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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 atmnanhere 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 aerogols 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 i8 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, 1-7* 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.

[Recelved Tor publication 20 September 1879)

*
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 ag 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 aerogol 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 Fenn8 and Toon and
Pollack, 9 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 propeities 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 4 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 aernsols, their
sizes, their distribution, anc .ariability. However, it must be emphasized that
these models represent only a simple, generalized version of typical conditions. It
i8 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 giz= distributions for the different aerosol models are represented by one
or the sum of two log-normal distributions:




KX T

2 2] »
N (logr - log r,)
dN{(r) i i
a(r) = - ex - — (1)
a0 In (10)- 10, Jer P 20,

where N(r) is the cumulative number density of particles of radius r; 0 is the
standard deviation; r Nl are the mode radius and the number density with ry
This form of distribution function represents the multimodal nature of the atmos-
pheric aerosols that has been diascussed in various studies. 10-14 While Harris and
McCormickls have suggested using the sum of four log-normal distributions and
Dnvieaw has used the sum of as many as seven log-normal distributions to fit a
measured aerosol size distribution, Whitby and Cxantrell17 have shown that two
modes are generally adequate to characterize the gross features of most aerosol
distributions. While 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 evidencezo showing that the large par-
ticles are alinost 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 1 partlcle/cms.
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 basais for
the characterization of each of the aerosol models is discussed in Sections 2.3

through 2. 8.

‘Following the usual convention, log is the logarithm to the base 10 and In is the
logarithm to the base e.
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¢ Table 1. Characteristics of the Aerosol Models of the Lower Atmosphere 5 "f
L Aerosol Model Size Distribution Type 3
*

Y
: Ny Ty !
t
I RURAL 0.999875 | 0.03 0.35 Mixturs of Water-Soluble
; 0. 000128 0.5 0.4 and Dust-Like Aerosols
i URBAN 0,099875 | 0,03 0.38 Rural Aerosol Mixture
H 0.000125 0.8 0.4 with Soot-Like Aerosols
% MARITIME
i Continental 1. 0.03 0.3% Rural Aerosol Mixture

Origin

Oceanic 1, 0.3 0.4 Sea Salt Solution

Origin in Water

T ROPOSPHERIC 1, 0.03 0,35 Rural Aerosol Mixture

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

Table 2. Mode Radii for the Aerosol Models 28 a Function of Relative Humidity

Relative Tropospheric -l;xr al Maritime Urban ]
Humidity r, £y r, ry r,
0% 0.02700 0.02700 | 0.4300 | 0, 1800 0.02500 0.4000

50% 0.02748 0.02748 | 0.4377 0.1711 0,02563 0.4113

70% 0.02848 0.02846 | 0,4571 0. 2041 0.02911 0,4777

80% 0.03274 0.03274 | 0.5477 0.3180 0.03514 0. 5808

80% 0.03884 0.03884 | 0.6462 | 0.3803 0.04187 0.7081

95% 0, 04238 0.04238 ;10,7078 | 0,4608 0.04904 0,8634

98% 0.04751 0.04751 | 0.8728 | 0.6024 0,05988 1, 1601 p-

98% 0.05215 0.052156 | 1.175% 0.7508 0.08847 1.4888 ]

2.2 Effects of Humidity Variations on Aerosol Properties

Ag the relative humidity increases, water vapor condenses out of the atmos-
phere onto the particulates suspended in the atmosphere. This condensed v-ater
increases the size of the aerosols and changes their composition and their effective 1
refractive index. The resulting effect of the aerosols on the absorption and scatter-
ing of light will correspondingly be modified. There have been a rumber 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 Hinel, 2°°28

14 '
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The change in the particulate size is related to the relative humidity by 5 :
(following Hinel's notation) E

m_ (a )] 1/3

ria ) = r, [1+p- w_W (2)

™

where :
Fo is the dry particle radius,
p is the particle density relative to that of water,
m (e ) is the mass of condensed water,
m, is the dry particle mass, and ! .
L is the water activity which is essentially the relative humidity {,
corrected for curvature of the particle surface,

~20V
a_ sf. exp hd (3)
w R TTr

¢ = aurface tension on the wet particle surface, !
V. = sepecific volume of water,
R, = specific gas constant for water,
T = absolute temperature (°K). '

For room temperature (T = 288°K),

2"vw Hi 28
T * 0.001086 {micron) ( inel, “~ page 126) , 3
w E
Typical atmospheric temperatures are as much as 20 percent lower but, for
particle radii r> 0,01 1 m, this leads to errors of leas than 2 percent in curvature
effect 80 Eq. (3) can be rewritten as

. =0.001088
lw = { exp (_ﬂl_‘;,—) ’ . 4)

where r is in g m and where the dependence of r on 8, 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 electrolytelzl‘ 28 and natural etmos-

pheric particulates, !+ 12- 18,17, 18,16, 22, 23, ”(' ")' 28,30 gine1?® (in nis Tavle 1v) 4
m_(a

has tabulated his and other measurements of —3'7“-“'— ve s for various types of
o

18
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3 natvral aerosols, However, even with this data on the relative mass of condensed
i water for use in Eq. (2), it is not posaible 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 . i 4
E have been developed. 25,28, 31 However, these tend to breakdown for small particle
sizes and high humidities. 13
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 awn-f on the right side of Eq, (2). Starting with r= o in Eq. (4) leads
to the same result, To interpolate between Hiinel's 8 data for different water

! activities, af" and a‘:"l, it was assumed that

m (ah 1-a b i
W W w
—T7 - T . (5)

+
a -a
mW( w 1 w

e viiuiinmaAEE P e e

\

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 3
indexes of the dry aerosol substance, Ny and water, n,. Equivalently, this can
be written as

!'o 3
n=n,+mn) I mT : (6 > -

w

For the refractive index of water, the survey of Hale and Querry32 was used. While
there are some minor differences between the optical constants in Hale and Querry's

survey and the more recent measurememsaa' 34

these differences are comparable
with the experimental errors and are small compared with the other uncertaintiee

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

THOT VRN T

2.3 Rural Aerosol Model

' TR

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 agsumed to be composed of a mixture of 70 percent of water soluble E
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
g H measurements of Volz35' 38 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 othaéxé d;;-ect measurements, 37,38 and with values inferred from in situ

i
i
f meagurements,
)
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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- : o
tions on individual components ware combined. To reduce the calculations for the ;
current models, which now are done as a function of humidity, the individual
aerogol particles were considered to be a homogeneous combpination of the different t
types of substance—as many natural aerosols are.42 The resulting refractive index ' B
for the composite rural aerosol is given in Table 3. However, Bex‘gstromq’3 has : k-
argued that using such mean refractive indexes in determining the optical propertiea
will result in errors. ;

However, it should be noted that using this composite refractive index and 3
Shettle and Fenn's8 rural aerosol size distribution and comparing these results for
the scattering and abscrption coefficients with those based on separate calculations B
for the different aerosol types, one {inds only a 5 percent difference except for the

W

scattering minimum at 8. 2um where the difference was 16 percent.

The parameters for the rural model size diastribution given in Table 1 fall within '
what Whitby and Cantrell” give as a typical range of values for the accumulation 3
and coarse particle modes, .

The reaulting number density distribution, LY is shown in Figure 3. Whijle
this size distribution approximates a r'4 power law for radii between 0.1 and

204 m, 44,45 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
model8 is that the number density of the very small (r < 0.5 gy m) particles is more

accurately represented. ) 7.
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 2
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, r, wasg modified by ' ‘2
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 num-

ber density and the volume distribution are shown in Figures 4 and 5 respectively

for several different relative humidities. The refractive index as a function of
wavelength and relative humidity is given in Table 4.

é 24 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 sourc. .. .ie

urban aerosol model therefore was taken to be a mixture ~nf the rural aerosol with
carbonaceous aerosols, The sootlike aerogols are assumed to have the same size : 7»
distribution as both components of the rural :.10del, The prevortis..3 of the se: it »

; 3 / 19
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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 aervsols waa based
on the soot data in Twitty and Wetinman's®7 survey of the refractive index of
carbonaceous materials. As with the rural model, a composite urban asrosol
refractive index was determined at each wavelength. These values are given in
Table 3.

The change in aerosol was based on Hﬁnel'sza urban aerosgol 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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2.3 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-gpray droplets and then have
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 maritime 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 aeroscl model tnerefore, has been composed of two components:
the sea-salt component; and a continental component which was assumed to be
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 Jungen' 48 besed
on his measurements. 49,50 It is also supported by the measurements made by
Meszarcs and Vissy2o 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 oceaniz component, a log normal distribution
is used wita r, = 0.3 for moderate relative humidities 5(1= 80 percent) and 0 = 0, 4.
This is consistent with the measurements of Woodcock™ " as well as the more re-
cent measurements of Junge and Jaenicke 0 and the sca-salt type component of the
data of Meszaros and Vissy. The relative proportions of serosols of 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 o. Hénel's 8 results for a sea-spray aerosol
(his Model 2). This number density distribution is shown in Figure 6, with the

ci-rresponding cumulative number distribution and volume distributions shown in

Figures 7 and 8.
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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 as a function of the relative humidity is based on Eq. (6). The refractive
index of the sea salt is primarily taken from the measurements of Volz. 52 His data
for the imaginary part were limited to wavelengths longer than 2.5 um, but this
was extended to 0. 2 4 m by using the difference between absorption measurements
for sea water and pure water compiled by Doroey” (Table 6),

A similai- two-component maritime aerosol modetl has been developed by Wells

; N L - " W lugm N e L il 0l i 0 AT
R e ol e ot it R g e N~ oy r Ty e TR S ————
< - v L PP, m—

et 3154 based on the earlier models of Barnhardt and St:'utM and Hodgu". They ‘
also have components representing aerosols of continental and marine origin, How- ,L
; ever their size distributions differ from the present models; they use more simpli- p
fied refractive index models, and the treatment of humidity neglects the dependsnce 5
. of the relative humidity effects on either the size or composition of the aerosol. >
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A significant addition by Wells et 5154 to these other models is the inclusion of

the effects of wind apeed on the marine component of the aerosol distributions.
They did this by modifying the parameters defining their size distribution as a
function of wind, based on Woodcock! 351 data (while they cite Manson®’ as their
gource, the data can be traced to Woodcock through Junge™ ™’ ”). They used a
modified T size distribution, 8% 6! with a = 2,

%t,.i =n(r)= Ar® exp (- br?) (7

and fit A, which is proportional to the total number of particles, and ¥, 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, 82,63 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
Inf =0.16 v+ 1.45 (8)

where 8 is concentration of sea salt inug 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) {8 the number of sea salt particulates for a wind speed v. Since I.,ovett'xs62
measurements of relative mass diatribution vs aerosol size show no significant
dependence on wind speed, the assumption that particle number is proportional to
the sea-salt masgs ig 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 tropoapheric aerosol model represents the aerosols within the troposphere
above the boundary layer. These aerosols are agsumed to have the same composi-
tion as the rural model (70 percent water-goluble and 30 parcent dust-like). The
size distribution is modified from the rural model by eliminating the large (or
coarse) particle (r1 = 0.5) component of the size distribution because of the longer
residence of aerosols above the boundary and the expected differential lose of the
larger particles. This leaves the log-normal distribution with the small (or
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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 reiative 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 Models

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 uso the fog models
presented by Silverman and Sprague, 85 following the work of Dyachenko, 68 Theae
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, o, b, ¥ are given in Table ~ along with the
mode radius and total particle number.

Table 7. Size Distribution Parameters of the Fog Models

(u)
-3
Type of Fog Maodel A a b Y | Tmode No(cm )
Advection Fog 1 0. 08592 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 1 and 3 represent heavy, and Mcd=ls 2 and 4 moderate fog conditions
for the different types. Generally, measured fog droplet ajze distributions“'m
fall within the variations represented by these models. For example, extensive
measurements of valley fog by Pilie et alm' 88 have shown that developing fog is
characterized by droplet concentrations of 100 to 200 particles per cm3 in the
1 to 10 u i radius range with mean radius of 2 to 4 um, As the fog thickens, the
droplet concentration decreases (o less than 2 particles per cm3 and mean radius
increases from 6 to 12um., Drorlets leas than 3 u m radius were seldom observed
in fully developed fog.

It wag 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
be calculated from Mie theory. 71-74 There are a number of versions of Mle
scattering computer codes available for such computations (for example, Dave,
and Hansen and Travls7 ). For the present work, a modified version of a program
developed by RRA for AFGL77 wag 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 avold the numerical in-

stabilities that develop with these calculations for large absorbing particles when
75,78

75

upward recursion is used.
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 lightw'82 and the size "assigned to a given particle, 18 the size of a
sphere that has similar scat‘ering properties to the measured particle. Further-

more, the irregular shaped particles are closest to ''equivalent” spheres in their
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scattering properties in the forward direction generally used for size measure-
ments. 83, 84 So the resulting size distribution is the size distribution of apheres
that have aimilar optical properties to the actual aerosol particles. Also studies
by Chylek83 and Holland and Gagne“ indicate that for particles of equal overall
dimensions but different shapes, the spherical particle extinction has the higheat
values.

3.2 Aercool Model Attenuation

The attenuation coefficienta for the rural aerosol model at 50 percent and
85 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
number density is held fixed at 15,000 parﬂcles/cms, which correspond to a
meteorological range of about 25 km for the dry aerosols and about 5 km at 89
percent relative humidity.
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The development of the 3-p m water absorption feature with increasing relative
humidity is apparent in these figures. Also apparent from theae figures is the
masking of the strong dispersion from the 8 p m sulfate in the dry aerosocl 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 through 23 and Figures 24 through 28 regpectively.
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One feature common to all these models is the reductic 1 in the slope of the
extinction coefficient ve wavelength with increasing relative humidity. This is
due to the growth of the aerosols, which is greatest for the .isrger 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
!omuh“‘ 88 at a wavelength of 0,55 microns.

3.812

1 1
Vs 6 In .6- = r (10)
where ¢, the threshold contrast is 2 percent and 0 » 9 nolecular * 0 aerosol’ is the

total extinction, * The N1 and N2 in the tables are the appropriately normalized
values of the N1 in Table 1, where i s 1 {s the small particle component and { = 2
tho 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 measurements, the total
numbers are most sensitive to the small particle cut-off characteristics of the
measuring instrument. Thie can be seen from any of the plots of the aerosol cumn-
lative number density (Figures 4, 7, or 10) where changing the small particle cut-
off {~om 0.1to 1.0 um (a representative range for particle counters) will change
the total number of aerosol particles counted, by a factor between 100 and 1000.
The smallest aercsols (less than 0. 1 u m) are usually the least important particles
in terms of the optical or IR properties.

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

43

e

Rl

.
Lo fit Al




i
2
i

Lz

o et e b - e

R e R L )

1
.
¥
r

T 13 02 o5 on* 0 %" w* s 2N
60°929  £9°906  YV'29ST  i°2003  45°009T  T6'LL6S  19°TLTL tTcEews = ™

‘uN *9s = ALIVIGISIA
1 L2° L0 Te* 01°s 99°% 13 L w22 = 2N

ef°shet 15°0612 01°6EdL 1251 11 $6°6420  B2°90LET £L°90TLT 36 *860LT = IN
‘Wx g2 = ALLVISISIA

[ 3.0 $9° 21t s4°t £9°2 66°¢ £1°S LS = 2N
42°38s¢ 29°9LT6 9972968  SUTTLIST 0%°9S0T2 29°Tl6lf 0Q°0EQFvY WP °S262h = IN
Wy *01 = ALIIIGISIA

16° TL°T 922 9%t 91°S 09, 2901 06°07 = 2N
§5°9%2¢ NE OTGET W9 L1201 £2°£6342 B2 °9LL2Y  9IL°G20N9  LN°HSEE8  92°vE2de = IN
Ma *S = ALITIBISIA
0f*2 2E°L 3d’s L7 8 6%°LY 59°02 62° 9% 18°42 = 2N
O£ EPSaT £S°SES92 S L965% Qi i2069 T6°SEHL0T £3°00S19F L9°52E80%2 1560022 = IN
“wa *2 = ALITIBISIA
‘66 ° 96 *56 1} *0e b 73 *0s °c = ALICINNH 3AI1AVIIY

afuey TecBojoao0dlaW
pue £1IPIUMH ATIR[2YH JO UOHIUN ® 8¢ [IPOIY [0SOIIY UBRQI() 3R I0] Lyisuag Jaquumy 1eI01, 6 Jqel

91 ¥2° 02° 9&* $5° € 29 48° = 2N
LR MY Y4 9¢°65971 1922 S£°916e g6°9ene 96°1809 1E£°5959 9L4°£099 = IN

‘Wx *0S = ALIVIGISIA
L1 69° 69° 9° 2E°t 2%y 96° 3 g0°2 = 2N
$9°62 )8 29°656€ 095°255% 90°£569 $2°99501 29°2ESYT  92°19951 £9°0£29% = IN

‘ha *S2 = AMIGISIA
t6* 6T°Y 997 60°2 TR0 9g Y [ TR} 43N = 2N
f8°S92L 89 °569%¢6 BR°YTEET  L49°90I9T  SO°0LL52 49°2S0%L  29°L9SLE  15°9260K = IN

WA *0% = AJI19ISIA
59°% t9°2 L°¢ a2 w9 £ Ad ] ws°6 60°6 = 2N
09°092%T I%°G626T I8°25022 L0°5635C 99TWLNTS §S5°K0002 $2°N0892  ££°94064 = IN

WX °S = ALLVINISIA
99°* 689 £$%0 69°0¢ 82°9% feeee 20692 L .24 = 2N
T6°NNZLE 66°9L9U% 29°09209 02°92559 62°CO962T DT'9S904T 91°25526F 95°0£5661 = ™

My 2 = AA1T101S1A

*66 3 13 a1 -1 M 73 °0s *a = ALIOIMNH 3AZAVIN

a8uey 101301010913
pue LIIPTWNH AR Jo UOIIOUN B Se [apoN [0S0V (8INY Yl JOJ £311suag JIQumN Me10L g 2Iqel

44

PR ] Pr ) HABIAN S -

RPN M e e, G i S - [y perenoy o i+ Dhah

TP R PO U [ vou oy Lo miin VIS




w
"

o A A M ey | ALY S SRR T S

R s Al

T S RS LY qnﬁmﬂ.ﬁ\éﬂ.e eI PRI P TY aad«_aggﬂ.gnﬂﬁ T T YT 1T A Y

P} SYNITITYOUY AR T TR AP T ET e O T g T

.3 3o
99° 5941

88°¢
99°04%¢

oe°s
2L°cL2e

03°0
4320993

([ ]
T0°96£2y

ge°0
44°%951

ges
[A M 1AL

00°0
0s°8998T

00°6
9¥°i293e

00°0 .
ST°LRINS

\08

206°d
38°08£s2

"0
£8°5509

90°0
2L 225%T

080
22° 20562

09
$6°Teuny

* 56

d9°0
19°961¢€

8s°0
29°529¢L

e0°C
$0°092eT

00°0
Sa*2stes

80°0
L2°S%L86

‘06

00°0
£5°000%

080
4£°06911

[ 10 ]
62°9£8002

800
66°5569S

e0°0
01°STLEnT

[ 3]
£0°¥249

00°d
42°85091

[ 1B ]
25°ISveg

oo°e
A 22271

60°0

00°0
L4vcdgel

06t e
0s° 992t

08°6
QL %051y

000
9L ETTe9

96°S0T26T To*8%2212 29°4260612

23

*9s

930 = 2N
96°109L z IN
*wx *0s = ARIVIGISIA
00°0 3 2N
Ve E604LT = IN
*ux g2 = ALINIGQISIA
000 = 2N
LL°Et62Y = IN
‘Wa 8t = ALINIRISIA
go*o = 2N
£4°64749 = In
M = AL1TIGISIA
80°0 = 2N
= TN
*Hn ‘2 = AAITIGISIA
*0 .= ALIOINONM 3ATAVIIM

aduey reds1dojoi0a1a|y pue
APprUmE JAIEIIY JO UOHOUNY ® BE [3pOW J0S0IdY dWaydsodoa ], ayj 107 Lyisuag Jequmy Jeiol 1 dIqel

9s°2 648 94°9 £y°g e9°2T Fa 514 £s°08 42°k¢ = 2N
$9°£s2 T31°s48 $2° 089 [ 144 74 21°96%1 e2*gesce 9g°2208 2¥°tT62C = TN

*hn *0S = ALLVIQISIA
%9 *0°'6 L 124 )2 o302 2992 $5°4s & | [ -7 3 = ¢N
01°509 £0°969 T6°FET 92°865° 6L L5062 [2584 11 Tet0T2L  40°Ts02 = N

‘A *£2 = ALITIQISIA
99°91 99°12 69°a8 12° 08 21°69 To°9st 49°%¢3 61°063 = eN
4T°T6v1 20°9v12 968°8f0C Tiesden AT £e89 02°€93SET  4L2*2B24T £L°02901 = In

‘Wi 01 = AIINIGISIA
0L°62 Y0 o 4%°0L Sb°L6 29° 091 1£°092 ¥ 58 2£°99¢ s 2N
9ro9N62 29°655Y 2£°9269 T9°959 £O°T063T 26°39442 Te*62lsy SL°0s298 = N

Wy °S = AL1116ISIA
*8°52 2¥°31t ¥ L4 L2114 28°99¢ 99402 95 °569 26°%26 z 2N
wLo9L N Ag°CICTT 2T TBILT  €T°490%2 T0°9L05C 60°0ad0L E8° 09900 64°9159% = In

*na ‘2 = ALIVIGISIA

° 66 % * 96 ) 1 0L *0s ] = ALKODMNM 3AZAVIIN

b i Lo

aduey TRO13010103)3 DUR
Axprumyg 2ar1e]ay Jo UoIdUNJ € ¢ [IPOW [0S0IIY SWNIIEW Y} JOf Aysuag xaqumy (elol ‘01 *Nqel

D0 2nl * Mmiihe

[ [ T

45

e ———— =

ST

e wstoe i

o

st i XY AR S T

i

AN T e il



ﬂ R T C el e au i ws ws g nm e e srimesaTrew s WA SR TOWSIEL TS W SFa : R b o S bt e At Ay Dot i

3.3 Fog Model 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 thesc droplet concentrations vary from 130 m for Fog Model 1 (Advection 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 visibilities over
1 km, and can be scaled to visibilities over this range.
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8.4 Tables of Aerosol Attenuation

The attenuation coefficients for the different aerosol models are given in
Tables 12 through 47. These attenuation coefficients 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

gt e
ext scat abs

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 (@)

+1
J cos 8 P(8) dicos 6)

-1
€ =1 (12)

J P(9) d(cos 6)
-1

where P(#) is the differential probability of scattering at an angle §.

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 {n approximate
radiative transfer methods as the Eddington approximation, 87 the Deita Eddington

rspproxlmatlon.88 and various forms of the Two-stream approximation, 88,90 Using
the asymmetry parameter with the l-lenyey-Gx-eenstein91 phase function
2
P(9) = fi-g) (13)

[l+gzozg cos 9]372

reasonably accurate intensities can be determined with the more exact radiative
transfer methods. 82 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,

HAVELENGTH

(NICRON)
« 200
«300
337
«5%0
o694
1,080
1.336
2.000
2.2%0
2.500
2.700
3.800
Jed92
J. 750
4. 500
5,000
$.%500
6,000
6,200
6,300
T.200
7,900
8.200
8.700
9.000
9.200
10,000
10,391
11.000
11,500
12.500
16,000
15.000
16,6000
17, 200
16.500
21,300
2%.000
30,000
60,000

Attenuation Coefficients, Single Scatter Albedo, and Asymmetry
Parameter for Relative Humidity = 0% Rural Model

EXTINCTION
( XMeg )

3.0808-04
2.581€-01
2.305E-01
1.061E-01
1.099€-01
6.1298-02
.517E-02
2.109E<02
1.904E=02
1.747E-02
1.936E-02
1.,636E-02
1.%29€-02
1,48%E-02
1.36425-02
1.,235€-02
1.149E-02
1.027¢-02
1.038E-02
1.,051€-02
1.139E-02
6.540€-03
6.032€-03
1.7005-02
1,85%0€-02
1,875€-02
1.337€-02
1,100E<02
1.090€-02
1.006€-02
0.816E-03
7.233€-0Y
8.556€-03
8.7T66E~03
1,018€-02
8.362€-03
8,839€~-03
7.869€-03
6.708E~-P3
6.209€-03

BER OEN3ITY OF

SCATTERING
{ KN~g )
2.076E~01
2.377E-014
2.221€-01
£.379€-01
1.026€E~-02
5.279€-02
2. T86E-02
1.862€-02
1.661E-02
1.5305‘02
1.110E-02
1.229€-02
1.332€-02
1.320€-02
1 .429E-02
1.043E~02
901155‘03
T.326€E-03
7.199€-03
7.083F-03
60218E-03
24419€-03
BoLUSE=-O4
7898€-03
7.858€E~02
6,885E-03
7.&79E'03
T+265€=-03
T4164E-07
6.637€-02
5.636€-02
3.397€-03
2+79%€~-03
b4212€-03
4e773E=03
b .041E-02
J.727E~03
2.834E-02
1.893E-03
1.356€-03

L.5000E404 PARTICLES/CHY
SIN

AOSORPTION GLE ASYMMETRY
{ KN=1 ) SCAT,ALS, PARAMETER
9. 819€-02 «6789 79504
1.764E-02 «9316 6708
1.203E-02 «9h70 «6712
8,665E-03 9607 6479
7.%528E-03 « 9818 «6342
8,%02€6-33 + 8613 «6517¢
7.316E-0% « 7920 «6 134
2.079€-02 « 8661 + 7063
3.029€-0 L1Y 7271
3.073€-03 8201 o 7682
8.262€-03 85773 7788
L.060E=-03 « 7513 7707
1.928€-93 «87%8 AT
14 270€E-"" 9127 7312
2.4Y5E-03 «0b10 e P6062
20916E-"Y 849 o 7516
2.378€=G3 « 7923 «7662
2+943€-03 22811 + 7940
3.163E-03 169467 7086
Jekb1E-07 «67° 8 7797
5.470€-23 « 5459 o 7664
4.129€-03 . 3694 .8526
S.707€-03 «10C2 «87.0
9.908E-0) Jublb o« SOLE
1.066E-02 h268 «8570
1.187€-02 «3672 +%992
5.093€<03 «5591 «6159
Le639€~-0T «6070 6271
3.735€-03 6573 «65257
J.hL8E-NY 06601 e6378
J+183€E-03 «6390 6546
3.836€-03 <6697 +60861
S.761E-03 «3266 «6859
4e9564E-03 + 8818 «6120
5¢405€E-07 «hb89 «5%70
be322€E-03 «6B832 «50813
$:112E-03 6217 05341
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Table 13. Attenuation Coefficients, Single Scatter Albedo, and Asymmetry
Parameter for Relative Humidity = 50% Rural Model
=
NORMAL I2€0 TO A NUNWOBER OENSITY oF $05%00€e04 PCARTICLES/C(NY
WAVELENGTH EXTINCTION SCATTERING AGSORPTION SINGLE ASTHUNETRY
(HICRON) { =2 ) { KM=l ) { XN=1 ) SCATALS, PARBNETFRQ
«200 3.,172€.01 2.17TE-01 9,984E-02 18862 «759¢
0300 24601E-01 2ok b7E~C1 1e ThiEd2 + 9341 +6038
<337 2,420€-01 2.303E~01 1.266€-02 Y k762
«85¢0 1.5316¢C=-01 10620€~01 846AgE-NT 9027 «85%
+894 1.430F=01 1.066E-01 T456%E=01 + 9326 6392
1.060 6.,361€~-02 $+50LE~02 8.571€~-07 «063%Y «6220
1.836 3.653€-02 2.914E-02 7.386€-13 2797 28348
24000 24201F<02 1.9%0€-02 2.9126-11 8701 rire
2.2%0 2o024E-02 14718€~-C2 24058€~012 + 8602 277
2.500 1.05¢€~-02 1.505€=-02 Je110€E-03 03264 w7478
2.780 2.000€-02 1.151F=02 B8ekhbE-"T 377 e7824
3.000 1.82LE-02 14378€-C2 6.450€-101 . €659 «77%9
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3.75¢0 1.5208=-02 1+309€E-02 14311€=33 09117 7318
L5000 1.600€=02 1.175€-02 2e26TE( T +8398 oThBC
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10.593 1.215€-02 7T 315€-02 G, 83%-03 + 6022 6374
11,000 1,123¢+32 T42uuE-D) T, 98803 e 6hu9 08376
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12.500 9 .256F<013 S.500E-03 3. 749€-03 +59%0 16684
16.000 7.870E-03 J,¥88¢€-02 4,%23F-03 o 42F9 +891 8
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16,400 9,362€-03 Ge20%€-0Y $,157¢€~03 4692 6200
17.200 1 B876E02 LJ817E-03 $,926€-03 chhils « 5657
18,.%00 8.,91%7-03 he071E-02 bos8LSE-0T +4566 «5808
21,300 9,319€-0) J,015€-03. S, S04LE-Q3 @9 8404
2%,000 7.909€~03 2.9228-C3 $,067¢-03 30658 «5331
30,000 7.,062E-03 1,973E-03 5.089E<03 2796 5170
&0.000 6.603€-0? 1.441E-03 5.192€=13 02337 0399
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Table 14. Attenuation Coefficients, Single Scatter Albedo, and Asymmetry
Parameter for Relative Humidity = 70% Rural Model ‘ £

s

NORMAL JZE0 TO A NUMBER OENSITY OF  4,5700€+04 PARTICLES/CMY X 3
WAVELENGTH EXTINCTION SCATTERING AQSORPTION SINGLE ASYMMETRY
(NICRON) { =4 ) ( KN4 ) { KM=1 ) SCAT.ALN, PARANMETSR
: «200 S.e20€-01 2.392E-01 1.020€-01 «6995 «7€32
! 300 2.042€-01 2.666E-01 1.765€=02 «9379 .6928
. «337 2.611E-01 2.686E-01 1,252€-02 «9821 +686S
; «550 1.632€-014 1,5646E-01 8,7?27€-03 c9uE2 6038
T o« 694 1.229€-01 1.153E-01 7+608€-03 «9278 « 6698 T E
: 1,080 6.882¢-02 6.,011€E-02 8.711E-03 N 1al} «6314 !-
1.536 3970602 3,21TE=02 7¢827E-1% <81y Bhbn >
2,000 2466E-02 2.1€TE-02 2.986E-03 « 8789 7798 g
2.2%0 2.2218-02 1,911€-02 3,102€-97 8603 27203 o
2.500 2.029€-02 1,709€~-02 X.200€-0Y 8623 7522 : H
2.700 2.158€-02 1.,256E-02 9.,0176-13 8821 7972
3,000 2.2866-02 1,163E=D2 1,112€-02 5062 T8 E:
3,392 1.007€£-02 1.536€-02 2.698E-93 +0%09 «TIAQ ’ K
3,750 1.605€E-02 1.,540E=02 1,613€233 9161 7210 3
4,500 1.5647€-22 1.294€=02 2+%22€-7) +83¢c9 . 7E5R
54000 1.42LE~02 1.,200€-02 2.2426-03 0626 7586
$.500 1.318€-02 1.0%53€E-02 24652E-013 «T9%8 T8
6.000 1426476-02 TeTWSE=0Y 4e?25F <53 6211 B0
6.200 1627302 8.112E-02 LeB16E~IT «6373 «7929
6.500 1.237€-07? 0.23E=03 4.135€-01 « 6657 7063
?.200 14298€-02 7.286E-02 S o634 E-01 5676 «T67
7.900 74997€-023 3,372€-03 4eB626E-D3 w217 N
8,200 7 330€-03 1.100€-03 6.290E-03 1428 2750 .
8, 700 1.985€-02 B.9L6E-DY 1,094€-n2 14506 €112 3
9.000 2.070€~-02 0.919€-03 1.187F=92 4290 «56€1
9,200 240%6E-02 7.7372-07 10 3126-92 «37° 9 6272
10,000 1.4?8E=-02 8,237E-03 6.506€-03 .5587 «ELBE
10,591 1290E=02 7.689€-013 5. 304€-03 5919 JFE1E 3
11,000 1 .204E-02 PobbSE-02 4o 800E-0) e61e4 6657 3
11,800 1.128€-02 6.639€-03 ©.592€-03 5911 6798 3
12.9500 14033€6=02 8,27%5€-03 5,058E=03 «5105 +696¢ b8
16,800 9,45u€E-03 3.34%€-03 €.199E=03 3820 7326 3
15,000 1.005€-02 2.965€-03 7+883E-03 02734 « 6960 3
16,400 1.00)-02 4.256€E-03 6+578E-0) e 1928 «E 360 )
17,200 1e2146E-02 4.983E-03 7.180F<03 «4u0A7 58068 :
18.500 1 .029€-02 8.200€-03 6,090€-03 N LF JEPTY :
21,300 1.081€=-02 4.0%%€E-03 6.460E-03 «3056 5567 3
2%.000 9.062€-03 3¢163€-03 5,879€-03 v 398 25448 : o
30,000 Te940€=0) 24192€-03 8,736E-03 2798 5274 . ‘2
40,000 7.379€-03 1.562E-03 S.817€E-93 « 2117 LY 3
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: Table 15, Attenuation Coefficients, Single Scatter Albedo, and Asymmetry :
: Parameter for Relative Humidity = 80% Rural Model L

—_— ] X X
{ NORMAL IZED TO A NUMBER OENSITY OF  1.5000E¢04 PARTICLES/CHY L.
t WAVELENGTH  EXTINCTION SCATTERING ABSORPTTION SINGLE ASYMNMETRY -
. (NIORON) ¢ oi=g ) ¢ KNet ) € XM=t ) SCAT.ALS, PARAMETER :
: 208 §649E-01 3.480€E-01 1.183€-01 L7434 1728 |3
4 300 3.009€-01 3,883€~01 1.059¢-02 9517 S T28% i P
: «337 3.946E-01 3.416€6-01 14306E~02 +9632 . 7197 :
: +980 2.263€E-01 2.1536-01 9.161E<0% +9%92 6997 3
. +69% 1.P08E-01 1.620€-01 8.0136-03 «9531 16858 ! 3
1,460 9.700F<02 8,771€-02 9,329€-03 »9039 JEESD j
1,536 8.699E-02 8o 877E-02 8.132€-09 .8571 6702 [
: 2.000 3.698E-02 3.35%€-02 3.4026-03 +9079 .7181 i 9
i 2.2%0 3.29%€-02 2.962E-02 3.3316-"3 «8989 7370 t 3
. 2.%0 2.,970€=02 2,608E-02 1668603 Ja768% s7657 [
2.700 3.009E-02 1,024E-02 1.186E-02 <6060 8168 .
3.000 h.S81E-02 14687 E-02 3.076€~22 +3281 V7663 ;
3,392 2.8906-02 2,330€-72 S.60CE~CY RTLY LT 28€ i
3,750 2.982E-02 24300E-02 1.985E-03 921 7116 !
4,500 2.353€=02 1.948€-02 4.055E-03 0277 JTEG4 [
5,000 2.180£-02 1.828E-02 3.568F-01 . 8372 o772E (.
5,500 2.001€-02 1.,62%5€-C2 3.76CE=03 8121 .79¢0 i3
6.000 2.405€~-02 1.023€+02 1.082€-02 chBE1 +8307 1
6.200 2.180€-02 1.,200E-02 9,802€-03 TH 8025 ;
6.500 1.97h€02 1,298E-02 6.762F-03 46574 27957 { ]
7.200 1.931€-02 1.159E-02 7.726E="1 6000 79 € b
7.900 1.408€-02 7 &BE-03 6,574E=03 «5312 JBL68 i
8.200 1.257€-02 4,3236-02 8,251E-03 o 3438 07 :
8.700 2.673E~02 1.278E-02 1,39LE-02 u?83 L83 :
9. 000 2.827€~02 1.276E-02 1.,551€-902 4517 «661C :
9.200 2.772¢-02 1,093€-02 1.8679E~02 X906y «699% '
10,000 14962€-02 1.088E-02 &, T4SE~3Y e556t 7250 o
10,591 1.723E=02 94450€=-0Y 7.841E-03 05468 JTULG Lz
11,000 1,632E-02 8.427E-0) 7.890E-03 +5164 7547 : -
11.300 1.581€-02 6.9036-07 8,9126-03 o 4365 $786¢ g
12,900 1.671€~02 S 162E=07 1.487€-C2 o927 P TELG i R
’ 14,800 1.028€6-02 §.273€=03 1.6401E-02 .2327 . 7265 i3
15.000 1.970€-02 4.197E-07 1.558€-02 .2122 7170
16,880 1,922€-02 $,300€-02 1.392€-02 . 2757 06769 :
17, 200 2,042E-02 6e169E~02 1,995E-02 «3067 YL
18,500 1.808E-02 S.L78E-03 1.260E-12 +3020 IV
21.300 1.723€~02 5.530€-03 1.1706-02 +3210 26033 i g
25,000 1.4G4E6-02 bo60SE-D3 1,0348E-02 L3001 e €05k : :
. 30,000 1.2906-02 3.487€-03 9. 416E-03 2702 +S6UE :
’ w0.000 1 A6ME=-02 2.681E-03 9.1080€-03 2176 «4977
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Table 16, Attenuation Coefficients, Single Scatter Albedo, and Asymmetry
Parameter for Relative Humidity = 80% Rural Model

NORMAL IZED TO A NUMBER OENSITY OF 1.5000Fe04 PARTICLES/CMY

WAVELENGYH  EXTINS VION SCATTERING ABS ORPY TON SINGLE ASYMME TRY

(MICRON) ¢ KM=y ) t XM=1 ) { XN=1 ) SCAT.ALR, PIRANETT®
+200 G, Ta88-01 S.419E-01 1.,326€-01 o802 7784
« 300 $.037€~018 SebaNE~02 $.93%-02 «968? « 7505
«337 S . 260€-01 $.108E-014 1,360€-02 X101 V7670
« %80 3.009C-01 Je310E-C1 9.549€-03 920 « 7311
694 2,621€-01 2,838€-01 8,3%E=33 9602 7378
1.060 1.807€E~01 1+600€-01 9.908€-03 « 934 +693%
1,536 8,8Q0E~02 7.939€=02 8.63LE-T3 901 L6077
2.000 S, 78%6-02 S.XB0E=D2 CeN3OE=0Y 9377 7167
242590 $,0606€-02 4e686E-02 3.6315-03 «92P5 AL
2.900 L 0MTE~D2 ©eD07E=02 LobLOCE-0Y «9010 STEYE
2.700 Ne333E-02 2,676€-02 1.887F=12 «6176 e252
3.000 8.680E~02 24353E-02 6, 327€=:2 02711 .7289
3,392 §.597€-02 3.,577E-02 1.020€-02 AL L7101
3,750 3.92a5-p2 3.837€-02 2.926€-43 <9256 72068
“,500 3.5%3€-02 2.898€&~-02 CoBREE-5 D «B1F4 TER2
5,000 3,291€=02 24723E~02 5.680€~03 « 827 «?76¢C
5,500 3.008E-32 2.L50E-02 §.580€6-03 <8165 7964
6,000 3 hBa€f-02 LobtIE=02 20001E-"2 clelbt 2760
65,200 3.570€=02 14770E-C2 1o 794E=02 W97 P24
6,500 3.076£-02 1.972E-12 1.134E=02 6.12 7988
7.200 2.890E~-02 1.787€-02 1.103€=22 6102 £ 030
7,900 2 .345E-02 1,339€-C2 9. 758E=CY STy Pu2S
8, 200 2.131E-02 9,900€-07 1,1b1€E-02 J6us « PELY
8,700 3.,872E-02 1.706E02 1.788F<02 w99 #7360
.900 I.768F<02 1,769€-C2 1,999€~02 + 4698 JT10E
9.200 3.682E-22 1.827¢€<02 2.12%€E=~12 ety o 7689
10,000 2.661E«02 1.629€-02 1,233€-92 .5369 7788
10,591 2.378E-P2 1.475€-02 1,293E=02 494" 7970
11,000 2.318€-02 9.879E-02 1433CE-02 262 LY
11,500 2.373E-02 T.756E-0Y 1.597€-02 268 121
12.%00 2.83%E-02 6.,138E-03 2.223E~92 $2156 2960
14,800 3.347E-D2 6.300E-C2 2.682E-02 01934 7602
15,000 3.,469€-02 6,396E-03 240829€E-92 1844 7321
16,400 3.348E-02 Teb76E-03 2.600€-02 2271 +«&994Q
17,200 1,370€-02 8.371E-03 2.5313F-0¢ 2000 E701
18,500 3.103E-02 7.825€-03 2.320E-¢2 .2522 <€69¢
21,300 2.822€~02 7.8586-03 2.0316E-02 $2785 ET6A
25,000 2.048E~-02 €.839E-03 1.764E-02 . 2792 6164
30.080 2.086€-02 S uB6E-02 1.538E-02 02629 « €965
&0.000 1.866E-02 3,033€-07 1. 46XE=32 2076 5Tl
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Table 17. Attenuation Coefficients, Single Scatter Albedo, and Asymmetry
Parameter for Relative Humidity = 95% Rural Model

MORMALI2ED TO A NUMBER DENSITY OF 1.5000E+0k PARTICLES/CNY ;
WAVELENGTH EXTINCTION SCATTERING ADSORPTION SINGLE ASYMMETRY i
(4ICRON) ( XN-1 ) ( XMel ) { KMel ) SCAT,ALB, PAQAMETER !
<200 8 4142€E-01 6.737€-01 1.605€-01 « 8274 « 7758 |
«300 6.090E-018 6.696€E-01 1.977E=02 971" W TEDE 1
337 6 436E-01 6.297E-01 10385€-02 9785 « 7581
«559 b o271E~01 Lad74E-01 9.725F-03 «8772 WTW3S
«09% 3.31%E-014 3.230€-01 8.510€-03 9742 7312
1,060 1,923€-01 1.024€-91 1e0)8€6-02 9471 o 7062
1.536 1,126€E-01 1.036€~01 9, 040€-03 « 9270 « 6056 ;
2.900 Tab27E-02 6.979€-02 lo?78E~0T »9327 o T16E .
2.2%0 6 .409E-02 6.030F~-02 3. 792€-C3 % D) 073222 :
2.500 S SI6E-02 S.C01E-02 be9u5F=-"3 «911 % +7625
2.700 S.331€E-02 3.319€-02 2.012€E-02 6225 «827€
3.000 1.178€E~01 3.071€-02 84684E-02 « 2612 «733¢C
1,392 S.911€E~02 4¢568F-02 14 366E-02 «T6R9 «7 U1k
3,750 k +9%52€=02 4¢386E=-02 3.655E~113 »92€2 » 7198
4.500 Lo452€-02 3.605€-02 8.472€E-03 <8097 JsTELA
5.000 ho126€E-02 3.395E-02 7. 320E-73 « 8276 PR LN !
5,500 3.766€E-02 3.068€-02 €eI0GE-DT P ELL] PRANE
6,000 L oS17E-02 1.772€-02 2.746E~D2 1822 (TR
6,200 b.608€-02 2.207€=-02 2,397€-22 4704 802
6,800 3.903€-02 204P6E-02 14427€-192 e 63LT «7997 .
7.200 3.616€E-02 2.261€E-02 1355€-C2 +62%1 8772 !
7.900 3.006€-02 1.787€~02 1.219E-02 +59uL5 JAG07
8.200 2.,806E~02 1.423€-02 1.382E-02 «5074 2600 f
8,700 8e208E-C2 2.15LE~p2 2+05LE~02 «512C 7562
9,000 bobiDE-02 2.,125€~-02 2+206€-32 810 PRET YS!
9,200 b +263E~02 1.851€=02 Je412E-02 4362 77
10,000 J.183€-02 1.,68F€E-02 1+500€~02 «52R6 « 7982 i
10,591 240869E-32 $4350E-02 1,519€~02 Y X114 1
11.000 2 .800€-02 14109€-02 1.,735€-02 « 3808 8262
11,500 2 905€-02 0.622€=02 2.123E-02 . 20888 « 829
12,%00 J,T30E=-D2 7.217€=02 3,008E-G2 «1925 8058
16,800 bokIWE-02 8.,076E-03 3.626€-02 «1022 sTUTl
1%5.000 4 .505€-02 8.473€E-03 3.767E-02 «1703 e Thty i
16,400 bol2%€E-02 9.291€-03 3,496E-02 e21cw fT10E i
17.200 f oh03ES02 14019E-02 3.384E-92 2315 688K '
18,500 b 082E-02 9.739€E-03 3.108E-02 «2386 6817
21,300 34656E-02 9.745E-03 2+68LE-02 o 2857 16628
2%5.000 Je1T6€E=Q2 8.618E-03 2+312€-02 02014 8310
30,000 2.696E-02 T,084E=03 1.987€-02 «2628 «6099
40.000 2.367€-92 4.953€-03 1.872€-02 «2023 «5529




Table 18. Attenuation Coefficients, Single Scatter Albedo, and Asymmetry l
Parameter for Relative Humi{dity = 86% Rural Model 2

e e T ¥ A B R WS T £ TN 4y (T a1 TR ATFTT SRR

. i s
NORMAL 22€0 TO A NUNBLR OENSITY OF 1.8000Ce06 SARTICLES/CHI i 3
MAVELENGTH  EXTINC TION SCATTERING AOSORPT I0N sINGLE ABYMMETRY A
(NICROW) ( Kneg ) Kt ) ( KNy ) SOATALD., PARINEITIR ' -
« 200 1.0000000 8.9908-04 19008704 807 7773 !
«J00 9.8048-01 0.9078-01 Ledb2e-02 o 9767 T786 [
« 337 0.659L-04 0.,512€-01 1. 070L-02 9030 7712 :
; «990 5.9900-01 $.080L-01 1.028¢-02 9879 7642 '
: « 696 b.788¢C=04 [P 1114} $,9980-03 9044 o700
¥ 1,060 2.0900-01 2,7898-04 1.000C-02 9604 7307 :
' 1,936 t.0088-01 1.7032-01 9, 0814~03 XTTY 7227 : :
: 2,000 1.270€-01 1.2120-03 6,9080<0) RTYIY 7394 A
R 2,150 11272014 14008008 6e$020-03 09599 « 7832 ' f
2.900 1.0010-01 9.,205¢8-02 TobSPEeuY «92%8 7282
2.700 9.412€~02 ¢.0708-02 3,3%6€-02 Y I1k4 «8990 ;
3.000 1.962€-01 9,932€-02 1.380€-04 2008 o Phbl
1,392 14076€=-04 8.,017€=02 20720802 o TheS 1222
3,788 v.2080-08 0,967€=0? 7.197¢-03 9229 3L
€. 9500 0.545L-02 $.493L-02 1:692€-02 28020 ?A6? -
9,000 0.000€-02 6.620€-02 1,673002 28181 e 798¢ N
$.900 T.596€-02 6.213%002 YR LY L1 «822? «h167 ?
6.000 4.9328-02 3.5098-02 $,023€-02 t11) 18687
6.200 0.033€E-02 PRI Y T Y] Lokd7E-02 o 092y 2262 3
6. 9500 7.790(0-02 $.,029C-02 2.7948-12 NI 1 LY L3} . ]
7,200 T.237C202 L 8§07C=02 20430€-12 LI X}4 8300 : a2
7,900 6,5100-02 4.208L02 2.209¢-02 6981 LY}
0,200 be202(-02 Jebbb-02 20446002 #4462 20628
0,700 7.2008-0¢2 ke l31€=02 3.0770~2 8778 0392
9.000 T078=02 4e076¢€-02 ¥,338E-02 «$903 « 8499
9,200 7408002 3,713€=02 TobhTESD? 5471 EIY
10.000 S.7740-02 3.4 09L-02 2.969L-52 «9919 1LY
10,591 S.i00L-02 Lobbdl-02 2.,7832-02 b?rg ATLC
11,000 $,163L-02 14920802 3.223C0~02 3720 PT84
13,900 5.,433€-02 14910002 Jo917F =02 2700 ?he
12,900 6.,9830-02 $e0968-02 Sy 427~y 21614 o 00?9 3
14, 800 8.36008-02 1.074L-02 6.h78E-02 2862 7030 B
15,000 8.506E-02 1097002 6.600E=02 02229 7700
16,400 0.,380€-02 2.083¢-02 .297€-02 12699 7970
17, 200 8.2060-02 24193€-02 6.413€-02 02605 7308 §
160.960 ?.0700L-02 2.486002 8,72 =02 2736 7269 i
24,300 T.4278-02 210602 $,000Fe02 2000 ¢7049 : ‘
28,000 6071802 14976802 be 398802 o 3104 e $828 . 3
30,000 5.9328-02 1.733€-02 3.000L-72 e 3432 H600
40,000 b.7008-02 14263802 3.,%5638-02 02998 8112 ~

" |
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Table 19, Attenuation Coefficients, Single Scatter Albedo, and Asymmetry
Parameter for Relative Humidity = 98% Rural Model

B T Lo SRR

f——— ;
MORMALTIZED TO A NUMBER OENSITY OF 1.50008¢04 PARTICLES/CHY :
WAVELENGTN  EXVING TION SOATTERING ASSOR®PYION SINGLE ASY MME TRY '
(NICR0W ¢ =g ) ( KM=y ) € KM=t ) SCAT ALY, PARAMETER .
o2 1.3000400 11202400 1.7108-01 +8679 a7772 b
: «200 14490C400 10138€400 2. 227202 « 9808 7793 i 3
' 387 1,007C0 0 1.002€¢00 1.5210-02 + 9061 7786 i 3
; «589 7020001 T.724C=01 1.090€-02 <9866 P87 !
: 696 6 JINE-04 6.222€-01 9.196E-03 +98%% . 7628 ]
£ 1.000 3.9010-01 .0498-01 1.128€-02 .4718 o Tuhe : X
: 1.836 2.929€<014 2.6228-01 1,038E-02 «9809 7308 1 2
i 2,000 1483701 1.747€=01 9,016E-03 «9%(9 74914 i
! 2,290 146288-01 14972601 S,eV3E-0Y » 9666 «7609 i 3
: 2,900 1.451€-014 1.347€-01 1:060€6-02 9283 .7921 : :
2780 1.3502-01 0.799€02 WoTBOFa02 L 8688 !
: 34000 2769€E~C 1 8.3678(2 1. 93%E-01 +2969 7527 [
. 3,392 1968801 1.349€-01 0.L69E-02 .73%9 729 -
: 3.789 1.,364€-01 1.2698-01 1.,421F-C2 9176 oThet? ;.
4e500 1.263€-11 1.0008-01 2.6%3€-12 27918 7320 X
9,000 1.2008-018 9.7698=02 2.307€~02 » 8090 . 8016 i3
$.500 1,130€<01¢ 94315802 ?.078E-02 8176 «R228 :
6.000 1.209€-01 5,303F-02 7.3908-42 24178 ATEYL %
. 6.200 1.342€-01 6eb6IE-C2 6. 660822 + 6925 LT 3
6. 900 1476801 78828202 G 187E=02 TSR] L8288 P4
74200 1.000¢04 7.3638=02 2,623E-12 872 PRI i -
7,900 1,015€-01 6.728€-02 3, 29E-32 +6821 eh589 H -
8, 200 9,083L-02 64296¢€-07 3.967r-02 6370 . 0656 : X
8.700 1.0018-01 6,396£-02 “,2426-02 +6030 BLgh
9,400 1.000¢01 641908202 4o WTUE~(? + 9792 olLLE i
9,200 1.036E-01 $.7608-02 4, 647€=;2 09802 . 8527 ! _
10,000 0.645E-02 Lo 060202 3.805€-02 5608 B740 ; 5
10,9914 ? JBR28-02 3.7148-02 “i181€-02 AT Pt 2 : :
. 11,000 7.731E<02 2.902¢€-02 4e829E-N2 3754 8982 ; &
. 11.900 $.497E-012 20 338€-02 8, 922F-02 12063 2923 ;
; 12,500 1.0378-01 2423802 7. 964%E-02 12376 YIS ; 3
14. 000 14267801 3.088¢0-02 9. 611602 s26%1 0233 : 3
15,000 1.203€-01 Jo092¢€-02 9.561E-02 12048 «7989 ke -
16.400 1.209€-01 3.3038-02 9.18%€-92 2648 . 7758 -
! 17,200 1.238€-01% Job2il-02 8,932€-02 12769 £ 7622 '
10,9500 1.1008-01 Jhbil-02 0,426€-02 22912 o758
21,300 1,0862<01 Bebiul-02 7. 620€402 23140 734 -
2%5.000 9.035E-02 3.2372-02 6.8597£-02 «3292 « 7094
J0.000 0.,6710-02 24910002 8,754E~92 13365 6887
40,000 7517802 2.1688-02 8, 369£-22 0 2057 YT
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Table 20. Attenuation Coefficients, Single Scatter Albedo, and Asymmetry

Parameter for Relative Humidity = 0% Urban Model

WAVELENGTH

{(NICRON
« 200

« 300
«337
+358
o694
1.000
1.536
2.000
2,290
2.%00
2.700
3.000
3.392
3, 7%0
“.%500
5.000
%.500
6,000
6,200
6,800
7.200
7.900
8,200
8.700
9,000
9,200
16.000
10.591
11,000
11,500
12.%00
16,800
15.90¢0
164400
17.200
18,.%00
21+ 3600
25,000
30.000
40.000

NORMAL IZE0 TO A NUMBER OENSITY OF

EXTING TION
¢ KM=1 )

§.336€-01
2.0088-01¢
2.683€-01
1.767E-01
44378€-014
8 .320E-02
S 382€-02
JTTE-02
J.b29E-02
J.460E-02
3.202€6-02
2.880€-02
2.612€=02
2.474E-02
2.206TE~02
2,099E-02
1.984E-02
1.,873€-02
1,85%5€-02
1.030E-D2
1,827€=02
1 ,568E-02
1.526€-02
2+.109€-02
2.140LE-02
2417%C92
1.732€-02
1.603€-02
1.519€-02
1obbBE~-02
1.337€-02
141084€-02
1.276E=02
1.209E-02
1.268€-02
1.123€-02
1.,092E-02
9.,095€E-03
8.3%9€-03
7.1%1€-03

SCATTERING
{ K=y )
1.9%50€-014
1484L3E-014
1.724E=04
1127€-01
8.879€=02
boh30€-02
2.535€-02
1.601E-02
1.404E-02
1.261E-02
1.318€=-02
1.079€E=02
1.065€-02
1.0208€=-02
9.203€-07
0.614E-DY
7.933€-03
T.067€-(13
6,987E-(
65.903€-0
€¢,501€-02
4,391€~02
3,005€6-03
8,1654E-03
8,253¢6-02
7,619E-03
7,1%3€-03
6,696€-03
6,571E-03
6,115€~0"
S.427E-03
3.902€-02
3,672€=03
Loeb08E-03
4l.8034E-03
4e167E-02
3,886E-02
3.079€-02
2,236€-03
14 598€E-03

2.0000C%04 PARTICLES/CMY
ABS ORPT [ON SINGLE ASYHMETRY
t KM=~1 ) SCAT. AL, PARBMETER
1.386E-01 090066 WT708
1.062€-04 « 563089 7182
9.394E-02 « 8426 7067
€.393€~02 <6322 «6817
$,163€-02 e 5203 sBL1l
3. 690E-02 +5%565 168
2.766€12 h782 0287
2e1708€-22 U217 <887
2.02%€-02 « 4095 «7670
1.099€-92 « 3994 « 7263
24084E=02 +3491 e 7370
1.771E-02 2707 s TUlb
1.807€-02 4076 «7391
1e646E-02 1fs 774
1.326€~02 «k00? el
1.237€=22 sllv e T43S
1.191€-02 <3998 7468
1.166F=)2 3772 e 7567
14187€=52 ¢ 3766 07690
1.140€=02 « 3772 7024
1e177€-2 + 1558 J727¢
14109€-n2 «283¢ o7076
1.228€-902 «19¢6 «788¢C
1.293E =02 <1867 «S8AT
14 349€-22 3840 +E61€
1.431€-02 o J014 s EONg
1.016€-12 o131 «615¢
9.311€-02 g8y 6238
0,656€E-03 4370 -rils
€,365€-01 146223 «6281
7+939€-03 <4069 «6INE
74886E-C3 23364 «F298
9,060E=33 e 2003 «62%2
7.6A%€-03 PRIT1 «S7T8S
To068E~D3 2 3810 53780
7.099€-03 3712 8592
7.0326-03 03559 8072
6e61%E~03 e X243 L4930
6.123E~03 02678 4709
51 554E~03 «22% JWf09
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: Table 21. Attenuation Coefficients, Single Scatter Albedo, and Asymmetry
Parameter for Relative Humidity = 50% Urban Model -
§ NORMALIZED TO A NUMBER OFNSITY OF  2,0000E40% PARTICLE S/CM? .
' NAVELENGTH A TINCTION SCATTERING AGSORPTION SINGLE ASYNNETRY ! :
S (MICRON) € KM=l ) € XMeg ) ¢ KH=1 ) SCAT.ALB, PARAMETER 3
P i +200 3,.516€-014 2.091€E-01 1.025E«01 8967 7811 .
H « 300 3,0208-01 1.968£-01 14063€-01 +8408 . 7236 'ox
, «337 2.043E-11 1.033E~01 2.774E-02 +852% 71268 : ;
¥ ! +9%0 1 s840€-01 1.199€-01 6e498E~D2 84084 6685 { o
o +69% 1.437E-01 9.118€=02 8,282€-32 « 63465 06082 ;4
o 1,060 8.609E-02 ©.928€-02 3.7616-02 8672 .6231 | 3
H H 1.536 S S2TE-02 2.708E~-02 2. 822€-02 24893 06342 4
S 2.000 3,939€-02 1.718€-02 2,222€-02 4361 +6919 3
Fo 2.2%0 3.ST0E-02 14807€=02 2.066E-02 $4220 7106 .
= 2.%00 3.,207E-02 1.350€-02 1.937E-92 otl? o206 e
oo 2.700 3,320E-02 1.1082€-02 2.142€-32 .3857 o THGE 3
: : 3,000 3.463€-02 14125€-02 2.018F-02 <1879 7453 %
3.392 2.788€-02 1.156E-02 14593€-52 4202 7308 ¢
E 3.7590 2 ,587E-02 14110€202 1.477E=22 se292 #7397 :
P €500 2.349€-02 9,881 €-07 1.364E=32 o207 o 7455
i ; $.000 2.193€-02 9.268E-03 1.,268€-02 w217 STLAD
5.500 2.070€=02 8.5C1E-03 1.220€-02 Lilf6 .7519 i
' 6,000 1.980E-02 7 J427E€=07 1,237€eC2 <3751 o TF31 . B
: 64200 1,964E~02 TeuTGE-03 1.217€=02 .38€5 J7E60 iR
6.500 1.918E-02 74404E-03 1.178E-02 +385a STUTE LA
: 7.200 1.900€-02 6.943E-02 121702 + 3640 L7128
i 7.900 1.614E=02 4o 780E=03 1,179€«12 2947 7728 I
) H e.200 1.384E-02 3.288E-02 1.288E-02 .2074 +7908 -
. ; 8,700 2.218€-02 8.647E-03 1.356€-02 <1885 NILY] .
. 9,000 2.26%E=02 8.723E-0C2 1.391€-C2 «3850 +576512 -
! 9,200 2,285E-02 7.609€-03 1.50uE=02 13618 6028 y
: 10.000 1.842€-02 7.512€-02 1,060£=02 segu? +629¢
10591 14673€-02 6,989€E-03 9.T2€-03 4177 «E17E
11,000 1.889€-02 64 767E-03 9,127€-23 h2€7 6785 &2
11.500 1.320€-02 6.276E-07 8,92%€-03 6129 632 9
: 12.500 1.021€E-02 $.L82€E-01 8,72LE~0] +38%9 XL} 1}
: ‘ 16,000 1.208€-02 4s066E-03 8,809E-03 +3158 26187 3
: 15,060 1.381€=02 3.791E-03 1,002€-02 2746 $63X1 3
16,600 1.311E-0.2 4,532€-03 8.574E~03 o 3650 5884
17, 2‘0 1.3675-02 &,998€~03 8.672€~03 « 36856 5489
18.500 1.,216E~02 by J22E-012 T, 843E-]3 « 3563 +S6M3
; 21.300 1.175€=-02 #e076E~03 7.676€-03 <3668 +5166 K
. 25.000 1.022€-02 3,252€03 6.969E~C3 +3182 2 €046 i
; 30,000 8.970E-03 2,382E-03 6.8588E-03 42658 k791 :
: 40,000 Pe636E-03 144699€-02 5.997€~03 «2208 sh101 b
: X
§ -
: :
H
; ;
-(‘ 3
E.
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Table 22. Attenuation Coefficients, Single Scatter Albedo, and Asymmetry
Parameter for Relative Humidity = 70% Urban Model 5

AT el

ot antl O L e oo & DB B 215 2 g ASMIRLL ha bt 15 b bl ks Al 2 bk i i

E MORMALIZED TO A WUMBER OENSITY OF  2,6000C90% PARTICLES/CHI !
WAVELENGTH  EXTINCTION SCATTERING ABSORPTION SINGLE ASYMMETRY |
i tMICRON) ( KMeg ) { KM=1 ) ( K= ) SCAT.ALB, PARAMETER ;
P 200 & 000E-01 3.0006-014 1. 641E-01 06474 7906 !
|4 380 3.92:€-01 2.748E-01 1.173€-01 760 T8 i
H «337 3.6308-01 2.,5668-08 1.073E-01 7049 7388 i
5 +5%5¢ 2,377€-01 4.670E=-0% 7. 069E-02 7026 6998 .
: +694 1.0058-01 1.272€-01 8, 721€-02 +6899 «6803 !
H 1,060 1.4088-01 6.980E-0? 6o138E-02 +8270 +6536 ;
: 1,536 T.008E-02 3,0084E-02 3,42%€-02 3542 65990 :
: 2.000 S ,002€-02 2.561E-02 2. b84E-02 . %080 170566 !
: 2.2%50 “oS02E-D2 24223€-02 2.,279€-02 49 Y? 7258 :
2.500 8.107€-02 1.962€-02 2.148E-02 777 ThfG
2,700 5o090€-02 1.61%€-02 2.07%€-02 «3950 7769

3.000 5,090E-02 1.804€=02 1,889E-02 «2950 266 5

3.992 346L9€=02 1.776€=02 14873€-92 8e? $7351 4

3.7%0 3.339€-02 1.688€-02 1.684€-02 «50%5 7450 3

4.500 3.020E-02 1462E-02 1.862E-02 16835 7626 4

5,000 20‘19E‘°2 1.370!-02 ‘0‘0595‘”2 05060 0767! 1

5,500 2.63%5€=02 1.2649€-02 1.306E-02 e760 7759 N

6,000 2.692€-02 9,880€-02 1.706E-02 «3670 e 7940 3

6.200 2,691E-02 1.076€-02 14616€~02 3997 o7732 i

6.500 7 «514€-02 1,092€-02 1419692 NRTY 7703 H

7.200 ‘ Wb3SE-02 1,006€=02 1.4%0E=02 e 4139 s TEGE I |

7.900 2.066€-02 7.38%5E-03 1.,320€-02 387 +796¢ .

8,200 1.987€-02 S.L9TE~03 1,6438E-02 2766 t14? P4

8,700 2.855€-02 1.458E-02 1.697E-02 Y 11 L E62° K

9. 000 2.,984€-02 1.470€-02 1.781€-02 +3956 YY1 P

9,200 2.924€-02 1.032€-02 1.891€-02 +3832 06750 1

10,000 2.288€-02 9.721€-03 1.3136-02 4288 NI i

10,5914 24102€-02 8.701€-03 14232€-02 sl dlel 7050 g

11,000 2.017€-02 8,078€E-03 1.299€-92 .005 .7092 3

11.%00 1.969€=02 7.125E-03 1,257€=92 3618 7145 1

12,500 1.907€=02 $,008€-03 1.399E-02 . 2962 . 7094 E

164,000 2.006E-02 §.,078E-013 1.816€=02 2434 6762 Fi

15.000 2.110€-02 G T86E=Q3 1.635€=-02 $2254 6684 E|

16,400 2,006E-02 5 .525€=-03 1.49%6E-02 2751 06316 g

17,200 2,0u8E-02 6.446E-03 1.430E-02 03077 +5997 K

18,500 1.862E-02 S, 4B8E=03 1,313€=02 e2900 «6013 j

21,300 14760€-02 S.3%0E-02 1,20%€-02 3078 5628 iz

25,000 1.513€-02 4oh3IBE=DY 1.069E-02 02926 s 5033 b

30,000 1.200€E-02 3.396E-03 9.680€-13 +2597 «5198 i3

49,000 1.529€-02 2.397E-03 8.892€E-03 $2123 4852 g
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Table 23. Attenuation Coefficients, Single Scatter Albedo, and Asymmetry
Parameter for Relative Humidity = 80% Urban Model

! NORMAL IZE0 TO A WUNOER OENSITY OF  Z.00Q0E+06¢ PARTICLES/CN3

i VAVELENGTH  EXTINGCTION SCATTERING ABSORPTION SINGLE ASYNNETRY :

: € Of=3 } ¢ W1 ) € KH=1) SCAT.ALB/ PARANETIR 3

i P.0788-01 $.,000C-014 1.974E-91 « 7200 « 7969

' $.900¢-01 972801 1433601, 7734 RiZE]

; S A0E-01 8270 E-01 10 215€=01 7706 « 7680

: 5.602¢-014 2.811€-01 7.90688-02 L7808 7362 :
2.7990-014 2.150€-04 $.407E-02 7714 7862 3
1.066€-01 1.199€-01 4. 670E-02 + 7197 6873 :
1.8358-01 6. T86E~02 3.980E-02 YY) 6020 -
7,316€-02 0,505€ G2 2.841E-02 +6158 « 7234
6o 07TE-D2 3.090€-02 2.501€-02 TIL] 7312
$,799€-02 3.353¢2-02 24 44 6E-02 +5782 7503 -
5.026E-02 2.560€-02 3.083E-02 4917 <8030 2
9.936€-02 2.463E-02 T.073E=02 <2807 717 ~
$.566E-02 .408E-02 2.021E-02 #5680 oT716% 2
4e886E-02 2.971€-02 1.918E-02 6081 7400 £
4eb01E-02 2.486E-02 1.919€=02 5648 <7698 !
§4092€202 2,332€-02 1.760€02 5699 1778 i 4
3.7818-02 2.118E€-02 1,663€92 «9897 <7923 !
4e219€-02 1.492€-02 2.727€-02 .3536 00162 !
4.233€-02 1.768€-02 2.484E-02 4134 7864 : E
3.748€202 1.838€-02 1.907E<02 4908 7867 g -
34517602 1.679€-02 1,838E02 4778 7091 j Y
3.060E-02 1.336€-02 1.P06E-02 4396 2147 i
2.901E-02 1.091€-02 1.8100-02 3780 <8298 '
3.9448-02 1,749202 2.222€-02 4362 7278 '
5.085E-02 1.738€-02 2. 367E-02 24205 o7136
3.005€E-02 1.947€-02 2,660E-02 «3806 7364 :
3e3I0E-02 1.372€-02 1.762€-02 4179 7590 ‘
2,0902-02 1.163€-02 1.727E-02 4024 1729 :
2.040€-02 1.019€-02 1.820€-02 .3989 7703
2,092E-)2 8.519€-03 2.060E-02 02946 7608
3.2708-02 7.130€-03 2.9678-02 «2169 7624
3.6026E-02 Te1864€<03 2.91%-02 + 1962 «7T094 ! ¥
3.7828-02 7.129€-03 3.029€-02 21905 T022 : 2
T S02E-02 7.905€-03 2.783E-02 o2229 6734 3
J.se2e-02 B.784€-03 2.8691£-02 V2t 0680 :
3.,297€-02 8.4T1E~08 2.480€-02 2679 6417
2.9708-02 0,024€-03 2.1688+02 2701 26304 .
2.9788-02 6.993E~03 10 004€-02 02699 5087 : 3
2.1988-02 S, 5985¢-03 1,633€-02 .295%1 + 5693 ;
1.0028-02 3.900€-03 1.501€-02 2064 +50540 3
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i Table 24. Attenuation Coefficients, Single Scatter Albedo, and Asymmetry . : :
i Parameter for Relative Humidity = 80% Urban Model : :
i MORNALTZEO TO A WUNDRR GENSITY OF  2.0080C+06 PARTICLES/CHI ) P
; WAVELENGTN  EXTINCVION SCATYERING ASSORPTION SINGLE ASYMMETR Y | ¢ I -
tnICROW =t ) € ey ) € KN=q ) SCAT.ALS., PARARMEVIR | ! P2
«200 140008400 014001 2.2952-01 7003 7920 .
5 2200 0,8918-01 ToIS88-01 1490 E-01 8311 7087 ;i
: 0..276€-014 8.9218-01 1.3982-04 « 8362 «780°7 -
T $.963€-01 ob08L-01 878102 20422 27874 .
: so301L-04 3. 649€-01 7.126E-02 «0386 o 7647 i :
R 2.6008-014 2.002€-014 5. 227602 +7993 7120 M
i 1.598€-01 1.496€-04 3.988E-02 +7900 +6999 ty
§ : 11108014 7.999€-02 3.194E-02 o 7306 7118 D
P 9.To0E~02 6.9508=02 20 0948-02 <7030 #7340 . B
i 0.554€-02 S.789E-02 2.791€-02 e67u? $7619 CF
: 8.062E-02 4085802 3,9776-02 +S0CT «0483
; 1.667€-014 4.178€-02 14250801 228 +698% 3
; 8.720€=02 S, 86802 3.262€-02 16262 7031 2
; 7.397€-02 8.187€-02 2.229€-02 16986 .7301 A
: 6.022€-02 ©4200E-02 2, 422L-02 16362 «769€ 1
: 641536202 3.9%0£-02 2.2028-02 26821 .7800 o
‘ 9.6498-02 3,80E-02 2,0%9€-02 5363 « 7993
6 .691€~02 2.327802 4e386E-02 +3678 8272
6.720€-02 2.080€-02 3.803t-02 . 4220 7927
$.786€-02 3.077€-02 2.6798-02 .3346 .79%0
! 9.2928+02 2,829€-02 24462602 53067 8038
: 0. 602€-02 2.304E-02 2.296£-02 +5092 18249 Rz
hobB2e-02 2.000€-02 2,4028-02 +hbb1 18373 :
$.8138-32 2.621€-02 2.093E-02 6783 «1736
‘ $.699E+02 2,876£-02 5.079¢-02 4958 07680
5 ,0078-02 2.309€402 3.4708-02 Q4208 .7831
bob36E-02 2.010€-02 2,023E-02 24534 <6054 k
. 00110€-02 1.623€-02 2.400E-02 23948 +8201 ;
. 8o136€-42 1.350€-02 2.7832-02 .3272 +8269 :
: o 3828-02 1.100€-02 3. 202002 #2840 .8239
i S.412€-02 9,495¢-0) “, 823802 +1828 07997 3
: 6.271E-02 1.437€-02 $,4358-02 +1012 +7391 X
: 6,309 2 1.108€-02 $.261E-02 01797 e 7294 ~
$.197€-02 142564€~02 4.903¢-02 .20%7 7020
640092202 1.333€-02 6s 7168202 «2203 «6063
. 1.299€-02 4,2369€~02 + 2390 o8742
1,2692-02 3.749€-02 o2544 6491
&.332C-02 1.130€<02 3.196€-02 2827 G208
3.660E-02 9,535¢-03 27166202 « 2000 «602¢
399%L-02 6.695€-03 2,489€402 02410 +8493
1 {2
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Table 25. Attenuation Coefficients, Single Scatter Albedo, and Asymmetry
Parameter for Relative Humidity = 85% Urban Model

"
. | . %
4t e G Ly b b 50 SRR i ALRL (s a i P Sk g it ikl - amebe L.MuiJ

! NORMALIZED TO A NUMBER OENSITY OF  2,0000E¢0& PARTICLES/CHI
; WAVELENGTH  EXTINCTION SCATTERING ABSORPYION SINGLE ASYMHETRY
: INICRON ( KMoy ) ( KMot ) « KN=1 ) SCAT,ALB, PARAMETER
| «200 1.473€400 1.2164E4 00 2,892€-~01 +8201 ~7883 i
‘ <300 1.200€400 1.121€400 1.655€-01 N3 7922 '
<337 1.243E+00 1.063E400 1.498€-014 +8788 <7897 i
« 550 8.457€01 7.487E-01 9.707E-02 +6052 .7730 :
<694 6.731€-01 5.942€-01 7.888E-02 . 8828 L7597 |
1,060 So089E-08 3.508E-01 S.003E6-72 +8%81 $ 7328 i
; 14536 2.505€-01 2,064€-01 Mo ARDE=D2 8228 27160 |
: 2.000 1.751E~01 1.380€-01 3.628£-02 . 7928 o 7261 i
2.2%0 1.5¢%€-01 1.483E-01 3,219€-02 . 78861 « 7768 i
2.900 1,299E-01 9,807€-02 34179€=02 o 7552 07650 i
2.700 1.496€-01 6.602E-02 S, 339602 +5%29 .8287 !
3,000 2.768E-01 T 061E-02 2+062E-01 +2%64 €912 :
3,392 1.384E~01 94271E-02 4 873E-02 +6697 «69LE ! 4
1,750 1.160E-01 8.809€E-02 24 636E~02 « 7697 7226 : i
4,500 1019€-01 64995€-02 3,199€-02 .6862 L7678 i &
5,000 9.482€-02 6.606E-22 2.878€-02 06965 . 779¢ i 3
$.500 8.699€-02 6.053E-02 2.846E-02 $6958 (2026 ‘ E
6,000 1.060€~01 3.743E-02 6.889E-02 «35C2 <8258 .
6,200 1.067E~01 4e603E-02 64.069E-02 $4313 .7967 ! :
6,500 9.014€F-02 §4108€-02 J.913E-02 «5659 «8170 R :
T.200 € 4210E~02 8§75T€=02 3. 653602 579 . 8126 P
7.900 T.421€-02 4.171E-02 3.2%0€-02 25620 810 -
8.200 To149€E-02 3.799€-02 3.350€-02 «5313 $8421 i
8.700 8 ,015E-02 4 1L0€E-02 1,87%€-02 + 5165 0088 3
9.000 8.097€-02 ©4009€-02 «s087€-02 <4952 « 0033 :
9,200 T.8626-02 3.670€-02 4.192F-02 4868 YT i
10,000 6.363E-02 3.103€-02 3.460E~02 728 +8177 :
104591 6+107E-02 2.619E-02 7.688€-02 . 2961 . 0527 i
11,000 6.262E-02 1.951€-02 “.291E-92 +3125 +£2568 1
11.500 64781€-02 1.577€-02 5.274€=-92 .2326 8T 1
: 12,500 0.709E-02 1.564E=02 Te245E=02 +1756 . 8200 4
14,0800 1.06k0E-01 1.901E-02 0.5006-02 .1828 27582 i
15,000 1.052€-01 1.924€-02 8,596E-02 +1829 7531 *
16,600 1.020€-01 2.068€-02 8,131€-02 .2027 72687 i
9.,973£-02 24150E-02 7.815€-02 «216 7148 i
9.371€-02 2.151€-02 T.220€-02 .2295 £70¥1 :
8.220€-02 2.096€-02 6,132€-02 2547 6829 !
7e191E-02 14920€-02 Se262E-02 02882 « 6604 ;
6.412€-02 1.671E-02 bohi€=02 2732 «613179 1
% .253€-02 1.162€-02 “e074E-02 « 2250 «5803 i
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Table 28. Attenuation Coefficlents, Single Scatter Albedo, and Asymmetry
Parameter for Relative Humidity = 88% Urban Model

1
H NORNAL T280 TD A NUMBER OENSITY OF  2,0000€¢08 PARTICLES/CHI
{ WAVELENGTH  EXTIMNC TION SCATYERING AB3 QRPT 10N SINGLE ASYNNE TRY
: INICROW € 04eg ) € XMey ) ¢ KN=4 ) SCAT.ALD. PARANETER
‘ « 200 2.259E+00 19572400 3.023€-01 +8662 70836
d +308 2.070E00 1.880€400 1.906E-01 90080 7974
¢ ; « 337 1.979E+00 1.807E400 1.722€-01 +9130 7966
: H +585¢ 106528400 1.354€400 1.440E-04 + 9240 7874
i « 894 141908400 1.100E+00 9.033€6-02 KT 7778
= : 1.060 7.990E-01 6.925¢€-01 6. 66 7E-02 9124 <7550 -
E 1,936 §.P48E-01 4e23606-01 %,080€-02 « 8928 ST3TY
{ 2,000 3.300E-01 2.900€-01 4. A33E-02 « 8674 W 7376
: 2.2%0 2.009€-01 2.476E-01 3.720€-02 . 8691 ST6be 5
5 2.500 2.,4624F-01 2.,02%€-04 3.963€-02 «83%7 7726
5 2.700 2.474€-01 1. 297€-01 84731E-92 5978 8615 ;
£ 3.000 $.2008-01 1.434E-01 3. 768€-01 2759 169684
i 3,392 2.679E-n1 1.490Feny 7 888E-"2 .70%8 NI 3
z 3.7%0 2.170E-01 1.821€-"1 1,848(-02 A3€3 . 710¢
t 4.500 1.931€-01 1.409€-01 €. 217602 J7298 JTBA2
i s.800 1.0085¢-01 1.341€~01 Lo BWSE-D2 7627 7076 3
: S, 500 1.667E-01 1.267€-01 4 198EC2 Ta82 «80%54
- 6.000 2.830E-01 TeW12E~02 1.293€-01 « 3644 Bu72 E
- 6.200 20%4E-01 9.138€-02 1.140€=04 YRy .8037 1
¢ 6,500 1e762E-01 1.031€-01 7.108E=C2 «5921 +8069 1
: 7. 200 1.892£-01 9.865€-02 64 086€-02 6196 . 0227
: 7.900 1.476€-01 0.,991€~02 5.769E=02 5091 MU0y j
8.200 1.036E-01 0,489€-02 8, 853E-02 5919 0487 !
0.700 1.076E-01 8.300€~02 6o 384E=02 5876 . 8366
9.000 1.465¢-01 8.030€-02 6.621E-02 +S681 8307
9.200 1.430€-01 7.850€~02 64 T4bE~02 +52088 BuTE
10.800 1.245E-01 6.203E-02 6.164E=02 5048 0687
. 10.591 1.150E-01 4.807€-02 6 T74E=02 41514 Y
; 11.000 1.,107€-014 3.798€-02 8.071E-02 «319% 0804 |
? 11,500 1.299€-01 3.108E-02 9. 886E-02 2392 8830 1
; 12,500 1.746E-014 3.278€~02 1.,367€-01 .1910 8489
14,000 2.088E-01 4.138E-02 1.636E=01 +2021 7896
18,000 2.0608-01 §.18%€-02 1e662E-91 2031 «78%6 1
16,400 2.018€-01 8.436E-02 1. 871E-01 02262 642
17,200 1.969€-01 4.%62€-02 1.913E-04 2317 « 7531
18,9500 1.060E-04 8,621€-02 1.405€01 2074 o7u1s
21.300 1.652€-01 §,518€-02 1.201€-01 2734 7253
25.000 1.668€-01 4,277€-02 1.064E-04 «2913 7044
30,000 1.271E-01 3.,856€-02 8.854€-02 <3034 .6829
a0.000 1.099E-01 2.833£-02 0.199E-02 2577 6298
r
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Table 27.
Parameter for Relative Humidity = 98% Urban Model

Attenuation Coefficients, Single Scatter Albedo, and Asymmetry

WAVELENGTH

tNICAON)
+200
+300
«337

% 11]

« 694
1.060
1,936
2.000
2.2%0
2,500
2.700
3. 000
34392
J.7%0
4.500
$.000
5.500
6.000
6,200
6,500
7.200
T.900
8,200
8.T700
9.000
9. 200
10000
1ve501
11.002
144500
12.500
10,000
15%5.000
16.600
17 . 200
18.9500
21.300
2%. 000
30.000
40.000

NOPMALTZED YO A NUMBER DINSITY OF

EXTINC TION
{ =g )

2987E400
2.03074+00
27308400
2.445€¢00
1.769€+00
1:104Een0
ToaT0E-01
S.3008-01
4.562€-01
3.073€-01
3,429E-01
8.00%€-01
4e336E-D 1
3.524E-01
J.120€-01
2.930E€-0%
2.737€-01
3.203€-01
3.322€E-01
2.897E-01
24639€-01
2eB6E-01
2.030E-01
2.429E6-71
2,396€-01
24349€-01
2.097€=01
1.368Fa"y
1.,97¢66=-01
24lbrea"y
2780701
3.319€-~01
3.334E0-04
J«280€-01
3.244E-01
3 078E=01
2.,757¢-01
24092E-01
2.202€~01
1.924€-013

SCATTERING
( KH={ )
2,6508¢00
2.610€000
2.540¢C¢+00
1.9928€+00
1.6708+00
$.091€E+00
$.9188-01
hol10E-01
kel bbE-DY
3,Y75€-01
20109€-04
2.361E-01
J+106E-01
3.041E-92
2.320E-014
2,224F-01
2:0968-01
1.248€=01
1.512€-01
1.716E-01
1.672€-01
1.5%7€«31
14494E-CY
1,642E-01
1.383€-01
1.322€-03
1.106E-01
A F2AEL12
BALIGE
€of85%0°2
$4995€«02
7.506E-02
7583E-02
T7.98%5€-)2
8.167€E~02
8.314E-02
8.,177€-02
T.87¢E-02
Te28LE=02
5.,59%€-02

2¢0300E+404 PARTICLES/CMY
ARSQRPTION SINFLE 8SY MMETIY
( KM=t ) SCAV,8(R, PAIPYCT" 3
3379801 «0869 o 7834
2.14%€-01 «928) 79493
1.906€-01 + 9302 «7998
1,224E~-01 «9421 «T7948
9.882€=02 9801 «747¢
?7.237€-02 « 9378 7682
83.862E-02 9256 « 7781
3.337e-02 9072 +7504
bo177€=02 Q"O“ « 7868
be901E-02 « 8714 «7609
14320€-0¢ « 6160 «£516
S.6L4E-CY +2950 . 7137
1.229F=01 7168 «7039
by 8V4E=~02 «8622 27201
8,09%€-02 « 7623 «7720
7.162€-32 «7%¢€2 «780L€E
heb3UE=D2 « 7649 28093
2.03%E-01 <3801 8576
1.840€-0¢ « 4552 «812%
1o3043E-(1 +9999 of14C
9.677E~02 «6323 <8304
9.29%€-02 «6262 PH72
9, 3I%57€-02 « 8153 '8540
9.976€-22 «93935 «852%
1.013€~01 «85772 +8569
14027E<31 «9627 ¢ 86060
9.9)4E-02 « 5276 8852
1.073E-(1 4378 QC17?
1¢3%2t= 1 36 ot .03
1.871%e 1 2R 7 0 23
20187€-.1 «2152 0605
24369€-01 «2261 M126
2.976!-01 02274 + 8091
2eb82E~01 2674 7897
2.3985-01 « 2561 7802
2.263€E-CY 2704 « 76914
1,939€-01 «2986 v 785¢C
1, 708601 «3159 7353
1.473€E-01 a!!°° «T146
1.369€-01 2087 6756
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Table 28.

Attenuation Coefficients, Single Scatter Albedo, and Asymmetry
Parameter for Relative Humidity = 0% Maritime Model

MAVELENGTH

(HICRON)
« 200
«300

« 337
%111
«69%
1.080
193¢
2.000
2.250
2,500
2.700
3.000
3,392
y. 750
“.soo
S.000
%.500
64000
6. 2010
6,900
T.200
T.900
8.200
e.700
9, 080
9.200
10.000
10,991
11.000
11.%00
12,900
14,000
15.000
164400
17,200
18,500
21.300
2%9.000
39.000
40.000

MORMALIZED TO A NUMBER DENSITY OF

EXVINCTION
{ =1 )

1.477€-01
1.058E-01
1.006E-01
T.976€-02
T.030€-02
8.,607F<p2
4,%505E~02
3 ,689€E~-02
JIShE-02
3,056€E-)2
2,798E~-02
3,373€-02
2.578c-02
2,290€~02
1.987€-02
1.690€-02
1.338€E-02
1.160€-02
1,717€E-02
1,203€-02
9S517E-03
0.008€-03
8,337€-03
1.202€~02
1 .269€E-02
1.168E-02
8.,156€-023
6,67LE-03
$.082€-03
S JMbLSE-03
b ,025€-03
JH91€E-03
3.997€-03
bho916€=03
botbnt-03
S.770€~-03
5 .0260€-03
§,J72E-D3
h42600E-03
6.974€-03

SCATTERING
KM=y )
9.299€-02
1.023E~C1
9.034€=02
T«833E-02
6.912E-C2
S.666€-02
Lo37IE~02
3.60S€E-02
3.262€-02
24922E~32
2.536E-02
3.102€=02
2518€-02
2,263€-02
1.947E=02
1:662€-02
1.27%€~02
1.052€-02
1.683€-02
1.123F=02
8.528€E~02
6.673E-03
€.511E-02
9.246E-02
9.,778E-03
0.808E-03
6,872€-02
$.627€-03
L.965E-0Y
4o582€-03
3.4T1E~03
20262E-03
2.312€~-03
24307€-03

' 3.106E-03

2.7088€-03
1.992€-03
1.372€-01)
0.920€-04
6.754€E-04

ABSORPTION
{ XNaq )

2.672€-02
Jeb726=-03
2.290€-03
1.435€-03
11733
1400802
14262€~01
6. bQrE-(4
9.158€-04
1.333€-7)
2.643€6-23
2e636F ="
SeT11E<"b
354 it
3.969E-C4
G 800€-Fy
54969E~-)4
1.272€-01
2 ¢306E-CY
7.925€=-14
1. 009€-"3
1.332€6=-03
24026€-0"
2¢776E=-"Y
2.716€-01
C«870E~-21]
1.284E=-2
1.066€-u3
9.169E~-04
8,620E~04
8eS540E=0b
16209E~03
1+645E-03
2.527€-07%
34040E~-03
20902603
3,032E~03
3.,000€-03
3.356E~03
64298E-03

“000.

PARYICLES/CMY
SINGLE ASYHMETRY
SCAT.8L8, PARANETER
«790¢ 7518
s 9672 6060
«9772 + 6920
+9820 RTS8
«98%3 6767
« 9749 o 8Ll
9729 «69Y¢
9823 7055
£ 9727 o781°
+9562 7177
+ 9055 7267
«92:1 6287
9778 <6779
9846 67084
+ 90800 .6599
9716 «6€59
19551 «6859
«8921 «60R7
28674 «E09S
#9301 JEES8
. 2854 1 €665
183%6 < €697
7627 «6594
« 7691 S0y
+« 7826 s S6hé
176542 8760
sOuES «5902
0632 <5991
284041 626
«8415 «5979
7878 6087
6422 .5837
5067 «5762
057 5368
5052 L9585
4821 shf28
3965 4635
3138 4373
2100 » 3944
0968 2360
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Table 28,

Parameter for Relative Humidity = 50% Maritime Model

Attenuation Coefficients, Single Scatter Albedo, and Asymmetry

WAVELENGTH

(MICRON)
» 200

» 300
«387
1]
698
1.000
1.9%36
2.000
2.25%0
2.5%00
2,700
3,000
3.392
3. 750
L.500
5.000
§.500
6.000
6,200
6.500
7.200
7.900
8,200
A 700
9,000
9,200
10,000
10.%591
©1.000
11,500
12.500
14,800
15.000
16.600
17.200
18.500
21,300
25.000
30,000
«0,000

NORMAL I?ED TO A NUMBER QENSITY OF

EXTINCTION
{ KM=1 )

1.2%0€=01
14436€-01
1.090€6-01
8.,86085€-02
T «TAGE=-D2
6 204€-02
S 09RE=N2
LelOTE~-02
3,821€~02
3.461€E-02
3.09088-02
3.864LE-02
3,087€~-¢2
2.697€=02
2.299€~02
1.966€~02
1.561€-02
1e616E~22
1.993€~02
1.,31€E-02
1.166F-02
9 +SLOE~D?
9,37%€-03
t.361E=n2
1.383-32
1.232€=02
9.1995‘0!
7 «b92€E-013
6 J27€E-03
6.401E-93
545%9€-03
8 ,691F-023
6 0133E-03
T.02%€~03
8.,107€-013
7 .63%€E-02
6,503E~-02
%5,853€E-03
9 .249E~03
7,979¢-03

SCATTERING
{ XM= )
1.008E-01
10102€-01
1.0867E~01
8.562€-02
T.627€=-02
GelW3E-02
ho368€-02
®o118E-02
!.7?"'02
3.320€-02
2.754E-02
247682=02
24915€-n2
2.600E~-02
2.218€-0¢
1.885€-02
3 L75E-02
1e104F-02
1¢606E~02?
1.280E-02
9.856E«L2
7. 754E-0T
7T«S501€-02
1.045E=02
1.0615=02
GoSLTIE-D?
T7.282€-02
5.790€=02
4e9INE~CD
b JbUE~-Q?
24836E-02
2.480€~03
24265E~01
2511603
1,250E-023
J.011€-02
2.267€-02
1.629€-03
1.097€-03
7.803€E~04

ARSORPY ION
{ XM= )
2.499€-02
Je e E~GY
2. 300E-23
1043%~03
1.172E-22
1.410€-07
1.275€6-03
7.2V70E=74
Q,379€E-04
1.614E-N3
3e638€-33
1437%€<02
10 23E~01
4e397€~04
S11(E=C 4
8,094E=9%
0.H12E~94
3,123E-21
3o 868k
1.517€=-13
1:671F=173
1.796€-"2
20 674E~DY
3.,254E-7)
34216503
3. 381€-13
1.827E=~03
1e711€6-.3
1.713=03
2.6 £-03
2.72.7€33
3451iCE-23
3,880E-.3
Ws514E£-03
Lo 857603
LebB2LE=-NT
Le347E-02
b.D24E-NY
4.152€E-03
7.191E-2%

«990.

PARTICLES/CMY
SIMGLE ASYNMETRY
SCAY, 88, PARANETER
o014 «7%92
+989? «706%
« 9729 7005
«981s c6O1 %
098493 eL3087
<9778 480
«9750 «7105
«982¢ .. 227
«97¢6 «7289
«95492 «7281
000893 7662
«7197 «FA5Y
« 9515 «6007
«9818 «691°
9647 «hBGR
«9580 «6851
e 96N 7222
o 77a€ «7122
+ 88053 o682
. B30 b Tt
+86: 12 «£222
«8127 6457
» 7529 <6768
7573 e 6127
o767 3 x ks
« 7385 1 £755
« 7994 « 6201
« 7729 «€299
7338 €327
«6786 + 6291
«5102 6298
3821 +5 896
.« 3601 . %829
« 35746 5611
4079 eS279
¢ 7943 S U026
o 344LY 4715
» 28018 shlte?
2089 sl
+ 0948 «8€74
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Tatle 30. Aitenuatjon Coefficients, Single Scatter Albedo, and Asymmetry
Pareineter for Relative Humidity = 70% Maritime Model

NORMAL TZEQ TO A NUMBER DENSITY OF 4000, PARYICLES/CHY

WAVELENGTH EXTINTTION SCATTERING ABSOR?TION SINGLE ASYMMFTRY

(NICRON) t K4~ ) ( KM=l ) { XMy ) SCAT,ALB, PARANETER
<200 1.508€~014 142468€-01¢ 2.869E~02 + 8293 JT738
+300 1.379€-04 1.346€E=01 S.639€-1S + 9751 + 7280
«337 1.328E~01 1.30%€-21 2.272€-013 «9029 s TE42
+ 550 1.099€-01 1.085€-01 14208E-03 9870 7210
« 894 1-0055’0‘. 94926€-02 1.169€=-03 + 9800 7211
1.060 8e0T0ECD2 8,3X2€-02 1.413€-23 « 982 7220
1.53¢ Te343€=02 T.012E-02 1.312€F=33 «9847 s T4LS
2.000 6.03%€-02 $.930€E-02 1.026E-03 « 9879 .?579
24250 5.52¥¢-02 S.023E-02 1.093F 13 9818 «TEUQ
2.500 ©.950€-02 L TTPE-D2 1.732€-0% «96%1 7701
2.700 ©s200€-02 Y.SBYE-D2 6,1275-03 . 8561 s0142
3. 000 $.561E-02 24979€-02 2.802€-02 «535? e TETY
3.392 8,014€-02 L, 376€-02 e JUGF =13 «903? « 7171
3.750 b,485€=)2 4ol OBE-C2 9, 926E~214 « 9763 700
. 500 3.,080€E-02 3.250E-02 2.26u€=03 «9350 « 7236
5.000 T,3c0€-02 2.821E-02 1995€-.7 937 o 72%1
5.500 2 .+ "Ee0 2 242%9€-C2 1.829€="1 092¢1% « 7797
6.000 ".311€-02 L u28€6-02 6.821€E-13 6182 7637
64200 4.331€=02 2.166€-02 8.8LLE-2T «T0P2 16976
6,500 2,315¢€-02 1.910€-02 GeQlbET 08283 «7177
T.24C 1.,862€-02 1.519¢€=-192 J.651E-"3 81468 - 7192
7.900 1.5628-02 1.211€-02 Y.50%E~07 ST7ETY «720€
8,200 1.,%6%€=-r2 1.1495-00 baturE-re 7351 07151
8,700 1.86LE-C2 1.366E~C2 LeQAlME~_ 2 7328 J6722
9.000 L oBTRE~02 1.379€-02 4.992F-02 e 742 862C
9.200 1.,762€=02 1.260E~02 S.482€-03 « 7054 «fEaE
10,000 10202802 9.,679€-07 e TU0E=) Y 2082 ha21
10,591 1.,073E-02 64758E~07 JedT2F=-u3 . 6294 «€#95
11.000 1.013E~02 $.371€~03 L.755€E-C3 5304 +FB898
11,500 1.030€~02 b, 342€~n 5, 96vF-012 k216 «F319
12,500 1.158€~02 2.962€-07 8.596F-47 «2%75 «E5S8
16,800 1+3082€~02 3.42%€-03 1.069€-02 .2261 €928
15,000 1+629€-02 3,2360E=02 1.115€-"2 2264 5869
16,400 1+898€-02 3.718€-03 1.126€E-02 2un2 56114
17,200 1.571E~-02 Lo76E-03 14423€-v2 « 2849 E204
18.500 1.L85€E-02 4. 350€E-02 1.050€~02 02920 f124
21,300 1+261€-02 3565F-03 9,0%6f-03 «2818 h912
25.000 1.062€-02 2 TH?E-03 T.874€-03 e 2507 e UELE
30.000 9.115F=03 1.96LE-0T T.154E=-03 24¢2 «6302
0,000 1 +130€-02 1,263E-03 1.043E-02 + 113y #3324
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Table 31.

Parameter for Relative Humidity = 80% Maritime Model

Attenuation Coefficients, Single Scatter Albedo, and Asymmetry

NORMALTIZED TO A NUMBER DENSITY OF “000. PARTICLFS/CM2

WAVELENGTH EXTVINC TION SCATTERING ABS ORPT TON SINGLE ASYWRETRY

(MICRON) ( KM=% ) { KM=y ) ( KM=g ) SCAY.ALB. PARANFTE®
«200 2.,683€-014 2.397E-014 2.859€-02 «893% «79%¢
«300 2,516€E=-01 24402€=01 3. 615€-92 19064 « 7782
«337 2.488%E-01 2.632E-01 2,228€E-03 9979 7762
+ 3950 24195€-01 2.181¢=01 1.610€-03 +99'% o 7717
694 2.080€-01 24068E-01 1.470E-93 s99u4 «7721
1.960 1.921€-01 1.907€-01 14 652F=03 19924 7777
1.536 1.765€-014 1.749E-01 $4579€-03 «99!1 7872
2.000 1.604€E-03 1.574€-01 2.927€-13 «98:7 81217
2,250 1.505€-9¢ 1.4L89€-02¢ 1.604E-07 + 9693 80089
2.500 1.366E-DY 1.325€E=04 3.972E-03 29779 « 8201
2,700 1.097€-01 84,806E=02 24159E-N2 8031 W8BLL
3.000 1+691€-01 6s720€=92 84192€-72 4S8 P 232
3:392 1 4459€-01 1.246E-01 24129€-02 » 85061 « 7657
3.750 1.300€-01 14257E-04 4¢316F-53 +Q6RA e 7597
4,500 1.087€-01 9,7€2€E-02 1.4123€-02 18942 «7823
5,900 9.80LE-S2 8,954€E-02 9.5%u€f-03 3028 7822
5,500 8.315E-02 T.502E=02 8.,133E-03 9022 « 7944
6,000 7 .885E-02 hel0SuF-02 3.8%; =72 5142 A1E7
5.200 9 510E-02 SeQ0uEN? JeB14E=- 2 6272 7712
6.500 8. WE-02 64196E-02 1.,928€-"2 7677 «7218
7.200 64/68E-02 54259€E-72 14510872 7770 oTTR L
7.900 5 M801E-02 L 256€-(2 14L45E-72 +7%°9 «78°7
8,200 5.6372-02 4 06BE-02 1.634E-02 i dCe «7PGCC
8,700 5.466E-D2 3.875€-02 1.5934E-n2 «70%3 oTER2
9,000 54262E=02 3,653€=C2 1.699Ey2 «6QLY 7660
9,200 b4 2996€-02 34351€~02 1.635€-C2 €727 « 7692
10.000 3.907€-02 2.365€-02 1.541E-02 6054 «778C
10.591 3.362€-02 1.615€-02 1e707E=92 el8.3 o7t 2R
13,000 3.3764E-02 1.201€-02 24173E-(2 « 27550 «777¢
11,500 3.685€6-02 9.,460€-02 24739E-02 2567 o7€21
12.500 & «907€E-02 9.850E-03 3,922E-02 2008 «7115
16,800 6.227€E-02 1.,709€-02 4y 832€-02 22222 AT
12,000 64294E-02 1.416E-02 4, 878E-02 +2250 e 6294
16.400 6.,303E-02 14563€-02 v.839F-02 20618 «5999
17.200 6 o373€E-02 14635€-02 4o T39E-02 22565 «5854
18.%00 6 o104E-02 14640E-02 bebbUE-C2 « 2607 STN
21,300 5.237E-02 $ebbS5E-02 3.792E-02 2759 «5512
25,000 b b36E-02 1.21LE-02 3.221€-02 $2777 «526¢
30,000 3.606E-02 9.347€-03 2.671€-02 «2592 «4 996
60,000 3e279E-02 54519E~03 2.727€=02 1683 «L236
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a Table 32. Attenuation Coefficients, Single Scatter Albedo, and Asymmetry ";
! Parameter for Relative Humidity = 80% Maritime Model by
. o e e b e e @ e — ! i |
¥ — —— v 2
! NORMALIZED YO & NUMBER OENSITY of «000. PARTICLES/CMY : i
WAVELENGTH  EXTINCTION SCATTERTNG SOSORRTION SINALE ASYUMETRY i
i (MICRON) ( KMt ) € KMeg ) t K4y b SCAT.ALE, PEIBMETER : i
{ 200 3.044E=01 3,525€-01 3.1926-02 + 917y £ 8007 \ 1
b . 300 3.619E<08 3SA8E-01 3.362E23 99" Q7827 t 2
: 337 3.826€-01 3.80uE-01 2.216Ew 9917 RITH : !
* 950 3 66€-01 S.1328-01 1. 4NNE*D3 0988 14265 \ %
. 69% 2.908E-01 2,978E <01 1.477F=33 +99%1 7007 ; 3
1,060 24769€-01 2oT9UE-C1 1.%512€<21 1994k AR I
1,938 2.879€-31 2.560€-01 1, 804811 9928 L7914 . 3
2.000 23906014 2. 3u2€-01 U, TVEE-NY 9799 Y :
2,2%0 2.272€-01 2.2%07-01 2.7208€-"" 992 NS, :
2,900 2 JQ8UE-C) 2.022€-C1 £, 156E=03 +97°5 sc Ay :
2,700 1.689E-01 1,734€-01 J.SuTED? 27970 PQRE ! 3
3.000 2.299€-01 9,9%E=F7 1.260E~"1 Pl PEUED 3
3,392 2.260€-01 1877601 3,6%CE-"2 FILN eToub 1
3,750 24033E-91 1.9%83=(1 7,812 TR JPETY i
4,500 1.731E01 1.535E01 1.998E-12 LY RETYS 4
$.000 1.58E€-01 1,457001 1,66%F -2 29948 J7qua 3
5,800 1360E-01 1.227€01 1 ulprE="2 T N i
6.000 1.208F-01 6.509€~02 6. VT6F =12 B0€7 WEEL q
6.200 S2uE-Ny Q.289€-97 €,978¢=-72 o5gr? e?yro :
8,500 61601 1.010%-91 v, 11952 RIH RITY 3
7.200 . 38E~01 8.779E=02 2.$97F)2 7717 (TCat 2
7.900 G g6hTe0?2 P.I9LE~02 2.478F )2 Tu0y $TTA 3
8.200 1e376€N2 h,APAE-02 2.8)6E~.2 $732¢ W75 4
3,700 8.968E<02 6 oJUBE-02 2,619F=22 <7079 ,792° PH
9.000 8.886€-02 8,91LF-22 2.,6%9E=02 6978 BT ! %
9.200 B o1625-02 8,LA2E-22 7,641F=72 6716 o706 v
11,000 G ekINE-N2 T A78E-02 2.H23€-12 YIS NI .4
10,991 S.607E-N2 2,623€-32 2.99(€="2 NTLF LYY 1
11.000 5.636€-02 1,94SE-02 3,691E-02 o30%3 RS L) |
11.500 6 dERE-N2 1.987€-02 4o 611612 L2820 s i
12,500 8.262E-02 1.764E=L2 6, %39E-12 W2322 AT b
164.000 1.049E-01 2.503€<02 7.947€-02 236 6889 .
15,000 $.059F-01 24566E-02 8.044EI2 20k RITS ;]
16,400 107E-01 2,7LEE=02 7.933E<02 2867 7% i
17,200 1.069E-01 248585 <02 7.818F=92 2670 6123 v
10.500 $.034€-01 2.801E6-02 7. 4286-02 2796 5966 H
24,300 8.9%2€-02 2,506E-02 6, I8PET2 2887 JET8" HE
29,000 7 870E-02 2,220E-02 S, 4S0EaL2 .209¢ WSET? ;
30.000 64260€<02 1,782E-02 4. 500E=02 .2799 5277 Loy
“0.000 5,386€-02 1,067€-02 «. 339602 R PRt Lo
]
4
b
:
a
! i
3
70 3
{

- s o St

T S S S vy S



T T LR = T T
ey Bl —r it R b R

e o -l ) 3T T XA e NN T TR T PR P AN L S REEERT B TR ML MARL A RNy AR R et R s P

e e e
3

Table 33, Attenuation Coefficients, Single Scatter Albedo, and Asymmetry

; Parameter for Relative Humidity = 93% Maritime Model .
NORMALTZED YO A NUMBER DENSITY OF %000, PARTICLFS/CNY
WAVELENGTH  EXTINCTION SCATTERING ARSORPT JON SINGLE SSYMMETRY
INICRON) ¢ ¥Meg ) € KM=y ) € KH-~1 ) SCAT.ALA, PARBHFTCR
' 200 S.176E-01 be8DE~DY 3.304€-02 49354 £8079 v
«300 4e920E-01 4.887€-01 3, 3420013 <9972 +8038 I-
: 2337 ©.010E-01 ©.796€-01 2.196E-03 49986 +0034 [
i 1980 8.373E-01 44359€-01 LeieE=03 +9968 47006
894 & o201€-01 4e309E-01 1018617 +9972 +7988 i
1.060 3.966E-04 3.951€-01 1.83af=03 +9961 $7927 1
1,938 3,787E-01 3.760€-01 2.274€-03 1996 D 07996 ,
2,000 3.802F-01 3,.820€~01 8,192€-113 9774 A117
X 2,290 3.671€-01 3.438E-01 3.3%E-0Y <990 4 +0193 !
i 2,500 3.239E-01 3.138€-01 1004LE02 9687 e |
2,700 2,6778-01 20087601 5,991€-92 RZZTY Y I3
] 3.000 3.399E-01 1e920E=2 1,079€-01 b7y RTYE
3.392 T 466E-01 2.069E-01 8.170F=02 8221 L7718 l
3.7%0 3,216E-01 3.006E-G1 £4326F-02 9597 7726
«,500 2.806E-01 2.663€~01 2. 620E-42 8777 8056 .
: s,000 2.606E-71 2.3135)1 2.911€-92 A875 s 80657 b3
; 5,500 24302€-01 2.052E-01 2.498%€=02 <8946 o8 4AR | 4
: 5,000 2419E-01 1.000€-01 1, 0%9F =11 + 5096 e€7 .
6.200 24686E-01 14%00€=01 9.866E=2 $6072 .859? | 4
: 6.8%00 2.255£-01 1.683E-01 5,722€ =02 TR iBGLL i
£ 7,200 1.997€-01 14502601 4 SN6E=12 7692 8794 i
; 7,900 $.TL7E-1 1,288€-01 4.291€-12 RELY P0176 . 2
H 8.200 1,632€-01 1,202€ 51 4,298€-12 AT L il
’ 8,700 1.5326-01 1,091€~-01 Lo b08F=02 7122 5128 . 9
. 9,000 14568401 1.011€01 NTSIETY NYTY: WTED] :
. 9,200 1.393€-01 9 ulfE(2 TITEY Y 6779 166 b
: 16,000 1¢126€-01 € 75E=0? 4o S07E=22 5998 0262 -
t 10.591 9.682€-C2 4 S0E-(2 5.102€-72 77 L2328 g
1 11,000 9.688E-02 Je604E-02 6.296€-C2 $1822 16 Z8E ;
£ 11,500 1.067E-01 2,7586-02 7.707¢-02 12675 8101 -
; 12,500 1.387E-01 3,226E-02 1.065E~01 2326 7612 .
144000 17576201 L% BUE-02 1.299€-01 «2679 JE8EC .
15,000 1.772-01 40 696%=02 1397651 +2627 6822 -
16,400 1.004E-01 4,992€-02 1. J05€=01 W2767 16545 .
: 17.200 1.790E-014 S.46TE-02 1.28%€-91 . 2062 $B41S D3
1 16,500 1.7876-04 8,212€-02 1,226E-"1 229812 16 25A ,
3 21,300 1.563€-01 4, 788€-02 1,067E-01 £3003 6071 £
¥ 2%.000 1.363€6-01 4178602 9,254E-02 03143 5823 .
, 20,000 1.410F-014 3.386€-02 7.713€-02 70514 E72 ¢
: 60,000 9.4252€-02 2,074E=02 7.178E-02 $2242 4958
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Table 34. Attenuation Coefficienta, Single Scatter Albedo, and Asymmetry =
Parameter for Relative Humidity = 98% Maritime Model %
p
F;
] 3
] NORMAL IZEO TO A NUMBER OENSITY nF «000. PARTICLES/CHS A
WAVELENGTH  EXTINCTION SCATTERING ABSORPTION SINGLE ASYMNE TRY k
(HICRON t el ) € 0teg ) € K4=1 ) SCAV, ALB. PARANETER ' 2
3 + 209 7.09%E-01 TeS4uE-Dt 3.807€E-02 «98568 8146 : 5
1 + 308 T834€E-01 7«581E-01 3e349E-03 «9956 2182 : :E
.337 7.S10€-01 7.404E-01 2.191€-01 +9971 <8387 ! 1
E « 530 6e990E-01 6+986€-01 1,620€-0% «9970 « 0103 i "
3110 6.783E-01 8. 7TT4E-01 1.198€-03 995 2 a0e2 : E
i 1,060 6.53%€-01 €e5208€E-01 14640€-"3 + 9978 2011 i
: 1,536 6.399E-01 643ELE-01 3.4681€-33 ¢ 9906 . 0261 :
; 2.00¢ 6.260€-01 6. 088E-C1 1.721E~02 $972% 18167 !
; 2.258 6.137€-01 6.073€-01 6o 3SQE-92 «989¢ 0232 :
i 2,500 % S70E-01 $.660€-01 24132€-02 09642 L i
! 2,700 S.038€-01 3.851€-04 1.187€-01 «T6L4 «9167 :
‘ 3,000 $.921E-01 2.709E-01 3. 212€-01 4578 18016
3.392 6.202€-01 L OL9F-01 1.263€-01 «7989 L7062
: 3.750 $.928€-01 Se6Y0E~01 24899602 +9511 7802 .
: 4,500 S .363E-01 4 627E-01 7.511F=n2 8637 +8168 :
5.000 S.00%E-01 LobSuE-CY 6.376E-"2 s 8760 L0172 :
5. 200 4.621€-01 4o.080E-C1 S.e1TE-02 18831 RIS
6.000 4el€9F-01 2.158E-01 2.014LE-01 «S168 18712
6.200 4e617€-01 2.883€-01 10916E-04 +5925 oP3ro
6,500 4.528€-01 3,338F-01 1613CE-u1 $7372 L8212
7.200 ke ISE-DY 3e( 86E-D1 Je514E=-02 7642 «826% -
7.900 3.623F-01 2.715€-01 9.079€-02 27490 P3L7 . 2
8,200 J489E-02 2+59SE-01 9,033€-n2 o« 738 JA3TY H z
a.700 3.224E-01 2.342E01 3.12LE-02 7170 . 035¢ ;
9,000 3e06uE-01 24146E-01 A, 176E-92 o705 18379 ]
9.200 2.948€-01 2.022E-01 9,213€-02 + 6865 2616
10.000 24420801 14683601 9,6U8F 2 o*117 ebE19 ;
10,591 2.079E-G 1 1, 120E-01 1,959E-01 $4908 <8674 ;
11,000 2.037€-01 74619€-02 1.275€-01 3740 .+ 6582 -
14.%00 2.160€-012 6e2L0E-02 1,536€-01 2880 « 8659 E
12.500 2.787€-01 T.367€-02 200%1E-014 «2647 «7988 3
16,000 J.501¢-01 1.027€-04 20 4T6E~01 2373 « 7259 4
15,000 3.829€-01 1.041E-01 T.488€E01 +2954 J721¢ 3
16.400 3.644E-01 1e111E-01 2,532E 01 03078 NTY E
17.200 J616E-01 14140€-01 2. 47%€~)8 . 3154 .€821
18.500 3.352€-01 1.,460€-01 24391€-01 «32F7 6662
21.300 3.21%6-01 1.086E-01 2,131€-01 »3374 16472
25,000 2.866E-01 GeT0LE-C2 1.8008€-01 «J6ll «€223
20,000 2.02%€-01 8.218€-02 1.603F-01 .3389 +597¢
40,000 1.993€-01 8.270€-02 1.466E£-01 «260L6 15425
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ﬁ : Table 35, Attenuation Coefficients, Single Scatter Albedo, and Asymmetry b
; Parameter for Relative Humidity = 99% Maritime Model ©
. Po3
F NORMALIZED TO A NUWBER OENSITY OF 6000, PARTICLES/ CNY = P
2 MAVELEMGTH  EXTINCTION SGATTERING ASSORPTION SINGLE ASYMHETRY o
2 (MICROMN € 0= ) ( KMoy ) t k-t ) SCAT.AL®. PARANEICR .
e +200 1.429€000 1.093E+90 3.832€=92 29678 0203 [
. « 300 1.103€000 1,100€400 ¥, 387E-03 « 2970 J0270 |
! +337 $.0958000 14091E€00 2.20%E-03 .9900 +8260 :
s «580 1.035£¢00 1033E+00 1.492€-03 9904 8196 E
: +694 1.009€+00 1008 €00 14 210E-03 . 9988 . 8176 3
i | 1.080 9.810€-01 9.792E-01 1.P04€-03 <9982 s 809€ 3
’ : 1.5368 9.749E-01 9.694E-01 5.497E~13 99064 8296 %
P 2.000 9 698E-01 9.178€-01 2.190€-92 « 9671 8232 3
£ 2.2%0 9.644E-11 9,497 €~01 1.437€-02 +9082 . 825¢ E:
£ 2.500 9.,386E+01 8.970€-01 3.869€-02 09887 .882¢ %
T 2.700 8 «306€-01 64225€-01 2.080€-"1 . 7698 09228 3
3.000 9.234 €01 4 307E-01 4e927€=01 UBEG NI
: 3.392 9.776E-01 7.888E-01 2019001 .776C « 7965 §
< 3.750 94836E-01 0.994E-01 5.420F-32 09432 27867 ;
; , 44300 8.879€-01 7oS46E-C1 1.33¢F-04 * 8698 Jt262 '3
: ; 5.000 8.546E-01 7.387E-01 14161E=01 o 0642 N i
5.500 7.942€-01 6.940E-01 1.002E-51 .0728 $8278 g
: 64000 7.404E-01 3.700€-01 3439%-"1 s 8220 .88EYy 2
: 64200 0+094E=01 4e806E-01 3.209E-4u1 « 5927 NITH 3
6.500 7.789E-01 5.666€E-01 2.123€~01 7274 $2232 !
_ T.200 7 0105E=01 $.301€-01 1,724€-01 « 7873 V9279 3
) 7.900 6e691€-01 he880E-C1 1.691E-C1 o 7687 . Aldy VoA
: 8,200 6.233E-01 4,598€-01 1.639E-01 «7370 B6ET b3
8.740 S.834E-01 40165€-01 30 646E=01 $74277 +8602 sy #
. 9,000 € .,360F-01 3.908F<01 1.852¢F-4 . 7026 8514 s
: 9,200 S.367E-01 3.707E-01 $4661E=04 «69°6 .6562 P
10.000 4 obIPE-01 2.789E-02 1.708€-01 «6201 ~6688 .
10.591 3.050€-01 14954€-01 1,896E-01 .5075 . 8789 fo
11,000 3.718E-01 1.468E-01 2.267€-01 +3953 .« 8785 P
11,500 3.062€-01 1.208€-01 2.686€-01 .3427 18683 v
: 12.50° &.869E-0¢ 1,614E-01 3.438E-01 02979 48252 ¢
; 16,000 6,026E~01 16926E-01 4.102€-01 «3192 « 7562 |1
: 15,000 6.074E-01 1. 9%0€-01 4o 126E-01 J321¢ 27519 t
' 16,400 6 J206E~01 2.07%E-014 b1 70E-01L . 3323 «7261 : i
17.200 6,267E-01 2.429£-01 Golk2€-01 +3394 $ 71061 H
10,560 6+209€-01 2.470€-04 4,039€-01 + 3695 « 69680 oo
21.300 S PITE-01 2.062E-01 3. 674E-01 <3597 6789 { g
29,000 $,213€6-01 1.904€-01 3.312€-01 « 3646 + 6540 i
38,000 4,510€-01 1s682€-01 2,068E-01 23640 «€29% T
“0.000 3.720€-01 1,097€-01 2.623¢-01 12949 5783 : ¥
3
4
¢
i 2
. |
; g
i
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E Table 36. Attenuation Coefficients, Single Scatter Albedo, and Asymmetry k>
s Parameter for Relative Humidity = 0% Tropospheric Model i
i L
¢ NORKAL IZED TO A NUMBER DENSITY OF s000. PARTICLES/CHI 3
: MAVELEMGTH  EXTINCTION SCATTERING A2SORPTION SINGLE AS YNMETRY 4
i (HICRON) ( =g ) ¢ et ) { KM=t ) SCAT,ALB., PARAMETER 2
% « 200 9.,775¢-02 6.697€E=-02 J.079E-02 «68%0 7510
. « 300 0,07%¢€-02 T+830E~02 6 .378E-03 94808 «8710 o
; «337 7.304E-02 7.091E-02 2.901€-0% «9607 26638 :
5560 §h19€E~02 €e238E-02 10084F=01 « 9590 6345 ‘4
« 696 3.200€-02 3.052€-02 10482E-23 «9537 + 6452 P
1,060 1.558€-02 1.398E~02 1e60LE-DY 18971 '573€ r
1.53¢ 6 ,732E="" SobOfEa" 1e261i~ 2 . 157 25288 3
2,90 2.,282¢-0 % 148227 T Ne5T. g NI ietus
2,250 1,707F="2 1,7(1Ce2 L VR3F= 7617 N e E
2.500 1.323€-03 9.422E-00 4. 1126-C4 %893 YT Y B -
2.700 2.004E-0Y 6oe3PE-04 14620€-03 «3119 14204 K -
3.000 1.089€-03 5.195E-04 5S.694E=04 e?72 Jup28 E
3.392 5.788E=04 4eS514E=00 2.2726-04 6652 L2777 Z
3,750 S O76E=04 3.,680E-04 1.396€-04 7259 £ 3663 3
4,500 & ,965E-04 2.090E-Cl 2.473ECH 4508 ST 1 v
5.000 3,618€-04 1,425€~04 2.193€-00 +3978 12919 2
5,500 3,810€=04 9.575€-06 2.852E-04 +2913 12695 :
6.000 4 38TE~OL 54,661 €-05 3.8246-90 1293 124" :
6.200 4666E-0 b 5.399€-05 “e127E-7% 1157 2452 '
64500 S 0LIE-04 $.078€-05 4e532E-04 1007 2 3
7.200 T.T18E-0 0 4o3UbE=0S 7.20uE-04 <0563 22401
T.900 6 ,609€=00 Te46TE=-(6 E,53LF-Cy «0413 +176C
0.200 1,069€-03 1,024€E-06 1.067€-"3 0017 +1532 .
8.700 1,390€-03 1.239€-04 1.275€-03 0086 L2091 R
9.000 1.495€-08 1.376E<00 1158E01 «0929 22079 P
9,200 1.,877€=-0% 9.,636E-05 1, 787€-23 «0513 11841
10.000 7.002E-04 4.703E-05 6.612F-04 0 0664 10841 . -
10.594 S.360E-06 3.206€-05 S.060E-04 +0599 01687 i
11.000 b e132E-04 2.6205-0% 3.870E-00 40674 41626
11,500 3,809E=06 1+985E-05 3.611E-04 08214 1526
12.500 3,6485-04 1.232€E-03 3.52%€-04 <0338 +1356
16,800 S, 064E-04 44623E~06 s 99TE-D4 «0092 «10390
15,000 8.,502€-06 Lob3E-0E 8, 438E~04 + 0052 1962 e
164 600 S.06SE-0% 6.121E~-06 Se38LE-04 0212 <1024 B
17.200 S 96%E=04 8.113E-06 5,08uE-00 0136 +1086 3
168,500 & 491C€E-04 ke810€E-0F be864E-CU « 0094 0928 f
21, 300 347IRE=D 4 3.746E=05 $,697€=04 <0065 .0036
2%.000 $,600E-04 1.036E-06 5.8582€-04 0073 10642
30.000 6,266Fr 4 8.450€-u7 6.2%58€-004 «9043 Y13
43,000 hSPIE-"4 1,8762-37 £oSh7Te & F0rs . 290
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Table 37. Attenuation Coefficients, Single Scatter Albedo, and Asymmetry
Parameter for Relative Humidity = 50% Tropospheric Model

NORMBLIZED TO A NUMBER OENSITY OF $030. PARTICLES/CMI
; WAYELENGTH  EXTINCTION SCATTERING ASORPTION SINGLE ATY HME TRY
: (HICRON ( XM=1 )  KNei ) (KM=t ) SCAT.ALB, PARAMETIR
! + 200 1.0164€-08 7.021€-02 3.316E-02 +692¢ 7536
: +300 8 ,ISTE-02 74923€-02 4o 3386-03 . 9084 6765
: .337 ? 643E=02 7 W Y¥S3E-02 2.993-03 «9620 6888
+580 4,880€-02 4,399€+02 1.805€-03 «96%6 eBL0&
0690 3.319€-02 3.471€-02 1, b81E-03 «985¢ 6207
1,060 1.648€-02 1.458E-02 1,600€-03 +9006 5787
: 1,538 7.008E-03 S,764€-03 1267633 8220 #5326
! 24000 2.612€-02 2.023€-02 3, 98E-24 8379 4998
: 2,250 1.796€-03 1.,387€-03 4, 089€E-04 L7723 763 ]
2.%00 1.384E-03 9.679€-04 4. 162E-04 +69971 b811 1
2.700 2.431€-03 6.708E-D4 1.461E=3 1Y 268
3,000 1.566E-03 S.504E-Ct 1, 0M7E-23 Y566 26032
3.392 7 .536E-Dk 4.975€=04 2.561E-06 16601 + 3018
3.7%50 S,u35E6-24 3,992F~Nt 1.44%=04 «T3LS +3602
500 L 68E-C 4 24256804 2. 61UE=D0 4629 . 3186
$,000 3OLTE-04 1.536€-04 2.3126-%06 «3991 L2954
$.500 3.986E-04 1.029€-04 2.957E-04 +2582 2730
6,000 S 256E-04 6.,074E-05 e BUBE-00 1156 209¢ :
6. 200 S+385E=04 5,95YE-05 L T70E-04 .1110 2632 3
6. 500 $.363E-00 S .5L3E-05 4.808E-04 10%% 2307
7.200 T9TO0E-0 4 4,673E=06 7.503€6-"4 <0548 02173
7.900 6.851E-06 8,646 E=06 6, 725€-04 0127 1798
8.200 1.087E-03 2.149E-06 1.085E-03 L0020 1576
8.700 1.459E-03 1,289€=04 1,3%4E-03 «08223 21013
9,000 1.570E-LS 1.,635E-04 1,627€-07 20914 «2089
9, 200 14958E-03 1.002€-04 1,055¢6-03 N118) 1858
10.000 T M24E-0 & 4,874€-05 6., 937E-04 <0656 RTIY
10,591 S, 702F<04 J.310€-0% €, 3718-04 N T +1693
11.000 4.835E-00 24694808 4o 265E-04 + 0594 1629
11,500 ©.339E-06 2.034€-0¢ 4.4136€6-04 « 0669 1820
12.500 &.500€=06 1.2685€-05 Lk 3736404 $0201 12354
14,800 6.170€-04 L.9%0E-0¢ 6.,120E-04 20080 21034
15,000 946%58E-04 4 816E-06 Q,610E-04 .00850 <0969
16,400 6.415€E-00 6.525€E-06 6,3%50E-04 «0102 1028
17.200 6.016€E~06 8,612€-06 6.728E-00 0426 +1080
18, 500 S.T00E~0¢ 4s951E-06 $,650E-04 0887 + 0930
21.300 6.361€-00 4, 017E-06 6.301E-04 +0063 0837
' 25,000 6 .090E=04 1.984E-06 6.079E-0% <0033 0649
30,000 6.671E~04 8.,8%59¢8-07 6.,662E-"4 «0013 L0461
0,000 6.9%8c-04 I, BBRE-T 6.9556-"% 0076 .r290
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S Table 38. Attenuation Coefficients, Single Scatter Albedo, and Asymmetry
: Parameter for Relative Humidity = 70% Tropospheric Model
1
)
:E NORMALIZE0 TO A NUMBZR OENSITY OF 5000, PARTICLES/CHY 5
) NAVELENETH X TINCTION SCATTERING AQSORPT TON SINGLE ASYHME TRY ;-
' : (NICRON) ¢ ey } t KM~y ) ( KMeg ) SCAT. . ML8, PARSMETIR . K
i +200 1.0028-01 T.7108-02 3.206€-02 +« 7066 <7874 -
: «300 8.909€-02 0.598¢8-02 4s $36E-03 09818 XLLE] : ?
i «337 642164€-02 7.927€=02 2.860€-03 <9651 6790 ;
: +590 40932€-02 L 792€-02 1.0000-03 +9618 6510 3
H « 694 3.877€~02 J.629€-02 1.476€-03 « 9587 «6315 k-
i 1.060 1750€-02 14508802 1¢617E-03 +9076 .5087 : b
i 1,936 T+510E~03 6,358€<03 1.260E-03 8366 5418 £
E 2.000 2.701E-03 2.301€-08 4.003E~90 +8%18 «5075 4
2.250 14995€-03 1.804E-03 Go3hiE-N4 « 7925 4829 -
2.%00 14520€~03 1.,093€E-02 4e270€-04 «71990 « 4598 ; 5
2,700 24279€~03 T.311€=06 1.548E€-03 +«3208 L3380 ' A
3.000 2.599E-03 €,515E0%6 1.9476-03 «2507 1X : 5
3. 392 90218E~04 6,020E-04 3,390€-04 «6879 «3890 : o
3,750 6e267C-04 4eTO0E-0L 1,98 7E-04 ° 7924 <3680 ) G
4500 3 S561E~06 2.616E-04 2,927E-0% P17 «3289 ‘
5,000 4 ISPE~0& 1.786E06 2.571€-n¢ 3t 3026
9.%00 Ce3IP8E~04% 1.192E-0% 3.103€-04 2724 2600 ;
65,000 7 .163€~046 7.016E-05 62 648E-00 0982 e2541 .
6.200 6 .886E~04 7.230€-0% 6e164E-00 «19%0 e 269 i
6,900 6e070E-~0 & 6,6008€-05 S.410€-00 10869 126k b
7.200 64521C~04 8, L22E-0% 74 979E =04 « 0636 +2196 - g
7.900 7 .260€~06 10167€-0% P 166E-00 0158 $1873 ‘ K.
8,200 1¢128E~03 3.116E-06 14123€-03 200260 »1657 1
8,700 1.984E~03 1.,39%€~-04 1eb4SE=n3 XL LE 21227
9.000 1726€-03 1.587€-04 10969€-03 «0903 $211C
9,200 2.113E~08 14003€-04 2.006€-03 $0832 «1090
10,000 B.100€<0% 9.230€ 0% 7462%E=Cé W06L2 «1A3¢
10,591 6o439E-04 3.5278<0% 6. 08TF =ik 20%48 1709
11,000 8 .422E-04 2.851€-0% 5.137€=04 0826 21640 R
11,560 %.510F-04 24160E-08 $,309€-Ck .0389 18346 B
12.900 6 406E=08 1.339€-08 6, 272€-04 «0299 «13%4 B
16,800 6 .84bE-04 $,738606 0.387€~04 + 0058 104G 3
15,000 1.219€E-03 8.692E~06 1.213€-06) <0067 0984 3
16,400 8.570E-06 ?o468E~06 0,69%E-04 .0087 «1026 ) :
17.200 8.715C=04 9749E~06 08.618E-04 0142 «4073 . 3
19.900 7 AT76E-00 5,T4sE=06 Tl 7E~0L 0077 0938 . =
21.380 T.6028-04 be837€~00 T7+036E-04 0060 L 842 , 3
2%.000 7 +1928-046 24321€-06 Tai89S-4 «0972 . B6Q ' L
30.000 7 .882E04 1.648E~06 7.862E-04 W 0014 fL77 S
©0.000 7797804 WS18€~r7 7728 6 3075 78 1
1 'y
.
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39. Attenuation Coefficients, Single Scatter Albedo, and Asymmetry
Parameter for Relative Humidity = 80% I'ropospheric Model

e e S R R T T e A

NORMAL IZED TO A NUMBER OENSITY OF $000. PARTICLES/CHY

HAVELENGTH EXTYINCYION SCATTERING ABSORPTION SINGLE BSYMNETRY

(HICRONY { N=-1 ) ¢ KN=-1 ). { KH=~1 ) SCAT.ALD, DARAMETER
« 200 1,002€-014 1.,128E-01 3.972€-02 « 78590 «7667
« 300 1,214E-01 14171E-01 ©e307E-03 96LS « 7176
<337 1.112€-01 1.084E-01 2.812¢-03 29767 «7128
«5%50 6T6LE-02 6.506E-02 1.781€-03 e 9727 «6879
«896 8,9%0€-02 ho810E-02 1.476€-02 9702 « 6696
1.0060 2e06%E-02 2.300€-02 1+652€-03 + 9330 +6255
1.5%36 1.401€-02 9.699E-0Y 1,399F=-03 » 8814 «5768
2.000 4.375€-03 J4928E-02 ©469E~-D4 +8979 560
2.2%0 3,182€-07Y 2.718€-92 4 377€ 0t «861% «5167
24500 2.300€-03 1.,820€-03 bo3N2E-00 793 967
2.700 3,067E-03 1.073€-03 1.994E-03 e349% L7013
3.000 8.04&E-03 14272E-03 6e272E-3 1501 eblul
3.392 1.917€-03 1.264€-02 6.5526~04 <5582 190
3.7% 1114E-03 9,068 €E-04 24094E-00 08121 « 3993
o500 9.307€-04 Lo80LE-DL 4e583E-00 5118 «36623
s.,000 Te260E=04 JeJ20E-04 3. 936€ -4 4578 « 2325
%.500 6 o554E-04 2,187E-00 be366E-00 +3338 «309%
6.000 1.725€-03 1,287€-04 1.996€-03 «07uB 2767
6.200 1.505€-03 1.547E-04 14 3SnE-0T «1024 2751
6.500 9.916E-04 1.33I7E-04 8,579€E-04 « 1348 «2697
T.200 $e46LE-0] 1¢005€-04 140L3€-03 «N879 2464
7.900 9,7008-04 3.183€E-0% 9. INE-04 00320 217¢
8.200 1+347€-01 14346€E-0S 1.333€-03 «01200 1992
8.709 2.147€E-03 1.906LE-04 1,926€-93 » 0899 2207
9.000 24378€-013 2e116E-00 2.166€-03 + 0829 W221¢
9.200 2,786€~-01 1.6467E-Ch 24609€-03 «057%2 2062
10.000 1.165€-013 T.063€-0¢ 1.09%€-03 «0605 11952
10.594 1.02%€-03 4¢619E-05 9.78LE~CGL + 0651 «1814
11,000 14025¢6-03 3.630€-05 9.0889E-0u «0355 01726
11.50¢0 1.,240€-03 2.688€-05 1.183€-07 0222 11606
12.56¢0 1.718E-03 14014€E-0% 1.700E-03 «0106 +» 1390
16,800 2.211€-03 1.140€-08 2.200€-03 0052 $1111
18,080 24579E-0) 1.180£-05 2. 567E-03 s 0066 «1065
160400 2.055¢€-03 1.373€E-05 2.0464€-03 0067 1068
17.280 1.932€-03 1.677€E-0S 14935€-03 « 00086 +1086
10.500 1,726€-03 1.094E-05 1.718€-03 +«0043 «C 984
21.30¢ 1,5902-03 8,502€E-06 1.500F=-27 «00°%6 «NR0E
25.000 1.310E-03 Lot TO0E-CF 1+305E-03 «00% «"724
0000 1,219€-913 24097E-0¢ 1.217€-.3 «P017 o540
00000 14212€<32 84597€E~(7 fe211€~" «00.7 « (358
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Table 40. Attenuation Coefficients, Single Scatter Albedo, and Asymmetry
Parameter for Relative Humidity = 80% Tropospheric Mode!

4 NORMAL IZED TO A NUMRER DENSITY nFf $000. PARYICLES/CM3
WAVELENGTH EXTINCTION SCATYERING ARSORPTION - SINGLE ASYMME TRY
f (nzcRON) ( KM=1 ) { KN=4 ) { KM=y ) SCAT.ALB, PARAMETEQ
4 «200 2.1%6E-01 1.7%%5€-01 3.99%E-02 8146 7708
: «300 1.784E-01 §.764€E-01 e 2V4E-NT «OT6Y wTu82
«337 1.651€=C1 1.623E-01 2eTITE~(D «9811 W Tey?
+«550 1,037¢-01 1.019€-01 1.778€=01 9829 1222
H +696 7+729€E-02 7.580€-02 1,406E-L Y <987 0 o7 l69
' 1.060 3,965€-02 3.796F<(2 $46908€-53 9572 sEEXE
H 1,538 1.062E~02 1e7€SE=D2 1e377€-.1 02256 s8¢
: 2.000 8 .2LRE-03 ?.716€E-02 5.323F-24 +938% 5788
2.250 5 .861€-03 5.387F-C3 b 736E-)4 «9102 «SEHE
2,500 bo112€-03 3450 E-DT S.P?7E-74 «8506 «Elee
2.700 4 .699E-03 1.850€-02 2.84QE-0" <1917 «5152
3.000 1.006E-02 2.873€-07 14596€-02 v 1525 20255
3,392 W,292€+23 249%UE-L2 14330F07 h8E2 1
3.750 2 I2RE-N] 240CAE-C2 Jet8uF-Tt 671 28
b.500 1.,022€-0Y 1.036€=-D3 T.BA3E-C4 5677 + X947
5.000 1.390€-02 74256E="0 6.6LAF =y «5218 2702
5.500 1.302E-02 Le?35€=-04 6,687€-"4 il JYL76
5s000 N, 762E-N] 2.A006F=00 T 4N2E-53 «074S <1001
6,200 3.479502 3.7805€E<04 2.803E-"2 «1101 J087
6,500 1,800F=-C3 Jo1b8E=-CL 14086F-.1 1768 02082
7.200 1,739€~03 20241€E=Cu 1. 518~ +127% <2216
7.900 10478E-03 9,486 E-05 1.387€-C) «060L2 «25546
8,200 1.822¢€-C3 5.513F=(S 1.786F-"3 <0373 elUY
8,700 20895€E-"3 24869E=00L £460RE-CT 7991 2677
9, 000 3, 284€-02 3.079€~-04 2.976E-013 097n . 2416
9.200 3.622€-03 24192E=04 T V-] 675 02291
10,000 1+4794E€-03 1,075€-C4 1.686F-23 «0599 «2167
10,591 1,755E-03 64,852E-LS 1,607E-"1 o N30" 2781
11,000 1.997¢€-03 5.266E-05 1.945€-93 «0264 «19C¢
11.500 2 .559€-03 3.905€-0¢ 2.520€=33 0167 «1761
12.500 3,9%6E-03 3.453E-05 34925€-03 « 000 e352°
16,800 4.936E-03 2.913€-05 L.907€-n2 «0059 «1228
1%.000 3.306E-03 3.027€-05 5.2746E-073 2057 e120F
16,400 b o52LF-03 3,195€-0¢% by 492€-n2 « 7071 1171
17,200 6,225E-07 34570E-CE ky139€-"7 «N0R 4 «11F7
16.500 J.TufE="3 2.59)2=-0¢ Jo716E=? «NORQ «1( AP
21,300 3 020€-"3 148G7E=05 Te01°€E-"3 « 1053 T Cae
2%.,009 24IRE-DT 1.0LBE-CS ZouBAE~"] ¢J0u2 " 832
0,000 2.128£-03 5.,005€-06 24123€=-03 «0024 « 0659
e0.000 2.,0640€-03 1.981€-06 2.,038E-23 <0010 ev b3
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Table 41. Attenuation Coefficients, Single Scatter Albedo, and Asymmetry 3
Parameter for Relative Humidity = 85% Tropospheric Model 3
rt e X
P NORMAL JZED TO &4 NUMBER OENSITY of $009, PARTICLES /Cu3
& WAVELENGTH EXVINCTION SCATTERING ABSORPY ION SINGLE ASYMMETRY i~
i (NICRON) [ { XM=1 ) ¢ XMl ) SCAT.ALA, PARAMETER , 3
f « 200 2.602€-01 2,406E-01 4,18 0€~02 +8393 « 7709 !
! 1 2.186€01 24142801 bye214E-"3 Q8c7 7887 : 4
! 0337 2.0%1€-01 2.003€-01 2,772€-03 - 9863 .7531 .
! « 580 1.306E-04 1,288€-08 1.70%€-93 <9863 « 7189 H
) 696 9.842€-02 9,693E-02 1.495E=33 49848 7199 : g
Tt 1.060 5. 183€=-02 §.981E-02 1.723F-0% 9686 L6004 : b,
P 1.536 2 480€-02 2,309E-02 1.603E-03 9827 AL : i
. 24000 1.45%€-02 1.,09%€-02 5.946E-04 9485 «£97¢ i i
: 24250 8.193€-03 7,695€=01 4.980E~96 +9392 +6762 ;
2.%00 $.669€-03 $.0208-03 6.493E=06 +8855 N134 _ 3
: 2.700 $.997€-03 24510€-02 3.4876-03 4185 «€381 : ]
; 3.009 2.701€-02 4.285€-02 2.2728-02 1807 Ll i
! 3.392 6 ,3%P€-03 Colk9LE=0Y 1.866F=-03 + 7065 L4726 :
3.750 3.011E-03 3.010€-02 L OL7E=ik 18822 s 6569 !
4,500 2.577€-03 1.537¢-02 1.0LCE-LT +59€S cl1b8 ; :
5.000 1.,9%50E~03 1,(87€-07 8. 714E-00 +585€1 3a07 . 3
S.500 1.553E-03 T.N87E-0u 8.6439€-04 + 485 J3670 !
: 6,000 S.325€-03 4.207€-04 4,9)LE=03 6798 $328¢
. 6,200 4 ohB9E~03 S4911€-0¢ 3, 898E-113 1317 «326¢ i :
§ 6,500 2.448E-93 LeBO5E-04 1.961€-07 L19Rr7 1263 : ¥
7.200 2.208€-03 3.361E-04 1.874E<03 «1833 L3ecs ; 1
7.900 1.,800€-03 1.592E=C4 1,720E="3 «08L7? 2752 +
6,200 2.201€-03 1¢019€=04 2.099E-C0 “QUFS 2811 E
8.700 3401503 Y 636E=04 3,018€-01 41069 2622
9.000 3.861€-03 3,807¢=-04 J.669F-1Y +0991 $2E5u 3
9.200 ©o185€-03 2.767€«04 3,8786<03 LD 1Y .
: 10.000 2.2%1E-03 1.3016~04 2.113€-03 <0614 $2302 E
: 10.%91 2,299€-03 8.690€-05 2.212€-07 40378 2164 i
; 11,000 2.731€-03 64629E-05 2066901 eG2u3 2r2e 3
. 11,500 3.58LE-TY 4s976E=05 3.8%€-03 o119 +1086% 3
12.500 5.663E-03 4el?78E-05 5.618E-03 «0079 1606
) 16,800 7.003€-03 Lo?b3E-0S 609866013 <0068 BRI
15,000 Te368E-03 Le906E~LS ?4314€-17 20067 1202
16,400 6.612€-03 5.025E-0¢ 6¢362€-0C1 0078 $1240
: 17.200 S OT6F=03 €k 8E-rS $.922€-1 sufor 1228 i
: 18,300 5.279F=13 4 oCY0E-LS $42%9€-i1 .00Y7 +1187 -
21,300 4.4189F=012 24919E="5 G 160E-0Y 0070 «10S4 i
25,000 3.399E-03 1.641E-05 3, 383€-03 i00us 0000 3
30,000 Z811E-92 6.097€-06 2.803E-03 «0029 0725 4
. 40.000 2,656E-01 3.09%€-06 2.,653E-03 « 9012 RIT}
5 2
:
H 3
i 3
: 4
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% Table 42. Attenuation Coefficients, Single Scatter Albedo, and Asymmetry
{ Parameter for Relative Humidity = 98% T ropospheric Model
i -
: NORMALIZED YO 4 NUMOBER OENSITY OF £000. SARYICLE S/CNY
i HAVELENGTK  EXTINCTION SCATTERING ABSORPTION SINGLE SSYMMETRY
1 (MICRON -4} { KMot ) € XH=q ) SCAT.ALR, PARAMETER
H +200 3,316€-01 2.877€-01 4 391E-02 2 8676 7703
; +300 2.056E=01 2.012€-04 €.2228-03 9082 47689
H «387 2.673E-01 2.6L9€-01 2.764E-93 + 9897 « 7662
: « 550 1.777€-01 1.760€-01 1. 793E-03 »9899 « 7507
N1 1.363€-01 1e340€-01 1,544E-03 .9819 .7365 1 3
1. 060 T7.3%2€-D2 P.176E=02 1.786E-03 «9761 « 7000 3
1.336 3,609€-02 Y 666E-02 1,450F =3 <9598 «6%61 x
2.000 1,002€-02 1.732€-02 7. 043E=24 296”9 06202 E
2.2%9 1.282€-02 1.229€-02 $,389E-04 «958¢ 6008
2.500 8.760E-03 ?992€-02 7V 756E-Ct «941¢ NYIT
2.700 0.,439€-03 3,810E-02 4.622E-43 4824 5677
3.600 %e162E-02 74095€-0? 3.6SE-02 . 1796 L6681
3. 392 1e068E-02 7.65GE=0Y 2.829€-03 $730% . 486E
3.7%0 S 637€-03 S, 085E-CY 5.525E-%4 «9021 0819
“e 500 & 081E-07 2.587E=03 1. 693€-D1 «634) cbuly
5.000 3,009F-03 1.007E=03 1,243€-91 «5378 s172
5,500 2.363€-03 1,20%€-93 1.458F=01 oSivi LT
5,000 8 ASTE-03 7 0162E=Cu 7o 041E-03 1078 240t
6 200 6e912F-33 1,0L6E-02 5.866€-03 1514 L3506
6.5%00 3.670€E-013 8,555€-0L 2,815€-03 2331 »297
7.200 3,006€-03 5,762€-04 2.540E03 .1867 JI2R
7.900 2,620€-03 3,06 YE~ 0L 24326E-13 1152 $2015
8.200 2.910€-03 2.126E-04 2.697€-13 0731 $2886 3
8.700 4.,282€-03 S.126E=04 T TUOE-03 J12cs (2834 1
9.800 “w.Pu1E-03 S,182€~04 “we223€-01 +1093 «2756
9,200 8.023E-03 3.882E-04 €.635€-03 J0771 .2659 [
10.000 3.096E-03 14988€-06 2.857€-03 <0651 2699 i
10,594 3,263€6~03 10236€-04 3.479€-03 .0379 .2327
13.000 &,039€-03 9,360€~05 3.946E-01 +0232 + 2192
11.500 S.440€-03 7.19%€-0% 5.338E-93 0173 2022
12.500 8.740E~03 7+418E-05 8,6356=0% J0085 21736
14,800 1.,0T0E~02 8.911E-0¢ 1.061€-02 +008 TS
15,000 1.164E-02 9.152€-05 1.098€-02 +00A3 01462
16.400 9,797€-03 9.1643E-05 a, 796E-"3 .1043 £1345
17.200 9.125€-03 9e469F-CC Q,020€-03 0804 1325
16,500 0,042E-03 Tol7hE-0S 7.967€=03 J9007 #1260
21,300 6.271€-03 5.198€-05 6.219€=03 <0083 <1154
2%.000 5,009€-03 2.907€-05 4e979E=03 «0060 998 -
30.000 4. 025E~03 1+800€6-95 Y 010€-03 40037 e 0820 -
40,000 3.7682-03 $.631£~-06 3.740€-03 20015 0551
t '
: i
; !
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A 14
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Table 43. Attenuation Coefficients, Single Scatter Albedo, and Asymmetry
Parameter for Relative Humidity = 88% Tropospheric Model

NORWALIZED TO A NUMBER OENSITY OF 000, PARTICLES/Cn)

WAVELENGTH EXTINCTION SCATTERING ABSORPTION SINGLE ASYRNE TRY

MICRON) € Knet ) { KNeq ) ( KN=g ) SCAT. AL, PARENEBTER
200 4.020E-~01 3.874E-04 S SaPE-02 “e8871 <7098
+ 300 J.550€=01 3.508€-01 4230803 “egley 448
«337 3.300E-018 3.319E-014 2.7802€-01 9917 7230
«5%50 2.293¢-01 2.27%€-01 1.808E~03 9921 7008
« 494 1.700€E-01 4.769E-012 1.8268+03 « 9018 234
1.060 9.891€-02 9:713€-02 1.785€-03 «982¢C e 7142
1,536 ®.993E-02 “eB43E-D2 1.093€-23 971 6727
2.000 2.597€-02 2.515€~-02 8.262E~04 +9682 5301
2.250 1.857€-02 1.799€-02 S.822E-04 + 9606 6204
2.%00 1.263F-82 1.74E=02 . 1BLE-TY 9274 P BUSE
2.700 1.133€-02 SebbbE-03 5.0089€-03 804 «5912
3.000 S.79%€-02 1.088€-02 b Thb€~D2 1829 sk 849
3,392 1.563E-02 1ed70€-02 Je932€-23 RLIL «S127
3.7%90 8,405€-03 T476)E=0 Y Te2ui€ait «91L? «5C1Q
500 %.961E-03 3.953€-0" 2.007€-01 + 6632 4625
$.000 $.506E-03 2.804E-01 1.863€-73 6310 NAIT
5.500 J.373€-02 1.0861€-C7 1.512€-23 «35817 «L169
6.000 1.438€-02 1.104€-03 1.028€E-02 <0974 «7696
6. 200 9. 732£-03 1.653€-03 8,079€-03 «1698 «3707
6,500 8,426€-03 1.350€-0% 3.776€33 2607 J3708
7.200 4128€-03 9,004E=N4 3, 223E~"3 02883 ¥ury
7.900 3.500€-03 5.066E-00 3,002€-03 1063 <232
0.200 JoT4RE-03 34719€=0¢ 3.,378€-03 « 0994 «3112
8,700 S.482€-03 6.974E-04 4. 4956~ +1346 <222
9, 000 $.697E-03 6.856E-04 5.012E~03 +3203 + 2938
9.200 $.981£-03 $.269€-04 5.425€6-03 40088 o28SC
10,000 3.995€-03 2.757€-04 3.680€-03 + 0697 +2675
10,591 & 4340E-03 1.700E-0u 4y 170E-03 «4392 « 2690
11.000 S .500€-013 1.288E-04 $.3726-03 20270 23067
11.500 Tob&BE-03 1.040€-C4 T,367€-C3 «0136 02165
12.%00 1.211€-02 1414LTE-0L 1.200€-02 « 009 1857
14,800 1.482€-02 L1e4T7E-04 1.468€-02 «0100 *1536
15.000 1.916E-02 1.510€~00 1.499€-92 0100 «1509
16,400 1.399€-02 14490F-04 1, J6hE-N2 «0110 REL!
17.200 1.206€-02 1,508€E-04 1.251€E-02 <0119 «1L16
18.%00 1.114E-02 1.223€E-04 1.102€-02 « 0110 «1356
21.380 6.600€-03 8.383€E-05 8,526E-03 <0097 01248
25.000 6.822€-03 ©s094E-05 6.760E-03 0072 «1368
30.800 5.302€-93 2.84NE-05 5.387¢8-03 <0046 <0905
40,000 &.997€-03 9+.265€-06 4.960E-0] «0019 0614
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Parameter for the Advection Fog 1 Model

Table 44. Attenuation Coefficients, Single Scatter Albedo, and Asymmetry

WAVELENGTH
(MICRON
«200
+ 300
+«337
« 550
16946
1,060
1.538
2.000
2.2%0
2. 500
2700
3.000
3. 392
3,750
N300
%, 000
5,500
6,000
6,200
6.%00
T.200
7.900
80200
8.700
9.000
9.200

10.000

10599

11.000

11.%00

12.500

14,600

15,002

16.400

17.200

16,500

21,300

2%.000

30,000

40,000

NORMAL I2BED TO A NUMBER OENSITY OF 20,00

EXTINCTION
{ K= )
2,031Ee21
2.849Ee01
2.007E¢0
2,076E008
2,8008¢014
2.920E¢01
2.96%E+01
2.993Ee0 3
J.008€E+01
3.,027E401
J.063Fe0 1
3.040E00
3.070E¢01
3.098¢E+01
3 L0Ee Y
J4T71E0 Y
3.209E¢01
3173640
3s200E+01
Je200E¢01
J.306E401
3.368E401
34399E+01
3.6452€+01
SM0%Eel L
J.504E+D ¢
3.52%€+01
3.321E401
3.037E«014
2.824E401
2.906€001
3,1087€4018
342036401
3.,29%5E¢01
3.3080E01
3.406E+01
J.e9bESDY
3.581E¢01
I 6656401
J.063E¢04

SCATTERING
 Xi=1 )
2.O034E4)Y
2.0409E+01
2.047E0DY
2,8T8E N0
2.893E+01
2.921E°01
2,921€+014
240601€+01
2.897E401
2.6L5E401

T 14608E401

14586E+(1
1.754E401
2.503€401
2+0F6E*01
2+477E+ Y
2:.294E 01
1.503€£4+01
1+6419E+01
1+808E+01
1497%€¢01
2e0LQESCY
2.079€¢0}
24328€401
2.156€401
24171€4+01
2.160€¢01
1.916E¢01
1.5%8€E+01
1,299E+01
1.316€+01
1.501€4+01
1.540€+01
1.560€+01
1.583E001
1.615E01
1,654€+01
1.695E+01
1e7L0E401
1,556€+01

ABSORPYION
{ KMeq )
JeSUkE-G]
3.38%5€-04
1.997€=-24
24399€-96
2e973k-J4
2.718E-22
4 353E-11
3.120E422
1+148Een0
2.813E+09
14350E+71
1o428k¢08
1.316€+08
S lL8Fel"
$.074EMCY
9.9L2E+00
Q.157E+")
1.506E+0 1
16084E+01
1.036E401
13326401
1.320E+0)
1.319E+01%
1.326E+01
14329€+01
1,333E+v1
1.356€+n4
1.605E+ 08
14679€¢C
1.526E¢01
1,588E+04
1.,686E401
1:692€+01
1.735€+01
1.757¢8¢0¢
1.791€401
1.6003E¢04
1.086E¢01
1.995€+012
1.978E+01

OARTICLES/CMY
SINGLE ASYMMETRY
SCAT.ALR, PARSMET:D
+9999 8578
1.0000 +0726
1.000) kP22
1.00C0 28717
1.00 ) 733
« 999 «MES2
29053 «PELE
<89 LAP90
« 9628 +«86A9
8740 8918
8843 9F by
«52F1 9502
«ST16 . 9297
LR} 28040
«658) o0y
«68%5 0088
7147 +8P812
«S0°3 2960k
+50c9 cQuL7r
«55712 «9192
«597°0 9139
16020 9030
6118 Q057
+616Gh Q11
€107 Ja1¢g
«610G¢E «9194
«64€13 G381
«5789 L9627
«51290 +958¢
598 «958°
4835 .13
711 «Q171
2?16 9381
734 0957
N3AL] 8898
LY 8832
4726 8685
X3l « 8491
778 «B820¢8
b4 +781S
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Table 45. Attenuation Coefficients, Single Scatter Albedo, and Asymmetry
Parameter for the Advection Fog 2 Model

- —— e o, .

NORNMALIZED T9 A NUMBER DENSITY OF

MAVELENGTH EXTINCTION SCATTERING
(MICRON) { XMqui ) ( M=y )
o200 1.836E401 f1.016€04
«300 1.830E+01 1.830€+01
2337 1.820F¢01 1.08208€E¢01
+»5%0 1.0049E+N1 1.849E+01
11) 1.8%9E¢012 1.859€+01
1.060 1.,0086E401 1.808LE01
1.536 1 .916E461 1e87 ' ~014
2,000 1.93TE+01 17 (2N
2.2%0 1.949€¢0 13 fec. 1
2.500 1.962E¢01 1.756L 404
2.700 1 .900E+01 {s146E+CY
3.000 1.350E+01 14016E+01
3.392 1.994€¢01 1.379€401
3.75¢0 2.017€401 §732E+01
b, 500 2.052€+01 1.419€/ 03
5.000 2.078£001 1+500E¢ny
5.500 2¢115Fe01 1.591E+C1
6,000 2.,078Eel 1.C49F o0
64200 2.09°F¢7 1 1.070€+01
6.500 2.11E001% 10251E¢01
74200 24202€01 1.400EeCy
7. 900 2.262%F001 1 ebT4ESDY
8.200 2.2088E401 1.503€+01
8,700 2.32%€¢01 14960€401
9,000 24361Fen §45564E¢01
9.200 2.3GEE0D 2 1.558E4C1
10,000 2,286E8)1 1.681E401
10.%90 2.05&E+01 1e211E4+¢1
11.000 1.865€¢01 9 I77E+GC
11,900 1.T7T18E01 Ts635E6+40C
12,800 1,811€+01 Te876EenC
16,000 2,036€401 9.2080E400
1%.000 2.068€401 Ge 3526400
16,600 24119E401 Ge74bEelC
17. 200 2.183€¢01 9.927€400
10.%00 2.204€0 1.019€014
21,300 24255€401 1.0&8E¢018
2%, 000 2.297€eD 1 1.07%€001
30.000 2.297€+01 1.008€401%
40,000 2.009€4D1 9.013E¢00

ABSORPTION
{ K= )
1.839€-07
1.786€E-04
8,200€-1%
1426265
1.591€-00
14659€-02
2.319€-"1
1.600€¢20
S.ubE-N}
2.066F+0)
8,33%€¢7)
G.3u0€+90
R L6LE+N)
2.867€+9)
64 325E¢N0
S.778€00
5.238€677
1.029€+.1
1.029€+71
8.9%4E07)
8.018E+17
7T.876F¢(0
706"7‘0(“.‘
To 8490482
7e866E*ND
7.88LE400
8.035€4+0)
8okIFeN)
9. 076+ 30
9.561F+79
1.026€¢31
1.108€+01
1,113€+21
1, 1606841
1.160€+01
1,182€+"1
1,207€+51
1.222€+01
1.,209€+01
1,188E4014

20.00

PARTICLES/CM
SINGLE ASYMMETRY
SCAT,ALB, ©ARBHETER
« 9999 4570
1.0000 8718
1,000 28707
1.00°¢ «8€01
1.000C »06TE
«9992 0604
<9879 28652
9q Y «8705
«9695 ABD Y
« 8907 WOPIME
5788 s O5L Y
5219 CGLA?
«5911 916k
. 8564 N4
« 6917 « 8794
«7219 s 8664
« 75213 «261€
v 5069 9515
<5046 .9159
5862 .£929
+63€9 s hBEL
+ESLA . 0912
6571 +8851
6624 WG
¢ 66LD «9.9¢
«664) 0117
ablee 2 «573°
25896 5469
«5062 «9%45
L ER) « Q497
ob3ue «9713
4359 LY
4867 89LY
4509 « 8799
«bb12 0729
631 RYYY:
ahbLE 8455
B0 « 8212
k735 «7942
4315 J73u8
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Table 46. Attenuation Coefficients, Single Scatter Albedo, and Asymmetry
Parameter for Radiation Fog 1 Model

NORMALIZE0 TO & NUMBER DENSITY OF 10040 PARTICLES/CMI

NAVELENGTH EXTINCTION SCATTERING ABSORPTION SINGLE ASVYMME TRY

{NIGRON) { KN-1 ) KM=t ) { KH-1 ) SCAT.ALOB, PAIEMETER
<200 1.617E¢01 1.64T7E+01 64339€=04 1.0000 W 8460
«300 1.631€+01 1.631E401 8,969€-05 1.0000 <8578
«337 1 ,637€¢012 1.,637€+01 20 7TB4E-05 1.,0000 + 8591
«590 1.665E¢01 1.,661E+01 LoOP1E~06 1,0000 «8887
694 1.663€¢014 1.683€¢01 5.194€-05 1.000¢ 280676
1.060 1.730€401 1,730E+01 Se470E-DS + 9997 28300
1536 1.773E+01 1.76%5E+012 8,6656-02 9952 0177
2.000 1.610E+014 1.764E01 6,688E-71 +9871 8102
2+250 1.,039€E+01 1,817€+01 2101E-d1 +98481 full
2.500 243036401 1.829€+C1 8.006E-101 » 9501 8278
2.700 2.118%¢01 1.623E¢01 4.,952E¢00 7662 «9320
3,000 1.0155¢07 8,912E+00 9.237E400 91 9728
30392 1.921€¢01 1.301E+01 S, 410E¢00 «7185 A0c8
3. 750 2.027E¢01 1.906€401 1,206€+00 QWS «7Se?
4.500 2.274F408 1,960€+01 Jatuif 400 8619 B272
$.000 2+307E+01 2.119€+01 2. 681t 00 . 8877 0382
5.500 2.4208E401 2,202€E+01 2.255€+00 «9071 <0826
6,000 1.916F+01 1.091E+01 €,25uF ¢01 « 5622 «912¢
6.200 2.187E¢01 1,366E+01 8,200€¢0Q o 6247 8772
64508 2.32¢E401 1.805€+01 5.218E+10 W2757 «PEQE
7.200 2.202E+01 1,791E+01 LalN%E¢N0 «817% «LRST
7.900 1,902€+01 1.,593€+01 3, 880E00 8078 «f68C
Bs200 1,87%€+401 1.4L89E+01 1.8%E+00 7992 0682
8,700 1.6826401 1.301E+01 31,807E400 7737 JRETH
9.000 1550E421 14178E401 3.,898E+00 o785 8671
9,200 1.LT6E40Y 1,094E+03 3,027E409 WTHtY JAEHE
10,000 1.131€+0 1 7.324€400 ".983E+00 ELT7 LTS
10.990 9.06%5€+00 4.592E400 k.TIESDO 5101 8612
11,000 67450400 3,329€E+00 54385E47) 3829 8862
11.500 9.15u4Ee00 2+752E400 6,6026400 <3006 «84655
12.500 1,173%¢01 3.829E+00 0.290€E4+00 <3009 o812
16,000 14503€e01 85,241E+00 9.818E+00 3467 o7640
15.000 1.510€¢01 5.298E+00 9. 884E+ D0 ° 3490 « 7499
160600 1.,593C001 8,751E+00 1.018€+01 3679 «T1A7
ir. 200 1.61T7E+01 8.935c+0¢0 1.026€601 <3870 024
10,9500 16338001 G, 166E+00 1,048€+01 « 3764 «B772
21.300 1,529€+01 8.795E¢00 9. 4956+ 00 «3790 «h286
1.377F+01 $.,133€+00 8.634E000 «37228 e5642
1.431€201 3.902€+00 7.320€+00 «3524 4835
0.478C400 2.079€+00 6,397E0D «24%3 «33061
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Table 47. Attenuation Coefficients, Single Scatter Albedo, and Asymmetry

E Parameter for Radiation Fog 2 Model
X NORMALIZED TO A NUMBER OENSITY OF 2000 PARTICLES/CMY
i WAVELENGTH  EXTINCTION SCATTERING ABSORPTION SINGLE ASYMNETRY
3 (MICRONW € =g ) € KM=y ) { KM= ) SCAT.ALO. PARBMETER
§ + 200 0,220E+00 8,220E+00 LeblbE~06 1.002) 08
¥ «300 €.364E000 B.348E4 00 1.720E-05 1.00¢0 48459
o337 6.¢17E400 8.41TE00 8,058€-06 1.0070 8419
£ + 580 8.672E+00 8,672€40C 1.175€-06 1.0000 P B28€
o 694 B.73%E 00 8,756E+00 1.409€-05 1.0000 8224
- 1.060 9.121E0060 9.120E+00 1.354E-03 « 3999 +7883
1,536 9.7S8E+0 0 9,73I7E+00 24128602 «997¢ 7763
2.000 1.126E4018 1,106E+01 14723€-014 9857 2102
2.250 1.207€+01 1,202E+01 5.371€~02 . 9956 «6393
2.500 1.224E-01 1.206E01 2.016F-Ny 9873 ‘8767
2.700 9,081E+00 7.589E+00 1.492E+90 .83¢7 A4258
3,000 9.610E400 4,586€00 5.024LE*00 a772 . 0982
3,392 1.263E¢01 1.074E+08 1.748€4+99 8617 7087
3,750 1.260€401 1,230€401 3,043€-04 9741 €082
8,500 1.029E+01 94459E+0C 8, 357E-01 J0108 L8110
5.000 9.081E400 8.35TE+0C 6.937€-14 «92%u C P24
$.500 T 442E400 6.ST1E+00 S.P11E-01 «9200 210
6,000 6.222E400 Je222E40¢0 3.0N0E¢ 02 «5179 N
€. 200 8.016E000 Su77€+00 2.836E400 NI «AN37
6,500 6.881E¢00 S.LOGECOC 1.476E+00 o785 4 L7904
7.200 5.,226E400 4o130€400 1.096€400 o790 7728
7.900 G.435€e0 0 3,110€+00 1.025€4+19 7522 7528
8.200 3.PUGEDD 24 TISE +0C 1.008E¢00 $7367 $TL3E
8,700 3.185€400 2.187€+00 9.989E~91 +68kL 27276
9,000 2.888€400 148BLE4OC 1.001€¢00 $6511 » 71738
9,200 2.TCLE4DO 4.698€+00 1.076E£400 6200 71080
10,000 2.093E+00 1.02E+00 14 069E+00 04897 6790
10,590 1.,073€¢00 64188€-01 1.25%F+"0 #3373 .6%2¢
11,000 2.082E400 4,656E=01 $4516E400 2217 ,6305
11.%00 2.499€+00 4,120E-01 2.086E+019 +1662 «6020
. 12.%00 3.701E+00 6429%€E-01 3.071€¢90 24701 15475
' 14,800 “«.931Ee00 14039E4+0C 3.892€+00 2156 4577
15,000 LePEEEL00 1,056E+00 3.914€400 +2125 J4511
16.400 5.030E+00 1.117E+DC 3.921£+00 2246 W NBG
17,200 ©.957C000 111TE+00 34860€¢90 2256 13872
18.500 G.706E000 1,081E+0C 3.623F+30 2290 21566
21.300 J.548E400 0.282€-01 2.986E+00 .2471 .2976
25.000 2.990€400 $.,766€-01 2.413€400 .1929 s2300
36.000 2.160€C¢00 J.331€-01 1.827E400 15062 «1711
60,000 1.673E¢08 1.237€-01 1+569E+00 o070 40956
t
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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 general
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 1 - 2 km above the surface, the
composgition of the aerosol particles is primarily controlled by sources (natural
and man-made) at the earth's surface. The aerosol content of the atrnosphere 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 atmospiere is controlled by the temgpgerature 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 aerassol 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, ss 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 18 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 :ater. Sea-salt particles are forme-. 1vom sea spray [rom
breaking waves. The larger particies 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, v3 (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

empirically by Kasten31 and has been used by H'a'nel”’ 28

viE)) (l-f )"
= (14)
T,) I-T,

where V is the meteorological range and f is the fractional relative humidity, with
0.7 < f0 Iy £ 0.995, and v is a model dependent parameter. For the Rural and
Tropospheric Models v <= 0,42, for the Urban Aerovsol Model v = 0.57 and for the
Maritirne Aerosol Model v = 0.58.

Since the natural atmosphere is not a closed system and changes in the relative
humidity do not necersarily take place in isolation from other changes, Eq. (14)
should be used with caution. The measurements presented by Filippov and
Mir\.\myants94 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 te expected to be approximately valid for relative humidity greater
than 70-80 percent,

4.2 Tropospheric Aerosol Model

The Tropospheric Aerosol Mode! 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 firat 1 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
visibilitiea greater than 30 to 40 km), 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 um radius aerosol particle is approximately

1 km per day. )95

4.3 FogModels

The Fog Modela described in Section 2.5 were presented in terms of the
atrnogpheric 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 visibilitiea will be less than 200-250 m and the extinction will be virtually y
“ independent of wavelength. For these conditions Fog Model 1 should be used, For 2
] 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 k-
8-12 ym window. For such cases Fog Model 4 should be used. For very light fog
conditions where the vigibility may be about 1 km, the 98 percent relative humidity

aerosol models may represent the wavelength dependence of the atmospheric
4 extinction as well as any of the fog models.
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