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INTRODUCTION

The Army Combat Development C[xperimental Command at Fort Ord, California,
conducted the Copperhead optical system performance test under adverse
weather conditions during the period of 12 April to 12 May 1978. In sup-
port of this test, the Operational Test and Evaluation Agency tasked the
Atmospheric Sciences Laboratory! to provide a description of the mete-
orological conditions under which the test was to be carried out and
directed the Laboratory to compare the meteorological, optical, and mi-
crophysical measurements made during the test period at Fort Ord with
similar ones at various localities in West Germany to elucidate whether
such test results show general applicability. The Fort Ord measurements
together with other relevant information may be found in the cited ref-
erence.

During this period, thin patchy ground fogs drifted over the test site

for short durations occasionally on some days in early morning or late
evening hours, but they did not seem to noticeably impair the performance
of the Copperhead optical system. However, on 3 and 9 May, two thick fogs
occurred in which visibility dropped to a few tens of meters. Of no less
interest were their differences in microphysical and hence optical char-
acteristics, not to mention synoptic conditions, although they were both
California coastal fogs.

Instead of addressing the problem of comparing these fogs with the German
fogs at various localities (which will be dealt with in a subsequent re-
port), it would perhaps be more instructive to examine the microphysical
properties of the Fort Ord fogs and compare them to other California
coastal fogs since they all share nearly the same synoptic genesis--the
wind flow patterns governing these fogs are dominated by the subtropical
high off the California coast and to a lesser extent by the inland thermal
low during the summer and fall.

The Fort Ord test site is located on the top of a hill, about 300 m above
mean sea level (MSL) and about 8 km south of the Monterey Bay shoreline.
The nearest town of any consequence is Monterey, about 7 km south of Fort
Ord. Monterey is a resort town with very few industries nearby. Los
Angeles lies some 400 km to the southeast and the San Francisco Bay area
some 80 km to the north. The influence of the latter cannot be overlooked,
especially when the flow is northerly. A very informative discussion of

IR, B. Loveland, J. D. Lindberg, J. B. Mason, H. L. Newman, A. F.

Lewis, and J. C. Devine, 1978, "Atmospheric Characterization Measurements
for Copperhead Ground Fog Experiment, Fort Ord, California," Internal
Report, Atmospheric Sciences Laboratory, White Sands Missile Range, New
Mexico, 329 pp.
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the general synoptic situations conducive to the formation of advection
fogs along the California fogs can be found in a report by Goodman.?

In view of the modeling requirements in the formulation of the Electro-
Optical System Atmospheric Effects Library (EO SAEL), this report shall
first examine the microphysics of the Fort Ord fogs in some detail. Then
a comparison will be made with the Vandenberg AFB and Los Angeles fogs?
and with the San Francisco fogs;” however, the comparison will be brief
and general since their data were not presented in any detail. The opti-
cal or extinction properties of the Fort Ord fogs will next be studied

in the light of Low's theoretical or generalized regression line“ gov-
erning unimodal and quasi-unimodal drop-size distributions, and the devi-
ations of these fogs will be interpreted. Findings will be discussed,
and conclusions will be drawn. Since certain deficiercies were found in
the methodology of data collection and presentation in the data report on
the Fort Ord fogs,'a few afterthoughts will be offered.

MICROPHYSICAL FEATURES OF FORT ORD FOGS

In the past, mechanical droplet impactors have been used by most cloud
physicists to collect cloud/fog droplet samples. These devices are not
capable of capturing droplets below 1 to 2 micrometers radius because
their collection efficiency decreases with droplet size. As a result,

the cloud/fog drop-size spectra usually exhibit, on the average, a uni-
modal or quasi-unimodal shape; and a gamma or lognormal function has often
been used to represent them. Mason® describes some representative

2Jindra Goodman, 1975, "The Microstructure of California Coastal Fog
and Stratus (preliminary report), Report No. 75-02, Department of
Meteorology, San Jose State University, San Jose, California, 61 pp

3. J. Mack, W. J. Eadie, C. W. Rogers, W. C. Kocmond, and R. J. Pilie,
1972, "A Field Investigation and Numerical Simulation of Coastal Fog,"

CAL No. CJ-5055-M-1, Cornell Aeronautical Laboratory (now Calspan Corpora-
tion), Buffalo, NY, 136 pp

“R. D. H., Low, 1978, "A Theoretical Investigation of Cloud/Fog
Extinction Coefficients and Their Spectral Correlations," Beitr. Phys.
Atmos. (accepted)

IR. B. Loveland, J. M. Lindberg, J. B. Mason, H. L. Newman, A. F.

Lewis, and J. C. Devine, 1978, "Atmospheric Characterization Measurements
for Copperhead Ground Fog Experiment, Fort Ord, California," Internal
Report, Atmospheric Sciences Laboratory, White Sands Missile Range, New
Mexico, 329 pp

8. J., Mason, 1971, The Physics of Clouds, London, Oxford University
Press, 671 pp




droplet impactors. With the advent of optical particle counters, Hindman®
observed that a background of smaller particles lying below 1 micrometer
radius is invariably superimposed upon the fog drop-size spectra. These
are the so-called haze particles. Therefore, it appears that a drop-size
spectrum may be arbitrarily separated into two regimes: a stable sub-
micron regime consisting of haze particles and an unstable supermicron
regime of fog droplets. However, the optical counters are not without
their limitations; their upper size limit is often restricted by the in-
dividual optical design as well as by the individual aspiration rate or
sampling volume the light beam intercepts.

The optical counter used at Fort Ord is Model FSSP-100C manufactured by
the Particle Measuring Systems, Incorporated, of Colorado. The counter
can collect one drop-size sample every 10 seconds covering droplet sizes
of 0.25 to 23 micrometers radius. Note that at this rate of sampling a
mountain of droplet data would have been collected during a single fog
episode. A cloud physicist interested in the dynamics cof cloud/fog
evolution may wish to examine the temporal changes of a fog's fine micro-
structure at 1- to 3-minute intervals. For electro-optical applications,
such a fine time interval would serve no useful purpose. Instead, a 5-
minute average of 10-second samples is considered to be more than adequate
to meet our needs, that is, an average of some 30 individual samples. The
following discussion will present the two Fort Ord fogs separately.

The 3 May Fog

The sky was overcast most of the day. In the afternoon, there was a
gentle on-shore breeze from the northwest through the northeast at about
5 mns, This northerly flow pattern persisted throughout the fog period,
decreasing in speed from about 4 mps when thin, patchy ground fogs formed
in low spots along the hillside near midnight (2 May) to about 1.5 mps
when the fog lifted with the rising sun near 0700 PPT (Pacific Daylight
Time) on 3 May. A weak inversion was reported to be located at about

700 m; however, the fog, which was really low-hanging stratus drifting
over the 300 m MSL test site, reached only about 90 m in thickness and
stood nearly isothermal. Good droplet samples were taken from about 0116
to about 0600. As a result of the 5-minute averaging procedure, 45 drop-
size spectra were obtained during the entire fog episode. Figure 1 is

an example of the spectral evolution of this advection fog at nearly 50-
minute intervais.

6¢, E. Hindman II and O. E. R, Heimdahl, 1977, “"Submicron Haze
Droplets and Their Influence on Visibility in Fog," preprints: 6th
Conference on Inadvertent and Planned Weather Modification, American
Meteorological Society, Boston, MA, pp 10-13
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Two features in these spectra are notable: two distinct regimes and sim-
ilarity of the spectral shapes throughout the fog period. The mode radii
of the two regimes hardly shifted at all; however, upon closer examina-
tion, it was discovered that the number concentration of the first mode
radius ard that of the second fluctuated with time. At the beginning,
their caoncentrations differed by less than one particle per cubic meter.
It may be presumed that as the supersaturation of the fog rose, some of
the larger haze particles grew into fog droplets, thereby reducing the
number of haze particles at the first mode radius of about 0.5 micro-
meter. At 0514 (figure 1E), the number concentration of the second mode
radius at 3.5 micrometers was about three times larger than that of the
first mode radius at 0.5 micrometer. As the fog began to dissipate while
the sun was rising, evaporation took place. At about 0603 (figure 1F),
smaller fog droplets returned to haze particles, resulting in higher
concentration of the first mode radius. These figures show a gradual
depletion of the larger fog droplets during this entire period. There-
fore, one may infer that as the supersaturation of a fog rose or fell in
response to cloud (or fog) dynamics and thermodynamics there was a cor-
responding transfer of larger particles from the haze to the fog regime
or vice versa, While this particle transport was proceeding, the micro-
physical processes of coalescence and sedimentation took their toll of the
total concentration.

The 9 May Fog

May 8 was a clear warm day with daytime temperature in the 20's centi-
grade. The wind varied from calm to a couple cf meters per second from

the west and persisted through the following day. The inversion extended
to about 670 m and the surface moist layer to about 121 m. Fog was first
reported in the Monterey-Salinas area shortly after midnight and slowly
spread to the test site at Fort Ord in the form of scattered ground fogs

to about 0530 PDT. By 0530, the surface visibility dropped to less than 100
m, This fog was predominantly a radiation fog, aided to some extent by
gentle advection. It was at least 200 m thick for most of the fog period
and persisted to about 0800. Fog data were collected from about 0430 to
0800, the first hour of data consisting entirely of scattered ground fogs.
Twenty-three drop-size spectra were obtained. Figures 2A through 2E depict
the spectral evolution approximately 20 minutes apart.

The two regimes were quite discernible in the radiation fog, but in the
fog regime sometimes two modes appeared, giving rise to a trimodal drop-
size distribution. The spectral shapes during the fog period were no
longer quite similar, owing to the appearance or disappearance of a sec-
ond mode in the fog regime. By contrast, the haze regime did not vary
too much. No appreciable transfer of particles between the two regimes
was apparent, although it must have occurred. Instead, the transport of
droplets between the two modes in the fog regime seemed to be quite
active. It may be surmised that the dominant mechanism for this activ-
ity was coalescence rather than supersaturation.
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DISCUSSION OF THE TWO FOGS

Although these two Fort Ord fogs came from different origins, they both
shared one common characteristic; that is, both had a haze regime in the
background which had nearly the same shape and which fluctuated within
narrow boundaries, except perhaps during the last period of the 3 May
advection fog. In lieu of tabulation, as is usually the practice in the
literature, figures 3 and 4 give the mean radius (M), RMS radius (S), mean
volume radius (V), and the total number concentration (C) as a function

of time, corresponding to the 3 and 9 May fogs, respectively. Moreover,
while the total concentration of the radiation fog was less, it was sub-
stantially wetter than the advection fog. In fact, the former's liquid
water content was slightly more than twice the latter's, as can be cal- i
culated from the average mean volume radius and the average concentration.

Assume that submicron particles below 1 micrometer radius constitute the
so-called haze regime. To summarize the differences between the two Fort
Ord fogs, table 1 gives the fractional contribution of this regime to the
total (haze plus fog) in terms of number concentration, liquid water con-
tent, and visible extinction for the same time periods as in figures 1 ,
and 2. The haze regimes in both were comparable in magnitude, as may i
also be noted in the figures, resulting in comparable contributions to
total extinction. The radiation fog (more than twice as wet as the ad-
vection fog) actually contained a much smaller number of droplets. This
smaller number implies that the droplets of the fog regime in the former
were larger in size, hence causing greater attenuation in the visible
region. The haze sectors in both fogs were quite negligible in terms of
either liquid water content or visible extinction, though much more so in
the former. Such small haze regimes could be easily brought about by the
relatively unpolluted environment at Fort Ord as well as by the high su-
persaturation existing in those fogs.

|
1
4
|
}
%
il
1
|

To conclude this section, another feature is mentioned. At the 23-
micrometer cutoff radius of the optical particle counter used in this
field experiment, the number concentration at this radius in the radia-
tion fog was about one order of magnitude higher than that in the advec-
tion fog, as can be estimated from figures 1 and 2. There was certainly
some loss of larger particles in the former, if not significantly in the
latter. The loss of a fraction of a 25-micrometer droplet, for instance,
is by no means insignificant, considering its contribution to total liquid

water content.
COMPARISON WITH OTHER CALIFORNIA COASTAL FOGS

Despite the local character of all fog occurrences, as discussed at some
length by Low et al.,” a comparison with other California coastal fogs

7R. D. H. Low, L. D. Duncan, and R. B. Gomez, 1978, "The Microphysical

Basis of Fog Optical Characterization," ASL-TR-0011, Atmospheric Sciences
Laboratory, White Sands Missile Range, New Mexico, 24 pp

12
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may not be entirely unfruitful. Moreover, such an undertaking may be
found quite instructive from either a microphysical or an optical point
of view. The advection fogs at Vandenberg, about 250 km south-southeast
of Fort Ord, as well as the radiation fogs at Los Angeles examined by
Mack et al.? and the advection fogs over San Francisco analyzed by
Goodman? are selected for comparison because they are presented in great
detail in their reports. A condensed version of the latter may be found
in Goodman.® The comparison here will, necessarily, be brief because:
(1) both used mechanical impactors for data collection, making it rather
laborious, if not impossible, to take droplet samples at frequent in-
tervals, and (2) as a result, descriptions of fine temporal fog micro-
physical evolution were not available. Therefore, only the average gross
features of these fogs were compared with ours.

In terms of condensation nucleus levels, the count at Los Angeles was
about 3 x 10“, at San Francisco about 6 x 103, and at Vandenberg about

3 x 107 on the average over the duration of field measurements. In terms
of cloud condensation nucleus (CCN) at 0.3 percent supersaturation con-
centrations, the number at Los Angeles was about 2 x 10° and at Vandenberg
about 2.5 x 10?. Goodman's CCN counter was inoperative. HNeither CN

nor CCN was monitored at Fort Ord, which was unfortunate since the former
would provide some insight in the haze regime and the latter in the fog
regime. Table 2 lists a few pertinent parameters for comparison.

In spite of the preceding discussion on instrumentation and local influ-
ence, the radiation and advection fogs along the California coast do bear
some remarkable resemblance among their respective types in terms of the
mean radius, mode radius, liquid water content, and concentration. Except
for some indication in Los Angeles fogs where there might be a haze re-
gime, none of the other fogs, because of their measured ranges, showed a
haze regime.

3E. J. Mack, W. J. Eadie, C. W. Rogers, W. C. Kocmond, and R. J. Pilie,
1972, "A Field Investigation and Numerical Simulation of Coastal Fog,"

CAL No. CJ-5055-M-1, Cornell Aeronautical Laboratory (now Calspan Corpora-
tion), Buffalo, NY, 136 pp

2Jindra Goodman, 1975, "The Microstructure of California Coastal Fog
and Stratus (preliminary report), Report No. 75-02, Department of
Meteorology, San Jose State University, San Jose, California, 61 pp

8Jindra Goodman, 1977, "The Microstructure of California Coastal Fog
and Stratus," J. Appl. Meteorol., 16:1056-1067
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VISUAL EXTINCTION AND LIQUID WATER CONTENT

The foregoing brief discussions of the complex microstructures of the
Fort Ord fogs serve to illustrate the difficulties encountered in an at-
tempt to find a unique universal relationship between the liquid water
content of a fog and its visibility., Mindful of these difficulties, Low"
adopted a novel approach by constructing 30 cloud/fog models on the basis
of the gamma and lognormal distribution functions of different spectral
widths. Considering the extinction at the visible 0.55-micrometer wave-
length according to exact Mie calculations,® he derived the following
generalized regression equation relating liquid water content to extinc-
tion for unimodal or quasi-unimodal drop-size spectra with mean radius

3 micrometers and larger:

g = 93,2 WO-638 |01 (1)

where g is the volume extinction coefficient and W liquid water content

in g m'3. Although derived from a mixture of the gamma and lognormal
distributions of different spectral widths, the relationship between
visible extinction and liquid water content may, in fact, be deduced
from the usual assumption that the efficiency factor for extinction is
2 in fogs and clouds. Then the extinction coefficient of a single fog
particle is given by

g =2 nmr? , (2)

where r is the radius of a monodispersion., It is related exactly to
the liquid water content by

g = 3W/2r , (3)
from which it follows that i
!

g .z (4)

“R. D. H. Low, 1978, "A Theoretical Investigation of Cloud/Fog
Extinction Coefficients and Their Spectral Correlations," Beitr. Phys.
Atmos. (accepted)

%D. Deirmendjian, 1969, Electromagnetic Scattering on Spherical
Polydispersion, New York, Elsevier, 290 pp

17




| ryasn st AR ST o

The exponent (0.638) in equation (1) differs from 2/3 partly because
the cloud/fog models in our theoretical analysis simply did not use 2 as
the efficiency factor.

However, the fogs in fiqures 1 and 2 are not unimodal or even quasi-
unimodal. Despite their bumpy appearances, the fog regimes in figure 1
may be considered quasi-unimodal. By contrast, those in figure 2 are
not, except perhaps the one in figure 20. Nevertheless, it would be of
interest to find out how the foq data fit Low's theoretical regression
line. Figure 5 is a plet of the line together with the data entered at
every 5-minute interval. The dashed line on either side of the line rep-
resents a 15 percent deviation. Considering the complexities of fog mi-
crostructures as well as the nature of the fog data, the 15 percent error
bounds set here are quite reasonable. There were 45 and 23 data points,
respectively, from the 3 and 9 May fogs. Because of their close proxim-
ity, several data points from 3 May lying between the dashed and solid
lines were not entered.

Despite the bimodal nature of these fogs, note that a great majority of
the points (about 83 percent) are within the error bounds, indicating
that Low's generalized relationship can predict the extinction property
of the 3 May advection fog at Fort Ord nearly all the time and that of
the 9 May radiation fog most of the time (better than 60 percent). It
may be recalled from our meteorological analysis that the 9 May radia-
tion fog was not, strictly speaking, a typical radiation fog but one some-
what aided by advection. If one is not averse to a 50 percent deviation,
as indicated by the dot-dashed 1ine in the figure, then Low's regression
line can predict the extinction properties of both the radiation and the
advection fogs at Fort Ord all the time.

Those data points of the 9 May fog which 1ie beyond the 15 percent devia-
tion line can be readily explained by the fact that their drop-size spec-
tra showed an unmistakable trimodal distribution, as represented by

figure 2A. In spite of the bimodality of all the fog samples, the haze
regimes given in table 1 apparently were not significant enough to have
appreciable effect on their overall optical properties in the visible re-
gion. On the other hand, if the haze sector were prominent, as is quite
likely in a highly polluted environment, the agreement with Low's theoret-
ical line might not be as favorable.

DISCUSSIONS AND CONCLUSIONS

In this report, the microphysical and optical properties of two different
California coastal fogs which occurred at Fort Ord near Monterey have
been analyzed. A cursory comparison with other California coastal fogs
was made and their similarities noted. Since different droplet sampling
devices were used, the haze regime observed in the background of the Fort
Ord fogs was not measured by the other investigators. It can be surmised
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that such a regime would be found in many fogs to a greater or lesser ex-
tent, depending upon the state of pollution at a locality and the degree
of supersaturation attained. In a barely saturated environment, only the
stable haze regime may exist, particularly in the absence of large sea-
salt condensation nuclei which are often found along the sea coast. In
the Fort Ord fogs, the magnitude of this regime fluctuated as the fog
evolved. Near the beginning and the end of the fog period, the magnitude
of the haze regime appeared to rise in relation to that of the fog re-
gime, Low!® showed also the same trend in the case of CCN concentration.
During the fog period, there was a constant transport of particles from
the haze to the fog regime and vice versa while the larger ones were
being depleted as a result of gravitational settling.

The existence of a haze regime has microphysical as well as optical im-
plications. It serves as an internal source and in the meantime a sink
for fog droplets. Its contribution to the total Tiquid water content of
a fog is quite small, if not completely negligible; yet its contribution
to the total extinction may be quite out of proportion to its maqgnitude,®
It is thus not surprising that different fogs at different localities
give rise to different relationships between liquid water content and
visible extinction (or visibility). Nevertheless, note that Low's theo-
retical relationship appeared to hold quite well for the Fort Ord fogs.
If one is willing to accept a 50 percent deviation, then the relationship
holds for all data points. Finally, there is some indication that the
departure from the theoretical relationship hecame greater as the liquid
water content became smaller--for reasons already discussed.

RECOMMENDATIONS

The relationship between visible extinction and liquid water content
varies from one fog to another and one place to another, which wouid also
be true of the relationship between visible and infrared extinctions.
The goal in EQO modeling work is to find ways to generalize or categorize
this relationship so that it may be applicable under a variety of circum-
stances. Considering the quality of the ¥nollenberg counter's drop-size

10R, D. H. Low, 1975, "Microphysical Evolution of Fog," J. Rech. Atmos.,
2:23-32

6E. E. Hindman II and 0. E. R. Heimdahl, 1977, "Submicron Haze
Droplets and Their Influence on Visibility in Fog," preprints: 6th
Conference on Inadvertent and Planned Weather Modification, American
Meteorological Society, Boston, MA, pp 10-13
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measurements, researchers have insinuated (e.g., Cress and Fenn'!') that
relative error in number concentration may reach as high as 50 percent.
Therefore, any relationship derived from the Knollenberqg daia 3ilone must
be expected to incur an error as much as 50 percent. According to private
conversation with Pr. G, Hanel, an atmospheric model (unless cus*om-made)
can do no better than predict the mean conditions; thus a model mey be
considered quite respectable if its relative error is no worse than 50
percent all the time. Nevertheless, the authors of this report feel that
the situation may be improved somewhat, and hence the following recommen-
dations.

1. To serve as a cross-check on the Knollenberg data, an accurately
calibrated EGAE forward scattering meter should be placed side by side
with the Knollenberg counter so that the measured extinction may be com-
pared with the calculated one, thereby lending some confidence to the
derived relations.

2. An additional cross-check may be accomplished through the use of
the haze particle, the CCN and the CN or Aitken particle counters. The
last device will furnish information on the state of pollution at a place,
the second on the concentration of particles which may contribute to haze
as well as fog formation, and the first on haze formation only. These
counters should be operated continuously during a field trip. The data
so obtained will throw some light on the fog/haze conditions to bhe ex-
pected at that place. The following table extracted from the report by
Mack et al.3 may illustrate the importance of these measurements.

Haze Particles (cm~3) CCN (cm=3)
Relative Humidity (%) Supersaturation (%) CN (cm=3)
97 99 100 0.3 1.0
Vandenberg 25 35 40 250 630 0.3 % 10"
Los Angeles 310 370 580 1800 2800 2.9 x 10*

11T, S, Cress and 2. W. Fenn, Ed., 1978, "OPAQUE Aerosol Counter Inter-
comparison," 25 April 1977 - 4 May 1977, AFGL-TR-78-0004, USAF Geophysi-
cal Laboratory, Hanscom Air Force Base, MA, 56 pp

3. J. Mack, W. J. Eadie, C. W. Rogers, W. C. Kocmond, and R. J. Pilie,
1972, "A Field Investigation and Numerical Simulation of Coastal Fog,"

CAL No. CJ-5055-M-1, Cornell Aeronautical Laboratory (now Calspan Corpora-
tion), Buffalo, NY, 136 pp

21




REFERENCES

1. Loveland, R. B., J. D. Lindberg, J. B. Mason, H. L. Newman, A. F.
Lewis,and J. C. Devine, 1972, "Atmospheric Characterization Measurements
for Copperhead Ground Fog Experiment, Fort Ord, California," Internal
Report, Atmospheric Sciences Laboratory, White Sands Missile Range, New
Mexico, 329 pp.

2. Goodman, Jindra, 1975, "The Microstructure of California Coastal Fog
and Stratus (preliminary report), Report No. 75-02, Department of
Meteorology, San Jose State University, San Jose, California, 61 pp.

3. Mack, E. J., W. J. Eadie, C. W. Rogers, W. C. Kocmond, and R. J. Pilie,
1972, "A Field Investigation and Numerical Simulation of Coastal Fog,"

CAL No. CJ-5055-M-1, Cornell Aeronautical Laboratory (now Calspan Corpora-
tion), Buffalo, NY, 136 pp.

4, Low, R, D. H., 1978, "A Theoretical Investigation of Cloud/Fog
Extinction Coefficients and Their Spectral Correlations," Beitr. Phys.
Atmos. (accepted).

5. Mason, B. J., 1971, The Physics of Clouds, London, Oxford University
Press, 671 pp.

6. Hindman II, E.E.,and 0. E. R. Heimdahl, 1977, "Submicron Haze
Droplets and Their Influence on Visibility in Fog," preprints: 6th
Conference on Inadvertent and Planned Weather Modification, American
Meteorological Society, Boston, MA, pp 10-13.

7. Low, R. D. H., L. D. Duncan, and R. B, Gomez, 1978, "The Microphysical
Basis of Foq Optical Characterization," A5L-TR-0011, Atmospheric Sciences
Laboratory, White Sands Missile Range, New Mexico, 24 pp.

8. Goodman, Jindra, 1977, "The Microstructure of California Coastal Fog
and Stratus," J. Appl. Meteorol., 16:1056-1067.

9. Deirmendjian, D., 1969, Electromagnetic Scattering on Spherical
Polydispersion, New York, Elsevier, PP.

10, Low, R. D. H., 1975, "Microphysical Evolution of Fog," J. Rech. Atmos.,
2:23-32,

11. Cress, T.S., and R. W. Fenn, Ed., 1978, "OPAQUE Aerosol Counter Inter-
comparison,” 25 April 1977 - 4 May 1977, AFGL-TR-78-0004, USAF Geophysi-
cal Laboratory, Fanscom Air Force Base, MA, 56 pp.

22




Dr. Frank D. Eaton
Geophysical Institute
University of Alaska
Fairbanks, AK 99701

Commander

US Army Aviation Center
ATTN: ATZQ-D-MA

Fort Rucker, AL 36362

Chief, Atmospheric Sciences Div
Code ES-81

NASA

Marshall Space Flight Center,
AL 35812

Commander

US Army Missile R&D Command
ATTN: DRDMI-CGA (B. W. Fowler)
Redstone Arsenal, AL 35809

Redstone Scientific Information Center
ATTN: DRDMI-TBD

US Army Missile R&D Command

Redstone Arsenal, AL 35809

Commander

US Army Missile R&D Command
ATTN: DRDMI-TEM (R. Haraway)
Redstone Arsenal, AL 35809

Commander

US Army Missile R&D Command

ATTN: DRDMI-TRA (Dr. Essenwanger)
Redstone Arsenal, AL 35809

Commander

HQ, Fort Huachuca

ATTN: Tech Ref Div

Fort Huachuca, AZ 85613

Commander

US Army Intelligence Center & School
ATTN: ATSI-CD-MD

Fort Huachuca, AZ 85613

Commander

US Army Yuma Proving Ground
ATTN: Technical Library
Bldg 2100

Yuma, AZ 85364

DISTRIBUTION LIST

Naval Weapons Center (Code 3173)
ATTN: Dr. A. Shlanta
China Lake, CA 93555

Sylvania Elec Sys Western Div
ATTN: Technical Reports Library
PO Box 205

Mountain View, CA 94040

Geophysics Officer

PMTC Code 3250

Pacific Missile Test Center
Point Mugu, CA 93042

Commander

Naval Ocean Systems Center (Code 4473)
ATTN: Technical Library

San Diego, CA 92152

Meteorologist in Caarge
Kwajalein Missile Range

PO Box 67

APO San Francisco, CA 96555

Director
NOAA/ERL/APCL R31
RB3-Room 567
Boulder, CO 80302

Library-R-51-Tech Reports
NOAA/ERL

320 S. Broadway

Boulder, CO 80302

National Center for Atmos Research
NCAR Library

PO Box 3000

Boulder, CO 80307

R. B. Girardo

Bureau of Reclamation

E&R Center, Code 1220

Denver Federal Center, Bldg 67
Denver, CO 80225

National Weather Service
National Meteorological Center
W321, WWB, Room 201

ATTN: Mr. Quiroz

Washington, DC 20233




Mil Assistant for Atmos Sciences

0fc of the Undersecretary of Defense
for Rsch & Engr/E&LS - Room 3D129

The Pentagon

Washington, DC 20301

Defense Communications Agency
Technical Library Center

Code 205

Washington, DC 20305

Director

Defense Nuclear Agency
ATTN: Technical Library
Washington, DC 20305

HQDA (DAEN-RDM/Dr. de Percin)
Washington, DC 20314

Director

Naval Research Laboratory
Code 5530

Washington, DC 20375

Commanding Officer

Naval Research Laboratory
Code 2627

Washington, OC 20375

Dr. J. M, MacCallum

Naval Research Laboratory
Code 1409

Washington, DC 20375

The Library of Congress
ATTN: Exchange & Gift Div
Washington, DC 20540

2

Head, Atmos Rsch Section
Div Atmospheric Science
National Science Foundation
1800 G. Street, NW
Washington, DC 20550

CPT Hugh Albers, Exec Sec

Interdept Committee on Atmos Science
National Science Foundation
Washington, DC 20550

Director, Systems R&D Service
Federal Aviation Administration
ATTN: ARD-54

2100 Second Street, SW
Washington, DC 20590

ADTC/DLODL
Eglin AFB, FL 32542

Naval Training Equipment Center
ATTN: Technical Library
Orlando, FL 32813

Det 11, 2WS/0I

- ATTN: Maj Orondorff

Patrick AFB, FL 32925

USAFETAC/CB
Scott AFB, IL 62225

HQ, ESD/T0SI1/S-22
Hanscom AFB, MA 01731

Air Force Geophysics Laboratory
ATTN: LCB (A. S. Carten, Jr.)
Hanscom AFB, MA 01731

Air Force Geophysics Laboratory
ATTN: LYD
Hanscom AFB, MA 01731

Meteorology Division
AFGL/LY
Hanscom AFB, MA 01731

US Army Liaison Office
MIT-Lincoln Lab, Library A-082
PO Box 73

Lexington, MA 02173

Director

US Army Ballistic Rsch Lab

ATTN: DRDAR-BLB (Dr. G. E. Keller)
Aberdeen Proving Ground, MD 21005

Commander

US Army Ballistic Rsch Lab

ATTN: DRDAR-BLP

Aberdeen Proving Ground, MD 21005




Director

US Army Armament R&D Command
Chemical Systems Laboratory

ATTN: DRDAR-CLJ-I

Aberdeen Proving Ground, MD 21010

Chief CB Detection & Alarms Div
Chemical Systems Laboratory

ATTN: DRDAR-CLC-CR (H. Tannenbaum)
Aberdeen Proving Ground, MD 21010

Commander

Harry Diamond Laboratories
ATTN: DELHD-CO

2800 Powder Mill Road
Adelphi, MD 20783

Commander

ERADCOM

ATTN: DRDEL-AP

2800 Powder Mill Road
Adelphi, MD 20783

2

Commander

ERADCOM

ATTN: DRDEL-CG/DRDEL-DC/DRDEL-CS
2800 Powder Mill Road

Adelphi, MD 20783

Commander

ERADCOM

ATTN: DRDEL-CT

2800 Powder Mill Road
Adelphi, MD 20783

Commander

ERADCOM

ATTN: DRDEL-EA

2800 Powder Mill Road
Adelphi, MD 20783

Commander

ERADCOM

ATTN: DRDEL-PA/DRDEL-ILS/DRDEL-E
2800 Powder Mill Road

Adelphi, MD 20783

Commander

ERADCOM

ATTN: DRDEL-PAO (S. Kimmel)
2800 Powder Mill Road
Adelphi, MD 20783

Chief

Intelligence Materiel Dev & Support Ofc
ATTN: DELEW-WL-I

Bldg 4554

Fort George G. Meade, MD 20755

Acquisitions Section, IRDB-D823
Library & Info Service Div, NOAA
6009 Executive Blvd
Rockville, MD 20852

Naval Surface Weapons Center
White Oak Library
Silver Spring, MD 20910

The Environmental Research
Institute of MI

ATTN: IRIA Library

PQ Box 8618

Ann Arbor, MI 48107

Mr, William A. Main
USDA Forest Service
1407 S. Harrison Road
East Lansing, MI 48823

Dr. A. D. Belmont
Research Division

PO Box 1249

Control Data Corp
Minneapolis, MN 55440

Director

Naval Oceanography & Meteorology
NSTL Station

Bay St Louis, MS 39529

Director

US Army Engr Waterways Experiment Sta
ATTN: Library

PO Box 631

Vicksburg, MS 39180




Environmental Protection Agency
Meteorology Laboratory
Research Triangle Park, NC 27711

US Army Research Office

ATTN: DRXRO-PP

PO Box 12211

Research Triangle Park, NC 27709

Commanding Officer

US Army Armament R&D Command
ATTN: DRDAR-TSS Bldg 59
Dover, NJ 07801

Commander

HQ, US Army Avionics R&D Activity
ATTN: DAVAA-0

Fort Monmouth, NJ 07703

Commander/Director

US Army Combat Surveillance & Target
Acquisition Laboratory

ATTN: DELCS-D

Fort Monmouth, NJ 07703

Commander

US Army Electronics R&D Command
ATTN: DELCS-S

Fort Monmouth, NJ 07703

US Army Materiel Systems
Analysis Activity
ATTN: DRXSY=-MP
Aberdeen Proving Ground, MD 21005

Director

US Army Electronics Technology &
Devices Laboratory

ATTN: DELET-D

Fort Monmouth, NJ 07703

Commander

US Army Electronic Warfare Laboratory
ATTN: DELEW-D

Fort Monmouth, NJ 07703

Commander

US Army Night Vision &
Electro-Optics Laboratory

ATTN: DELNV-L (Dr. Rudolf Buser)

Fort Monmouth, NJ 07703

Commander

ERADCOM Technical Support Activity
ATTN: DELSD-L

Fort Monmouth, NJ 07703

Project Manager, FIREFINDER
ATTN: DRCPM-FF
Fort Monmouth, NJ 07703

Project Manager, REMBASS
ATTN: DRCPM-RBS
Fort Monmouth, NJ 07703

Commander

US Army Satellite Comm Agency
ATTN: DRCPM-SC-3

Fort Monmouth, NJ 07703

Commander

ERADCOM Scientific Advisor
ATTN: DRDEL-SA

Fort Monmouth, NJ 07703

6585 TG/WE
Holloman AFB, NM 88330

AFWL/WE
Kirtland, AFB, NM 87117

AFWL/Technical Library (SUL)
Kirtland AFB, NM 87117

Commander

US Army Test & Evaluation Command
ATTN: STEWS-AD-L

White Sands Missile Range, NM 88002

Rome Air Development Center
ATTN: Oocuments Library
TSLD (Bette Smith)

Griffiss AFB, NY 13441




Commander

US Army Tropic Test Center
ATTN: STETC-TD (Info Center)
APO New York 09827

Commandant

US Army Field Artillery School
ATTN: ATSF-CD-R (Mr. Farmer)
Fort Sil1l, OK 73503

Commandant

US Army Field Artillery School
ATTN: ATSF-CF-R

Fort Si1l1, 0K 73503

Director CFD

US Army Field Artillery School
ATTN: Met Division

Fort Sill, OK 73503

Commandant

US Army Field Artillery School
ATTN: Morris Swett Library
Fort Sill, OK 73503

Commander

US Army Dugway Proving Ground
ATTN: MT-DA-L

Dugway, UT 84022

Dr. C. R. Sreedrahan

Research Associates

Utah State University, UNC 48
Logan, UT 84322

Inge Dirmhirn, Professor
Utah State University, UNC 48
Logan, UT 84322

Defense Documentation Center
ATTN: DDC-TCA

Cameron Station Bldg 5
Alexandria, VA 22314

12

Commanding Officer

US Army Foreign Sci & Tech Center
ATTN: DRXST-IS1

220 7th Street, NE
Charlottesville, VA 22901

Naval Surface Weapons Center
Code G65
Dahlgren, VA 22448

Commander
US Army Night Vision
& Electro-Optics Lab
ATTN: DELNV-D
Fort Belvoir, VA 22060

Commander and Director

US Army Engineer Topographic Lab
ETL-TD-MB

Fort Belvoir, VA 22060

Director

Applied Technology Lab
DAVDL-EU-TSD

ATTN: Technical Library
Fort Eustis, VA 23604

Department of the Air Force
OL-C, 5SWW
Fort Monroe, VA 23651

Department of the Air Force
SWW/DN
Langley AFB, VA 23665

Director

Development Center MCDEC
ATTN: Firepower Division
Quantico, VA 22134

US Army Nuclear & Chemical Agency
ATTN: MONA-WE
Springfield, VA 22150

Director

US Army Signals Warfare Laboratory
ATTN: DELSW-0S (Dr. R, Burkhardt)
Vint Hill Farms Station

Warrenton, VA 22186

Commander

US Army Cold Regions Test Center
ATTN: STECR-OP-PM

APO Seattle, WA 98733




Dr. John L. Walsh
Code 5560

Navy Research Lab
Washington, DC 20375

Commander
TRASANA
ATTN: ATAA-PL
(Dolores Anguiano)
White Sands Missile Range, NM 88002

Commander

US Army Dugway Proving Ground

ATTN: STEDP-MT-DA-M ?Mr. Paul Carlson)
Dugway, UT 84022

Commander
US Army Dugway Proving Ground
ATTN: STEDP-MT-DA-T

(Mr. William Peterson)
Dugway, UT 84022

Commander

USATRADOC

ATTN: ATCD-SIE

Fort Monroe, VA 23651

Commander

USATRADOC

ATTN: ATCD-CF

Fort Monroe, VA 23651

Commander

USATRADOC

ATTN: Tech Library
Fort Monroe, VA 23651

TN




3.

(4]

=

©

10.

11.
12.

13.

14.
15.
16.
17.
18.
19.

20.

21.
22.
23.
24.

ATMOSPHERIC SCIENCES RESEARCH PAPERS

Lindberg, J.D., “An Improvement to a Method for Measuring the Absorption Coef-
ficient of Atmospheric Dust and other Strongly Absorbing Powders, "
ECOM-5565, July 1975.

Avara, Elton, P., “Mesoscale Wind Shears Derived from Thermal Winds,”” ECOM-5566,
July 1975.

Gomez, Richard B., and Joseph H. Pierluissi, “Incomplete Gamma Function Approxi-
mation for King’s Strong-Line Transmittance Model,”” ECOM-5567, July 1975.

Blanco, A.J., and B.F. Engebos, ‘‘Ballistic Wind Weighting Functions for Tank
Projectiles,” ECOM-5568, August 1975.

Taylor, Fredrick J., Jack Smith, and Thomas H. Pries, “Crosswind Measurements
through Pattern Recognition Techniques,” ECOM-5569, July 1975.

Walters, D.L., “Crosswind Weighting Functions for Direct-Fire Projectiles,” ECOM-
5570, August 1975.

Duncan, Louis D., “An Improved Algorithm for the Iterated Minimal Information
Solution for Remote Sounding of Temperature,”” ECOM-5571, August 1975.

Robbiani, Raymond L., “Tactical Field Demonstration of Mobile Weather Radar Set
AN/TPS-41 at Fort Rucker, Alabama,” ECOM-5572, August 1975.

Miers, B., G. Blackman, D. Langer, and N. Lorimier, ‘“Analysis of SMS/GOES Film
Data,” ECOM-5573, September 1975.

Manquero, Carlos, Louis Duncan, and Rufus Bruce, ‘“‘An Indication from Satellite
Measurements of Atmospheric CO2 Variability,” ECOM-5574, September
1975.

Petracca, Carmine, and James D. Lindberg, ‘“Installation and Operation of an Atmo-
spheric Particulate Collector,” ECOM-5575, September 1975.

Avara, Elton P., and George Alexander, ‘“Empirical Investigation of Three Iterative
Methods for Inverting the Radiative Transfer Equation,” ECOM-5576,
October 1975.

Alexander, George D., “A Digital Data Acquisition Interface for the SMS Direct
Readout Ground Station — Concept and Preliminary Design,” ECOM-
5577, October 1975.

Cantor, Israel, “Enhancement of Point Source Thermal Radiation Under Clouds in
a Nonattenuating Medium,” ECOM-5578, October 1975.

Norton, Colburn, and Glenn Hoidale, “The Diurnal Variation of Mixing Height by
Month over White Sands Missile Range, N.M,” ECOM-5579, November 1975.

Avara, Elton P., “On the Spectrum Analysis of Binary Data,” ECOM-5580, November
1975.

Taylor, Fredrick J., Thomas H. Pries, and Chao-Huan Huang, “Optimal Wind Velocity
Estimation,” ECOM-5581, December 1975.

Avara, Elton P., “Some Effects of Autocorrelated and Cross-Correlated Noise on the
Analysis of Variance, ”” ECOM-5582, December 1975.

Gillespie, Patti S., R.L. Armstrong, and Kenneth O. White, “The Spectral Character-
istics and Atmospheric CO2 Absorption of the Ho** YLF Laser at 2.05um,”
ECOM-5583, December 1975.

Novlan, David J. “An Empirical Method of Forecasting Thunderstorms for the White
Sands Missile Range,” ECOM-5584, February 1976.

Avara, Elton P., “Randomization Effects in Hypothesis Testing with Autocorrelated
Noise,” ECOM-5585, February 1976.

Watkins, Wendell R., “Improvements in Long Path Absorption Cell Measurement,”
ECOM-5586, March 1976.

Thomas, Joe, George D. Alexander, and Marvin Dubbin, “SATTEL — An Army
Dedicated Meteorological Telemetry System,’”” ECOM-5587. March 1976.

Kennedy, Bruce W., and Delbert Bynum, “Army User Test Program for the RDT&E-
XM-75 Meteorological Rocket,” ECOM-5588, April 1976.




25.

26.
21.
28.

29.
30.
31.
32.
33.
34.
35.

36.
317.
38.
39.
40.
41.
42.

43.
44.
45.
46.
47.
48.
49.
50.

Barnett, Kenneth M., **A Description of the Artillery Meteorological Comparisons at
White Sands Missle Range, October 1974 - December 1974 (‘PASS’ -
Prototype Artillery (Meteorological] Subsystem),” ECOM-5589, April 1976.

Miller, Walter B., “‘Preliminary Analysis of Fall-of-Shot From Project ‘PASS’,”” ECOM-
5590, April 1976.

Avara, Elton P, “Error Analysis of Minimum Information and Smith’s Direct Methods
for Inverting the Radiative Transfer Equation,”” ECOM-5591, April 1976.

Yee, Young P., James D. Hom, and George Alexander, ‘“Synoptic Thermal Wind Cal-
culations from Radiosonde Observations Over the Southwestern United
States,”” ECOM-5592, May 1976.

Duncan, Louis D., and Mary Ann Seagraves, ‘ Applications of Empirical Corrections to
NOAA-4 VTPR Observations,” ECOM-5593, May 1976.

Miers, Bruce T., and Steve Weaver, ‘“Applications of Meterological Satellite Data to
Weather Sensitive Army Operations,”ECOM-5594, May 1976.

Sharenow, Moses, ‘“‘Redesign and Improvement of Balloon ML-566,"” ECOM-5595,
June, 1976.

Hansen, Frank V., “The Depth of the Surface Boundary Layer,” ECOM-5596, June
1976.

Pinnick, R.G., and E.B. Stenmark, ‘Response Calculations for a Commercial Light-
Scattering Aerosol Counter,” ECOM-5597, July 1976.

Mason, J., and G.B. Hoidale, “Visibility as an Estimator of Infrared Transmittance,”
ECOM-5598, July 1976.

Bruce, Rufus E., Louis D. Duncan, and Joseph H. Pierluissi, ‘“Experimental Study of
the Relationship Between Radiosonde Temperatures and Radiometric-Area
Temperatures,”” ECOM-5599, August 1976.

Duncan, Louis D., “Stratospheric Wind Shear Computed from Satellite Thermal
Sounder Measurements,” ECOM-5800, September 1976.

Taylor, F., P. Mohan, P. Joseph and T. Pries, “An All Digital Automated Wind
Measurement System,” ECOM-5801, September 1976.

Bruce, Charles, ‘“Development of Spectrophones for CW and Pulsed Radiation Sources,”
ECOM-5802, September 1976.

Duncan, Louis D., and Mary Ann Seagraves,*“Another Method for Estimating Clear
Column Radiances,”” ECOM-5803, October 1976.

Blanco, Abel J., and Larry E. Taylor, “ Artillery Meteorological Analysis of Project Pass,”
ECOM-5804, October 1976.

Miller, Walter, and Bernard Engebos,* A Mathematical Structure for Refinement of
Sound Ranging Estimates,”” ECOM-5805, November, 1976.

Gillespie, James B., and James D. Lindberg, ‘A Method to Obtain Diffuse Reflectance
Measurements from 1.0 to 3.0 um Using a Cary 171 Spectrorhotometer,”
ECOM-5806, November 1976.

Rubio, Roberto, and Robert O. Olsen,'“A Study of the Effects of Temperature
Variations on Radio Wave Absorption, ECOM-5807, November 1976.

Ballard, Harold N., “Temperature Measurements in the Stratosphere from Balloon-
Borne Instrument Platforms, 1968-1975,” ECOM-5808, December 1976.

Monahan, H.H,, “An Approach to the Short-Range Prediction of Early Morning
Radiation Fog,” ECOM-5809, January 19717.

Engebos, Bernard Francis, “Introduction to Multiple State Multiple Action Decision
Theory and Its Relation to Mixing Structures,” ECOM-5810, January 1977.

Low, Richard D.H., Effects of Cloud Particles on Remote Sensing from Space in the
10-Micrometer Infrared Region,” ECOM-5811, January 1977.

Bonner, Robert S., and R. Newton, “Application of the AN/GVS-5 Laser Rangefinder
to Cloud Base Height Measurements,” ECOM-5812, February 1977.

Rubio, Roberto, “Lidar Detection of Subvisible Reentry Vehicle Erosive Atmospheric
Material,” ECOM-5813, March 1977,

Low, Richard ‘D.H., and J.D. Horn, “Mesoscale Determination of Cloud-Top Height:
Problems and Solutions,” ECOM-5814, March 1977.




51. Duncan, Louis D., and Mary Ann Seagraves,' Evaluation of the NOAA-1 VI'PR Thermal
Winds for Nuclear Fallout Predictions,” ECOM-5815, March 1977.

52. Randhawa, Jagir S., M. lzquierdo, Carlos McDonald and Zvi Salpeter, **Stratospheric
Ozone Density as Measured by a Chemiluminescent Sensor During the
Stratcom VI-A Flight,” ECOM-5816, April 1977.

53. Rubio, Roberto, and Mike lzquierdo, “Measurements of Net Atmospheric Irradiance
in the 0.7- to 2.8-Micrometer Infrared Region,” ECOM-5817, May 1977.

54. Ballard, Harold N., Jose M. Serna, and Frank P. Hudson Consultant for Chemical
Kinetics, “Calculation of Selected Atmospheric Composition Parameters
for the Mid-Latitude, September Stratosphere,” ECOM-5818, May 1977.

55. Mitchell, J.D.. R.S. Sagar, and R.O. Olsen, “Positive lons in the Middle Atmosphere
During Sunrise Conditions,” ECOM-5819, May 1977.

56. White, Kenneth O., Wendell R. Watkins, Stuart A. Schleusener, and Ronald L. Johnson,
“Solid-State Laser Wavelength Identification Using a Reference Absorber,”
ECOM-5820, June 1977.

57. Watkins, Wendell R., and Richard G. Dixon, **Automation of Long-Path Absorption
Cell Measurements,”” ECOM-5821, June 1977.

58. Taylor, S.E., JM. Davis, and J.B. Mason, ““Analysis of Observed Soil Skin Moisture
Effects on Reflectance,” ECOM-5822, June 1977,

59. Duncan, Louis D. and Mary Ann Seagraves, *‘Fallout Predictions Computed from
Satellite Derived Winds,” ECOM-5823. June 1977.

60. Snider, D.E., D.G. Murcray, F.H. Murcray, and W.J. Williams, ‘Investigation of
High-Altitude Enhanced Infrared Backround Emissions” (U), SECRET,
ECOM-5824, June 1977.

61. Dubbin, Marvin H. and Dennis Hall, “Synchronous Meteorlogical Satellite Direct
Readout Ground System Digital Video Electronics,” ECOM-5825, June
19717.

62. Miller, W., and B. Engebos, “A Preliminary Analysis of Two Sound Ranging

Algorithms,” ECOM-5826, July 1977.

63. Kennedy, Bruce W., and James K. Luers, “Ballistic Sphere Techniques for Measuring
Atomspheric Parameters,”” ECOM-5827, July 1977.

64. Duncan, Louis D., ‘‘Zenith Angle Variation of Satellite Thermal Sounder Measure-
ments,”” ECOM-5828, August 1977.

65. Hansen, Frank V., “The Critical Richardson Number,” ECOM-5829, September 1977.

66. Ballard, Harold N., and Frank P. Hudson (Compilers), “Stratospheric Composition
Balloon-Bome Experiment,” ECOM-5830, October 1977.

67. Barr, William C., and Armmold C. Peterson, “Wind Measuring Accuracy Test of
Meteorological Systems,” ECOM-5831, November 1977.

68. Ethridge, G.A. and F.V. Hansen, “Atmospheric Diffusion: Similarity Theory and
Empirical Derivations for Use in Boundary Layer Diffusion Problems,"
ECOM-5832, November 1977.

69. Low, Richard D.H., “The Internal Cloud Radiation Field and a Technique for Deter-
mining Cloud Blackness,” ECOM-5833, December 1977.

70. Watkins, Wendell R., Kenneth O. White, Charles W. Bruce, Donald L. Walters, and
James D. Lindberg, ‘“Measurements Required for Prediction of High b
Energy Laser Transmission,”” ECOM-5834, December 1977. ]

71. Rubio, Robert, “Investigation of Abrupt Decreases in Atmospherically Backscattered
Laser Energy,” ECOM-5835. December 1977.

72. Monahan, H.H. and R.M. Cionco, “An Interpretative Review of Existing Capabilities
for Measuring and Forecasting Selected Weather Variables (Emphasizing
Remote Means),” ASL-TR-0001, January 1978.

73. Heaps, Melvin G., “The 1979 Solar Eclipse and Validation of D-Region Models,” ASL- !
TR-0002. March 1978. 1




74.

75.
76.

71.

78.
9.
80.

81.

82.
83.

85.
86.

87.

88.

89.

90.
91.

92.

93.

94.
95.

Jennings, S.G., and J.B. Gillespie, “M.1.E. Theory Sensitivity Studies - The Effects
of Aerosol Complex Refractive Index and Size Distribution Variations
on Extinction and Absorption Coefficients Part Il: Analysis of the
Computational Results,” ASL-TR-0003, March 1978.

White, Kenneth O. et al, ““Water Vapor Continuum Absorption in the 3.5um to 4.0um
Region,” ASL-TR-0004, March 1978.

Olsen, Robert O., and Bruce W. Kennedy, ‘‘ABRES Pretest Atmospheric Measure-
ments,”” ASL-TR-0005, April 1978.

Ballard, Harold N., Jose M. Serna, and Frank P. Hudson, *‘Calculation of Atmospheric
Composition in the High Latitude September Stratosphere,” ASL-TR-0006,
May 1978.

Watkins, Wendell R. et al, “Water Vapor Absorption Coefficients at HF Laser Wave-
lengths,” ASL-TR-0007, May 1978.

Hansen, Frank V., ‘‘The Growth and Prediction of Nocturnal Inversions,”” ASL-TR-
0008, May 1978,

Samuel, Christine, Charles Bruce, and Ralph Brewer, ‘‘Spectrophone Analysis of Gas
Samples Obtained at Field Site,”” ASL-TR-0009, June 1978.

Pinnick, R.G. et al., “Vertical Structure in Atmospheric Fog and Haze and its Effects
on IR Extinction,” ASL-TR-0010, July 1978.

Low, Richard D.H., Louis D. Duncan, and Richard B. Gomez, “The Microphysical
Basis of Fog Optical Characterization,” ASL-TR-0011, August 1978.

Heaps, Melvin G., “The Effect of a Solar Proton Event on the Minor Neutral
Constituents of the Summer Polar Mesosphere,” ASL-TR-0012, August 1978.

Mason, James B., “Light Attenuation in Falling Snow,” ASL-TR-0013, August 1978.

Blanco, Abel J., “Long-Range Artillery Sound Ranging: “PASS” Meteorological Appli-
cation,” ASL-TR-0014, September 1978.

Heaps, M.G., and F.E. Niles, “Modeling the Ion Chemistry of the D-Region: A case
Study Based Upon the 1966 Total Solar Eclipse,”” ASL-TR-0015, September
1978.

Jennings, S.G., and R.G. Pinnick, “Effects of Particulate Complex Refractive Index
and Particle Size Distribution Variations on Atmospheric Extinction and
Absorption for Visible Through Middle-Infrared Wavelengths,”” ASL-TR-0016,
September 1978.

Watkins, Wendell R., Kenneth O. White, Lanny R. Bower, and Brian Z. Sojka, * Pres-
sure Dependence of the Water Vapor Continuum Absorption in the 3.5- to
4.0-Micrometer Region,” ASL-TR-0017, September 1978.

Miller, W.B., and B.F. Engebos, ‘‘Behavior of Four Sound Ranging Techniques in an
Idealized Physical Enviroment,” ASL-TR-0018, September 1978.

Gomez, Richard G., “Effectiveness Studies of the CBU-88/B Bomb, Cluster, Smoke
Weapon” (U), CONFIDENTIAL ASL-TR-0019, September 1978.

Miller, August, Richard C. Shirkey, and Mary Ann Seagraves, ‘‘Calculation of Thermal
Emission from Aerosols Using the Doubling Technique,” ASL-TR-0020,
November, 1978.

Lindberg, James D. et al., ‘“‘Measured Effects of Battlefield Dust and Smoke on Visible,
Infrared, and Millimeter Wavelengths Propagation: A Preliminary Report
on Dusty Infrared Test-I (DIRT-1),” ASL-TR-0021, January 1979.

Kennedy, Bruce W., Arthur Kinghorn, and B.R. Hixon, ‘“Engineering Flight Tests
of Range Meteorological Sounding System Radiosonde,”” ASL-TR-0022,
February 1979.

Rubio, Roberto, and Don Hoock, “Microwave Effective Earth Radius Factor Vari-
ability at Wiesbaden and Balboa,”” ASL-TR-0023, February 1979.

Low, Richard D.H., “A Theoretical Investigation of Cloud/Fog Optical Properties
and Their Spectral Correlations,” ASL-TR-0024, February 1979.




96. Pinnick, R.G., and H. J. Auvermann, “Response Characteristics of Knollenberg Light-
Scattering Aerosol Counters,” ASL-TR-0025, February 1979.

97. Heaps, Melvin G., Robert O. Olsen, and Warren W. Berning, “‘Solar Eclipse 1979,
Atmospheric Sciences Laboratory Program Overview,” ASL-TR-0026
February 1979.

98. Blanco, Abel J., “Long-Range Artillery Sound Ranging: ‘PASS’ GR-8 Sound Ranging
Data,” ASL-TR-0027, March 1979.

99. Kennedy, Bruce W., and Jose M. Serna, ‘‘Meteorological Rocket Network System

; Reliability,”” ASL-TR-0028, March 1979.

100. Swingle, Donald M, “Effects of Arrival Time Errors in Weighted Range Equation Solu-

tions for Linear Base Sound Ranging,” ASL-TR-0029, April 1979.

101. Umstead, Robert K., Ricardo Pena, and Frank V. Hansen, "KNIK: An

Algorithm for Calculating Munition Expenditures for Smoke
i Screening/Obscuration in Tactical Situations,"
ASL-TR-0C30, April 1979

102. D'Arcy, Edward M., "Accuracy Validation of the !'‘odified Nike
Hercules Radar,"
ASL-TR-0031, May 1979

103. Rodriguez, Ruben, "Evaluation of the Passive Remote Crosswind
Sensor,"
P ASL-TR-0032, May 1979

104, Barber, T. L., and R. Rodriguez, "Transit Time Lidar Measurement |
of Near-Surface Winds in the Atmosphere,"
ASL-TR-0N33, May 1979

105. Low, Richard D. H., Louis D. Duncan, and Y. Y. Roger R. Hsiao,
"Microphysical and Optical Properties of California
Coastal Fogs at Fort Ord,"
ASL-TR-0034, June 1979

i
|
{
{
{
|
{
|




96. Pinnick, R.G., and H.J. Auvermann, “Response Characteristics of Knollenberg Light-
Scattering Aerosol Counters,” ASL-TR-0025, February 1979.

97. Heaps, Melvin G., Robert O. Olsen, and Warren W. Berning, “Solar Eclipse 1979,
Atmospheric Sciences Laboratory Program Overview,” ASL-TR-0026 February
1979.

98. Blanco, Abel J., “Long-Range Artillery Sound Ranging: ‘PASS’ GR-8 Sound Ranging Data,”
ASL-TR-0027, March 1979.

99. Kennedy, Bruce W., and Jose M. Serna, ‘‘Meteorological Rocket Network System
Reliability,” ASL-TR-0028, March 1979.

100. Swingle, Donald M., “Effects of Arrival Time Errors in Weighted Range Equation Solutions
for Linear Base Sound Ranging,” ASL-TR-0029, April 1979.

101. Umstead, Rooert K., Ricardo Pena, and Frank V. Hansen, “KWIK: An Algorithm for
Calculating Munition Expenditures for Smoke Screening/Obscuration in
Tactical Situations,” ASL-TR-0030, April 1979.

102. D’Arcy, Edward M., “Accuracy Validation of the Modified Nike Hercules Radar,” ASL-TR-
0031, May 1979.

103. Rodriguez, Ruben, “Evaluation of the Passive Remote Crosswind Sensor,”” ASL-TR-0032,
May 1979.

104. Barber, T.L., and R. Rodriguez, “Transit Time Lidar Measurement of Near-Surface Winds
in the Atmosphere,” ASL-TR-0033, May 1979.

105. Low, Richard D.H., Louis D. Duncan, and Y.Y. Roger R. Hsiao, “Microphysical and Optical
Properties of California Coastal Fogs at Fort Ord,” ASL-TR-0034, June 1979.

#  U.S. GOVERNMENT PRINTING OFFICE: 1979 — 677-017/1




