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INTRODUCTION

United States and NATO military forces are increasingly relying on new sophis-
ticated weapons systems which employ electro-optical (E0) sensors or systems
in their principles of operation. The presence of fog seriously degrades the
effectiveness of visible and infrared systems, no matter how well-designed and
engineered the system may be. The operational capability of a given system
can, at least conceptually, be determined through well-characterized field
tests. However, it is somewhat impractical as well as uneconomical to field
tect each device under the different fog conditions which can be expected. A
more economical and logical approach is to characterize the optical properties
of the various types of fogs and develop microphysical and optical models
which can be used for evaluation of systems performance.

The single most important microphysical characteristic of a foq is its size
distribution, N(r), since the other quantities often used to describe the fog
are easily obtained from the size distribution. N(r) is usually interpreted
to be the number of suspended water drops {assumed to be spherical) of radius
r. From a mathematical standpcint, a more proper interpretation is N(r) =
dN/dr where N is the tota! concentration of suspended water droplets. N(r) is
expressed in units of particles per cubic centimeter per unit (micrometer)
radius interval. Other microphysical quantities whi h are frequently used
include the mean radius, the mode radius, and the liquid water content. All
these quantities are easily computed from the size distribution (compare Low
et al,l McCartney?).

There are several types of fogs. Most major fog types have been classified by
Willett3 and Byers.“ According to Juisto> the type of fog can be influenced
by several factors such as geographic location, synoptic air mass, season of
the year, and time evolution of a given fog. Unfortunately, there have been
no definitive studies aimed at the determination of the relative importance of
these various factors in terms of their influence on the size distribution.
The size distributions shown in figure 1 suggest that the formation mechanism
alone is not sufficient for discriminating the major characteristics of
N(r). This figure shows four of the size distribution models obtained by

IR, D. H. Low, L. D. Duncan, and R. B. Gomez, 1978, The Microphysical Basis of

Fog Optical Characterization, ASL-TR-0011, US Army Atmospheric >Scliences
Laboratory, White Sands Missile Range, NM

2E, J. McCartney, 1976, Optics of the Atmosphere, John Wiley and Sons, New
York, NY

3H, C. Willett, 1928, "Fog and Haze," Monthly Weather Review, 56:435

“H. R. Byers, 1959, General Meteorology, McGraw-Hill, New York, NY, 481 pp

5J. E. Juisto, 1979, Considerations in the Optical Characterization of the
Atmosphere, ASL-TR-79-0001-3, US Army Atmospheric Sciences Laboratory, White
Sands Missile Range, NM
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Tamperi and Tomasi® by fitting Diermendjian's7 modified qamma function to

published drop-size data. RF1 and RF2 denote their radiation fog models 1 and
2 while AF1 and AF2 denote their advection fog models 1 and 2. There is
clearly very little difference between RF1 and AFl and between RF2 and AF2.
There were probably other factors which played a significant role in determin-
ing the size distributions shown in figure 1. It would be improper, and
perhaps erroneous, to conclude from these data that there is not a difference
between typical size distributions for radiation and advection fogs. Proper
investigation of this question would require an analysis of data taken under
conditions where the formation mechanism i< the only variahle which changes
(that is, the other factors mentioned ahove are the same).

In this report data collected durirg *hree Aifforanl 71214 axperiments con-
ducted durina the Tast 2 yaa~s "n Germany w770 e a0 uzed to iavesticate €ha
differences in the ontical and miz-onhysical ornoeviiog uader Alffarent gie

masses.

ATR MASSES OVER CUNTRAL ZURNPE

According to Berry et al® an air mass is cefined 3s 2n extensive portion of
the atmosphere which is apnroximately hamgcernrs n its horizorntal distri-
bution of temperature, humidity, and lapse rate. The initial properties ¢f 2zn
air mass are primarily influenced by its source rezinn (the region where the
air mass originates). Jhen an air mass leaves its iource region, it has prop-
erties charactericstic of that norticon of the earth’s curface. Thece proper-
ties are subject to modification 3s the a“r mass passes over other areas.
Berry et al discusses major source regions, afir mass types, and air mass
properties,

Geb® has classified and discussed air masses over middle Europe. His classi-
fication scheme contains eighteen secarate categories (including subcategories
and mixed cateanries), A preliminary aralysis of Furopean weathor mans indi-
cates that the more frequently occurrinn air masses aver Europe are, in order
of occurrence, the maritime ovolar (mP), the maritime arctic (mA), and the
continental pelar (cP), mwP air over Europe usually originates as cP air over
North Americe and reaches Furope through varicus *rajectories across the
Atlantic Ocean, thereby becoming modified to a maritime air mass. The source

bF. Tamperi and C. Tomasi, 197A, "Size Distribution Models of Fog and Cloud
Droplets in Terms of the Modified Gamma Function," Tellus, 28:333-347

’D. Diermendjian, 1964, "Scattering and Polarization Properties of Water
Clouds and Hazes in the Visible and Infrared," Appl Opt, 3:187-196

®F. A. Berry, E. Bollay, and N. R. Beers, editors, 1945, Handbook of
Meteorology, McGraw-Hill, New York, NY

9@. Geb, 1973, "Die Anveendung der Objektivierten Luftmassen-Klassification
fur Mittleuropa," des Institut fur Meteorolgie, Berlin, GE




region for mA air 1is the arctic region between Greenland and Spitsbergen,
while the source region for cP air over Europe is over northern Russia,
Finland, and Lapland.

Air masses are generally characterized by their temperature and moisture
properties. Since the different air masses originate over distinctly differ-
ent regions of the earth’s surface, a reasonable hypothesis is that each air
mass contains aerosols and condensation nuclei which are distinctly different
from those of other air masses. If this is true, then fogs formed under dif-
ferent air mass types can be expected to possess different microphysica)l
properties.

MODELING OF FOG OPTICAL PROPERTIES

In the development of optical models to be used in the analysis of the perfor-
mance of EOQ sensors and weapons systems, one is usually concerned with the
extinction coefficient and the scattering phase function. Both of these
quantities may be computed from Mie theory if the drop-size distribution is
known. The extinction coefficient, K{X), for a given wavelength is related to
the size distribution by

K(A) = "‘/r2N(r) Qext(r,A) dr
Where Qext(r,r) is the Mie extinction parameter for wavelength X and radius r.

If optical foq models are to be useful to nonatmospheric specialists, the
models must be constrained to respond to meteorological and atmospheric inputs
which are typically available in standard meteorological observations and
analyses. Over the past few years visibility has become a popular variable as
a predictand for extinction coefficients in the infrared regions. There are
probably two reasons for this. First, visibility is a routinely observed
optical property of fogs (as well as nonfoggy conditions). In addition, no
other routinely observed quantity correlates well with infrared extinction
coefficients. Several authors (Stewart,10 Turner et alll) have shown that
models which depend upon visibility alone can Tlead to substantial errors. The
data shown in a later section indicate that much of this uncertainty can be
removed if an air mass classification is also included.

THE DATA BASE
Three rather large sets of fog microphysical data were available for this

study. During late February and early March of 1978,the US Army Atmospheric
Sciences Laboratory (ASL) conducted a field experiment at Meppen, Germany, to

10p, A. Stewart, 1977, Infrared and Submillimeter Extinction by Fog, TR-77-9,
Technology Laboratory, Physical Science Directorate, Redstone Arsenal, AL

R, E. Turner et al, 1978, Model Development for E-0 SAEL: Natural Aerosol,

Contrast, Laser Transmission and JTurbulence, SAI-/8-0D0B-AA{IT), Science
Rpplication Inc., Ann Arbor, MI




obtain a data base for investigating the vertical structure of fog. Ground-
based measurements of fog/haze drop-size distributions were made with a
Particle Measuring Systems (PMS) FSSP-100 light scattering device (commonly
known as a Xnollenberg counter) which measures drop sizes from 0.25um to
23.5um radius. At the same time, an identical instrument was operated sus-
pended from a balloon to investigate the vertical variation of the fog.
Complete observations of the size distribution were completed every 50 s.
Size distribution models have been curve fit to the ground-based data by
Duncan and Low.!2 FEmpirical formulas which reproduce the vertical variation

2

observed with the airborne instrument have been ohtained by Duncan et al. -~

Either clear or light haze conditions persisted during many davs of the Meopen
experiment. STxtensive neriods of fog data were ob%tained on 1% and 22 Februgary
and 3 and & March, with visibilities ~znging from a fow kilometers 4o 253
than 100 m. An mA air mass prevailec¢ cver Vennen on 18 February. During gb»o

other 3 days ™eppen was under the infye~ce of arn mP atr mass.

During November 1978 the US Army Night Vision and Electro-Optics Laboratory,
in cooperation with the German Ministrv of Defe~se, concucted 2n extersive
experiment at Grafenwohr, Germany, to cutain data relative to the effects of
the '"dirty battlefield” on the overtormance of EQ weapons systems and
sensors, The ASL provided meteovologic.! sunport and participated in seme of
the scientific experiments. Fog size distributions were measured on ¢, 10,
13, 14, 15, 16, and 20 November under verying fog conditions., A difrerent PMS
light scattering instrument was used for these measurements. This instrumer*
was the CSAS-100 which measures particles in the size range of 0.2um %o 16um
radius. Grafenwohr was under the influence cf a continental air macs durinag
the entire perijod.

During late February and March 1980, the ASL conducted aerosol measurements
near Greding, Germany, in support of a wsapons systems test. The measurements
were similar to those made at Meppen “n the sense that airborne and ground-
based PMS FSSP-100 were employed. Because of the high density of air traffic
reauired hy the tests, the balioon flights were restricted to one ascert each
morning at about C700 and another at about 1700 each afterncon. This schedule
limited each data ccllection period to between 30 and 45 min.

The data collected at Greding have been reported by Lindberg et ar. it OQuring
most of the observations, light to mediym haze conditicns were encountered.
Hewever, on 29 Februyary and 20 and 24 March the balloon-borne senscr measured

1
3

L. D. Duncan and R. D. H. Low, 1980, Bi-Model Foaq Models for Meppen,

Germany, ASL-TR-0056, US Army Atmospheric Sciences Laboratory, White Sands
MissiTe Canqe, WM

13, 0. Duncan, J. D. Lindberg, and R. D. Loveland, 1980, An Empirical Model
of the Vertical Structure of German Fogs, US Army Atmospheric Sciences
Laboratory Technical Report (in press)

', 0. Lindberg et al, 1980, Vertical Distribution of Fog and Haze near
Greding, Germany, during February and March 1980, US Army Atmospheric
Sciences Laboratory Technical Report (in press)
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size distributions within stratus clouds which were encountered about 100 to
150 m above the surface and persisted for about a 300-m thickness. An mA air
mass was over the site on 29 February and 24 March; the area was under the
influence of an mP air mass on 20 March.

ANALYSIS OF THE THREE DATA SETS

Mie calculations were applied to the size d*stributions data to obtain extinc-
tion coefficients at various wavelengths. Figure 2 shows a cross plot of
extinction coefficients for 10um and 0.55um. For visibilities greater than
about 1 km, the spread in the data is considerable. For a given value of
visible extinction coefficient, the 10um extinction coefficient can vary by an
order of magnitude or more. This much variation is clearly unacceptable if
one is attempting to determine the performance characteristics of an EO device
operating at or near 10um wavelength.

The data shown in figure 2 have been separated according to the three air mass
categories (mA, mP, and cP) discussed above and have been replotted for each
air mass in figures 3, 4, and 5, respectively. The scatter shown in each of
these plots is considerably less than that in figure 2. This difference
suggests that a significant part of the scatter was not measurement error but
was due to the differences in air mass types. If the remaining scatter within
a sinale air mass type (as shown in figures 3, 4, and 5) is presumed to he due
primarily to experimental error, then the regression line fit to these data
provides an acceptable procedure for determining the extinction coefficient at
10um from values of the extinction coefficient at 0.55um. The equations for
these regression equations are:

mA air mass: Tloa K, == 1.19 Tog K . - 0.45
mP air mass: log K . = 1.51 log K_55 - 1.01
cP air mass: log K. = 1.82 log K .. - 1.65

Cross plots for extinction coefficient at 4um are shown in figures 6, 7, and
8. As with the previous results, the scatter about the regression is within
reason, and the regression lines provide a reasonable formation for relating
the two extinction coefficients. The rearession equations are:

H

mA air mass: log K, 1.03 lTog K .. + 0.03

S5
mP air mass: log K = 1.32 log K ogg - 0.38
cP air mass: log K, = 1.58 log XK . - 0.82
11




CONCLUDING REMARKS

Air mass analysis has been employed as a tool for the analysis of extinction
coefficients computed from foq drop-size distributions. It has been demon-
strated that the ceparation of the data into aroups identified by a common air
mass results in data sets which allow for the development of simple relation-
ships, through regression analysis, between extinction coefficients at two
different wavelenatns. The significance of these findinos is considered more
noteworthy because data measured at three widely separated locations durina
three different time periods could be combined to produce aood results, In
addition, a few data points reported by Ahele et 47~ are included in figure 5
and show that these results comgare we'l with meacurarente nerformead hy the
nerman Forschunasinstitut fur Optik,

As was shown in fiqure 2, an attemp: to infer infrare~ ~xtinction from ¥now’ -
edge of visible wavelength extinction ¢ a metegro’ocical visibi'ity odserva-
tion) algone will agenerally lead to a rosu’t *the® e rpt mych better than an
order of magnitude estimate. Part of thi= uncertainty *4 nd doudt due o som¢
type of measurement error. However, hased on the encouraning results nre
sented here, the conclusion is that a major nart of the oroblen is *hat dif.
ferent air mass types tend to differ in general droplet size istri-utions
leading to scaling law differences. Therofore, knowledge of the air mass tyne
in addition to visible light extinction can level to heler estimates of
infrared extinction.

The foq drop-size distributions are currently beina analvzed to determine if
the air mass classification also produces sufficient similarity in drop-size
distributions to allow for the development of models of drep-size distribu-
tions to be expected under the different air masses.

15J. Abele, H. Raidt, and D. H. Hohn, 1979, "Studies on the Influence of
vieteorological Parameters on Atmospheric Laser Transmission,"
“orschungsinstitut fur Optik, Tubingen, GE, Ffnr 1979/20
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