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ABSTRACT

Comparisons of the predicted aerosol size distributions from the

Shettle and Fenn, the Munn-Katz, and the Hybrid models are made with

aerosol size distribution data sets collected off the California coast

near Monterey in April and May, 1980. It is shown that the mixing

volume (inversion height) is an important parameter in predictive aerosol

distribution equations. The Hybrid model is determined to be inaccurate

when compared with the Shettle and Fenn and the Munn-Katz models. The

Shettle and Fenn model consistently provided the most accurate results.

However, it requires an input of either total particle concentration or

visibility, neither of which are easily measured or predicted. The Munn-

Katz model is determined to be the most operationally useful of the three

models studied. It depends only on the bulk meteorological parameters of

wind speed, relative humidity and altitude. The Munn-Katz model neglects

mixing volume and advection. The observed data further suggest that an

aerosol model which does not include a continental distribution may be

more appropriate for the open ocean environment.





TABLE OF CONTENTS

I. INTRODUCTION 11

II. BACKGROUND 17

A. SHETTLE AND FENN MODEL 19

B. MUNN-KATZ MODEL 22

C. HYBRID MODEL - 25

III. TECHNICAL APPROACH 43

A. DATA ACQUISITION 43

B. CORRECTION OF DATA 44

C. MODEL MODIFICATION 46

D. VOLUME DISTRIBUTION DETERMINATION 50

E. TOTAL PARTICLE CONCENTRATION DETERMINATION 50

IV. METEOROLOGICAL CONDITIONS 58

V. DISCUSSION OF RESULTS 61

A. DISCUSSION OF OBSERVATIONS 61

1

.

Ladder #3 61

2. Ladder #4 62

3. Ladder #16 62

B. EVALUATION OF MODELS 64

1. Comparison of Model Output -------------65

2. Evaluation of Scaling Factors -----------66

a. Evaluation of Imposed Weighting Factor ----- 67

b. Evaluation of Junge Coefficient --------67

3. Significance of Continental and Maritime Components- 68





4. Role of the Shettle and Fenn and the Munn-Katz
Components in the Hybrid Model -----------69

5. Treatment at the Inversion -------------70

VI. CONCLUSIONS AND RECOMMENDATIONS 98

A. CONCLUSIONS 98

B. RECOMMENDATIONS 99

LIST OF REFERENCES 102

INITIAL DISTRIBUTION LIST 104





LIST OF PLATES

I. DMSP LF-Log Enhancement, 30 April 1980 14

II. DMSP LF-Log Enhancement, 4 May 1980, 1753 GMT 15

III. DMSP LF-Log Enhancement, 4 May 1980, 1 933 GMT 16





LIST OF TABLES

I. Parameters of Maritime Aerosol Size Distribution ------ 28

II. Humidity Dependent Mode Radii, Maritime Model -------28





LIST OF FIGURES

1. Shettle and Fenn Continental (accumulation) Component
as a Function of Relative Humidity -------------29

2. Shettle and Fenn Maritime (coarse) Component as a

Function of Relative Humidity ----------------30

3. Shettle and Fenn Total Size Distribution as a Function
of Relative Humidity --------------------31

4. Munn-Katz Continental Dependence on Wind Speed -------32

5. Munn-Katz Maritime Dependence on Wind Speed ---------33

6. Munn-Katz Total Size Distribution Dependence on Wind Speed - 34

7. Munn-Katz Continental Dependence on Relative Humidity - - - - 35

8. Munn-Katz Maritime Dependence on Relative Humidity ----- 36

9. Munn-Katz Total Size Distribution Dependence on

Relative Humidity ----------------------37

10. Hybrid Dependence on Relative Humidity at a Wind Speed
of m/s 38

11. Hybrid Dependence on Relative Humidity at a Wind Speed
of 10 m/s --- 39

12. Measured and Calculated Growth Curves for NACL
Particles and Natural Aerosols ---------------40

13. Hybrid Dependence on Wind Speed at a Relative
Humidity of 50% 41

14. Hybrid Dependence on Wind Speed at a Relative
Humidity of 80% 42

15. Shettle and Fenn Weighting Factor --------------52

16. Hybrid Weighting Factor, 3 Meter Altitude ---------53

17. Hybrid Weighting Factor, 10 Meter Altitude -- 54

18. Hybrid Weighting Factor, 100 Meter Altitude 55





19. Hybrid Weighting Factor, 500 Meter Altitude 56

20. Hybrid Weighting Factor, 1000 Meter Altitude 57

21. Surface Synoptic Map, 30 April 1980 60

22. Surface Synoptic Map, 4 May 1980 60

23. Size and Volume Distribution, L #3, 15 Meters 72,73

24. Size and Volume Distribution, L #3, 305 Meters 74,75

25. Size and Volume Distribution, L #3, 610 Meters 76,77

26. Size and Volume Distribution, L #3, 1219 Meters 78,79

27. Size and Volume Distribution, L #4, 15 Meters - 80,31

28. Size and Volume Distribution, L #4, 335 Meters 82,83

29. Size and Volume Distribution, L #4, 610 Meters 84,85

30. Size and Volume Distribution, L #4, 1219 Meters 86,87

31. Size and Volume Distribution, L #16, 15 Meters 88,89

32. Size and Volume Distribution, L #16, 305 Meters 90,91

33. Volume Distribution, L #16, 3 Meters, Hybrid
Weighting Factor Employed in Hybrid Model ----------92

34. Volume Distribution, L #16, 3 Meters, Shettle and

Fenn Weighting Factor Employed in Hybrid Model -------93

35. L #3 Volume Distribution, 3 Meters, Model Components - - - - 94

36. L #4 Volume Distribution, 3 Meters, Model Components - - - - 95

37. L #16 Volume Distribution, 3 Meters, Model Components - - - - 96

38. L #4, 1219 Meters, Size Distribution Composed of
Continental Component Only -----------------97

10





I. INTRODUCTION

In the early 1970's the Navy's geophysics community was called upon

to provide operational environmental support for the ever-growing use

of electro-optical (EO) devices. As a result of lack of experience in

the field, adequate support could not be provided. In addition the

civilian research community had failed to provide clear-cut guidance as

to the environmental effects on EO systems. Since that time there has

been an increased naval and civilian research effort to better under-

stand and predict aerosols, and their effects on the propagation of

electromagnetic radiation.

Today the Navy is still in need of reliable methods for estimating

EO system performance for slant path ranges. This requires a better

understanding of aerosol loading in the atmosphere along vertical paths,

and more specifically, how such aerosol loading is affected by changing

meteorological conditions. Once aerosol size distributions have been

determined along a path through the atmosphere, estimates of extinction

at different wavelengths can be calculated using Mie scattering theory.

One such effort has been the investigation of "anomalous" gray

shades in DMSP (Defense Meteorological Satellite Program) VHR {yery

high resolution) imagery and LF (light fine) imagery (Fett and Isaacs,

1979; Isaacs, 1980). In the past, these gray shades have been attri-

buted to low level haze and moisture, thin cirrus clouds, shallow or

turbid water, ocean spray, thin fog, and sun glint (Fenn and Mitchell,

1977).
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Isaacs (1980) attempted to show that gray shades commonly observed

in DMSP imagery are highly dependent on the atmosphere's aerosol load-

ing. An original objective of this thesis was to validate Isaacs'

(1980) model using a unique set of satellite imagery (Plates I - III)

and aerosol data obtained in April and May of 1980 by investigators at

the Naval Postgraduate School. The aerosol data were gathered off the

California coast near Monterey and DMSP imagery was made available for

the experimental period by the Naval Environmental Prediction Research

Facility (MEPRF).

From the satellite imagery, it was determined that two days, 30

April and 4 May, provided the best gray shade variation for the valida-

tion. Unfortunately, the imagery could be neither navigated nor

analyzed quantitatively because the satellite data were stored in en-

crypted form. (Hardware was not available to transform the data into

a format which was usable on equipment available to the Naval Post-

graduate School .)

The above mentioned difficulties with the satellite imagery pre-

cluded determination of the azimuthal and zenith angles and quantitative

radiance levels, for each investigated pixel, which are required as

inputs by Isaacs' (1980) radiative transfer algorithm. It was therefore

decided to restructure the thesis objective to investigate the relative

accuracy of the aerosol models employed by Isaacs (1980). Size distri-

butions determined by each model were compared to measured distributions,

A secondary thesis objective was to determine the extent to which

the observed size distributions were dependent on the mixing volume, as

well as on wind speed and relative humidity. The results implicate

12





the inversion height as an important parameter in the equations describ-

ing the size distribution.
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Plate I. DMSP, LF-Log Enhancement, 1911Z, 30 Apr 80

(1911Z = 1911 GMT)
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Plate II. DMSP, LF-Log Enhancement, 1753Z, 4 May 80

(1753Z = 1753 GMT)
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Plate III. DMSP, LF-Log Enhancement, 1933Z, 4 May 80

(1933Z = 1933 GMT)
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II. BACKGROUND

Radiative transfer modeling in the visible and infrared wavelength

regions requires input data defining the optical structure of the atmo-

sphere if the model is to accurately depict observed radiative propaga-

tion conditions. The required input data are: 1) total Rayleigh optical

depth, 2) absorption optical depth, 3) surface reflectivity (including

sun glint effects), 4) surface emittance, 5) total aerosol optical depth,

6) aerosol height distribution, and 7) aerosol size distribution. The

focus of work in this thesis was on the last three types of input data.

It has been established for some time that aerosols significantly

affect remote sensing, particularly in the atmospheric boundary layer

of the marine environment. A primary effort in air-ocean radiative

transfer studies has been to develop models which would describe quanti-

tatively and realistically the aerosol distribution in the planetary

boundary layer. This has proven to be difficult because marine aerosols

typically display spatial and temporal variability in concentration,

composition, shape, index of refraction, and size distribution. More-

over, size distributions of marine aerosols are strongly influenced by

wind speed, relative humidity, atmospheric stability, and air mass tra-

jectory, all of which vary in time and space. It is necessary, there-

fore, to determine the dependence of aerosol size distribution on these

parameters, as well as the variability of the specific parameters under

various atmospheric conditions. Existing models for predicting aerosol

numbers and size distributions include only effects due to wind speed
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and relative humidity, and are inexact. Since aerosol particles de-

grade signal intensity in an amount which is proportional to their

number and size, it is to be expected that the modeled aerosol effects

on extinction will be imperfect.

The fundamental link between the meteorological variables and the

aerosol optical properties is the size distribution, n(r), and in

coastal areas, the chemical composition. The size distribution is a

function describing the number density of aerosols of radius r within

a size range from r to r + dr. Observational evidence indicates that

the size distribution can be reproduced by three modes (Whitby and

Sverdrup, 1978). These modes are: [1) the Aitkin nuclei mode (r <

0.1 urn radius), (2) an accumulation mode (0.1 < r < 1.0 urn radius, and

(3) a coarse mode (1.0 < r ym radius). However, the effect of Aitkin

nuclei on optical properties in the 0.4 to 1.1 urn wavelength range is

negligible. Therefore, we will consider only the accumulation and

coarse modes. Work of Meszaros and Vissy (1974) indicates that each

mode has distinct source mechanisms and compositions. For conceptual

distinction by source these two modes are also referred to as the "con-

tinental" and "maritime" components respectively.

Isaacs (1980) considered two separate aerosol models in the develop-

ment of a radiative transfer algorithm. The first model was a relative

humidity dependent maritime model attributed to Shettle and Fenn (1979),

The second model was a linear combination of the relative humidity de-

pendent continental component of the Shettle and Fenn model and the

relative humidity and wind speed dependent maritime component of the

Munn-Katz model. This is referred to as the "Hybrid" model (Isaacs,
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1980). A third model considered in this study is the Munn-Katz model,

as described by Isaacs (1980) and Noonkestor (1980).

A. SHETTLE AND FENN MODEL

The Shettle and Fenn model (Shettle and Fenn, 1979) is the maritime

aerosol optical properties model adopted by the Air Force. It is for-

mulated on the number mean radius and standard deviation. It is based

on a log normal size distribution and represents only a simple,

generalized version of typical conditions since it includes only the

relative humidity dependence. It neglects wind speed, stability and

advection. This empirical, log normal size distribution is given,

according to Isaacs (1980) and Shettle and Fenn (.1979), by:

2

nO) =Y] N.Eexpt-ln
2^)^ In

2 a^/rv^ In a. (1)

1-1

where r is the relative humidity dependent number median radius (or

mode radius), a. is the standard deviation, and N. is the total nor-

malized density of particles Ccm-3). i=l refers to the continental com-

ponent and i=2 refers to the maritime component. The number median is

that value, on a log probability plot, with 50% of the distribution's

number above and below. Tables I and II describe the above parameters

according to Isaacs (1980) and Shettle and Fenn (1979) for the maritime

model

.
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The Shettle and Fenn model depicts a size distribution which simu-

lates a pronounced continental aerosol background mixed with an aerosol

of oceanic origin. It has been assumed that the continental component

can be given by a rural aerosol model with the exclusion of the very

large particles. The large particles are assumed to be lost as the

air mass moves out over the ocean.

The maritime component is assumed to be composed of mainly sea salt

particles which are produced by the evaporation of sea spray. These

particles eventually grow large due to aggregation of water under the

high relative humidity conditions of the marine boundary layer (typically

above 80% relative humidity). As the relative humidity increases

(decreases) the gross effect on the size distribution is to increase

(decrease) the average size of the droplets. The magnitude of this

change is a function of the initial size and composition of the particles

(Isaacs, 1980). Size changes due to the change of liquid water in the

particles produce corresponding changes in the effective composition

and refractive index of the suspended droplets. This will modify the

resulting effects of the aerosols on the absorption and scattering of

light. The changes /in particle size with relative humidity in the

Shettle and Fenn model were based on results by Hanel (1976). This

relative humidity dependence enters equation (1) through the number mode

radius r , which is given explicitly for several relative humidities

in Table II.

The relative humidity dependent size distributions given by the Shettle

and Fenn model (eqn (1)) are illustrated in figure 1 for the continental

20





(accumulation) component, in Figure 2 for the maritime (coarse) compo-

nent, and in figure 3 for the linear combination of the two. It is

interesting to note that the increase in median size between 50 and 95

percent relative humidities is a factor of 1.75 greater in the maritime

component than in the continental component (Isaacs, 1980). Also, of

interest is the apparent singular point (i.e. 3n(r)/3(RH) = 0) at r =

0.03 pm or at -1.5 log scale. The significance of this point will be

discussed in the section on the Hybrid model (below).

The relative proportions of oceanic and continental derived aerosols

will typically vary in time and space, particularly in coastal regions.

The Shettle and Fenn model permits adjustment of the relative amounts

of the maritime and continental components through its bimodal nature.

The component proportion used for the results of this thesis, following

Isaacs (1980), is that 40 particles out of every 4000 are assumed to be

of marine origin. Gathman and Julian (1979) indicate that numbers on

the order of 40/1000 are more typical of the open ocean case. Test com-

putations showed, however, that the results are not sensitive to this

factor of 4 difference.

One advantage of the form of the size distribution function as given

by equation (1) is that it represents the bimodal nature of atmospheric

aerosols. It also permits the number median radius for each mode to be

modified for aerosol growth while holding the total number of particles

constant. The difficult comes in determining the exact nature of the

modifications.

The disadvantage of the Shettle and Fenn model is that it requires,

alternately, the input of a fixed total number concentration, or the
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scaling of the results by visibility. Both procedures have their draw-

backs. First, to input a fixed total number concentration requires an

a priori knowledge of the size distribution, the \iery quantity we are

trying to predict. Second, while there is some evidence in the litera-

ture that scaling by visibility improves the size distribution predicted

by aerosol models, visibility remains a yery difficult meteorological

parameter to measure on a routine basis. Furthermore, the prediction of

visibility under present operating conditions is less than adequate.

B. MUNN-KATZ MODEL

The second model investigated was developed by the Navy Electro-

Optical Meteorology program. It is a linear combination of Junge and

Deirmendjian distributions for the continental and maritime components

respectively. The model is based on an earlier model by Wells et al

.

(1977) as modified by Katz and is referred to as the Munn-Katz model.

The size distribution is given by:

n(r) = 1.7(£)"
4

+ 1.62CC, + c/jexpC^ - B.S^F" 1

^) (2)

o

where r = radius (jam)

z = altitude Cm)

h = scale height set at 800 m
o 3

a = 0.81 Exp [0.066 S/1.058 - S] where

S = saturation ratio (relative humidity/100)

F = Relative humidity growth factor

= 1 + (V/60)
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r = 0.384 - 0.00293 V
1 * 25

V = wind factor scaled with surface wind V

= .5 m/s for 0<= V <=4 m/s

= (V - 3.5) m/s for V
Q
> 4 m/s

when V<=7 m/s C-,. = 350, C
2

= 1000, 6 = -1.15

V> 7 m/s C
1

= , C
2

= 6900, 6 = 0.29

The first term on the RHS of eqn (2) is the continental aerosol com-

ponent. It does not depend on elevation and wind speed. This specifi-

cation is intuitively reasonable because the continental aerosols are

expected to be well distributed throughout the atmospheric column. The

continental component in both the Shettle and Fenn model (eqn (1)) and

the Munn-Katz model (eqn (2)) are similar in their dependence on the

relative humidity.

The second term on the RHS of eqn (2) is the maritime aerosol compo-

nent. It is height, relative humidity and wind speed dependent. The

maritime component decays exponentially with height, and its wind speed

dependence arises due to white cap production.

This formulation is based on several assumptions: (1) the only nuclei

present are salt nuclei, (2) the growth rate is independent of radius,

(3) the absence of a growth rate hysteresis near a relative humidity of

70% (other model s-not discussed-assume that there is a complete hysteresis

at or about 70% relative humidity), (4) the aerosols are in equilibrium

with the environment, and (5) clouds are absent for relative humidity

<99.6%.

In support of assumption (3), measurements have shown that a sodium

chloride crystal undergoes a phase transition to a saturated solution
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droplet at a relative humidity between 70-75% (as the humidity is in-

creased) and becomes supersaturated and does not crystallize until the

relative humidity decreases to a value between 35-45% (Fitzgerald,

1979).

Assumption (5) is clearly unrealistic. Clouds are frequently

present in observed data at relative humidities even lower than 90%.

However, cloud cases are not considered in this study.

In addition to the above assumptions, the scale height h is assumed

to be constant and according to Noonkester (1980), this assumption has

only a minor effect on N(r) for r > 1 urn. This is because the con-

tinental component is larger than the maritime component and has no

exponential decrease with elevation. However, this heed not always be

the case and Nilsson (1979) has pointed out that the two modes may equal

each other under certain conditions. This appears to be true in a

portion of the observed data.

The most significant improvement of the Munn-Katz model over the

Shettle and Fenn model is the inclusion of the effects of wind speed on

the maritime component. The magnitude of n(r), at large radii, is a

function of the surface wind speed, V
Q , as illustrated, for the fixed

relative humidity of 80%, in figures 4-6. The wind speeds used are

0, 5, 7, and 10 m/s. Figure 4 emphasizes that the continental component

is not dependent on wind speed. (All four wind speed curves plot

exactly on top of each other.) Figure 5 illustrates the change in the

maritime size distribution with wind speed. Demonstrated in figure 6

is the wind speed effect on the total size distribution, i.e. the linear

combination of the continental and maritime components.
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The relative humidity dependence of the Munn-Katz model was that

formulated by Fitzgerald (1975, 1979) and is given by the growth factor

F. The growth factor differs from that used by Shettle and Fenn in

that Fitzgerald's relative humidity effects do not depend on either size

or composition of the aerosol. Shown in each of figures 7, 8, and 9

is the relative humidity dependence at a fixed wind speed of m/s and

0, 80, 95 and 99% relative humidity for the continental, maritime and

total size distributions respectively. These figures emphasize that the

primary contribution of the relative humidity in eqn (2) enters through

the continental component. The maritime relative humidity contribution

has little effect on the total size distribution, and at low wind speeds,

the model acts as if the maritime component were not present. Results

of the present study show this to be a significant deficiency in the

Munn-Katz model

.

The Munn-Katz model offers several conceptual advantages. It is

dependent not only upon relative humidity but also on wind speed. The

aerosol growth factor is independent of the radius. It does not require

that the user know the total number concentration, which is a decided

advantage if the model is to be utilized in a predictive sense. However,

the Munn-Katz model still neglects the effects of mixing volume and

advection in the planetary boundary layer.

C. HYBRID MODEL

Isaacs (1980) suggested that the differences in composition and size

distribution between continental and maritime components require

different growth factors for each mode. He then formulated a Hybrid
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model by linearly combining the continental component of the Shettle and

Fenn model with the maritime component of the Munn-Katz model, to obtain

n(r) = N
1

[exp(-ln
2
(-p

!^)/2 ln
2
a., )]/r/2? In a

]

+ 1.62CC-, + C
2
V
6
)exp[^p - 8.5(£) JF"

1

^) (3)

o

The terms in this equation have been defined previously.

There are two conceptual advantages to this approach: (1) aerosol

growth due to relative humidity is independent for each mode and (2)

wind speed dependence is treated only in the coarse mode. The growth

factor (or relative humidity dependence) of the continental component is

that suggested by Shettle and Fenn (1979), while the growth factor of

the maritime component is that of Fitzgerald (1975, 1979). In a formu-

lation similar to the Munn-Katz model, the number density for the

maritime mode varies with relative humidity and wind speed, while that

for the continental mode is either fixed or scaled by visibility. The

difficulty associated with visibility scaling is discussed above.

The relative humidity effects are presented, for low wind speed

(0 m/s), in figure 10 and, for high wind speed [10 m/s), in figure 11.

It is clear that the log normal" distribution, which is absent in the

Munn-Katz model, is an important component of the Hybrid model. Also,

the model predicts an order of magnitude increase in the larger particles

(i.e. r > 1 um) with an increase in the wind speed from to 10 m/s.

There is minimal difference, however, in the relative humidity dependence
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between 50 and 80% relative humidity for both the and 10 m/s wind

speed cases. A relatively large change is noted when the relative

humidity increases from 80% to 95%, which is as expected. Fitzgerald

(1979) and others have shown that the largest change in the size distri-

bution occurs when the relative humidity increases beyond 80% (figure

12).

Of additional interest is the apparent singular point at 0.03 urn

radius where, according to the model, the size distribution is independent

of relative humidity. This point is most likely an artifact of the model

because relative proportions of continental and maritime components are

not constant and the Aitken nuclei are not considered.

Figures 13 and 14 depict the wind speed dependence of the Hybrid

model at two relative humidities, 50% and 80% respectively. We see that

changes in wind speed affect only the maritime component.

The three previously described models will be examined as to their

ability to accurately predict observed aerosol number and volume

densities. The specific algorithms developed for these models are

described below in the Technical Approach section.
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TABLE I. Parameters of Maritime Aerosol Size Distribution
(Shettle and Fenn, 1979)

Aerosol Model

SIZE DISTRIBUTION PARAMETERS
(Log Normal

)

N(cm"
3

) r (um)
n

Type

Continental Origin
i=l , (accumulation
mode)

1.0 0.03 2.24
Rural Aerosol
Mixture (Water
Soluble Aerosol

)

Marine Origin
i=2, (coarse mode) 1.0 0.3 2.51

Sea Salt
Solution

TABLE II. Humidity Dependent Mode Radii, Maritime Model

[Shettle and Fenn, 1979)

NUMBER MODE RADIUS
(.um)

Relative Continental Maritime
Humidi ty (a=2.24) (a=2.51)

(%) Ci=D (i=2)

.02700 .1600
50 .02748 .1711

70 .02846 .2041

80 .03274 .3180
90 .03884 .3803
95 .04238 .4606
99 .05215 .7505
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III. TECHNICAL APPROACH

In the previous section the Shettle and Fenn and the Hybrid models

were described in generalized form. They had to be modified in order to

be used with measured meteorological variables for a specific segment of

the electromagnetic spectrum. Modification included the utilization of

a more general relative humidity parameter, and the introduction of a

weighting factor to adjust the relative proportions of total particle

concentration between the continental and maritime components. The Munn-

Katz model required no modification and was utilized as described above

(eqn C2)). Surface wind speed, required input to the Munn-Katz model

and the Hybrid model, was determined by dividing U* by a selected drag

coefficient, C
Q

= 0.035. It was necessary to adjust or correct the air-

craft data on the basis of surface measurements. Volume distribution

and total particle concentration were also determined.

A. DATA ACQUISITION

The experiment, Monterey Aerosol Generation and Atmospheric Turbu-

lence (MA6AT) was held from 28 April to 9 May 1980, in the vicinity of

Monterey Bay. The experiment involved an ambitious attempt to extend

dynamic models of the marine atmospheric boundary layer to include

aerosol and turbulent profiles. The experiment, conducted in a region

30 to 50 nautical miles off the Monterey coast, required periodic monitor-

ing of aerosols and meteorological variables from the surface to 5 km.

These duties were shared by an aircraft and the R/V ACANIA, but only the

aircraft data are utilized in this thesis.
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Aerosol data were obtained using an Axial Symmetric Scattering

Aerosol Probe (ASSAP) particle counter manufactured by Particle Measure-

ment Systems (PMS) and mounted on a turbo-charged Bellanca aircraft.

The data used in this study were collected in "ladder" profiles, during

which the aircraft made measurements at a constant altitude for two

minutes, climbed to a new altitude, and repeated the two minute measure-

ment run. In most cases the step-like measurement procedure extended

from near the sea surface, up through the well-mixed boundary layer, to

a few steps above the inversion, with 10 to 14 steps in each ladder.

The step heights were randomly chosen, but an attempt was made to keep

each step height consistent between ladders. Air and dew-point tempera-

tures were also measured and used to calculate relative humidity. This

relative humidity data was used as an input, parameter to the models.

The aircraft also flew ascending spirals (in the vicinity of the

ladders) during which other meteorological parameters were collected,

yielding vertical soundings similar to those provided by radiosondes.

Inversion heights were determined from these soundings.

B. CORRECTION OF DATA

It was noticed, during flybys over the R/V ACANIA, that the aircraft

measurements did not agree with those of the ship. The aircraft measured

size distributions were consistently smaller than the ship measured dis-

tributions for radii > 1 urn. Additionally, the differences increased

with radius. Two possible explanations can account for the observed

differences. First, the observations may indicate spatial aerosol in-

homogeneities in the boundary layer. This is unlikely, however, since
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we would expect that the aircraft measurements would be higher than the

ship measurements for a fraction of the flybys. Second, one or both

of the measurement systems displayed a systematic measurement error.

The ship system measured aerosols in 90 size channels from 0.09 ym to

14.0 ym radius while the aircraft system utilized 60 size channels from

0.28 ym to 14.0 ym radius. Since the ship system is newer and has a

wider range and better sensitivity it was assumed that the aircraft

measurements were in error. This assumption is reasonable if one con-

siders that an aircraft moving at relatively high speed may not sample

large radii particles as efficiently as a slower moving ship. For this

reason it was decided to correct the aircraft data to match that of the

ship.

Two correction factors were determined, one for use before 4 May

1980 and one for use after 4 May 1980. The correction consisted of

adding a straight line, in log space, to the measured aircraft size dis-

tribution for data > 1.0 ym radius. The correction is as follows:

before 5/4/80

after 5/4/80

n(r) = TO*
095

n(r) r
1 * 7

(4)

n(r) = 10*
075

n(r) r'
8

(5)

Fairall (1980) has shown that extinctions calculated from ship

measured size distributions compare extremely well to extinctions

measured directly at various wavelengths, from 0.63 to 1.06 ym. Aircraft

measured size distributions corrected to match those of the ship are,

therefore, assumed to accurately describe the actual size distributions

present. A more rigorous error analysis of the data is in progress.
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C. MODEL MODIFICATION

The Shettle and Fenn model (eqn (1)) and consequently the continen-

tal portion of the Hybrid model (eqn (3)) was modified to utilize

measured relative humidity data as input. From Table II, it is evident

that values of the mode radii are given only at fixed relative humidities

Since any relative humidity between and 100% could theoretically occur,

a method for determining these radii at any relative humidity was

devised. Based on an examination of figure 12, straight lines were

fit to the values in table II between and 50% relative humidity and

between 50 and 70% relative humidity. Between 70 and 99% relative

humidity a third order polynomial was fit. In this manner the mode

radii at any relative humidity can be determined. Mode radii, so

determined, are then substituted for r in equations (1) and (3) and,

therefore, table II was not used. The equations are as follows:

RH < 50

Continental
r = 0.027 + 0.0000096CRH) (6)
n

-J

Maritime
r = 0.16 + 0.000222(RH) (7)
n
2

50 < RH < 70

Continental
r = 0.02503 + 0.000049(RH) (8)

Maritime
r = 0.0886 + 0.00165(RH) (9)
n
2
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70 < RH < 99

Continental
r = . .9440683 + .03600454(RH)
n

l;

- 0.000445554(RH)
2

+ 1 .8523192 E - 6(RH)
3

(10)

Maritime
r = -47.480133 + 1.753164(RH)
n
2

-0.021402461 (RH)
2

+ 0.00008697562(RH)
3

(11)

An approach was devised to include the appropriate proportions of

continental and maritime aerosols for the 0.28 to 14.0 ym range. It

is important to include such weighting because this size range spans

the region where the continental aerosol is replaced by the maritime

aerosol as the dominant contributor to the number density as evident

in figure 3.

The exact weighting factor for each mode was determined by integrat-

ing each model between 0,28 and 14.0 urn, assuming that 1.0% of the

particles were of marine origin. The integrated values for each mode

was then divided by that for the total spectrum.

14

n(r)/ 1

WF1 --S-22- (12)

.28

n(r)

14

/
.28

n(r)
2

WF2 = ^^ (13)

/ n(r)

.28
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where n(r) is given by equations (1), (2), or (3) and n(r), refers to

the continental size distribution and n(r)« refers to the maritime

size distribution in each case.

The Shettle and Fenn model varies with relative humidity so its

weighting factor is likewise dependent on relative humidity. The Munn-

Katz weighting factors are dependent on wind speed and altitude as well

as relative humidity.

Equation (12) was used to determine the Shettle and Fenn continen-

tal weighting factors for selected relative humidities. Integrations

such as those in equations (12) and (13) require a large amount of com-

puter time and, therefore, it was deemed more efficient to utilize a

seventh order polynomial fit derived from the selected output of equa-

tion (12). The Shettle and Fenn weighting factor polynomial is given

by:

WF1 = .546214374 - .0005143(RH) + .000057421 (RH)
2

- .0000000685(RH)
3

- .00000011 9248(RH)
4

+ 3.75787E-9(RH)
5

- 4.2021 3E-11 (RH)
6

+ 1 .565268E-1 3(RH)
6

(14)

WF2 = 1.0 - WF1 (15)

where WF1 is the weighting factor for the continental component and WF2

is the weighting factor for the maritime component. When determining

the size distribution with equation (1) the total particle concentration

is multiplied by WF1 (eqn (.14)) and by WF2 (eqn (15)) to give the
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respective particle concentrations of each mode. In this manner the

proportionate amounts of continental and maritime components are

determined.

A graphical depiction of this function appears in figure 15 where

an unexpected minimum occurs in the curve at 75% relative humidity.

It is believed that this minimum is an inaccurate depiction of changes

in mode proportions with relative humidity (the curve should be smooth).

It most likely represents an artifact in the Shettle and Fenn growth

factor.

In a similar manner equations (12) and (13) were used to determine

the weighting factors for the Hybrid model (eqn (3)). However, since

these weighting factors are dependent on relative humidity, wind speed,

and altitude, a simple polynomial fit could not be determined and a

look-up table was developed instead. If a specific input value was

between those used to develop the table, linear interpolation was

utilized to arrive at the appropriate weighting factors. Weighting

factors derived in this manner were then applied to equation (3), the

Hybrid model, to determine the relative porportions of each component

for the given conditions. Graphical depictions of the Hybrid weighting

factors, as functions of relative humidity and wind speed for various

altitudes, appear in figures 16 through 20. As expected the relative

number of maritime particles decreases with increasing relative humidity,

The larger particles have a greater affect on extinction at high

humidities since their volume has increased. These five figures show

a decreased influence of the maritime component with height. This leads

to the possibility that the model is unable to account for the
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distribution of large particles within a well-mixed boundary layer. The

influence of sea spray loading is noted, but rather than occurring at

the documented wind speed of 7 m/s, the effect is not evident until

10.5 m/s. This last observation is a result of the normalization which

the Munn-Katz model applies to observed wind speeds.

Weighting factors were not applied to the Munn-Katz model (eqn (2))

since it determines its own relative proportions for each component.

D. VOLUME DISTRIBUTION DETERMINATION

In order to illustrate the importance of the large particles in the

observed maritime aerosols it was decided to include plots of the volume

distribution for each model. The volume distribution is related to the

size distribution as:

v(r) = j Trr
3
n(r) (16)

where v(r) represents the volume distribution, n{r) is the size distri-

bution, and r is the radius. It is similarly noted that v(r) is

directly proportional to the aerosol extinction which can be written as:

00

/e
e
(X) = / Q

e
(r,A,m) 7rr

3
n(r) dln(r) (17)

E. TOTAL PARTICLE CONCENTRATION DETERMINATION

Both the Shettle and Fenn and the Hybrid models require an input of

the total particle concentration. The concentration was determined by

fitting a least squares seventh order polynomial to the data of each
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distribution and integrating it from .28 urn to the largest radius

measured in each profile (up to 14 ym). The weighting factors, discussed

above, were then applied to this concentration to give the relative

proportions required by each mode. This value was then multiplied by

N. in equations (1) and (3) to give the total density of particles for

each component.
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IV. METEOROLOGICAL CONDITIONS

The synoptic conditions influencing the experimental area over the

two-week period have previously been discussed by Heil (1981). In the

interest of completeness, only a brief summary will be presented here.

As indicated by the synoptic charts the boundary layer of the experi-

mental area was under the continuous influence of a flow regime with a

westerly component. At most the flow paralleled the coast one day.

Therefore, the assumption that the aerosols off the coast of Monterey

were more typical of open ocean than of coastal conditions is a reason-

able one.

There were several frontal passages during the experiment. Their

effect on the aerosol distribution was not investigated. It is sur-

mised that they significantly decreased the size distribution since

frontal circulations would destroy the capping inversions, thus provid-

ing a much larger mixing volume through which the aerosols could be

distributed.

On both 30 April, 1980 and 4 May 1980, the two days investigated

in this thesis, fog or low cloudiness occurred in the early morning.

Both days were influenced by slightly stable conditions with the boundary

layer capped by a strong inversion. There was a weak frontal passage

early on 29 April 1980. Additionally, on both days, conditions within

the boundary layer were well mixed. The synoptic surface conditions for

the two days in question are given in figures 21 and 22.
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Plate I is a DMSP LF-log enhancement of the experimental area on

30 April 1980. Note the gray shades present. It is gray tones such

as these that Isaacs is attempting to explain with his model. The

circled X's indicate the location of ladders on that day. Plates II and

III are LF-log enhancements for May 4 at 1753Z and 1933Z respectively.

Again the circled X's depict the ladder locations. On both days low

stratus fog was present. However, on the fourth little cloud cover

was encountered by the aircraft.

Three out of five ladders flown over the two days will be examined.

Two will not be considered. In this study thick clouds are of little

interest because the models are unable to adequately describe distri-

butions within the clouds and because "anomalous" gray shades do not

occur in these regions. Therefore, Ladder #15 [denoted L #15) will

not be discussed since the majority of its height was in clouds. Thin

cloud situations, on the other hand, are of interest because "anomalous"

gray shades will frequently appear as the cloud (or fog) evaporates.

Finally, L #14 was not included because it provided no additional

insight beyond that given in L #16.
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V. DISCUSSION OF RESULTS

The discussion of results from this work is broken into two major

headings; (A) General Atmospheric Conditions and (B) Evaluation of

Models. The first ten figures of this section illustrate comparisons

of the model output with the measured data. These figures are arranged

as pairs with figure (a) of each pair being the size distribution and

figure (t>) being the volume distribution. The volume distribution is

included because it is proportional to the extinction. Also, it

better illustrates the significance of the large particles. Figures 23

to 26 and 27 to 30 depict conditions at L #3 and L #4 of 30 April 1980

respectively. Circumstances at L #16 on 4 May 1980 are displayed in

figures 31 and 32. Unfortunately this ladder had no information above

the inversion.

A. DISCUSSION OF OBSERVATIONS

General conditions occurring within the three ladder profiles are

described in the following three subsections.

1. Ladder #3

L #3 occurred during light wind; the 10 m wind was 4.1 m/s.

Relative humidities in the boundary layer ranged from 80 to 95%. A

stratus deck capped the boundary layer but none of the aerosol size

distributions measurements were made in the clouds. The data presented

in figure 24 were obtained just under the cloud deck. Total particle

concentration obtained by integrating the polymial fit was 33 cm

_3
for the 15 m altitude and 75 cm for the 305 m altitude. Above the
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inversion altitude (approximately 350 m) relative humidity dropped off sig-

nificantly , to values between 20 and 32%. Likewise, the total particle

-3 -3
concentration was reduced to 1.5 cm at 610 m and 0.33 cm ' at 1219 m.

2. Ladder #4

Conditions were generally similar to those at L #3. The inver-

sion was found near 350 m, but the relative humidities were slightly

lower and no clouds were present. The one factor which distinguished

L #3 from L #4, besides lack of clouds, is the wind speed. At L #4

moderate wind speeds of 7.7 m/s were encountered compared to 4.1 m/s at

L #3. Relative humidities were 80 to 86% throughout the boundary layer

and again dropped off to values between 20 and 32% above the inversion.

The total particles concentration (TPC) was quite constant throughout

-3 -3
the boundary layer (32 cm at 15 m and 29 cm at 335 m), which was

not the case for L #3. Above the inversion, the TPC decreased signi-

-3 -3
ficantly to 0.86 cm at 610 m and 0.36 cm at 1219 m.

3. Ladder #16

This case compared to L #3 and L #4 was influenced by relatively

drier conditions in the boundary layer and the wind speeds encountered

were even higher than at L #4. Relative humidities ranged from 70 to

80%, and the 10 m wind speed was 8.7 m/s. No clouds were present

throughout the profile, and the inversion was found at approximately

-3 -3
500 ra. The TPC was determined to be, 8.0 cm at 15 m and 11 cm at

305 m, which is significantly less than found in either L #3 or L #4.

Three possible explanations can account for the reduction of TPC

of L #16 relative to that of L #4:
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First, the relative humidity was lower on the 4th of March

than it was on the 30th of April. Therefore, on the basis of the rela-

tive humidity growth factor, we might expect the integrated size distri-

bution to be smaller for lower relative humidities. However, in

comparing L #4 at 335 m with L #16 at 305 m we find that the relative

humidity at L #16 is higher than that at L #4, namely 88% vs 84%.

-3 -3
The respective TPC is 11 cm vs 29 cm . The argument fails if we

assume the slight difference in altitude (30 m) can not account for the

difference in the relative humidity. Even if the relative humidities

at equivalent altitudes were exactly the same in both profiles, we

could not explain the drastic change in TPC simply on the basis of

relative humidity.

Second and perhaps more important, inversion heights are differ-

ent for the two days. On the 30th of April the inversion height was

approximately 350 m, while on the 4th of May it was approximately

500 m. Such an increase in inversion height (from 350 to 500 m)

greatly increases the mixing volume of the boundary layer. Furthermore,

both temperature and moisture within the boundary layer of L #4 and L #16

are well mixed. Therefore, we can assume that the aerosols are also

well mixed. Because the other relevant meteorological conditions are

approximately same, it is reasonable to assume that the total number of

particles available within the boundary layer of L #16 and L #4 are

approximately equal. As a consequence of different mixing volume we

should expect that the TPC of L #16 will be less than that of L #4.

This is in fact what is observed. The TPC of L #16 is smaller, by a

factor of 3, than the TPC of L #4. If mixing volume changes are
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responsible for the observed changes in TPC then these results emphasize

the importance of including the inversion height in any model describing

the size distribution of the boundary layer. Failure to do so could

severely impair our ability to distinguish between gray shades. None

of the models considered here include inversion height.

Third, the marine aerosol production relative to L #4 may not

have existed for a sufficient length of time to saturate the volume of

L #16. In other words, the production which led to conditions at L #4

may have existed for an adequately long period to saturate the L #4

boundary layer with aerosols, while at L #16 the appropriate conditions

may not have existed for the required length of time and we may simply

have measured a pre-saturation distribution. This final point tends to

discredit the second explanation; however it suggests that production

time is also an important parameter neglected by the models considered

here.

B. EVALUATION OF MODELS

As stated, one objective of the thesis is to determine how accurately

the models describe observed aerosol size distributions. To accomplish

this we will compare each model's output to observed data, evaluate all

scaling factors, determine the significance of the continental and mari-

time components, determine the role of the Shettle and Fenn and the Munn-

Katz components in the Hybrid model, and consider the treatment at the

inversion. The Hybrid model might be expected to have the most accurate

results since it includes distinct relative humidity growth factors for

each mode, and since it includes wind speed dependence in the maritime
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component. However, the results indicate that frequently it is the least

accurate of the three models considered.

1 . Comparison of Model Output

In the low wind speed case, figures 23-26, the Hybrid model

appears to be less accurate within the mixed layer than either of the

models from which its component parts were taken. This results suggests

that within the boundary layer the Shettle and Fenn model and the Munn-

Katz model are incompatible. This is not a surprising result since both

models are empirically derived.

The Shettle and Fenn model most accurately describes the observed

results relative to the magnitude and shpae of the distribution. This

is particularly evident from the volume plots (figure 23b and 24b).

This is not surprising either, since an input to this model was the TPC

determined from the actual data.

Neither the Hybrid model nor the Munn-Katz model accurately

describes either the measured size distribution or the volume distribu-

tion. The strong role of the continental component in the Munn-Katz

model is apparent in the volume plots. There is a definite lack of

curvature to the Munn-Katz volume plot, a clear indicator that the con-

trolling model component is the continental aerosol.

Above the boundary layer, however, when the total particle con-

centrations are extremely low the Hybrid model most accurately predicts

the observed size distribution. This result is consistent through all

ladders and we can state that when the total particle concentration is

extremely low (TPC < 3 cm ) the Hybrid model produces the most accurate
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results. This situation commonly occurs above the inversion. The reason

for this occurrence will be discussed in section 4 below.

Results similar to that above are found in examining the pre-

dicted and observed distributions of L #4 (figures 27-30), except that,

the three models predict nearly the same results below the inversion.

The Munn-Katz prediction is still strongly influenced by the continental

component, as is again evidenced by the "tail" in the smaller radii of

the volume plots, i.e. the model size distribution climbs unreal istically

upward compared to the data. Fairall (1981) indicates that the Junge

coefficient used in the Munn-Katz model is probably too large and he has

determined an alternate Junge coefficient. The sensitivity of the

model to changes in this coefficient will be discussed below. (The ob-

served size distributions raise the question, however, of whether the

Junge distribution is at all appropriate for the time and location of

our observation.) Other than this deviation due to the unreal istically

specified continental component the predicted distributions of the

Munn-Katz and the Hybrid models are better in L #4 than in L #3. This

improvement in model prediction can be attributed to the increase in

wind speed; a characteristic which is further emphasized in L #1 6 (Figures

31 and 32).

2. Evaluation of Scaling Factors

Having observed the above results the question arises as to the

cause of the differences. Two possibilities were considered for the

differences in the predicted and observed results: (a) there may be un-

expected complications with the weighting factor and (b) the Junge
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coefficient of the Munn-Katz model may be in error. The second factor,

however, would not effect the Hybrid model.

a. Evaluation of Imposed Weighting Factor

The weighting factors (eqns (12) and (13)) derived by inte-

grating the Hybrid model (eqn (3)) was replaced by those derived from

the Shettle and Fenn model (eqns (14) and p5)) -j n order to investigate

each model's sensitivity to this ad hoo parameter. Figure 33 displays

the calculated results for the 3 m height of L #16 using the original

coefficient, and figure 34 displays the calculated results obtained when

the Shettle and Fenn weighting factor was substituted into the Hybrid

model. The negligible difference in the two plots is observed. The

numerical output, as well, indicate that the Hybrid model's predictions

are insensitive to this weighting factor.

b. Evaluation of Junge Coefficient

The Junge coefficient was varied to determine the effect on

the Munn-Katz continental component. As in the case studied by Fairall

(1981), the data suggest that a smaller Junge coefficient (perhaps 0.7)

would be more appropriate for this data. Reducing this coefficient

from 1.7 to .7 only reduced the influence of the continental component

by approximately a factor of 2. This resulted in a better fit of the

predicted distribution in the smaller radii. However, varying this para-

meter did not eliminate the observed continental "tail"; it simply

shifted it to smaller radii. This problem will undoubtedly persist as

long as the continental mode is described by a single term.
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As mentioned above, Fairall (1980) has demonstrated that

directly measured extinction and extinction calculated from the observed

size distributions were essentially equivalent. The observed data,

presented in figures 23-32, tend to fall off in the smaller radii. This

fact in combination with Fairall' s results suggests that an increasing

continental component (Junge distribution) is incorrect. In short, the

data seem to support the hypothesis that either an entirely different

continental distribution, or perhaps the neglect of the continental com-

ponent, is more appropriate for the open ocean planetary boundary layer.

In any case, further investigation of the continental size distribution

over open ocean is warranted.

3. Significance of Continental and Maritime Components

To further examine the above results, the component parts of the

Shettle and Fenn and the Munn-Katz model were plotted in figures 35, 36,

and 37 for L #3, L #4, and L #1 6 respectively. These three figures indi-

cate that disagreements between the Shettle and Fenn model results and

the observed data are attributed completely to the maritime component of

the model, since the continental contribution is extremely small. The

Munn-Katz model is seen to have varying dependence on both the continen-

tal and maritime components. In figure 35, which is the low wind speed

case, it is seen to be strongly dependent upon the continental component,

Only a slight deviation from the continental is noticed in the large

radii. In figure 36, which is the 7.7 m/s wind speed case, the maritime

component dominates the distribution above 1 ym radius. Its predicted

distribution is not greater than that predicted by the Shettle and Fenn
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model and therefore it fails short in its ability to describe the dis-

tribution for this case. Only when the wind speed is greater than 8 m/s

is the maritime component of the Munn-Katz model better than that of

the Shettle and Fenn model in modeling the observed distribution.

This is exactly the situation in figure 37 which is the 8.7 m/s wind speed

case where the influence of the continental and maritime components of

the Munn-Katz model combine to give the most accurate prediction, as

compared to the measured data.

4. Role of the Shettle and Fenn and the Munn-Katz Components
in the Hybrid Model

In reviewing how the Shettle and Fenn continental and the Munn-

Katz maritime components influence the Hybrid model we note that the

continental component from the Shettle and Fenn model has a minor role

at high wind speeds. The Hybrid formulation's (eqn 3) wind speed

dependence is such that the entire aerosol distribution can be attri-

buted to the maritime component of the Munn-Katz model. This result,

and the better fit of the maritime component to the data, explain why

the Hybrid prediction improved with wind speed, and why little differ-

ence was noted when the weighting factor of the continental component

of the Hybrid model was altered.

It is obvious from the above discussion that the Shettle and

Fenn model prediction (in the radius range 0.4-1.1 urn) is dominated

by the maritime component. The output of the Munn-Katz model is de-

pendent upon the relative influence of the continental and maritime

components. Its influence on the Hybrid model is strongly dependent

on relative humidity and wind speed. Additionally, it is clear that the

Hybrid model in actuality is not a hybrid at all but simply describes
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the maritime component of the Munn-Katz model. Only when the wind speed

is close to zero will the Shettle and Fenn continental component influence

the predicted distribution. Finally, these results indicate that the

maritime component of the Munn-Katz model is less than exact, particularly

under low wind speed conditions. This may be due in part to the wind

speed scaling, and in part to not including the inversion height (and

thus ignoring the mixing volume).

5. Treatment at the Inversion

Studies by members of the Naval Postgraduate School Environmental

Physics Research Group have indicated that properties within the

boundary layer are not transported through the inversion to the upper

layers (Davidson et al., 1980). Instead, drier air from above the

inversion is continually mixed down into the boundary layer. This pre-

vents maritime aerosols generated within the boundary layer from being

transported through the inversion. Furthermore, aerosol water droplets

within the boundary layer are continuously being reduced in size due to

evaporation. Given this situation, any model which does not terminate

Cor strongly damp) the influence of the maritime component at the inver-

sion, and which does not account for changes in relative humidity

effects due to the entrainment of warm dry air, will be incorrect in

its prediction of n(r) near the top of the mixed layer.

Figure 38 has been included to illustrate the results of assuming

that the size distribution above the inversion is due solely to the con-

tinental component (i.e. continental weighting factor = 1.0 and the mari-

time component is zeroed). When figure 38 is compared with figure 30b,

a reduction in the accuracy of the Shettle and Fenn model is immediately
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obvious. Its accuracy is reduced by two orders of magnitude in the small

radii and by four orders of magnitude in the large radii. The Munn-

Katz model, on the other hand, is affected minimally and gives the

better result. However, its prediction remains somewhat high; there-

fore, it can be concluded that although the Munn-Katz model gives approxi

mate results, both models need significant modification to properly

specify the aerosol size distribution near the inversion.
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VI. CONCLUSIONS AND RECOMMENDATIONS

A. CONCLUSIONS

It must be emphasized that in a consideration of the natural varia-

bility of atmospheric aerosols, no empirical model will be consistent

with all observed data and any reasonable model will only be consistent

with some data. Therefore, we must employ those models which are most

readily adaptable to the naval operational environment. Hence, we need

a model which is dependent only upon easily measurable bulk parameters.

The main conclusions arising from this thesis are:

1) The mixing volume (or inversion height) and the production time

are important parameters in observed aerosol size distributions

and should be included in all models.

2) Under low to moderate wind speeds the Hybrid model is the least

accurate of any of the models considered. Therefore, this model

should be discarded. Under conditions of high wind speed or low

total particle concentration an equivalent result to the Hybrid

model can be obtained by considering only the maritime component

of the Munn-Katz model

.

3) The Shettle and Fenn model consistently produced the most accurate

results. However, its required input parameter is either TPC or

visibility, neither of which is easily predicted or measured.

4) The Munn-Katz model is the most operationally adaptable of the

three models studied. Its required input data are relative humidity,
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wind speed, and latitude. All of these are easily predictable

and measurable bulk parameters of the marine boundary layer.

The reduction of the size of the Junge coefficient, the inclusion

of more terms in the continental component, and the incorpora-

tion of the inversion height effects should improve this model.

5) The fall off in size distribution of the smaller radii suggest

the need of a different (from those discussed above) continental

component in models describing marine aerosol size distributions.

Perhaps, the omission of a continental component is the most

realistic approach. Further investigation of open ocean con-

tinental aerosols is warranted.

Models such as the Munn-Katz model and modeling efforts such as that

of Isaacs (1980) are a step towards an aerosol effects model usable for

real time assessment of electro-optical systems performance. However,

if that goal is to be attained, more work must be done to develop models

which more realistically include relative humidity, wind speed and

inversion height.

B. RECOMMENDATIONS

Further investigation should include a quantitative validation of

Isaacs' complete radiative transfer model. The first step in such a

validation should be to assess the radiometric resolution required by

the E0 system performance models. These findings should be compared

to the radiometric resolution attainable given the DMSP quantization

interval. After such a comparison, if the DMSP gray shade resolution

is sensitive enough to provide the required accuracy, experiments can be
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designed to validate Isaacs' model. This will require the simultaneous

collection of aerosol, meteorological, and DMSP data. When it again

becomes available, DMSP data should be saved on magnetic tape in de-

crypted form to facilitate the navigation of the imagery and the

computation of required zenith and azimuthal angles. Additionally, the

collection of data should begin in the areas adjacent to the fog or

stratus deck and move out toward clear skies, sampling at regular inter-

vals. This procedure will improve the probability of sampling across

several gray shades.

Additionally, an investigation of the methods employed by those

working with the NIMBUS-7 CZCS [coastal zone color scanner) data (Gordon,

1978) should be undertaken. Comparison of CZCS derived aerosols with

measured data like those used in this thesis, may show that CZCS methods

are the most accurate near-real-time operational aerosol measurements

available. At the very least, existing CZCS data probably can be used

to develop a cl imatological data base which may be used for further

aerosol model development.

Attention should be given, in continued development of Isaacs' model,

to the possibility of sunglint and ocean turbidity contamination. Ocean

turbidity problems are probably insignificant because the uncertainties

due to other assumptions probably outweigh the variation due to

turbidity. Geometric considerations cause sunglint contamination to

most certainly be significant in some DMSP gray shades.

These results also point out the need for continued work in the

development of aerosol generation models. Specifically, the continental
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component of the Munn-Katz model should be examined to provide a better

description of the distribution of smaller aerosols. (The Hybrid model

represents an unsuccessful attempt to meet this need.) At the very

least, improvements in the Junge coefficient can be made.

The present results suggest that taking account of inversion height

will yield improved predictions of aerosol size distributions. Therefore,

effects on variations in aerosol loading due to changes in the inversion

height should be investigated and modeled. The inversion height could

then be included as an additional input variable for the Munn-Katz model,

perhaps drawing on existing mixed layer models to predict inversion

height.
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