1-03 .51c5 .6965
1140000 905.5081-03 3.3169E-03 6.199E-03 .39!N .7Z26
15.000 1.0859-02 2.9651-03 7.861E-03 .2734 .96
16.1,00 1.0031-02 4.256E-03 6.5781-03 .192ft .66
10.200 1.#21481-02 16.963E-03 7.1801-03 .'.087 .594.8
16.500 1 .029E-02 r 4.200E-03 6.0901-03 .4.0P2Ey
21.300 1.0519-02 4e.05S1-03 6.460E-03 .3656 . F5167
25.000 9.0421-03 3.163E-03 5.079E-03 .3496 .5144.5
30.000 7.95.02-03 2.192E-03 9.756E-03 .2r!&$ .5214.
5.0.000 7.3792T-03 1.562E-03 5.0171-93 .2117 .1.518



Table 15. Attenuation Coefficients. Single Scatter Albedo, and Asymmetry
Parameter for Relative Humidity = 80% Rural Model

NOAN"AL1ZIC TO A NU"NER OENSII? Of 1.506010E4. *ARTICLES/CM3
UAVIEL (NGT4 1EXTINCTZON SCATTERING ASSOOWT?04 SINGLE ASYMMETRY

MNICROMO K4 I-1 ) ( KN-1 ) ( KM4-1 ) SCAT.ALS. PARANETER
.266 6&.64I1-01 1.494E-01 1.1051-01 .71#91 .77?2
.369 3.56491E-l1 3.663-01 1.659t-01 .9917 .1241"

.17 3.9466-01 3.IilSE-01 1.306E-02 .9631 .719?

.59 12451-51 t.153E-01 9.1611-03 .9992 .6997
.694, 1.7451-01 1.62S1-01 8.411E-03 .953t .6858

1.660 1074.1-02 $0771E-02 9.329E-03 .9639 f.5
1.536 9.:6961-02 4.077-02 80132E-03 .W7 *72
2.060 3.6951-02 30SSE1-02 3.40829-03 .9079 .7181
2.256 3.29SE-02 2.962F-0? 3.3;1E-"3 .8989 .7378 -

2.560 209701-02 ?.604.1-02 3.6681-33 a876,1 .7651
2.700 3.909F-02 1.024.1-02 1.1896E-02 .601,0 F0168
3.000 4.561E-02 1.4.Stl-02 3.074.-1-2 .32r.1 .71661
3.392 2.89@E-02 2.330E1-2 5.60ýE-al OP20. .7286
WS 50 2.5021-02 2.0SUE-02 1. 985F-0 3 .92?1 73

4.500 2.353E-02 1.91.01-02 '..05SE-03 .92?? .7654.
5.000 2.1601-e? 1.825E-02 3.54OF-03 .8372 .77?"
5.500 2.001E-02 1.625E-C2 3. ?ACE-iP3 .8121 .791C'
6.050 2.1051-02 1.0231-0? 1.042E-02 .4.561 .830?
6.200 2.1807-02 1.2001-0? 9.802E-03 SS!14 .0'.
6.550 t.974.1-02 1.298E-02 6*762F-t'3 .6571. .7957
?.200 1.93E1102 1*159E-0? 7.726E-Vt .60ro .79a.E
7.900 1.4021-0 2 7.4.4i01-03 6.574.E-03 .5312 .89-68
8.200 1.257f-02 4..323E-01 0.2511-03 o34.38byh
0.690 2.673c-02 3.270E-02 1.39141-02 . 41?e3 .( ~
9.600 2.827E-02 1.276E-02 1.95019? .1.51' .6619
9.200 2.772E-02 1.093E-02 1.6791-92 .1944 .99.
10.060 i1.62E-02 1.0881-0? $.749E-1- e55"s .725C
140.591 1.021E-02 9.4.501-03 7.841F1-03 Slobs5 .74.49
11.080 1.632E-02 8.4.27-03 ?.890E-03 .516'. .54
11.390 1.981E-0? 6o903E-Dv 8.912F-03 .4.365 .7f
12.960 29671[-02 S5.1.2 E-0' 1.115 ?E- C2 *Y$77 .764.'

14.000 1.5281-92 4.2?3E-03 1.4.017-02 -2337 .7265
19.860 1.978E-02 4.1971-0' 1.5581-02 .2t22 .7270
16.4.00 1.922F-02 5.3001-03 1.392E-32 .2 757 .6769
17.2too 2.0121-02 6.1691-02 1.1951-02 .3067 .64.0a
186500 1.6006-02 5.4.781-03 1.260E-02 .3030 .0.442
U1.318 1.?231-02 5.5301-03 1.101E-02 .3210 .6031
29.600 1 .194E-0 2 4.6051-03 1.034.E-02 .3081 585'.
3.6040 1.2901-02 3.4.67F-03 9.416E-03 ZT2?" .564t6

40.066 .164E-02 2.4951E-03 9.1881-03 .21'6 4.7
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Table 16. Attenuation Coefficients. Single Scatter Albedo, and Asymmetry

Parameter for Relative Humidity = 90% Rural Model

NORMALIZED TO it NU0BER DENSITY Of 1.530001#04 PARTICLFSjCM3
WAVELENGTH IXIITIM:ON RCATITR14G AgSOqpTKON SINGLE ASYVP4EIRY

(MICRON) 4 vi-1 K M-1 I I K"-1 SCAT.ALF. PAftAwETC%
.20 6.7452-01 9.tilIE-e1 1.32G1-01 .60?0. ??799

.330 5S*63U-01 90444C-03 1.911f-oz .965? .?SOS

.33? 5.21601-01 5.104f-Cl 1.3608-02 .974.0 .7047?
.5SO 3.4#491-01 3.314.1.11 9.94.9E-03 .9720 .7311
.694 2.6212f-0 2.53GE-01 8.3l4E-03 .9bpt .72?p

1.069 I.SO7E-01 1.4.06e-01 q.901E-03 .931,11 .6q34.
1.536 *.6-2 7.9 39E-02 86.94E-Er3 .901' .6e7'
2.600 5.7 58D2 $*?W4-02 4.013E-31 .931? .?167
2.290 S00461-02 4e696E-t2 3.63IF-03 .92F, T!%
2.500 4..44?E-02 4.0072-02 4..4002-01 .9010 .7f'f
2.700 4033E2-62 2.06F6-02 1.647P-r2 *6176 If2st
3.000 a .680E-0 2 29353E-02 6. 32 7E-,2 .2711 .7209
3.39? 4.5972-02 3S7TE?-02 1.0208-fl 771.20
3.150 3.929E-O 2 3.6371-02 ?.924.F-43 .921;6 .724e8
4.900 36991E-02 2.r952-0? C.5462---- .sic# 6%
5.000 3.2912-02 2.7231-02 5.66tE-03 .82,4. .776.C
SOW0 3.408E-32 2 .4 S50 e-02 4;.5SS0E -0 3 elks .795
6.000 3 .484-0 2 1~.4432.'02 ?.04.1fEr *4.14-1 ef
6.200 3.5702-02 1.774E-C2 7.96F-ý2 z .4.972
6.500 3 .4 T6.0 2 1.9721-32 1.114.E-07 .64.12 .7946
7.280 2.890E-02 1.7671-02 1.103f-'12 .6102 C?
70900 2 .3 12-0 2 1 .339 E-C2 9. Pqff-0 I .5S7e4.F12
8.200 2.1312-02 9.900E-03 1.14.18-02 .6.645 pb%643
6.700 3.572E-02 1.7814.-02 1.768F-02 0444 .73
9.600 3.7682-P2 1.769E-c2 1.999(1-0? .14695 .7182
9.200 3.6522-32 1.9?71-02 2.12S2-12 .4.11 *7'.89
10.000 2.&G12-02 1.1629E-02 1.233E-q2 .536q .776p
104591 2 .3?82E-112 1.175E-02 1.213F-,12 .4.9411 .77
11.000 2 .313E-052 9.879 E-03 1.3712-02 .'26.2 .p SII
110500 20373E-02 7.756E-0' j.sq72.0z .'268 .pl?l
12.900 2.8352-02 6.1362-03 2.221E-02 .21856 .*7qL4.
14..S00 3.3172-02 603481-C3 2.682E-02 .IQI'. .71-C2
15.000 3.4.69E-02 6.396E-03 2.8292-02 *.16". .7321
16.4.00 3.3482-02 7.4.76F-03 2.6002-02 .2217 .(69
07.200 3.37@E-02 8.3712-03 2.533F-02 .2#04. E74.1
16.560 3.103E-02 7.8252-03 2.3202-b? .2522 .fb9 *
21.300 2.8221-02 7.8582-03 2.0162-02 Z2765 .836A
29.000 2*4'.8E-02 6.8392-03 1.764.2-02 .2797 .6164.
399900 2.0866-02 5.4.86L2-03 1.5382-02 .2679 FC94.
4.0.000 1.84.6E-02 3.033f-03 1.4.6?E-02 .2076 .5314.4



Table 17. Attenuation Coefficients, Single Scatter Albedo. and Asymmetry
Parameter for Relative Humidity - 9501 Rural Model

NORMALIZED TO A NUMBER DENSITY OF 1.S04GE0110 PARTICLES/C$43
WAVELENGTH EXTINCTION SCATTERING ABSORPTION SZNC-LE ASYMMOIRY
(NIORON) IKN-I 1 4 x".1 ) ( K4-1 ) SCA¶.ALB. PARAM'1'R

.246 6.14.21-01 6.7371-01 1.140SE-01 .627i. .7750 -

.366 6.8"E-01 6.696E-01 1.977E-02 .9711' .7F0f
.33? 6.4.361-01 6.2971-01 1.3851-12 .9705 .7581
Ogg$ 8&.271-1 .14-01 9.7250r-os .1772 .71.36
.694 3.31S1-01 3.230E-01 0.6101-03 .9741. .7312

1.536 1.136E-01 1.036E-01 9.010E-03 . 92P 0 .05
2.600 7.4271-02 6.979E-02 4.4d78E-03 .9307 ?6
2.250 6.1&091-02 6.030F-02 3.?92E-C3 .94,01 .732?
2.500 9.576f-02 5.1011-02 4. gt-SF1-'3 .911" .7625

2.700 So331E-32 3 .319 E-0 2 2.012F-02 .6275 .8276
3.000 1.1751-01 3.0711-02 0.684.1-n? .2612 .133
3.392 5.9111-02 4.SFA51.0 2 1. 366E -02 .76ft9 . I.
3.750 4. .9521-02 1..5661-02 3.655E-.33 .92E2 *719P

4.S00 4.452F-02 3.6051-02 8.4.72E-03 .00977f4A
5.000 4.126E-02 3.39SE-02 7.320E-A3 .8276 7'
SOW0 3.766E-02 3.0681-O2 6.984E-1-! *1.
6,000 k..51?1-02 1.772E-02 2.7106F-02 .1922

6.200 4.60SE-02 2.2071-02 2.3971-72 .d.7QI *IPPA2

6*900 3.9031-02 2.4.761-02 1.4.271-02 .6341t .749i
?.200 3.616E-0? 2.261E-02 1.3556-C2 .62" *17
?.900 3.006E-02 1.787E-02 1.219E-02 .491.5 AV
8.206 2.606E-02 1.4.231-02 1.302E-02 .5014 1.a
$.700 4.208E-C2 2.15a.E-p2 2.05141-02 .512r .756?
9.000 4.410E-02 2.1251-02 2.286C-72 .4.610 .744'1
9.200 '..26SE-02 1.85.1E-02 1.41i2E-02 .4.342 .771.

10.000 3.193f-02 1.681'E-02 1.500E-92 .52m6 .798'
10.591 2.669E-;2 £.350E-02 1.5191-02 .47.16p
11.660 2.61.14-02 1.1091-02 1.73SE-02 .3898 e5263
11.560 2.905F-0? 8.6221-0' 2.123E-02 .28f0 #8291.
12.500 3.7301-02 7.2171-03 3.OOAE-52 *19?5 Stsb8

146.00 4o43416-0 2 0.076E-03 3.626E-02 .1122 .71,7'.
15.000 4.5651-02 80.13E-03 3.76?E-02 .17A3 .74.01
16.4.00 4#42FE-02 9.2911-03 3.4.96E-02 ftc .71CE
17.200 4.4.03E-02 1.019E-02 3.384E1-02 .2315 .6dof)
16.506 4.082E-02 9.739E-03 3.108E-02 .2386 .6017
21.306 3.6661-02 go.7151-03 2.684E1-02 .2657 .6F28
26.600 3.171.1-02 8.614E-03 2.3121-02 .2711. .6310
36.660 2.%f81-02 7.064E-03 1.987F-02 .2628 .b099

46.600 2.367E-92 04.9531-03 1.872E-02 .2093 .5529



Table 18. Attenuation Coefficients, Single Scatter Albedo. and Asymmetry
Parameter for Relative Humidity a 08% Rural Model

t "WOIn"LUto to a "NUN9I 09N1TY or i1@1411tu86 O*RTICLiS/CW17
WAVtLgNSW INTZN~CT SCAYTIMINC IOSORPTIbO 1144LI ASYMMETRY

(1128101 1 1901 9 AI I I goo-I 1 4M-I SC*Ti*Lle PARAM1ETE
.ff@ 1.66911*66 1*9911-01 1090619-01 .0407 .7773

sole 90119-1-1 809011-11 1.4761-01 all%? *?It$

.996 9.1919-o1 so.000L61 1.OlhI-09 .9619 .7611

.094, #1.701Fi-1 '.0966-JI 0.99sr-03 09611 @Flo#
to#$$ S44941-01 1.0899-01 i1.6996-o *046141'
16910 14S111-01 1.?031-01 40.0116-03 .4`065 OW1
foods 1ofF61-#1 1.9129-01 0.061s-03 .4#484 .7196
gets$ 161871-91 1.9611.01 6OSS11-03 .9991 .7'31
fell@ $46W.101 0.10169-52 70491E-0 .9fos 47852
1.760 9.4116-01 6.0706-01 J.3141-02 .06,19 .8990
$tole 109411-0Cl 189211-01 1.3891-01 .2048 7d4
Belot 1.041io-01 6.0071-01 107231-02 074069 1.7211
WV# I *.10ir-o 8.9671-Dp 7.1971-03 .9tt9 07346

,#*Of6 6.9491-01 640939-01 186921-02 *&Ore .A60?
90660 0.0911-ot 60.0101-o 1.739-02 .$Ili 0799f
f.166 T.990-0? 60.112'-a 1011016-02 *off? .7107
6.160 0.9311-02 3.909t-01 9.0231-02 .0.113 .8#97
6.260 @MO 6.1- 4630-C2 6.4071-02 .49hi * 8202
0.960 7.7901-;t 9.60291-02 z.7911-2 .0408 0207
?*to@ 7471-T901 &.0071-Cl :43091-9 .06041 #oleo
F.900 609101-02 Is.l49 C0 1 8. 1'65- Of .6910 64
sells 0.1011-01 100,161-0: 204161-0! .0141 .8010
600 ? 8.1061-01 r lefit1-0?r 10677F-42 .5778 .0191
goals 7.41071-01 4.0769-Ol 1.3311-02 .9903 .8199
tells 7.161-of 3.7139-02 7. 418 E-01 09171 Oi
16.660 9.01',1-6 t 3.11091-c :09969I-: .9914 0941

119990 9.1931-02 1.904119-0 .201 *3731-0 a.WE7TI
11.010 9.4163-03 1@910I-02 1.9177-o1 03W. ?GA

98.9033911-0l 1.490-01 $9.4271-4E .310 7946

I I. f60 $0.1401-0 1.0711-01 0.4791-02 .2162 .7036
19.060 soloist-0f 1.0971-02 60.0001-n *2174 07711o

1040 0.3911-01 1.6939-02 6#1971-01 .4519 .7914,
1116 0.1661-02- l19131-of 601ts1-ot .0209 871119

16.960 7.070t-01 1.1941-01 9.7t49-42 0170 .7209
211.860 7.1171-01 1.1141-02 9,607-oz J29 to.70419
159446 0.I711 I- 1.9701-01 4.1991-01 .3f V .083
36.66 1.9311-01 1.731101 300001-ýr .3132 .66000
46.0011 4.7001-01 1.4031-01 3.9439-02 01998 still



Table 19. Attenuation Coefficients, Single Scatter Albedo, and Asymmetry
Parameter for Relative Humidity a 99% Rural Model

N06NAL1110 TO A WNUWIC OIWSIV OF l.9060P*01i VAR1ICLES/CIE!
"N*vILEN? 9EVIND VTOW IOTII ~~tO hINGLE h3081 "eTRY

40110SOS EN- 01. 1 KH-I 1 4 xKE.l 50A7.ALS, PIAAPE1TCR
off@ 1@31619+1 1.161*6 161#6 fls-01 .*679 .7778

.16 .16166 11291.00 1.1171.02 .9600 .7793
4337 1S971*6 I toeofr00 1.210 9$61 .7766

.96 .96189-1 7.71'.1-0l 1.6901-02 .9066 .??V,

.66 6#3116-01 6.11221-01 9*1961-03 .9655 .7628
.66 1.961f-61 3.61.9c-01 1.1291-02 .16 41.

1#186 2.9199-01 164221c-01 1.03SE0- .95P9 .7365
2.66 1.671.1 1*7471-01 9.014E-03 .99C9 .7491

2.296 1#6869-01 1.9711-o1 5441.39-03 .9666 .7609
2.960 1.4911-01 1.3471-01 l.0'.Of-02 .1283 .7421
tore# 1@3901-61 8.7991-02 14?SOF.02 .6i.8f .8668

3.S0 1760*I816le-C0! 1. 93TE-01 .2969 .7577

3*.92 1.1661-01 1.0091-01 2.6131-02 .79197M
3.790 1.361E1-1 1.2.91,-01 1*L21F1C2 .9176

9.66 161661-01 9.7699-02 2.307F-02 .8090 .6016
9.90o 1.1191-01 9.3199-02 2.0761-02 .81?A *A225
6.600 1.1691-01 5*3031-02 7.3909-j2 .4.178 P7F1
6.260 1.3091-01 6.1.631-02 6.666s-'? .4.9Z5F~a
7.260 1.67961-01 7.9631-02 14#23E-02 .$?PC2 IE8
7.900 1.1941-01 7*3592-02 P.,187E-0?2 .67.27 eyes
7#900 1.0199-Cl 6.7pa91-02 3.1624E-02 .6623 *A549

.70 1.061E-01 6.39e1-02 1.. 1t210? .6030
9.166 1.0611.01 6.1961-02 1..I.74F-..7 .9792

.10 1.6361-01 9076001-02 '..6,17E-4 .955.2 p2
1006 .66V1-02 1..5601-02 3.5051-02 .5609 84

10*991 7.0121-02 31.711-tz '..111E-C2 .46,1.7'.'.ý
141160 7.73M-02 2.9021-02 4#8629E-02 .!794. .#qf2
little 8.1979-02 1@319E-02 94 122F-02l .2663 .P923
11#960 1.6371-01 2.1.21C-02 74.94S5102 .2316 .0611
14.860 1.t417-01 1.0991-02 9.(6111-P2 .2451 *,3
156480 1#2639-01 3.092[-02 9.541.1102 .241ed .7989
16.1660 1.2499101 3.2031-02 9.109F-02 .?6419 .77S8
17.200 1.1391-01 .1.2r11-02 8.9321-C2 .2769 .7632
16.960 181091-01 3.6611-02 6.1.26E-J2 .2912 7e
1131.60 t.0661.01 3.1.11.1-02 7.f#261-02 .314.0 .73114
196119 9.039E-01 321371-02 6.9971-02 .3292 .7091
10.640 $0.671-o1 2.0181-02 9.751.1-02 .3369 .6667

##.60 719171-01 26148C1-02 9.369E-12 .2857 .61-19

57



Table 20. Attenuation Coefficients, Single Scatter Albedo. and Asymmetry
Parameter for Relative Humidity =00% Urban Model

NOR408AL1210 TO A NU"BER OfNSITY Of 2.1O6O1*04P PARVZCLFS/Cool
HAVLIOTS EIIOTON SCATTER114G ABSORPTI[ON SINGLE ASY"NeTRY

INTORONS t KM-I 1 4 K14-I E- SCAT.ALI. PARS19E!r-
sees 89336C1-1 1.9901-01 1.3881-01 .96,.6 .7705
.361 Re.5651-1 1.0431-01 1.064.2-01 .6309 .7162
.387 Z.6631-01 i.724.E-Sl 9.591E-02 .6426 .7067
0999 1.7671-01 1.1271-01 6.3931-02 .6382 .6617
.694 2.3741s-01 8.9791E-02 5.163f-02 .624.3 .64.1!

1.010 *324E-0 2 d.S.30E-02 3. 69OE-01-2 .5S65 .6166
1.536 90321-02 2.9351-02 2.766F-02 .*9702 '62e?
2.000 3*7791-02 1.601E-02 2.1701-OZ *.23? .f8ez
12.20 3.04491-0 2 1.4.04f1-02 2.0251-02 .4095S .70C0
2.508 3.160E-02 1.261E-02 1.699E-92 *3901 .24
2.700 36202f-02 1.11SE-02 2.084.1-ý2 .34.91 6737",
3.000 2.8501-02 1.079E-02 19771E-02 1?' . 748?
30392 2.6121-02 1.0651-C2 1.5471-02 .16076 .7391

4*.500 2 .2471-0 2 9.203E-0! 1.126E-02 .10007 ?74&it.
5.000 2.69VE-02 0.614.1-DY 1.237F-32 .4El4. .7143S
5.500 1.90'.1-02 7.933E-03 1.191E-02 .3998 .74.66
6.000 1 .07It-02 7.06?1-V3 1.166F-32 .377'7 14
6.200 1.S55E1-0 60987E--U! 1.15?E-;2 .3766 .71.911
6.500 1.03D1-02 6.9W0!t0 1.14.0S1-" .3772 .7424'
7.200 1.62YE-02 t.501E-03 L.1??E-ý2 .155P .7270
7.900 1 .54801-0 2 to.391 E-03 2. 1n 9E1-2 .26,36 .?b?&.
0.200 1.5201-02 3.005E-03 1.228E-0? . 0416 .?#So
G.700 2.1091-02 8. 15#&E-0 3 1.293E-02 .1667 .584 F
9.000 2 .146f.-0 2 8.253F-03 If3U9( -;,2 .3$4.9 S616
9.200 2.1739-92 704.19E-03 1. 4.3IC-12 .31614 .I.
10.000 1.7321-02 7.1133E-03 1.016E1-2 .4.131 .6159
10.591 1.601E-02 6.696E-03 9.311E-D! .14183 .623P
11.000 1.519E-02 6.531E-03 0.656E-03 .4.3"0 .624."
11.500 1.44.01-02 6.1151-0! @.36S1-03 .4.273 .6281
12.S00 1.337E-02 5.4.271-03 7.939E-03 #4.061 .634C.
1%.0800 1.1841E-02 3.982F-0? 7.054.1-03 .3304. f0296
15.080 1.27#&E-02 3.672E-03 9.064.1-33 .2083 .b252
16.400 1.2091-02 4.4.00E-03 7.6451-03 .36965 S5TOS
17.200 1.269E-02 4.631E-03 7.04601-03 .381C .5370
18.090 1.123E-02 4.1671-0! 7.0591E-03 .371? 51
21.300 1.092E-02 3.006E-0!3 7.03ZE-03 09559 .5072
25.010 9.4951-03 3.0791-0! 6.4.15E-03 .?24.3 .4.930
30.000 6.359F-03 2.236f-03 6.123F-03 .2675 .4.7D9
40.000 7.11-3 1.5981-03 5,5594.-03 .2274. .14.09



Table 21. Attenuation Coefficients, Single Scatter Albedo. and Asymmetry
Parameter for Relative Humidity = 5016 Urban Model

MORMALIZEID TO A WUNSER OFMSITV OF I.SS011G40' PMRTICLES/CM!
WAVILIW41TH ZXTTINbON SCATTERItNG APSOMPTION SINGLE ASYH"ETQV

(MICRON) 9 KM-I 1 K- 0-1 KA-I I SCAT*ALB* PARAMETFR

411111 3.324.1-02 1.1521-02 214.2S1-02 .35587 .?oi4l~

*3.31 2.9.1H-02 1.9611-01 1.6631-01 .666 .23
.3.75 2.5071-0? 1.103S-01 9..774E-02 .65292 .12

4.0 23.9-19.0511-0 6.4p9E-%32 *.24#4 .66
1.0 .1931-02 1.2.01S-03 9.2121-12 .64215 .74.02

1.500 11.8950-02 74.928E-02 3.761E-02 .3675 .2311
1.205 1.964.1-02 27.474.-03 1.8217-02 .4893 .63420
6.500 3.930F-02 1718E4.-02 1.1751-02 .4361 91
72020 3.9?051-2 6.94.31-02 2.066E-02 .64120 0106
2.510 1.614T1-02 1.3?50E-02 1.193E-q? .2461C .7266
0.200 3.32%E1-02 3.12E5-02 21.256-02 .32074

3.392 2.2151-02 0.6171-03 1.53E56-2 .42555?$
3.700 Z2*98E-02 0.7231-07 I.91C .hT-w 12312 .5739
014500 2.255E-01 7.6091E-3 1.36H.-32 .34 10 .10745
15.000 1.5192-02t 71.5216-03 1.0601-02 .4.147 .7290
1.0.59 1.0731-02 6.9891-03 1.7.220-02 .417b .0529
16.000 1.5989-02 7.7671-Q3 9.12371-C .3S .7911
11.500 1.5201-0 2 6.7617-0'3 1.9251-03 os .12 7f41!

12.500 1.9.11E-02 7.404EI-03 1.178E.- 02 .335a .747f'

16.500 1:2910E:02 6.043f-0? 1.601-02 .3155 .??
15.550 1.361E-2 3.7?911-03 1.139E-12 .29741, .7121
16.400 1.9841-02 Is.526S03 1.274E-02 .207511 .5604.
1.7.20 1.3181-02 06.990-03 .5.672-03 35 .45
156000 1.2161-02 B.?322-03 7.531E-03 .3054 .75
921130 2.185E-02 6.079E-03 1.406F-02 .3416 .5166

15.000 1.6022-02 3.2521-03 6.9691-03 .314. 229

11.0500 1.9ZE-012 2.301-03I A.5955E-03 .4205 .611-91
120.510 1.4261E02 51.699-03 8.9721@-03 f20 4510

111.0 a8E0 .6E-3 869I3 .1o .?t
15904-I-2 371-3 0OEo 24 6?,
1640 131-2 652-3 854-3 .4F .5e

1720 13T-2 4,09j-3 862F0 3S 56

8.0 1 -. 2-'GE-0 Z 4032-3 7 4,- 35 90



Table 22. Attenuation Coefficients, Single Scatter Albedo1. and Asymmetry1? Parameter for Relative Humidity = 70% Urban Model

NORMALIZES TO A IPJRER OENSITY OF 2.64060104. PARTICLES/crg3
WAVELENGTH EXTINCTIoN SCATTERING ASSOMPTION SINGLE ASYNNETRty

j(9NI1oR) (KM-I ) KM-I ) I KII-I ) SCAT.ALS* PARAMETER
*too 4 66481-061 3.699G-01 1.641E-01 .647t .7906
.316 3 Ifik -D I 2.71.61-01 1.1731-01 7.6( * 71076
.33? 3.63SE-01 2.564E1-01 1.073E-01 .71169 .7965 -4
.556 20377E-91 1.670E-01 ?.169E-02 .7126 .6996
.694, 1.68.51-01 1.272e-01 5.721E-02 .6699 .6803

10660 1ISler-e1 6.6561-0? Is.1351-02 *6270 .6536
1.536 7.661S-02 3@684E-02 3.1251-02 .55'42 .6590
2.666 5.002f-62 2.54.11-02 2.4.61E-02 .5080 .04
2.256 4..51EE-62 Z.223f-az 2.279-02 04.97? .725a
2.560 4.1071-02 1.9621-02 2.11.51.02 .1.Y77 .7404.
2.706 4.0901-02 1.6151-02 2. 475f- 02 .3950 .7769
3.660 5.0961-02 1.5011-02 ?.589E-02 .2950 .4c
3.39 2 3.*61491-0 2. 1.7761-02 1.673F-92 .466?7 .7351 .
3.750 3 .339E-0 2 1.ge8E-02 1.6911-02 .50,55 75
41.500 3.*0211k-0 2 1.1.621-02 1.562E-02 .14035 .?625j
5.660 2.819E-02 1.370E-02 1.449E-q2 .'.60f .767'?1
54060 2.6351-02 1#249E-02 1.386E-02 .4.740 .7509
6.000 2.6921-02 9.8601-03 1.704E1-02 .3670 .7-j00
6.200 2.691E-02 1.076E-02 1.616E-02 .31q? .7732
6.560 2.5111-02 1.0921-02 1.419(-'12 .1.346 .77C3
7.260 ' o.351-02 1.00G1-02 1.41G10-02 &4.139 . 76-41.
7.960 Z.0666-02 7.3851-03 1.3261-02 .3574. .7966
8.236 1.9671-02 5.1.9YE-03 1.14361-02 *2766 .0142
8*700 2.8551-02 1.1501-02 1.6971-02 .40S5 E053
9.160 2.9511-02 1.1701-02 1.7311-02 .3961. .64.20
9.200 2.924E-02 1.032E-02 1.891E-02 .35?2 .67zo

19.000 2.2891-02 9.7211-03 1.2131-02 . 425d; .63
10.591 2.162E-02 6.7011-03 1921;2E-02 o4.14. .?CSO
11.600 2.01?E--02 8.078E-03 1.219E-92 .4.605 .79
11.090 1.9691-02 7.1251-03 1.2571-02 .3618 .7145 1
12.566 1.96?1-02 9.086E-03 1.399L-02 .2962 .7094
14.666 2.664E-02 4.6761-03 1.5161-02 .21.34. .6762
15.060 2.110E-02 4.796E-03 1.651S-02 .2254 Gpjell
16.1,00 2@006E-02 5.5251-03 1.1.56E-02 .2751 .6316
17s2#4 2.61.51-02 6.11.61-83 1.4.30E-32 030TI .5997
16.500 1.862E-02 5.1.861-03 1.3131-02 .29,60 .6013
21e390 1.7461-02 5.35#E-03 1.2051-02 .3675 .S625
25.660 1.913E-12 4.1.361-03 1.0621-02 .2931. S6433
31.636 1.2061f-02 3.3961-03 9.6801-03 .2597 .5196
11.6.06 1.,29f-02 2.3971-03 8.392E-03 .2123 .4.552
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Table 23. Attenuation Coefficients, Single Scatter Albedo, and Asymmetry
Parameter for Relative Humidity - 80% Urban Model

IMSNALT190 TO A NWISER OjNltTT OF 2.416181E+6 PARTICLEV0c13
"AW4vmNuupw gxiNsTzON S0ATTIV4NG AISOMPTROw 126641 A1VPNIqTV
1INawU to-It 1 01W-I) I w-t I SCAT*AL6j PA~AN1TtfR

off$ 7.6756-11 1164191-01 1.9761-11 .7166 .7961
.316 11.9666-61 4.1171-01 1.3161-61. 07796 07713
easy .69 04V.691 40.1761-61 162199-01 .7766 .7656

.556 .662-o1 2.6111-01 ?.9161-02 .1609 *7161

.6.61.991-8l 1.1549-61 6.61001-01 .7711 4716t
.66 1.66691-1 1.1199-61 410 76E-02 9 7197 06083

10936 148332-91 6.74661-6 3.5161-02 .6965 *Gore
Rollo 7.31st-o2 '..5099-02 106111-02 .6196 s7131
2.156 6.6771-31 3.4696-02 1.5611-02 .44is .7312
Rest@ 90799-t of .3153-1-1 20.06E6-02 .9782 .7563
2.760 9.6261-62 2.544E-02 3.663E-02 .651? .6030
3.166 5.9361-01 2.463E-02 7.6731-02 j9561 .7171
30192 5.5669-02 3.1449-02 2.6211-02 .5690 .7162,
30906 6.6661-02 21.9711-02 1.9151-02 06661 .7400
16.566 6.661-02 2.0#861-02 1.9151-02 .56116 .7698
5.666 b.6911-02 2.0321-02 1.1601-02 .9699 .7776
5.566 3.7611-02 2.1161-62 1.6691.32 .5997 .7921
6.600 4.2191-02 1.492E-02 2.7271-02 .3536 68142
6.66l 4.1331-02 1.761S -0 2 t.686F-Il 04131 .7061.
6.560 3.76614t-0' 1.8389-02 1.907E-02 .4908 .?86?
7.166 3.5171-02 1.679E-02 1.6361-02 .4779 .7691
7.960 3.080E-02 1.336[-02 14706C-02 .6396 .814?
8.260 2.9611-01 1.6911-02 1.8101-02 .3760 set9$
6.760 3.9611-02 1.7191-02 2.t222-02 .6362 .7276
9.660 6.1665-02 1.7161-02 2.3671-02 .4205 .7136
9.200 3.9691-61 1091791-2 2046$9-02 .3606 *7161

l6go$$ 3.1161-If 1.3?21-62 10762E-02 v4179 .7590
10.941 t.6961-61 1.1631-02 1.?271-02 .6624 .7729
11.060 2.4666102 1.6191-62 1.920E-02 .3509 .7763
11.586 It.6921-31 6.85191-03 2.6401-02 .2946 .7606
129916 3.1761-61 7*1161-03 2.5671-02 .2169 *76t1.
14.669 1.6961r-6 7.1161E-63 1.9151-02 .1962 .7094.
15.666 3071419-1 ?*1199-03 3.6291-62 .1905 *?Ott
16.666 1.0901-0 2 7.9651-SI 2.783E-02 ! 2229 *6714
17.216 3.56tt-61 6.*7661-03 1.69.11-02 014446 .6460
St.lle 3.297I1-0 G.1711-03 2.4660E-02 .26479 .6617
211.166 1.976f-02 862611-03 201601-02 s2701 .6104
25.666 2.5769-Il2 40.953-03 1.6611-02 .2699 .5467
316666 f.1991-6 5@51111-13 1.6331-02 .2551 .5691

.-Now~.



Table 24. Attenuation CoefficientsSnleSatr.leo and ::sy::;e;try
Parameter for Relative Humidity m 90%6 Urban Model

t66" 4 EN 1 ""1)I-I I SC*1.8LS. PR"tl
.010 1.h.*6 60149901 #9st-.1 70#1 .7921'

4.3176-41 1.11.91-01 139-1 032 .

lo osoke-ss 2.0126-01 S 21 02 .1943 .712S
1.S36 1.09991-01 10196101-l4S-0 .7900 .1999

2.96 9.1 1.6 6.6506-12 2449496-02 o7134 M73o
2.716 8.119-02 7.00999-02 3.197?1-02 SICo 66185

3.6 06Y014.17SE02 12sof .1A61 .7301

3.192 6.7214-02 9.26661-02 326.2E-02 .62 .73
5.666 1.1397-02 S.5671!-02 2.2291-02 49021 .7306
5.566 9.06296-02 40209-.02 2.6551-02 *634? .7699
Solo$ 6.1931-01 .32971-02 2.30626-02 .631.7 .7007
9.206 9.6491-02 2.9946-02 3.0631-02 *.6363 .7993
&#too 6.751t-02 .32071-02 2.31791-02 *3S'.l .2725
6*266 602916t02 2.8029-02 2.1.121-02 .131.7 .0035
7.940 90.062-02 2390??1-02 2.2?906-G .53692 Yqso.
7.260 9..1291-02 2.4001-62 2.462E-02 .5347. Otis3

*.6 .168 0 2.3264-02 2.2936-02 .94927534
Got@* 9.0551-02 2alS11-02 3.01492-02 .416551 .0736

got$# 9.1.071-02 2.3091-02 3.1701-02 (@too6 .7631
too$#$ 0..341.-02 t.0101-02 2.1&23E-02 .063t .6051.
16.591 601102-02 10623E-02 2.1.001-02 .391&6 .2011

1116 461361-12 1#356E1-02 2.763-02 .3272 .82169
£1.00 16. .021-024 1.1001-62 3.262e-02 .2510 .6239
12.166 904092-02 9.6951-03 ".1.231-02 .1428 07997
I14.66 1.2711-02 1.1371-02 5.1391-02 *1012 .7351
19.660 6.3691-62 1.11.01-02 g.2411-02 *1797 .7291
160.160 6.1971-02 1.261.1-02 4.9031-02 .2637 .7026
I7.200 .601491-02 1.313E-02 4.71110- 02 #2203 .60143
1#0.16 S.0001-ot 14299C-0 2 4.31#99-02 .2310 .6741
21.396 4.9#091-02f 1.2091-S 3.0191-02 .25401 .64691
t9.66 4.33219-2 1.138E-02 3.191.1-02 .2627 .0200
Bessie 3.0661-st 9.5919-03 W.14.1-02 .2606 v6636
40.666 34551-02 1.1599-03 2.1.091-62 @also .51.93
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Table 25. Attenuation Coefficients, Single Scatter Albedo. and Asymmetry
Parameter for Relative Humidity = 950% Urban Model

NORMALIZED TO A NUMBER DENSITY Of 2.06010.68 PARTICLEI.SC"3
UAYILCWSTW EXTINCTION SCATTERING ABSORPTION SINGLE ASYMMfTRT

(MICRON) (Me IN. q 4 MI M-1 SCAT.ALB& PARAMETER
too6 1.8731466 1.t141*88 2. 9921-01 .oz'.j .78a3

.310 142161400 19121E*00 1.6551-01 4f8713 .7922
0337 1.2139+16 1.063f465 1.4890-Cl .6715 .79

.50 64857E-01 7.86701- 9.7671-02 66952 .7730
.694 6.731E-01 5.94.2E-01 7.8081-02 .6a29 *7sq7

1.966 406691-61 3.5081-01 5*603E-12 .8581 * 7328
1.516 2.5651-01 2.6611-01 04.8861-a2 *8228 .7160
2.066 1.7511-01 1.3861-Cl 3.628E-02 .7928 .724.1
lots$ 10551-Il1 1.183E-01 30219F-02 .7861 1L%9
2.660 1.299E-01 9.8071-e2 3*179E-02 .755276;
terse I1*194E-0 1 6.602E-02 S. 339E- 02 s552q .628?
3.860 2.7161-0 1 7.0411 -02 2.042E-01 .256'. .6912
3.399 1*381.1-01 90271E-02 4.5731-0? .6697 .69.66
3.750 1 *I4u1.E.0I 8.809E-02 2.636E-02 .7697 .72z'.
11.560 1.619f-01 6.9951-02 3.199E-02 .6662 .767e
5.066 9.489E-02 6.6016E-32 2.878E-Cz 06965 .779e
5.9904 8.691E-02 6.053E-02 2.64.6E-02 .6958 a t216
6.618 1.060E-01 3.7131-02 6.669E-02 .3SC2 P61sa
6.200 1.0671-01 4..603E-02 6.069E-C2 &.313 .796?
6.560 9.4W8-02 5.1011-02 3.913-0? .5bsq .81
?*ZOO 0.21C1-02 4.7571-02 3o.455.%-0 2 .5791. et26
70960 ?.8211-02 04.0E1-02 3.2501-02 .5620 .4!10
8.210 701491-62 39799E-92 3.3501-02 .5313 .81-21
8.6070 0.0151-02 4.1'.0E-02 3.87SE-92 .516 (5 pe358
9.000 846971-02 80009E-02 4.0071-02 .495? .0033
90206 7.0621-02 3.670E-02 4.192F-02 .1.668 #.6164
106000 6.5631-02 3.103E-02 3.4601-02 .8728 *0!7?
10.591 6.1671-02 2.1.19E-V2 7.6681E-2 .!96% .6927
11.006 6.2162E-0?2 1.9511-02 4..291E-02 .3125 eSC6e
11.566 6.7011-02 1.5771-02 5.231.E-a2 .2326 3
12.566 O.7691-62 1.5441E-02 7.21#51-02 .1756 .620V
14.666 1.00.@E-01 1.901F-02 8.5001-02 .1628 .7S02
15.666 1.0929-01 1.924E1-02 8.596E-0? .1829 .7531
16.8606 1.0261-01 2.068C-62 8.131C-02 .202' .7287
17.206 9.9739-92 2.1561-02 7.8151-02 .2163 .711.5
10.560 9#371E-02 2.151E-02 ?.210F-02 .22q5 .70!1
21.300 6.228E-62 2.e0961-0 2 6.132F-02 .25,47 .6625
29.666 ?-.1911E- 02 1.9281-62 5.2621-02 .2602 .6604.
ssel6e 6.11t1-02 1.671E-02 4.81.11-02 .2733 .6379
off.666 11.29 3E-92 1.162E-02 486711-02 .2250 .5883

z

63



Table 28. Attenuation Coefficients. Single Scatter Albedo. and Asymmetry
Parameter for Relative Humidity = 98% Urban Model

NORNAL!22ED TI) A NU1611 OfWSZTY of 1.1018.94,44 PARTICLESICIO
uAV2LgwsyN EXTINTION SCATYCRUIG AsoQRPT 104 SINGLE ASYMMETRY

INIOmOW i mi-1 1 K N-1 I X11I-1 SCAT.ALU. PARANE1T*ft
fees 9.25999+0 1 0997t+89 3.231-01 .46642 0831b

.16 2.71.36 1.86100 1.906E-01 .1660 .?974.

694 111+9 9870 .603E-O *7046 .7779

10.666 14451-01 6.2831-02 6.164TE-02 .91246 .8687
16.591 1.15699101 4o2617-01 90.774.-02 .4.151 .06'.'.
110690 1.1071 l 2.7G-01 3.7910 ~ ?ZOE-0 .8319 .84664
11.566 .1.2991-01 3.1561-02 39.861-02 03?39 .8024
14.560 2.64781-01 41351T-02 1.634.1-01 .2028 .816 1
15.666 Z.0696-01 1431510 1E42-01 .2631Ot rs .6964
13.392 2.614.1-11 4.4.31-0? 1.711M-01 .70&6 .7q4.
107.26 1.917S-01 1.5621f-2 2.544E-01.3? *?63531a
18.560 1.931E-61 1.409F6-61 1.4.05-01 .7291k4 -.'02

2136 1.6519-61 1.4.511-0 1.2011-01 4*273' 07253
309610 1.466YE-01 1.271-62 1.0 1 4.198-01 .029 .7054.

36.266 105911-01 3.8656-02 6.054.1-02 .619(4 .022q

9.01.6 1.4699-01 8.030E-02 6.61E9-02 .2581 .6387

9028 1430-01 7.SSE02 e?4E-0 .505640

Lose 12SE0 .8E02 614-2 94 88



Table 27. Attenuation Coefficients, Single Scatter Albedo. and Asymmetry
Parameter for Relative Humidity - 99% Urban Model

AVIVLINGPH EXTINCTION $CATTE1~4'C APSORPTIONi STNr.LE AST 11100Y

alga 2.9871.064 2.650t#04 3.3792-61 .8669 .761'.
.30 .68F04.0 2.6161#00 2.1151-01 .1253 07993

064 161+ 1 160+0 9.842E-02 .94441 .7870
1.060 1.16E+00 1.091E#00 7.2371-02 038 08136 70474F-0I 6.9101-01 90562E-02 .9286 .7751to@@ .1401-01 4@814E-01 9.317LE-02 .90.12 .75012.50 4.62-6 .14E.01-O 4.1771-O? .908'4 .0W

2.700 3#429E-01 2*1091-01 1.320E-21 .6180 f8516

4.500 3.126E-01 2.3201-01 9. 095 -0 Z .7423 .7728
9.600 2.93@E-91 292217-01 74162E-12 67582 .7016t
5.500 2.73?1-01 2 s 01'E-0 1 9). h 34 F-D * 76'9 .6093
6.500 3.2331-01 l.2'.SE-01 2.0351-01 .380q es697
6.200 3.322E-01 1.5121-01 1.81CC-Cl e4W f82
6.500 2.657F-Cl 1.714E-91 1.l'.3E-cI SgqgFlf
7.260 2.639r-01 1.672F-01 9.677f-02 .W33 .8304
7.900 2.4866-01 1.9971-31 9.291E-02 .621%2 P8472
8.200 2 0M E-0 1 1#4942-el 9.397EC-02 .65.5 .PS49
@.20o 2.42901-1 1.4941-O1 9.357G-02 .E595EF
9.500 2.396E-01 1.3631-01 1.0131-e1 .5772 *8s6Q
9.210 2.3491-Cl 1.322f-01 1.027E-JI .5627 .861.0

10.000 2.0971-01 1.1061-Cl 9.934E-02 .5278' .805?
tj.541 1.9'.'9-11 II.F24C-A 1.0i14S-Ci .4378 qC17
1t.001 1 .q ?'IF .,viýr -z .3?.-x ..

12.500 2#767E-01 5.95E1-02 2.167E1- .2152 *.8
14*000 3.319C1-C1 7.506E-02 2.969E-01 .2261 .0126
19.010 3.1341E-0 1 7.5831-02 2.5761-01 .221'. .d692
16.0800 34280E-0 1 7.9851-J2 ?.48Z1-0l .24,14 07097
17*230 3.2141-01 6.167E-02 2.398F-01 .2541 .7602
18.900 3 .0741-01 I 8.311E-02 2.2431-Cl *.2714t .7691
21.160 207979-01 6.177E-02 10939E-01 z296f .799C
35.010 2.2091-01 .7-0 1.3-1 .15.33

.0 1.9241E-0 1 95.5581-02 1.369E-01 42867 .6754
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Table 28. Attenuation Coefficients, Single Scatter Albedo, and Asymmetry
Parameter for Relative Humidity = 0%b Maritime Model

jNO~t"ALIZEO TO A NUNSIR OENsrrv OF '009. PARI1CLESIC43
NWAEL9NGTN EXTsINCTION SCATTCRING AOSORPT!014 SINGLE ASYMMETiRY

(MICRON) 4 KN-I K"-I K- SCAT. ALB. PARAMET!R

#300 1.0501-01 1.023E-91 3.402V-03 .9672 .606C
.33? 1.0661-01 940314-02 2.298F-03 .9772 1'2C

.90 7.976E-Cl 7.633E-02 1.43SE-03 .4820 .6756
.694 7.030E-02 6.912E-C2 1.1?3E-C] .9613 .6767

1.010 5.607F12s 5.4666-02 1.60S1.03 .9749 .ae.
2.000 3.669F-02 3.6051-et 6.4916-016 .9023 .7055
2.250 3.394E-02 3.262E-02 9.158E-0'. .9727 .7W1
2.900 3.0561-32 2.922E-J2 1.339E-'3 .4562 .7177
2.700 2.798E-02 Z.S34E-02 2.643E-33 .901;5 .7?67
3.000 3.371E-02 3.102E-02 2.63'.a-13 .92:1 .6 2 P
3.392 2.579F-02 2.5186-32 5.711E.^k .9778 .6779
3.750 2.290E-02 2.263E-02 3.54.1E-14 .981.6 .678'.
4.900 1.9071-02 1.9718 -02 3.969E-1'. .98000 .65999
5.000 1 .690E-0 2 1.64.2 E-0 2 t..8400-"1. .9716 fa
5.500 1 .3356-0 2 1.27SE-02 5.969E-34 .9551 .6a59~
6s610 1.100E-02 1.052E-02 1. 2726-C3 * 0921 .6 PA?
6.200 1.7176-0? 1.483E-02 2 .3'F6E-C 1 .8 6:1 F9
6.500 1.2031-02 1.123F-02 7.92SE1-2' .93141 CC5
?.lot 9.6176-03 8.S28E-03 1. §S46-' 3 e864 *6665
7.900 0.0051-03 6 .673 E-03 1.332F-03 8s'16 E1697

0.700 1.202E-02 9.2466-C! 2.77?6E-"' 1 .7691 Sef I
9.000 1 .219f-o 2 9.7781-03 2.716E-03 .7026 .9S644.
9.200 1.1681-02 8.80SE-03 2.570E-93 .75'.2 .576r'
10.000 8.1561-03 6.872F-03 1.284E--'3 S8025 .5993
10.591 6.67A6-0 3 5.6271-03 1.046E-W3 .84.32 Fq
11.000 5J.002E-03 4.9656-03 9.169E-0'. .4481.6624
11.500 5 .1616-0 3 4.09W-03 6.620E-04 .8415 .59q79
11.500 4.0291-03 3.171E-03 8.54.0E-04 .?G78 .630?14.860 3 .491E-0 3 2.2162E-03 1.249E-03 .6422 .563715.600 3.9571-03 2.312E-03 1.6651-03 .584? S976!
16.600 6.91.6f-03 .2.3076-03 2.527E-LI .4S057 .5!460
17.020 6 .11'E- 3 *36104E6-03 3&040E-03 .5052 *.1-55
18.500 5.7701-03 2.7006-03 2.982E-03 .4631 .4821
21.310 9.626E-03 1.992E-03 3#032E-03 .3965 .4635
Is.$$@ 4r.3721-D3 1.372E-03 3.0091-03 .3108 .46373
31.810 4.2148-103 0.920E-04. 3.3561-03 .2100 .3944.
60S.000 69711-0 3 6.75i6-06 6.2961-03 .0960 .2346 -
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Table 29. Attenuation Coefficients. Single Scatter Albedo. and Asymmetry
Parameter for Relative Humidity = 50% Maritime Model

UORN4ALI??! TO A NUI4O2R OENSIY OF '.500. *DftTICLES.'C"3
WAVELENGTHI EXTINCTION SCATTERtING Aft0OPT ION SINGiLE ASYMM~ETRY

(MICRON) K M-1 ) I K" -1 ) I K'I-1 I SCAT. ALS. PARMETER
*too 1.5sef-1l 1.008E-01 V.*99C-02 #8au'05.

.36 1.36201 .102-0 3..4.2-0 .bq? -7061

.33 1.9SFSI .062-0 2.3~0-'~ .97,19 .7005
.556 8.6052-02 *.5*2202z 1041[-dE3 .9615 ft

.64 7.74#,E-02 7.627E-02 1.17!E-Y! *0.989
1.060 6.261.2-02 6.11.3F-02 1.1.192-03 .9776 E-a
1.536 S 0 OF. f- 02 l.968 C-02 1.2tSF-ft3 .975') .7105
2.000 4.10YE-02 1.114EC-02 ?.270E-11& .982f .. 227
2.250 3.821E-02 3.7282-0? 9.319E-04. *97'6 .7249
2.500 3.461E-02 3.3202-02 1.4'.1E-43 .9542 .738Ir
2.700 3.098[-DZ 2.751.2-02 3.4.18E-33 .8090 .76&.2
3.000 3.8144E-D02 2.766---02 1.079E-J? .7197 .F-15,
3.392 3.0572-62 2.915i-fl2 1.'.23E-0! .953S .6afl7
3.750 2.6972-Q2 2.6'.8E-02 1..39?E-1id .9818 b6919
'..500 2.299E-02 2.2182-0t 9.1t(E-C'. .961.7 .p
5.000 1.966E-02 1.88SE-02 8.094E-14 *qsoq .6
5.500 1.SfitE-02 1.4752-f'? 8.612E-14 *964A .?,y
6.000 1.41G162-2 1.101.2-02 3.123i-~3 *?O -7121
6.200 1.993E-02 1.606c-o? 3.668L-3' .80F4 *ýY82
6.500 1.4.31f-02 1.280E-P? 1.S17E-A3 .89'.0 6e
7.200 1.11.62-P2 9.856E-C? 1 .6912-73 .062 *

7.900 9 .549 E-0 R 7.751.E.03 1.?9f2-r ! .81Z12Es
8.200 9.9752-03 7 .501 E-0 y 2. 47142-13 .75;pI .76.8
A. 700 1.341S.12- 1.0152-02 3.251.E-'3 .7571 -62.17
9.000 1,363F-12 1.061E-02 3.21br-^3 .7674 .90
9.200 1.2;IE-O? 9054.7E-03 3.331E- 13 .73pso5'5
10.000 9.109E-03 7.2AZE-03 1.827F-P3 .79a'4 .6201
10.591 7.492E-93 5.7902-01 1.?i1F- -.3 .7729 E0291
1.1.000 6.7272-03 41..934E-03 1.7 ,i'2-J 3 .733S 62
11.500 6.4.01E-03 '..3ha.-4f.' 2.c w 0 3  .6706 .6291
12.500 S.S5992-03 2.836E-0! 2.?' 'E-J3 S5102 .6290
14*800 5.69I2-03 2.1802-03 3.510E-ý3 .3831 c'896
15.000 6.113E-03 2.2652-03 3.88SE-j3 .36e1 e~8?9
16.4800 7.0252-03 2.511r-03 4..514E-03 .3574. .51.11
L7.200 8.107F-03 3.250E-03 '..85?E-03 .01.09 s9
18.560 7.6313E-03 3.0112-03 4..621.E-13 .394.3 .1.926
21#300 6.503E-03 2.2092-03 14.317E-OY .341-1 .4.715
25.000 5.653E-03 1.6292-03 4.024E-03 .28P1 .41.4.!
30.00d 5.21#9E-03 1.0972-03 '..I52E-03 *2009 -i
1.0.000 7.979C-03 7.683E-04 7.1912-33 .0984 .2s71
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Talle 30. AItenuatior, Coefficients. Single Scatter Aibedo, and Asymmetry
Par~ineter for Relative Humidity =7017 Maritime Model

400MAL!7ED To A NUNSIP DENSITY OF '.0000. P**TICLES/CM'3
WAVELENGTH EWtrýTION SCATTEmM, ASSORPlK0N SINGLE ASMFR
INI01oR) K4Il-1 ) ( K"-1 ) K14-1 1 SCA*TALS. PARAMETER

.20 1.5051-01 1.2461-01 2.5611E-02 .6293 .7738

.3.$1W9-01 1.341AE-01 30439f(.3 *971: .7268
.337 1.326E-01 1 4305 E-31 2.212F-P3 .98?4 .7214!
.550 16099E-01 1.0051-01 1.14s2f-03 .9670 .721'.
.69'. I.004.E-oi 9#9W6-02 1.169E-03 .96A1. .7211

10060 40.4,4-02 6.3721-aZ 1.41.3E-93 0961?"??
1.536 7 e143E1-02 7.0121-02 1.313F1-3 .981? .?4.1.S
2.600 6.03?f-52 S*9301-02 1.026F-03 .q8,9 . r71
2.Z90 15.523F-0 2 5.'23E-,Vz I.013F-ft3 .9818 .?~
2.580 4 .95CE-0 2 '..7??E-3? 1.?ACE-03 .9651 7q
2.700 '..Z0of-02 I.5SAE-0Z 6.127C-03 .S5'.e1'%
3.000 5.59611.02 2*9791-02 ?.Sq27-02 53q? I?
3.392 4.8111-02 As.3 76F-P2 ~ .344V.1.3 .9 gq, .7171
3.a7IS0 to toS5E- .32 '.006E-C2 9.26f- 14 .9763 .&
1..500 3.'.SOE-02 3.254L1-0? 2.264E1-93 .93F0 .7235
5.000 ".3ZOE-02 2.821E-02 t 0995E-.,% .9 3 y 9V
5.900 ?.--zE.0? 2.259E-C2 i.629F-'! *1251 .7197
6.000 ' .3i1-02 1.42SE-02 t.821E-i3 .61ft2 .7537
6.200 3-'31E-02 2.146E-02 68L.64E-'3 .?QPZ .697'.
6.500 29315E-02 1.9101-02 '..044s.-^! 'W23 .7117
,*toe 1.66?F1-02 1.51q1-9z 3.'.5iE-'3 *e1'~l .7093
7.900 1.562E-0? i.211E-02 1.503E-03 .?751 .2C
8.200 1 .563E-fl2 i.V49ý-ý2 '.14'F-PI *73d .71,51
8.700 1.664E-C? 1.366E-C? 4. qspE rF: ? .732 .673 ?
9.000 1.607FE-0 2 1.379E-C? '..,92c.03 .7?1.2 62C
9.200 1.762F-0? 1.244'E-02 S.LqZF-03 .7054 F5
10.000 1.282E-C2 9.079F-0? '.740E-9* .70e?.92
10.591 1.5?3E-0? 6.75SE-03 3.472F-43 .62qq 69

12.S00 1.1561-02 Z.9621-07 8.5969-03 .21575.65
i4.800 1 .302E-0 2 3.121E-03 1.069E-02 .220;1 .5925
15.000 1.1.2O1-02 3.2342-07 1.i3SE-12 .22f54 .5669
t6.1600 1.4961-02 37181O-03 1.126E-n2 .2'02Ari
170200 1.5711-02 4.4.76E-03 1.123E-42 .284q SZE4'
to6.50 0 1 .81S65-0 2 4.350E-03 t.050E-02 .2930 .r12 4
21.350 1.261 E-0 2 3 .5SF -0 3 9.0056F -03 .2819 41
2S.000 1 .062E-0?2 2 .74FE-0 3 7.871E-03 .25F 7 .146L. F
30.coD 9.*119F-03 1.9611-0! 7.L54E-03 .21'? .14302
'.0.000 1 .130 E-02 ? I.263E-03 1.011E-4l2 *11ju .3121.
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Table 31. Attenuation Coefficients, Single Scatter Albedo, and Asymmetry
Parameter for Relative Humidity = 801% Maritime Model

NORALEE TO A NUI4SR DENSITY OF 4000. ATCS/M

.20 2.19,1.01 2.39lE-01 2.859E01-O .69313 .795
1.300 269216-01 1.4907-01 3.415E-q03 .9864 77.
33?3 2 1.7661-0 1 2.7432E-01 2.228F-03 .99r9 .7752
9900 1.0191-61 2.51815-1 1.6PE-03 099,16 .7717

2.650 2.4805-01 1.4.891-01 1L.60'E-q3 .990q1?2
2.100 1.3b1E-01 1.3251-ot 1.9721F-03 . 9794 77
2.S00 1.765E-01 6.8066-02 2.159F-ft3 .99!1 .68'.'
2.000 1.1.911-01 8.5231-01 2.192?E-1 ..8!7 PCI
3.192 1.'.591-01 1.24861-e1 1.1294-02 .965'. .$CG9
2.750 1.306&-D.1 1.3257-01 .3'.972-03 .96'19
4..500 1.0871-31 8.80SE-02 1.1239-"2 .8031 f82"
30000 1 .#9.SO 1 6&2E-02 8.1~-292E-^?~ .450b P3322
3.500 8.3151-02 1.5246-01 .129E:023 1.qO2 75571
6.000 1.300E-02 1.2SE05'C0 4316F 0- 3 *:1.2r79
6.200 10TE0 9.7101 -02 1.0.~l .6123E-G2 e*rp .7812
.5#00 98.016E-02 6.1961-02 9.14F28-03 .908 .7P22
7.200 0.315E-02 .5625E-02 1.5101-'? *77?2 79
6#000 70581-o? 4.0354F-02 1' ' 5-2 .7514 AF
8.200 9 .571 aE-02 5 .0 0 E-ft 3.6.14E-j2 .62-z .7712
6.700 a.4.661-0? 6.16E5-0 2 1.59zP-ft? .76' .73
9.200 6.2626-02 3.659E-02 1.51C96u2 .69'.' .77A4
?9.00 5.8091E-02 3.3511-02 1.6445E-ý2? .6759 .7p-?
80.000 5.379?--02 40.36 E-0? 1.549 1 E-? ."ice. . 7 PC
8.0.59 3.3621-02 3.875F-02 1.74.70-q2 *.70# .6f
91.000 5.262E1-02 3.2011-02 2.1731-U2 .6916?7765
9a2@00 3.96E05260-02 I..010 .76395E-0C? t5??? .79

10.000 3#.9074!-0? 9.854.-03 3.921E-02 .2054 .7185
i4..s00 *6.222-02 1.681S-02 10e.8321-0 .22ý3 .tf
11. 000 3.274E1-02 1.2016E-02 2.. 781-0-2 * 25FP . 777t
161.900 366503-02 1.1660C-03 2.7319E-02 .25618 .5929
12.500 6.9711-02 9.654[-02 3..?922-02 .2565.11
106.500 6.2022E-02 1089.0-02 '.4.832E-02 .22!1 .5 1423
21.3*60 5.2371E-02 1.14516-02 3.8792-02 .225w .6214
25.000 6 *'383E- 02 1.2143E-02 3.2219-02 .27'? .5999
17.000 63.606-02 1*63SE7-02 2a.671-02 .2659 .'.99

'.0.000 3.606E-02 5.5191-03 2.6271F-02 .2592 99.26

60#00 3279E02 *51E-03 2.77E-2 .103 423
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Table 32, Attenuation Coefficienlts, Single Scatter Albedo, and Asymmetry

6 i Parameter for Relative Humidity a 9016 Maritime Model

-- NOlkM*LIZE0 TO A "4U""(0 OCSIY t3V 48000. 0ATCE/4

WAVELIWGtW EXTIWCTION SCSIE RING *SSORPVION NIM"LI ASY.-40TiV

.340 3.619F-01 3.SPIE-01 3.342E1-3 0190,p .7qz.

*337 1.5169-01 3.9V41-0t 2.21GE-0 49917 .741

9950 1.11.6f-o1 3.13t0-Cl 1.'.961-03 11q .fb

1.060 2.769F-01 2.711.9-Cl 1.12-1 096.71,

2.510 2 .3500-0 1 2 .39, zt01 U I ?,1 3 .4%4P~

2.250 2.272E-61 2.25GF0,-Ol ?.Z6-' AJ17

2-.100 2.081.0-e1 2.0220-cl 6. 1560-D3 *qIICTo

2.780 1.6609-01 1.13I&E0- 3.91.7f-V? .79q'Aqf

3.000 2.2594-o1 9.9QA4f-v? 1.1~~I .447' t~I6tp

3.39z 2.21.00-01 lt.aC-cs 3.61CE-IZ .03p. .76"'.

30750 2.033E-91 .5-L 7.1 -'

"4.500 1.7310-01 1.535iC1 1.96er-n? .5814

5.500 i.36*E-01 i.22YE-01 I .1.1 AE- 02 * 890L.

6.000 1.Z450-01 6.509E-02 b.116r-42 q*(E'

6i.200 92'0-m t 9.?F,9E-I? 5 .9 7 C- I .0"A

7.200 W6-01 6.779E-02 2.599?-32 . 7717 . .0

7.900 4 66!0.02 71.'qq1E-P2 2.47'5F-02 .7o .747A

0.200 j.376W 29  A PQF -02 2.5)6E-- Z 73?t '

1.70. s.96SE-02 6.31.01-02 2.619F-12 .707q .7 92'

9.000 $.9W'.-02 4.511'-"2 2.011-0.0 ~ .646S ?i

4.200 A .162E-U 2 9.1.220-:2 7.Al .6711',74

11#000 6.1.320-I? 3.675E-02 2. Oi220-:2 .59F.? p 1

10.551 5.69?E-ft2 2.6711.12 2.94CE-"12 . 46P 2

11.000 5.636F-0 ? 1.9'.90-02 3.6liE-02 .34451

11.540 6 .16OF-9 2 1.9479-02 4..611If- I2 .2152u

12. 500 8.26?E-02 I .754. -C? 6.9 919-"2 .2122 .7166

14.640 i.04.91-01 2.50300C2 7.8'0230 f .59

15.600 1 .054 F-01I 2.54.6E-02 0. 0416.-32 .2V.' .t5,6 1

t6.1.00 1. 0 ?1- 10 1 2 .74G60 2 7.413C-02 125S7 .*6 VR

17.200 160691-01 2.85aE-02 7.815F0.2 .26'% .612l

14.500 1.0310-01 2.0810-02 7. d.24 - 0 ? .P?96 r6

21.300 84992E-02 2#581.0-02 6. 36O 012 .20017 .'Sl

25.000 7 *670E-0 2 2#220E-02 5.4500A2z .209S 57

30.000 6.26CE-02 i.792E-02 4.506k-02 .27q5 .527'

040.000 5 .3660-0? 1 .0(#0-02 #..339502 t916" 1. 0Lv i

70



Table 33. Attenuation Coefficients, Single Scatter Albedo. and Asymmetry
Parameter for Relative Humidity r. 95% Maritime Model

NORtNALTZIO TO A NUMBER OCNSItY Of 6000. P*R71ICLS/C143
WAVEL909TH EXITNCTION SCATTERING ABSORPTION SINGLE ASYMMETRY

IMORON) 4 fM-I ) 4 1CM-I ) ( 1CM-I 3 SCATeALS. P*RSMFTIR
.860 9.1741-01 1406101-61 3.3411-0Z .9394. .0079
.190 6.9201-81 6.6881-01 L.3I'.2-0 .9912 .0035
.137 6.8161-01 4.7961-01 2.196E-03 .9994. M04.
egg@ 4.1711-01 6.1591-01 1.61*1f-03 .9968 4798f
.6901 6.2011-01 403899-01 1*1864E-I *9972 .7955 -

1.060 3.9661-01 3.9511-01 1.53of-93 .9961 .79?7
1.936 3.7879-01 3.7641E-01 2.2F11-C3 .9945.p .7994.
2.000 3.602F-01 3.5201-D1 815EJ .974. *All?
2.290 3.4.111-p1 394389-011 3.7111E-01 99&' .6S193
2.900 3.2191-11 3.1381-Ot 1.014.1-02 .96t '14
20700 2.6771-01 2.0871-C1 5.9011-9Z #7Q .94,66
3.000 3.399E-01 1.s23-ri 1.879E-01 .14.71 02
3.392 3.46AE.-01 2.04.9E-01 6.170F-02 .8220 ?I
3.750 3.216E-01 3.0f4.1-D1 1.3?9f-O? .9547 .7736
4..509 2.806E.01 2 .4-6 3 E- C1 2.4.10E-z .8?77 e5
9.640 2.6061-31 2.313s-)1 2.9~11E-02 .0875 Fos5?
5.500 2.1021-01 Z.052E-01 2.4.99F-02 .8916 .7 p 1 F
&Joe0 z.119E-0 1 1.000-01 1. 019F - I1 .5006 ea.,
6.200 2.406E1-31 1.600E-01 9.866E1-02 .60,92 89
6.500 2.2551-01 1.663E-C1 5.71ZE12~ *?%A 3 is6-
F.200 1.9521-01 1.50ZE-Cl 4.916r.-'2 .?6q2
7900 1.7071-IL 1.2861-Cl '..291C-I? .'splelo

6.200 1o632F-0'1 1.202E-31 4.2981-02 .7166 .014t0
6.700 1.532F-01 1.091E-01 4.40069-02 .7122 .6128
9.000 1.6561-e1 1.0111-01 k.4.4.7-1? .6945 .pl3e
9.200 1.393E-01 9.4.4.5-C2 .4.446f-0Z .6779 .6165
10.000 1.126E-01 6*754.1-02 4.907E-!? .5998 .@62?
10.591 9.6829-C2 4..5801-C2 5.102E-ý2 .4 7,11 e6321
11.000 9.6581-02 3.4.011-0? 6.296r-C? 0352? .fz6f

r11.500 10447E-01 2. 751S-02 7*7 0 7F- 0 2  .26,15 .014.1
12.500 L.387E-01 3.226E-02 1.0651-01 42326 .76,92
1496800 1.875TE-01 Ai.FW4.-02 1.299E-01 .26q9 E6o69
15.0040 1.772e-01 6.656S-0? 1.3171-51 .2627 f.0-22
16.4.00 1.s04.1-01 4.99?E-02 1.3051-01 .2767 .654.5
17.200 1.79PE-01 9.14.7C-02 1.26YE-01 .?862?6i
18. 500 1.747E-01 5.212E-02 10226E-'*1 4296! F.25A
21.300 1.5411f-01 4..798E-6? 1.067E-01 .3003 .6071
25.000 1.34.3E-01 4.J.781-02 9.2514E-02 :3113 .5823
30.000 1.11DE-01 3.386F-02 7.7131-U2 .1051, !7
1898610 9.*2571-0 2 2*074.1-02 7.174E-32 .22'.2 .4.956
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Table 34. Attenuation Coefficienta. Single Scatter Albedo. and Asymmetry
Parameter for Relative Humidity = 98% Maritime Model

NORMALIZED TO A t4UMOER DENSITV OF 4000. PARTICLESiCH3
VAVILENGTH EXTINCTION SCATTERING ABSORPTION SINGLF ASVNM!TIY

(MROROIG 1I 4 W4-1 ) 4 KI-1 SCAT. ALS& P RA WE T!!R
.26 7.95601 .544.-01 3.907-a .9556 .0a1.6

.31 76614.6-81 7.981E-01 393%.9E-03 .9956 *A162
.337 7.5166-01 7.169kc-81 2.1916-03 .1991 .8167
.556 6.9999-01 6.9944f-01 194.20E-03 .1900 .0103
2.0 .7831i01 6.771E-01 .9E0.od .02

1*060 6.830E-01 f~e-1 160- 97
1.536 6.0366-01 601E0 3.4E33 0qf

3.000 5.2160-01 6*088E-Cl 1.721E-02 .9725 f6
2.292 6.2026-01 6.073E9-01 A.2536J-01? .7989 .6
3.7500 q 5.928-01I 5.6'6C-0i 2.132E-02 0A.?51*8'
2*.500 5.0363-01 3..6'76-01 7.WE1-fl2 .8641 .814.8
5.000 -5.921E41 2..d.SdE-CI 3.ZIZE6-O .4S75 .817?
3.300 6..202f-01 46..0806-0 5.4136-o2 .7883 * 534
3.000 419F2S-t1 ?.15'E-01 2.8199F-02 69511 .78C2
64.200 .361!E- 01 2.8836-01 7.V1rn .069'.;6
8.500 5.00"601 3.338Pt-Ci 6.316E'12 876C .0217
7.260 4.623'E-01 3.004.6-01 S.514.6-02 .8864??r
7.9006 3.i237-01 2.7155-01 2.07Q6-02 .516AI .0712
6.200 34.9617-01 2.5556-01 1.0360 914F-1 *195 .'3'8

8.200 #93,!2'.-51 .3126$401 9.5124-02 .7642 P?635
.90 3.0623F-01 2.714.4-01 9.074E-02 *?14Y4 3

8.700 3.2.945-01I 2.3122E-01 9.12i"-02 *017 .35
10.000 2.4.06&-01 ?1.405E-01 Q.4.4'9-qz .'l1' .5179
11.000 2.9376-01 2.022E-01 9. 2756-02 6865. .0 41
11.500 2.1606-01 .24.06F-01 1*49Fj .S1611" fS80* 49
12.500 2.70791-01 7.367-02 2.0516-01 .24V8e1
11.000 2.503Y-01 7.0276-02 12.474.-01 .2334 F.829
115.00 2.126@-01 1.04.16-01 '.4.86F-1l 02881 .72 159
120.400 3.614.6-01 1.116?-01 2.091E-011 .2630759
17.200 3.5014.6-01 1.14.06-01 2.4.7SE-31 .3154 .1521
1.0.00 3521f-01 1.01E0-01 2.316-01 .329F1 .7621
21.3090 3.2156-01 1.084.E-01 210316-01 .3071 .94.72
02.060 .0614E-01 9.740E.-02 241.066-01 .34154 e9223

30.060 2 .4.25-01 8a.216E-02 1.603F-01 .3389 .5976
4.0.000 1.993E-01 9.2706-02 1.4.66E-01 .261.4. .54.25
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Table 35. Attenuation Coefficients, Single Scatter Albedo. and Asymmetry
Parameter for Relative Humidity = 99% Maritime Model

WORNALIZED 70 A NUMBER DENSITY OF h0l6. PARTICLES/CM!
WAVEINGTIO EXTINCTION SCATTERING ABSORPTION SINGLE ASYMMETRY

fMICKR1s I -1 )K14-1 I K'4-l SCAT.ALP. PAOewir'
off$ 1.1299100 1.0931+10 3.632E-92 *96?8 .020S
.317 1.19911.10 1609i1*00 24205E-03 .9980 .026c
.9146 1.36V*610 10033E400 1.4121-03 .9906 .4196
.694, 1.669C400 1.008f*06 1.2101-03 09988 .0176

1.060 9.610E-01 q.7921-01 1 .784.E-03 .9982 dG60f
1.536 90?49E-01 9.694E-01 S:4971:fi3 .99&41 .019f

'.250 9.6111-SI 9 .49? E-0l 1.137E-02 .. 62202s

2.500 9.396E-61 6.970E-01 3.869E-02 .95A? e
2.700 8.3066-01 662256-e1 2.08CE-4i .7494 .9228

3.392 9.?W6-01 ?.S86E-01 2.19CE-01 .?76C .?9613
3.750 909361-01 8.994.1-P1 5.420F-)2 .9632 .?il
4.5006 $.791-01 7.5461G-Cl 1.3314.-01 .84'98 2.02'

6.0 .94@E-01 1.38TE-01 1.161E-Ct .6642 .024f..
5.506 7.91s2f-01 6.940E-01 1.0021-St *87?8 .0?76
6.600 7.104f-01 3.70$E-01 3.3q5E-mi .122: . AS
6.200 8.096E-01 4.806E-01 3*2891-uil .59!7 e(46?
6.500 7.789E-01 5.666E-01 2.123E-01 .727&6 .e332
7.260 7.1051-01 9.361E-01 1.724-i.E .7573 Z3~79
7.900 6.4911-01 4.8401-Cl 1.6911-Cl ?14=7 P4.
8.260 6.2311-01 14.594E-01 1.639E-01 .?370 0646? -4
8.760 9.8311-01 $.LOSE-01 1. 646E-Bl .717? 00
9.000 5SAW-Cl 3.906F-01 1.652V-A1 .7020aM
9.260 5.3671-01 3.071T-01 1*66IE-01 .69rb eS56?
10.000 4.4971-01 2.799E-01 1.7081-01 .62P1 666 0
10.591 3.8501-01 1.9541-01 1. 896E-oli .907S 7$
11.060 3.715F-61 1.4681-Cl 2.241#?-01 03953 .9765
110510 3.8662-1- 1.2081-Cl 2.6541B-01 .312? .6863
12#51' 4.640E-01 1.4111E-01 3.438E-01 # 29'9 f0252
14.666 6.026f101 10924E-01 41.W02-01 .3193 .7562
15.060 6#674E-01 1.9950-01 4.1241&-01 0321r .7519
16.460 60246E-01 2.0751-01 4.100E-01 .3323 .?.161
17?#2to 6.2671-01 2.129E-01 4.1421-01 .33Q1 *71411
10.960 6.2091-01 2.174F-01 4.039E-01 .3495 .6980
210166 5.7111-01 2.0621-01 3.671E-01 .3597 .6769
25.060 5.213e-01 1 .901E-01 3. 3121E-01 * 764 6 .6540
36.660 45091o-01 1&642E-01 2.66SE-01 .3640 .6294
400946 1.7261-01 1.0971-0l 2. 623E-01 .2949 .5783
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Table 36. Attenuation Coefficients, Single Scatter Albedo. and Asymmetry
Parameter for Relative Humidity = 0%7 Tropospheric Model

NORMALIZED TO A "UMBER DENSITY Of BU08. PARTICLE SifCN;3
uAWlfe"STN LETINCTION SCATTERING ABSORPTION SINGLE ASYNNETRY

(MICRON) I IN-l $ N1) 4K- SCAI.ALB. P*RINEEIRq
*to$ 907751-62 6*6971-02 01.691-02 .6890 .?$to
on NI I..7S51- r 7*63SE-02 4..376f-03 99498 * 6710
.317 7.0311-01 7.CO11-02 2.9019-03 .960? .6636
eggs6 '..I1SE-of f..2381-02 1.6111-33 .9990 .6345
.694 3.280E-0 2 3.0sZE-02 1.4682E-03 .953? .6152

1.660 1.55SE-02 1.3981-02 1.604E-03 .6971 S573e

2.101% 1 142- I f.~' .0 A 0 '4
22e.20 1.707FVi ."IE7 .7641117

*2.981 1.323E-03 9.1221-0'. 4.112E-04 .4093 .146
2.T80 2.964E-03 6.46371-04 1#420f-03 .3l1q *.420'.
3.110 1#089E-03 5.19SE-)'. 5.691E-01. AJ.772 .02
3.392 W.766-0 i '4..51'E-0'. 2.272(-04 .6652 .317?7
3.790 5.6761E-0'& 3.660E-04. 1.396E-04 .?259 .36
fit1 98 4.9656-0'.4 2.0 94E-C'.4 2.4?16-C'. .'.9AP .1s
$0081 3.61S66-04 1.a.?5E-0'. ?.193F-e4. .39'f# .2q9t
5.500 3.8101-046 9.575E-05 2.852E-04 .2913 .2695
6.606 4.3671-0 1. 5.66LE-01; 3.82IF-a'. .12Q3 .76
6.200 4 .66GE-0 is 5.3996-05 4.1276-i(. .1157 .22

6.980 5.040E-01# 5.0781-05 4.532E-04 .1007 .2303

T.900 6.66091-O 7.4@671-06 6S.53'1*-;'. .0113 .176C
0.200 1#069C-03 1.621E-06 1.1671-"3 .0017 .1532

1 .700 1.39GE-E'3 1.234E-04 1.2756-03 .0866 .2091
W,9.000 1 .4951-0 3 1.376E-04 1.~58f-rl .0920 .2070

9.200 1 .8771-0 3 9.636E-05 1.761E-Z'3 .0513 .04
10.600 7.062E-04 4.703E-05 6.612F-04 .066'. loll
10.591 9.3601-0'. 3.20SE-05 '5.040E-04. .0599 .168?
11.060 4.132E-0 4 2.620E-013 3.8701-01. .0671. .1626
11.s00 3.80S1-0'. 1.9651-05 3.611E-0'. .0521 .1526
12.500 3.640!-04. 1.232E-05 3.5251-04 .0338 .1356
14.830 .0041h-080 '.623E-06j 4.9976E-0'. .0692 .1030
196000 8.902F-040 £..I43E-06. 8.45SE-0'. .0652 ..,q62
16.1.00 5.46651-0 t 6.121E-06 5.364E-04 .0112 .1024
17.200 5.9651-0'. 6.113E-16 5.664E-04 .0176 01086
16.510 4.091CE-0 4 4.610E-OF~ is.64E-0'. .009'. .092S
21. 316 3.736-D0 3.7441-06 5.691E-04 .0065 .0036
25.600 5.6001-01i 1.836E-06 59.42E-04 .00?3 .064?
36.000 6,266c-r4 8.15139-0 6.2566-04 .0613 OU451

4&:.o0oc 0 .51- 7!.76'E-^7 A~so47e. 29r.0S
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Table 37. Attenuation Coefficients. Single Scatter Albedo. and Abymrnetry
Parameter for Relative Humidity = 50%7 Tropospheric Model

NORMASLIZED' TO A NIJNS1R DENSITY OF 9000. PDRTICLES,'CN3
WAVELENGTH EXTINCT ON SCATTRiftI.i *fSORPTTON SING-LE ITY "HE RY

(MICEO14 KH-M1 0 £ N-i I KM-1 I SCAT.*LS. PAftMEqT!
.206 1.114F-01 7.0216-02 3.116E-r2 .6926 .7536
.300 a .357r-0 2 Y.923E-02 46.1389-03 .9661 .6765
.337 ?.6'.3E-02 7 .353E-0? 2.913E-03 .9620 .6689
.950 4 .96CE-V 2 11.391E-02 1.6051E-0 3 .9.6 .6404
.694 3.319E-02 3.171E-0? 1. ha1-Ji .95516 .620?

1.060 1.6161.02 1.4511-02 1.6081-03 .9006 .978?
1.536 7,001P-03 S.7611-03 1.24?E-CJ .8220 .532f
2.000 204121-03 2.0211-G3 3. 90 SE -~ .8379 .4991
2.250 1.7961-03 1.38?E-03 1..08str-o' .7723 .13
2.500 1.381.1-t'3 9.6791-"'. Is.162E-046 .69Q3 .4-511
2.?00 2.131E-03 6.706E-0 to 1.461E-L3 .3147 1-,6
3.000 1.566E-03 5.504E1-04. t.01"?0-03 0566 .4.032
3.392 F.536E-.04 4.975E-0'. Z.561E01-0 .6601 .3815
3.750 9.'.35F-ý 1 3.992F-09. 1.441E-u4 0731.5 .360Z
,*.500 14.J8601-C 2.254E-0'. 2. 615.0-pf. .4629 .3186
5.000 3.84YE-04. 1.536E-04 2.312E-34. .3991 .2954.
5.500 3.9866-6i. 1.029E-04 2.9971-0'. .2582 .2736
6.000 5.9.Z E.-0I 6.0741-09 4.646E-04. .1156 .24.9C
6.200 5.3651-O4. 5.053E-05 '.7700-04 .1110 .24.32
6.900 5.3631-096 5.54.30-05 4..6081-Q4 .1014 .23047
7.200 7.971FO-06 4.6731-05 7.S03F-f'4 .05015 .2 V'3
7.900 6.611E-04 8#64.6E-06 6.725E-34. .012? .1792
8.200 1 .0871-0 3 2.14.9E-06 1.045E-03 .0020 .1574.
8.700 1.4591-03 1.2691-0'. 1.331E-03 D0eP3 .2101
9.000 1.5700E-t3 1.4351-14 1. 427YE-0 ! .0914. .2C89
9.200 1.959E-03 1.00Z1-04 1.8s55-03 .0511 .1e5p

10.000 7.424E-04 4.8711-09 6. 9171E-0 1. .0656 .IAle
180.991 53.7029-04 3.310E-05 S.3711-016 .0581 .1693
11.000 4.935E-04. 2.694f-095 4.2691-04. .094 .1E29
11.500 4.339E-04s 2.034E-05 4.13&E-04. .0469 .192e
12.590 41.50ot-Qa 1.2651-05 4.3?31-0'. .0201 .1354.
I1i. 00 6.170E-04. I.990E-06 6. 12E -f!4. cope0 .1034.
15.000 9.65SE-0'. 4.814E-06 9.6i01-0'. .00930 .0969
16.400 6.4151-04. 6.5?S1-06 6.390E-04 .01C2 .1024
17.200 6.8141-04 6.612(-06 6.728E-040 .012A .1080
18.900 5.7AE01-4 4.951E-06 5.6900-04 .018? .0930
21.360 6.361E-04. 4.0171-06 6.301E-04 .0063 .0837
29.000 6.890E-04. 1.984E-06 6.079E-04 .0633 .0649
80.000 6.6711-04 8.89qr-o7 6.662E-n'. .0013 .04.61
4.0.000 6.099V D0 3.p6qs-.7 6. qq-Cc .00,6
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Table 38. Ateuto ofiins SingleScatter Albdo, and Asymmetry

CHIRON) 10p4-1 4 0- I K04-1 I SCAT.hG..S PARAMEq!q
.260 1.6921E01 &TS12 3.2061-02 .7666 .7s71
.366 0.949-2 0991- 92 4.5236F-0 .995I .8893
9337 6*2l1019-0 2 79210 2.6661-03 .9691 ý9

.56 .911121.0001-03 .9616 .6510
.6986 3.51771-2 299-12 .476E-03 *9SA7 .6315

10066 1.750E11-1886-2 1.6171-43 .9616 .5887
1.536 7.6161-03 6.396E-03 1.260E-03 .83(06 *5'.10
Zolfo 2.7611-03 2.30t[-03 4 .0 0 3 E- 0 .8518 .9075
2.250 1.999C-03 1.581-03 '..141E1-~o .792S .41029
2.980 1.5209-03 1.093E-03 4.2701-0'. .7t9o 1-9
2.060 Z.279-03 7.3111-04. 1.5401-03 .3208 .'.333
3.160 24599E1-C 6.5191-ob 1.914 ?E-0 3 .290?744
3.392 9.2161-04 600361-0'. 3.190(-04. .6919 .3890
3.790 60267E-041 4.001E-0' 1.5471-04 .792'. .3680
4.500 9.941E-04 2.6141-04 2.q271-0'. .'.7i7 .32S9
stole 4.3571-04 1.706E-04 2.5711-fl' .4100 .302
9.500 4.3751!-04 1.192E-04. 3.1831-04. .2724 .2800
6.000 7.14U1-0% 7.0161-05 6.441E-04. .0982 .2541.
6.200 6.686E-04. 1.230F-OS 6.164E-04* .1650 .249'.
6.560 6.0701-0'. 6.6081-05 5.4101-04 .1089 .241do
?&Zoo 0.521C-04 So.4221-0O5 7.979F-04. .0636 .2196
F.900 7.260e-04 1.14?1-05 7.1Ito6E -0a' .0190 .1873
8.200 1.126E-03 3.1161-06f 1.1231-03 .0020 .1657
so?*#0 1.8641-83 1.3951-04 1.4491-03 .080 1 .212?
94100 107249-03 1.S57-0'. 1.5691-03 .0903 .2t1C
9.200 2.113-03 1.0031-04 2.004C-03 .0512 .1896
10.000 8.*14SE-04 so .2301-05 7.021E-0'. #0642 .1AU
164091 6.4.19E-04 3.,5271-05 6.@s87F-G it .0548 .1709
11.000 5.42t1-04 2.851E-os 5.1371-0'. .0526 .16410
11.560 5.5101-04 2.1401-09 5.3051-C'. .0388 .1931s
12.500 6.4069-06 1.339E-09 6.2721-0'. 60209 .135'.
t4.886 6.6441-04 5.7351-06 6.5671-0'. .0096 .10'.'
19.600 1.219E-93 5.6921-06 1.213F-63 .0647 .098'.
16*609 a8.570F- 04s 7.4691E-06 8.4951-0'. .0687 .1026
17.206 6.719F-06 9.7451-06 8.6181-0'. .0112 .1073
16.360 1.474L-04 5.7411-06 7.40171-04. .0677 .V935
21.316 7.6021-04 4.6371-06 7#636E-04 .0660 OLS42
25.466 7.1921l-06 2.321E-06 7.t69s-','. .0072 .:6
30.000 7.9592-01. 1.6481E-06 7.942E-"'. .001'.C.7
160.000 7.11c .11.. .0
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Table 39. Attenuation Coefficients, Single Scatter Albedo, and Asymmetry
Parameter for Relative Humidity = 80% ri-opospheric Model

MORW*LU6E0 TO A NUMBER~ OEMSITTI F 11000. PARTZCLE¶'CH!
WAVELENGTH EXTINCTION SCATTERING ABSORPTION SINGLE 0SYmmMNE

(MICRON) f 00-1 1 4 KN4-l ). I KH-I ) SCA?.ALB. eARAWER6
.216 101.826-01 10.1216E-01 3.572E-02 .7990 .7567

.337 1.112E-01 1.664.6-01 2.812E-03 .97#47 .7128
ass@ 6.764E6-02 6.586E-02 1.7816-3S .97'? *6679
.694, 41.998[-o2 1..81GE-02 1.1476E-03 .97(12 .6690

1.060 2.1#69E-02 2.300E-02 1#6SZE-03 .9330 .6255
1.536 1.1016-02 9.699E-03 1.MF9-03 .8811 .56
2.0000 4.3756-03 3.9286-03 to.169E-0'. *8979 .54.0
2.250 3.1526-03 2.TISE-5Z 4..371E-04. .6W1 .516?
2.510 2.300E-03 1.820E-03 4..602F-04. .?911 *4.94.7
2.780 3.067E-03 1.073F-03 1.994.6-03 .31.94 .1.703
3.050 8 .041.4-03 19272E-;3 6.??2E-J3 .1581 .4.14!
3.392 1.9176-03 1.2616-034 6.S52E-04 .Sse? .4.190
3.75U 1.111.E-03 9.04.8E-01. 2.094F6-04. .8121 .3993
6.090 9.3876-0'. 14.804.E-04 '..563E-0'. .51lo .3S63
.0000 10260E-04 3.321.6-04. 3.936F-04. .4.578 .?335
$.5oo 6.554[6-04. 2.18?E-004 4.366E-04. .3338 .3095
6.660 1.7256-03 10287E-04. 1.596E-03 *0746 02767
6.260 1.0506-03 1.517-0. 1.5E-0! .1024 .2751
6.500 9.916C-014 1.1337-04 0.579F-04 .1348 .269! i-
?*too 1.1144E-03 1.0056-04. 1.54.36-03 .0879 .21-64.
7.900 4.7001-0is 3.163E-05 9.351E.04. .03?' .2175
8.260 1.31.76-03 1.31.6E-05 1.333E-93 .0100 .1992 i
8.700 2.11?E-03 1 .90od4E-04. 1.9?66-03 .069q .22147
9.060 2.3786-03 2.114.6-04 2.166E-03 OW69 .2215
9.260 2.7586-03 I.fo67E- C4. 2.60ff-']; .0512 .20'.2
10.000 1.1656-03 7.O'.3E-0C 1.095E-03 .0605 .1952
10.591 1.0256-03 1..619E-os 9.7846-04. .04.51 .1811,
11.000 1.9256-03 3.6386-05 9.8896-04. .0355 .1726
11.106 1.216E-03 2.686S-05 1130' .0222 .1601,
12.560 1.7186-03 1.814E6-05 1.?006-03 .0106 .1398
15.568 2.5796-03 1.1840E-05 2.207E-03 .00056 .1061
19.066 2.2116-63 1.18.0E-05 2.206E-03 .0462 .1115
01.6*60 2.0556-r03 1.3736-05 2.041E-03 .0067 .1066
17.210 1.911E-03 1.677E-05 1.9356-03 .08a6 .1086
1#0.06 1.7266-03 1.091.6-05 1.7iSE-03 .0063 G0984.
21.360 1.5969-03 8 .5026E-06 1.50OV-11 .00ab per8
25.000 1.3106-03 4.470E-06 1.30SE-tl .0014. *.?24
40 .000 1.2191-93 2.097E6-6 1.21?f-:3 .V017 .'540
40.000 1@212F-31 09597E-07 1*211E-'7 .00.7 .(3se

1 7
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Table 40. Attenuation Coefficients, Single Scatter Albedo. and Asymmetry
Parameter for Relative Humidity = 90% Tropospheric Modell

NORMALUEO TO A NUAPEIR OENSO1' IFr SOOO. P&R?!CLFS/CM3
tWAVELENGTH EXTINCTION SCATTERING APSORPT104 SIW'CLF OSYI"hMETRY
t MICRO") 4 EN-I ) q EN-I ) f 1CM-I ) SCAT.ALS. PARAMIEtQ

.200 a.15hf-0 1 1.7556-01 3.9%F6-02 .814.6 .?C

.360 1 .7641F-81 1.74L6-01 16. 214E1- P3 .976Y .7r.32

.337 1.6516-Cl 1.623E-01 2.79?E-C3 .98ý1 *?J

.650 1.03?E-O 01 l.0t9C I 1.FPRE-03 .9629 .7222

.69'. 7.72SE-02 7.5801-02 1. 4R6E-V' .98-- .14
L.060 30965C-02 3.796F-12 1.69SE-;3 .9672 6f
1.536 1.681#2E-32 1.7066-02 1037'2-43 .0216 ts
2.000 8.24#E6-03 7.716E-O! 5.323F-.-'. .93rS .54
2.250 5.86iF-03 5.38?F-C3 4.7?36E-14. .91Q2 5b
2.500 4..11PE-03 3.5!'.E-D 5.777F-74 .850S ?E
2.700 Is.694E-P 3 1.650E-03! 2.84.GE.0t .3937 V1152
3.000 1.881*E-Ot 2.873E-0C' 1.5q6E-02 .152S 45
3.392 4.29?E-13 2*9e'.1-r3 1.33OF-i3 .6se ? . lo54.7
3.750 2 32f-f-ft3 ZOOC4E-C.! 3* 104P-': .P6' 1 .417
4.500 1 .62PE-0' it I.034.E-(13 7.AA3r-C1. .501 I79.'
5.000 1.39PE-03 7.254!-'14 6.6'.OF-P'. slip .!?n?
5.500 1.142E-03 '..735E-5'.k 6.667E-:t. .4.11.6YI6
6.000 3 .7621-ft3 2 A 04.-04 3. 4ME-53 .074r) .3081
6.200 3 .179E-03 3 .7P5 E-0t. 2.4036-I .11n .z'1
6.500 1,60CF-C3 3.14.0F-Gh 194.869-.3 *17'.8 .*
7.200 1.*7396E-0 3 2.211E-0l. 1. slat-.1 .1271 .2016
7.900 1 .4.70-0 3 .486 E-05 1. 3q 'E-3 .064.2 . 554
0.200 1.822C-C3 5.513r-cs 1 .756? -'3 .0313 .1p
8.700 2.89SE-T3 2.869E-01- 2.60P6-ý3 .590 1 27
9.000 3 .284 T-0'3 3.MEq-o'. 2.976E-03 .091p 21
9.200 3.622E-03 2.192E-04 ! '.41E -'!3 r06'5 .2291
10.000 10794.1-03 1.0751-C'. 1 I686C -13 .0599 .2167
10.591 1.7556-03 6.8S2E-L5 1.6q7E-11 .P30' .11
11.000 1.9976-03 5.266E-05 1.94.51-03 .0264. 10
11.500 2.4549-03 3.90SE-eS 2.52OF-33 .01" .7A
12.500 3.9566-03 3.1536-05 3.9056-C3 .0014" .1520
1.6.00 6.9561f-03 2.9131-05 4..9076-9y .0ocq .1235
15.000 5.30416-03 3.0276-05 5.274F5-93 .0057 .2.
16.600 it.1324 F-0 3 3.1966-PS 16. 1692E-11 .'i0'i .1271
17.200 4.22SE-01I 3#573E-OF L.. 1590--' .401''.i-

21.300 3.029F-03 1.F9?6-.'5 '.OiE-'3 .
25.000 2 .49P L-93 1.04.66-0' 2.1iJAE-'3 .301.2 P3
10.000 2.12SE-03 6.08S6-06 2.1236-03 .00?'. .0659
40.000 2.040E-03 1.961C-06 2.03OE-1^3 .041t .'4
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i~ ITable 4 1. Attenuation Coefficients. Single Scatter Albodo, and Asymmetry
Parameter for Relative Humidity = 9501 Tropospheric Model

NORMALUIZE TO A NUNSEf DEWSITY OF 5006. PARTICLES/C1M3
WAV9L94GTN EXTINCTION SCATTER11G ABSORPTION S111GLE AMYMETtY
(NIC*ON) 0KH-1I K14 K-1 1 4 "M-1I SCAT.ALO]. PARAPETEft

*too 2.6021-01 20184'E-01 4..180E-02 .63q3 .7709
.330 2.1641-0 1 2.14?1-01 lot ME14-3 Me?0 .7955
4337 2.032E-01 2.0031-01 2,7721-03 .9663 .7531
.550 1.3661-01 1.2861-01 1.765F-03 .9863 .71139
.691. 9.6431I-0 2 9.693E-02 1.Ie9S1-33 4981.8 .7199

1.060 5.1531-0? 4..961E-02 1.723F-01 .96f;6 .680104
1.936 2.1.5@E-02 2.309E-02 1.4.03E-03 .9%.27 .631.8
2.000 L.15!1-02 1.0951-0? 5.91.61-0. gales.897

220 80193E-03 7.6951-03 46.980F14) .9342 .5762
2.S09 5.6691-03 S.02CE-03 6.4.93F-04 W8s .5!75
2.700 S ~7-3 2.5101-03 3.4871-ý3 .4.181 .'381

.00 2.701E-02 &.28SE-C! 2.2'2e-3Z1 .19e7 .4.499
3.392 6.3571-03 4..19LE-03 1.666F-03 .7065 .*2
3.750 3.41111-03 3.0101-01 i..017E-4ý. .8872 .4.561
1..500 2.5771-03 i.5371-03 1.0'.CE-L .59es .4,4
5.000 1.95PE-03 1.0671-07 8.7111-0'. .5sci .3407

5.500 1.553E-03 7.067f-0'. 8.4340E-04. .4s5-S .3670
6.000 5.32SE-03 4.0?F071-3' 4.93'4E-.3 .073C e5
6.200 4.16899-03 5.9111-04' 3. 8961-P 3 .1317 .326C
6.500 2.4461-q3 1..ossr-0'. 1.961E-0? .19P7 .is
7.200 2.2081k-0 3 3.34E1-04. 1.874E1-03 *IS13 .3[CC
7.900 1.8601-03 L.59?1-01. 1.720E-'3 .08'.? d2752
8.260 2.2611-03 1.C19E-fýi 2.099E-,-% . 0 W3 .?611
8.700 3.40if-D3 11.616E-04. 3.0'1S-PI .1061 .2622
9.600 3.6411-03 3.807E-04. 3.1.6OF-Al 00941 .?!S1.
9.200 4 .1515E-0 3 2 .767 E-04. 3. 878E- 03 0 f668'. .214.12
10.000 2.2511-03 1.301E-04. 2.1±3f-03 .0614 .2702
10.591 2.294C-03 8.6981-05 2.2121-03 .0378 .211.1
11.000 2.7311-03 6.6291-05 2.66SE-C! .021-3 .2C
11,000 3.56.1A-1 3 i..976E-05 3.5"14-03 .119 .106S
12.500 5 .6&3f- 03 4.1..4?8E- 05 5.6161-03 .0079 .16 ef
14.610 7.003F-03 401E.11-015 6.9S6F-.3 .0068 ill&4
15.0000 7.366E1-03 it .906E-cs ?. 314E-1 ! .0067 .1202
16.1400 6.4.12F-03 5.0251-0' 6. 39)2E-0 I .107i8 .12140
17.200 .9F6 F-0 3 ý e.'.fs..I S. 9?ZE-^ . U00 lz22e

18.500 5.279F-13 4.CqO1-es 5.219E-, . .001? .2ss?
21.300 4.109F-03 20991M-ýS 4..160E-03 .007V .105'.
2S.000 3 .3991E-0 3 1.61.11-O 3. 383E- 03 ;004P qQ
30.000 2.8111-l? 8.097F-06 2.603E-03 .00?9 .0725
1.0.000 2.656E-01 3.0951-06 2.653E-03 .0012 .01.61



Table 42. Attenuation Coefficients, Single Scatter Albedo. and Asymmetry
* ~Parameter for Relative Humidity =. 98% Tropospheric Model

NORMALIZED TO A NUMBER DENSITY1 Of 5030. .ARYZCLF I/ CN
WAVELENGTH EXTINCTION SCATTER1wr ABSORPTION SINGLE &SYMMETRY a

* WICRONI I 4-1 1 KM-I ) KH-1 ) SCAT.AL"* PAR6M~fTFR
$see 3.3161E-0 1 2.877E-01 4.391E-02 .0676 0770?
.366 2.6949-01 2.412F-01 14.222E-03 91852 .7659

*.337 2.673E-01 ?.64SE-Cl 2.76 -1.-3 .9697 .761.1
.556 1.7771-01 1.760t-01 1.743E-03 .0499 .7507
.6914 1.3631-01 1.34GE-61 1.5112-03 *q$Pg 7?5
1.860 7.352E-02 7.176E-02 2.796E-03 .9761 .?o
I.536 3.0619-02 3.466f-02 1.'.549-'3 .9599 .6161
2.600 1.6621-02 1.732E-02 7. 01.2-3' .%96' *62r2
2.250 1.262F-01? 1.2292-G2 S.3892-0'. .958C .6000
2.900 G.7661-03 '?.9922-0? 7.7562-C'. .9l1Frp~
2.?06 8.639E-03 3.0102-01 'q.612E-j3 .1.5?' .5677
Jolla 40162E-02 7.0952-o' 3.1.5'E-02 .17is .1.681
3. 392 1.0066-02 7.651.2-0' 2.$29E-03 .7 30 1 .1.955
3.756 5 .6372-0 3 5.0852-Cl S.52SE-3'. .9020 .61
'..500 16.0011-0' 2.5872-P3 1.493e-fl! .634.3 .4hi.1
5.600 3.669F-03 1.0147E-03 1.Z'.3E-g Wok? *. A172
5.500 2.36SE-03 1.20S5233 1.08SF-01 .51.1c 'Ph
*@Ole G.igE-03 7.16?E-0'. 7.Ish12-03 .5078 .!4.94.
6.260 6.912F-33 1.08.6 E-0 5.46662-03 .1514 .s
60560 3.6702-03 e.555E-oi. 2.615E-03 .2331 .ýh
70260 3.0604-03 5,762F-04. 2.5i02-03 .1667 3g
7.900 2.6262-03 3.0*Of- I-5. 2. 321st- 33 .115* .11
6.200 2.9101f-03 2.126f-84 2.6972-03 .0731 .246C
8.700 4..292E-03 5.124E-0'. 3.71.02-01 .*12f0; .203'.
9.100 h.7619203 5.18EE-0. 4.?23E-C! .11q3 .25
9.260 9.023E-03 3.662E-04. '.63SE-03 .077? .2659
10.000 3.096E-03 1.988E-04. 2.857E-03 .0651 .2499
10.'091 3.263E-03 1@236F-04. 3.139F-03 .0379 .2327
1100060 60399-03 9.3601-OS 3.91.6E-03 .0232 .2192

110500 9.418E-01 7.1952-05 5.33RE-93 .0113 .2022
12.506 8.?101-03 7.41S18-05 86.3SE-01 .0005 .1736
14.601 1.070E-02 391-f 1.0011-02 .0081 [.
15.666 1.1441-02 9.152E-05 1.09SE-02 .0043 .14C02
17.%00 9.1232-03 9.1103E-05 0.1062-O3 .O10q3 .1325
100500 6.062-03 9.'.7'.-05 9.9010-03 .011 .32

21.300 6 .271E-03 5.1981-05 6.219E-03 .0083 .1151.
25.600 5.0691-03 2.90FE-O5 1..979E-03 .0060 .0998
30.060 4.1299-03 1.5081-'q5 I.610E-03 .0037 ."820
keels$6 3 .7520 9.631E-06 3.1402-03 .0615 .0551

8o



Table 43. Attenuation Coefficients. Single Scatter Albedo, and Anymmetry
Parameter for Relative Humidity - 99% Tropospheric Model

HORMALIUIO 10 A MUNIBER DENSITY OF lose. PAR7TCLESIC"3
WAVELENGTH 1ETINCIION SCATTEING.M #24ORPTION SING6LE ASI NNETRY

MWICRON) t KH*I ) I K"-1 ) A %"-& SCAT.*LS.* PARBISETER

sell 46.9209-61 3.9741-91 fs.5671-0 .5671 .P696
.399 3.5919-91 34669I-01 46.331-03 .16,1 07111
.33? 3.1661-61 3.319E-01 2.756f-03 .9917 *7710
else r.3911-01 2.27S1-01 1.6001-03 .9921 .?606

1.866 96891f-02 9;713E-02 l.785f1ý3 .6280 .76
1.53 46.9931-0 4 .84S1-0 2 1.493E-33 .97C1 .672?
roles 2*5971-02 2.9151-02 862621-04 .9662 -63PI

2.20 1651-6 1.99-St 5.221-04 49686 .62fli
2.560 123-2 .71 1*1661-lI. .9174 65
2.76 1.3102oa6'1o 5.869E-03 .4904. .5912
3.000 5.Y991-02 1.0551-02 16.714E6-32 .1820 .116169
3o392 1.5631-0? 1.1701-02 3*932f-'3 .766. .,!1??
3.756 .6*46S-03 7.763f-01 .61- .91167 .O15C1
4.960 9.9611-03 3.9531-0' 2.0071-0' .6632 .4665
5.060 4.90&E-03 2.664F1-03 .61~ 61
5.500 3.373E-01 1.06611-C 1.5121-13 .S517 .4-169
6i.t66 I.13S1-02 1.101.1-e3 1. 028E-02 .0971 06446
6.200 9&732E-03 1.6531-03 8*679E-03 .1696 .3707
6.500 5.1261-03 1.3506.03 1.776E1-3 .26?? I37oe
7.200 4.121%-03 9.004E1-04' 3. 2 Y1- q3 .h183 . !'463
7.900 3.15691-03 5 .064.1-Q(. 3.0021-03 416 3 03232
8.200 3.742-03 3.719E-0'. 3.3(1103 .0994 .0112
8.760 5.1821-03 6.971.1-0' 4. 614-1 3 .13466
9.000 54697F-03 6.SS6E-04 5.0121-03 .1203 .2i3$
9.200 5.991C-03 5.2691-0'. 5.6251-03 Ws88 .2850

10.ses 3.9551-03 2.7571-04 3.680E-03 o06q? .2575
10.591 is.349E-0 3 1.700E-016 4.1701j-03 . 092 426911I
11.600 5.5661-03 1.284E-0'. 5.3?2E-03 .or34. .234?
11.560 7.6661S-0 3 1.010E-06 7. 317f-0 3 .0136 .2165
12.506 1.2111-02 1.14.71-01 1.2001-02 6009f .1657
14.616 1.6621-02 1.4771-0'. 1.468f-02 .0100 .1536
15.000 1.914E-02 1.510E-66. 1.499E-02 .01110 .15C9
16.60OO 1.3991-02 166900-04. 1,344E-"2 .0110 .161*1
17.266 1.2661-02 1.5061-0'. 1.251f-02 .0119 .11.16
18.560 1.1141t-02 1.2231-0'. 1.102E-0? .0116 .1354
21.360 0.6661-03 8.383E-05 8.9206E-03 .0697 .1245
25.600 6.412E-031 6.094E-05 6.76611-03 .0072 .1136e
10.666 5.36ff1-I 2.%91E-05 S.3571-03 .00t.6 .0905

0690.0 6.9571-63 9.2651-06 6.9681-03 .0619 .0614..
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Table 44. Attenuation Coefficients, Single Scatter Albedo. and Asymmetry
Parameter for the Advection F'og I Model

NORMALIZED to A NUMBER OFHSIW Of 20.00 0ART!C11SfC'4!
WAVELfWBYW EXTINCT13M SCAtTIERIW ABSORPT ION SINC.LE ASYMME1AY

0.03900 2.64E4 04.9t*41 3.3851-0'. 1.00800 0

.S5G 2.074.1+31 2.874F+,01 24399E-04 1.00oO p07j?
.64 .80.1 2.693E#31 1*973L-j4. 1.00 3 z3

1.? .q24.1.01I 2.921E#01 2.71@E-32 .9991 .065 2
* .S536 2.96S1.01 Z.St11.01 4..s3t'-ft .9853 .061t

2.000 2 .9911.v01 I .601E+01 3.120E+33 .89"' g69e
Z.250 3.009E+01 2.497 E*O1 1. ItBE* f'f .962 0 .8A
2.504 3.021+E01 2 .61.S E401 3.6131~o3 .874.0 ogle

38010 3001%.1601 1.506E*Cl 1.'.28k+1 .52Fa .05'2
1.392 3.070E1.01 l.?51.E401 1.316E#01 571 &. .9270
3.750 3.0981.01 2.503E+01 5. 14.8F 43 .4i'Is .5'1..
4..500 3 .14.160E#1 2.066E+01 1.O?'074 le1 .658) -A

$.Dee 3 .171 E#91 2.1771+01 9.96.2F+00 .68C*5 .Bass
5.900 3.209E*01 2.294.1401 Q.157E*^1 .71'.7 . 6elz
6.000 3.173F+01 1.506E*01 1.SAE.14A .150' 3 a(-V4.

6.200 3.206E+01 1.619E+01 1. 5~141E+.1 .50S9 . 0.r
6.500 3.24.4.E*0 1.08E#101 i.'.36E401 573 g519!
7.200 3 .304.401I 1.971E#01 1.332E.01 .59?f *10439

7.900 1.368E+01 2.04.01.11 1.320E.01 .60Qpe j"

8.200 3.399E+01 2.07qfE.~1 1.319E+01 .6110 .Qo5?
8.700 3.4.52E.01 2.128E+01 1.324f#.02 .6161- .1 r
9.500 3.4.851.01 2.156E1601 1.3291.01 .610? 9t
9.200 3.504.1.01 2.1711.01 1.333E.vt .610E . 4 V4

10.000 3.5251411 2.1691.01 1.356f.ni .61S3 .Q381
10.590 3.3211.01 1.91f61.01 1.4.351.01 . 5 'sýq .9'
11*900 3.0371.01 1 .598E+01 1.4.791,01 S130 qq
11.501 2.824E1401 1.24)9E+01 1.526E.11 .4s.59986
12.500 2.9061.061 1.3101+01 1.5861#01 .0755 .04.18
14o$00 3.1875.01 1.501f+01 1.6861.01 .00711 .91"1
15.000 36203E+01 1.513f+01 1.692E+01 .1.716 .9za 8
16.4.00 3.295E+01 1.560+*01 1.7151.01 .4.734. P957
17.200 3.34.0E+01 1.S83cfa1 1.7571.81 *k7v9 .8e9e
18.500 3.4.06E.01 1.6151.01 1.791t.01 .'.i'.2 .8012
21.300 3.4.91.1+01 1.651e+01 1.643E#1.1 .4.726 .8605
25.000 3.501E.01 1.695E.01 1.861.0+1 W4v" .64.91
30.000 3.64.5F1+1 1.74.0t+01 1.9951.01 .'.775 .62'14
4.0.000 3.6.63E+01 1.55951.01 1.916E+01 .14.4.9 .?$is
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Table 45. Attenuation Coefficients, :irigle Scatter Albedo. and Asymmetry
Parameter for the Advection Fog 2 Model

NORMALIZED TD 11 NUMBER DENSITY OF 20.00 PARTICLES/CM3
NAVELENGYM EXTINCTION SCATTERING ABSORPTION SINGLE ASYNmqtTRY

(MICRON) IK4-1 1 4 RM-1 ) ( K4(-t SCATALB. CAR1'IETER
.36 1.1141 1.0161.01 1.639f-03 .5,991 .8570

.300 i.830E+01 1.830E401 1.?86E-0'. 1.001nf a81S

.33? 1.82SE.01 1.8260401 a *?(#0 F-115 1.0000 .8707
.50 1.4(41 1.849E*01 1.26?0-.'5 1.00*Ir BE91

.64 1.8914+01 1.8s9F601 1.591E-04 1.000C eb67e
1.060 1.86[+E01 1.884C.01 1.d.5qc-c? .99q? P860A
1.536 1.916E+61 toV ' .01 P.319E-111 .987c) .V557
2.360 1.9371.01 1.7 w . 1.680EW'0 . 91" V.1 Vo
2.250 1.9440.01 I.-. I 5.966E-P1 .9695 .ý604
2.500 1.962E030 1.7sht~o1 2.066F+03 .894.7 pr
2.700 1.980E#01 1.146E+C1 8.314)E013 .5788 .0547
3.000 1.9900.01 f.016+041 9.140f.15 .15210 S.1187
3.392 1.994F*01 1.179E#01 04.i5hcooa .5911 .914A
3.750 2.017F.01 i.732E.01 2.8q70.13 .85864. .pý7
16.S00 1.052E+01 1.4.19E,01 6.IZSE4t10 .6917 .6791.
5.000 2.07@E+D1 1.500E+111 5.778ft55 .7?19 .8664
5.560 2.11sro01 1.5410.01 S.23PE*11 .?573 .161f
6.000 2.076001 I AC'.9 F r 1 1.0?9f+.l .50'.9 0
6.200 Z.09OF.'11 1.070E+01 1.0290.l1 .50"6 S
6.500 2.14.1E#01 1.251(401 8.914FVIJ .58(0 tp

P6200 2.2021#01 j .100.E+C S.018E.10 .63eq F.848.
76900 2.262F#31 1.1474101 7.6168.00 .651A 91
0.200 2.28S04,01 1.503E4-01 7.8470.5" .657" P8951

9.600 2.341#0.51 1.5541.01 7.864f+0E0 .6640 .. r
9.200 .3601 1.55$0451 7.884E40, .6610 .03
10.000 2.281.4#31 1.'.61E.41 6.0150.") .64cz 93
10.590 2.05&E+01 1.2110,01 6.'u13.Fl2) .5894 .q.c
11.000 1 .Sb04st1 q.!??E#00 9. 071,E#30 .506? .9515
11.900 1.?180.01 7.615E.oc 9.S610,ý9 .441' .9497
12.500 1.611E+01 7.87'.Eoft 1.024.E+21 .434t .9,113
14.800 2.03GE+01 9.280(400 1.108E#01 .45S9 N6
19.000 2.0481+01 9.352E#00 1.113f.51 .4567 e29413
16.490 2.119E#01 9.744E.50 1.144E+1~1 .4509 e799
17.200 2.193'.) 1 9.92?E*00 1.1600.01 .461Z elz72
19.990 2.201E+01 1.019E0.0 1.14ZE401 .4631 62
21.360 2.255E+01 1.04E0.01 1.20?(.C1 .464e .8'.55
25.000 2.297F481 1.075F*01 1-222E401 .4641 .8212 -

30.000 2.2971401 1.088E+01 1.7091,01 .47's .7412
40.060 2.0091.01 9.013a#00 1.106E+01 .4311 .731.8

33



Table 46. Attenuation Coefficien~ts. Single Scatter Albedo. and Asymmetry
Parameter for Radiation Fog 1 M~odel j

NORNALIMI TO A NW460R DENSIT'Y OF 100.0 PAftTZCLES/CN3A
WAVELENGTH EXTINCTION SCATTERING AOSORPTIONd SI GLE ASYMM~ETRY
INIGRON) K*-i1 4 KN-1 0 MII SCAT.ALB. PARAMETER

.306 1.eslr.01 1.6311*01 6.339C-04 1.06100 .8666

.300 1.6317#81 1.63170+1 9#969E-09. 1.0060 .ei9ee
e337 1 A3?E#01 1.6370.01 2.784F-05 1.0000 .8591
.590 1.661E#01 1.661E*01 46.071E-06 1.00p0 .8557

*ih 1.663E*01 1.683E+01 5.194E0-05 1.000C. .01

1.060 1.?30E0U1 1.7301+01 5.4700-03 .9997 A8340
t.536 1.7730*01 1.765E+01 8.46S0-02 .995? f8177
2.040 1.8101.01 1.7I44F#31 6.686E-91 .96%* ,80172
2.290 1.639E+01 1.817E*01 2.I1al-.j1 wi F.1
2.900 2.0+0 .0290401 8.006C-11 .9s81 .4278
2.100 2.1107+01 1.623E*01 4..952E0.0 .7662 .9331.

L3.000 1.s15S+401 8.912E+60 9.23?E4I'O .4911 .97!8
3.3792 1.921F+61 1.301E.01 5.41C0*00 .7185 .ace8
3.750 2.0270.01 1.90&E+01 1.206E#00 q.Q493 *g.7S47

4..900 2.2?4F>.01 1.960F+01 3.I41F+04, .8619 P827?

5.000 2.387E#01 2.119E+01 2.681t#41 .fl577 e83f?
5.500 2 .4280C.01 2 .2 02E+01 2.ZSSE+00 .90'1 e626
6.000 1.916F#01 1.0910.01 e.2548~fl .56Q2 .9125
6:2006 2.1870.01 I.3f66+01 a 209E.+10 .6247 .877!
6.50 :1.8260.01 1.805E+01 5.2LsE.00 *.7?57 peob6
7 .200 2 .2020*01l 147910'01 '.I'.0 .816 e~s
S.2900 1 .962F+01 1.5893E01 1.88$0+00 avlm2 .0606
7.200 1.973E*01 1.89E3+01 1.888E0.0 .679b .869?
6.700 1.68?E*01 1.S010.01 3.60?E#00 .7717 P(-76
9.000 1.998F+31 1.178E+01 3.86E40.2 .75!6 .0671
9.200 1.4.760*01 1.094-001 3.8?2E#., .74.11 .A166

10.000 1.131+01 7.324E+00 1.983E*00 .6'.77 .86'.1

160 69.7,15r#00 3 3290.00 5.3850493 .3821 08662

11.906 9.1941.06 2.7520.00 6.'.02E+00 .30r& .465
12.500 1.073!#01 3.529E+00 6.2100E+00 .30C9 .8142

L14.660 1.903(#01 9.211E#00 9.618E+00 .34,67 .754.0
1S.800 1 .91810 E 1 5.2980E*00 9.664E+90 .31490 .7495
17.260 1 6170*0 1 5.93510.0 1.015E+0*1 .38709 .7102'
21.210 1.6217E01 9.7991.00 9. 95E 0.00 .3790 C2
18.900 1.6331*01 6.146E+00 1.0180.01 .37610 .6777

F 85066 1.37?7f.1 9.133E*00 8.6340.00 .3728 .564.2

41.660 8.47fif+99 2.0791+00 6.3970.00 .24,53 .3301

84

.L



Table 47. Attenuation Coefficients, Single Scatter Albedo, and Asymmetry
Parameter for Radiation Fog 2 Model

NORMALIZED TO A NUNS1f DENSITY OF 200.0 QARTICLES/CM13
WAVELENGTHI EXTINCTION SCATTERING 109SORPTION SINGLE ASYMMETRY

("100010 q KN-l I KM-I I 11 K4-1 I SCAT.ALS. PARAMETERt
*too 8.2910+81 8*2t0E.00 1.611.1-01 1.00U8 .63&e
.360 a .3408 E4 00 6.341&E+100 1.7201-05 1.00(.0 .0#.59
.337 18.'.17140 6.41.1E+00 6.058(-06 1.08I'0 .01419
.590 6.672E*08 6.6722.OC 1.IVSE-06 1.0010 .82pe
.694 8.751.1Q06 80751.1+00 1.d.09E-0S 1.00;0 .0221.

1.060 9.1211406 9.120E+00 1.351E-03 .9q99 .7683
1.536 9.7561.00 9.7371.80 Z.12SE1-OZ .9971? .7763

2.250 1.t0?E+01 1.202E+01 S.371F-02 .9956 .6393
2.S00 1.224E^01 I .204E1411 2 .0140 F-01 .98,1 * 0767
2.700 9.081E.00 7.589E+00 1.1.*42F+00 .83 S7 .425b
3.000 9.610E*0S 4.5e62.00 5.021.E&00 *.4772 .0682
3.392 1.21.3E+01 1.0711401 I.71ISE41 .861? .7087
3.750 1.2601401 1.2301401 3*4i3E-31 #97Aj 06
#4..so 0 1.029E+01 91.592.00C 8.357E-iLi .9108 F0310
5.000 9.091E400 803576+00 6.917E11~1 .9214 P2/41e
5.500 7.14.2E#00 6.S71E.00 5.711E-ýl .92e00zl
6.000 6.2221.00 3.222E.00 3. 0M0E#03 * ;179 ftZ8Z2
6.200 8.014E+.09 5.177E+00 2.836E+00 e4FI~ .PA37
6.500 6.881E#00 5.1.01..00 1i.1761400 .70,5 .?01
7.200 5.2261.00 '..130f.00 1.096r+00 .719,w .77;-8
7.900 4.1351.00 39110E+00 1.025L.10 .75?2 1752111
8.200 3.?41.1.100 2.7?6E+DC 1.008E+00 .7307 .74.3f
s.700 3.1852.00 2.1$71.00 9.989f-01 .68414 .727(.
9.000 2.5881.400 1.881.1400 1.0011400 .6531 .7171
9*210 2.701.1.00 1.6981.00 1.016E+00 .6280 .7100
10.000 2.0931.00 1.021.E+00 1.069E400 .1.893 .f,90
10.590 1.8730.00 6.188E-01 1.2590.00 .33'3 *6s2t
11.040 2.0829400 40696E-01 1.6161400 .22!7 .6305
11.500 2.499E+08 4.1282-01 2.086E+00 .1652 *6C20
12.560 3.?011.00 6.2952-01 3.071IF*10 .17CI .51.75
Ike.goo 4.9312.00 1.039E.00 3.892E.00 .211* .07
15.66 h.9866200 1.0136E+00 3.91lE*00 .21?5 .4.511
16.400 9.030E400 1.1171400 3.9211.00 .2216 .0P
17.260 4.9571.00 1.1172+00 388160100-9 .2251. .3072
18.500 4.701.2.00 1.0812.00 3.623#108 .22"6 .?366
21.368 3.114E400 6.282E-01 2.9866E00 .2171 .2976
25.000 2.999E.00 5.7661-01 2.413E+00 .1929 .234.0
31.060 2.11802400 3.331E-01 1.6271400 .154.2 *1711

1000 1.673E#64 1.p272-01 1.51.96400 .07#40 Oqs56
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4. THE USE OF THE AEROSOL MODELS

4.1 Boundary Layer Models

The aerosol models defined in this report are representative for various ge.aeral

types of environments. Yet, there is no clear answer to the simple question:

Which model should be used for what location and weather situation? Some dis-
cussion on this point Is necessary to give the user some guidance in choosing the
optimum model for a given condition.

For the boundary layer of the atmosphere up to I - 2 km above the surface, the

composition of the aerosol particles is primarily controlled by sources (natural
and man-made) at the earth's surface. The aerosol content of the atmosphere at a

given location, will therefore depend on the trajectory of the local air mass during

the preceding several days, and the meteorological history of the air mass. The

amount of mixing in the atmosphere is controlled by the temperature profile and

the winds. Precipitation will tend to wash the aerosol out of the atmosphere,

although it should be noted that "frontal showers" often mark the boundary between

two different air masses with generally different histories and correspondingly

different aerosol contents.

The "rural" and the "urban" model are intended to distinguish between aerosol
types of natural and man-made origin over a land area. Clearly, the man-made

aerosol will be predominantly found in urban-industrial areas. However, it is quite

likely that after passage of a cold front, clear polar air also covers an urban area

and that therefore the rural aerosol model, which is free of the component of

industrial-carbonaceous aerosols, is more applicable. After a few days, as the

clean air mass begins to accumulate local pollution however, the urban model will

once again become more representative.

Conversely, very often the pollution plume from major urban-industrial areas

may, under stagnant weather conditions, diffuse over portions of a continent (for

example, Central Europe, Northeastern United States), including its rural sections.

There is also a distinct difference between the composition of aerosols over the

ocean and those over land areas due to the different surface-based sources. Aero-

sols in maritime environments have a very pronounced component of sea-salt

particles from the sea A.ater. Sea-salt particles are forme', i,'om sea spray from

breaking waves. The larger particles fall out, but the smaller particles are trans-

ported up with the atmospheric mixing in the boundary layer. In coastal regions

the relative proportions of particles of continental and oceanic originE will vary,

depending on the strength and direction of the prevailing winds at time of observation.

While changes in visibility are often associated with changes in the relative
humidity, (as the relative humidity approaches 100 percent the visibility tends to
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decrease), it is not possible to define a unique functional relationship between the

meteorological range and relative humidity for the free atmosphere. However, for

aerosols in a closed system, where aerosol changes can be controlled, such a

functional relationship can be developed. Such an expression has been derived
31272

empirically by Kasten and has been used by Hinel 2 ' 28

V(f) f l-fl t

where V is the meteorological range and f is the fractional relative humidity, with

0.7 !S fl, f < 0. 995. and v is a model dependent parameter. For the Rural and

Tropospheric Models v' 0. 42, for the Urban Aerosol Model v Z 0. 57 and for the

Maritime Aerosol Model v 0. 58.

Since the natural atmosphere is not a closed system and changes in the relative

humidity do not necessarily take place in isolation from other changes, Eq. (14)

should be used with caution. The measurements presented by Filippov and

Mirumyants94 clearly iliustrate the difficulties in defining a simple unique expres-

sion relating visibility and relative humidity. Where the changes in the relative

humidity are primarily due to changes in the air temperature, with a constant dew

point, that is, solar heating during the day or radiational cooling at night, then

Eq. (14) can be expected to be approximately valid for relative humidity greater

than 70-80 percent.

4.2 Tropospheric Aerosol Model

The Tropospheric Aerosol Model has been developed primarily for application

in the troposphere, above the boundary layer, where the aerosols are not as sensi-

tive to local sources or largely controlled by the mixing of the first I to 2 km of

the atmosphere. However, the Tropospheric Model may be applicable to near

ground level for particularly clear and calm conditions (in pollution free areas with

visibilities greater than 30 to 40 kmn), where there has been little turbulent mixing

for a period of one to two days, permitting the larger particles to have settled out

of the atmosphere without being replaced by dust blown into the air from the sur-

face. (The sedimentation rate of a 10 gm radius aerosol particle is approximately

I km per day. )95

4.3 Fog Models

The Fog Models described in Section 2. 5 were presented in terms of the

atmospheric conditions leading to the development of the fog, so this provides a

good basis for deciding which fog model to use, In more general terms, for heavy
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fogs the visibilities will be less than 200-250 m and the extinction will be virtually

independent of wavelength. For these conditions Fog Model 1 should be used. For

light to moderate fogs, the visibility will generally exceed 350 m and there will be

a noticeable difference between the extinction for visible wavelengths and in the

8 -12 p mn window. For such cases Fog Model 4 should be used. For very light fog

conditions where the visibility may be about 1 km. the 99 percent relative humidityI aerosol models nlay represent the wavelength dependence of the atmospheric

extinction as well as any of the fog models.
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