





Parameter
Group

Visual range

Directly measured
visibility
variables

Table A-1

PARAMETERS INCLUDED IN DATA BASE

Parameter

Prevailing visibility
(human estimate)

Obstructions to vision

Telephotometer visual
range (meteorological
range)

Camera visual range
(meteorological range)

Nephelometer visual range
(meteorological range)

Target/sky luminance
ratio

Target/sky exposure
density ratio

Scattering coefficient

A-2

Comments

2 main sites

2 main sites
Supplements prevailing
visibility when 7 miles

2 main sites

4 viewing paths at each
site

1-2 targets along each
viewing path

Data flagged for non-
standard conditions

2 main sites

4 viewing paths at each
site

1-2 targets along each
viewing path

Data flagged for non-
standard conditions

2 main sites + 2 supple-
mental sites

From telephotometer

2 main sites

4 viewing paths at each
site

1-2 targets along each
viewing path

Data flagged for non-
standard conditions

From black & white film
2 main sites

4 viewing paths at each
site

1-2 targets along each
viewing path

Data flagged for non-
standard conditions

2 main sites + 2
supplemental sites



Table A-1 (continued)
PARAMETERS INCLUDED IN DATA BASE

Parameter
Group Parameter Comments
Meteorological Wind speed e 2 main sites
data Wind direction e 2 main sites
Precipitation e 2 main sites
Relative humidity e 2 main sites
Temperature e 2 main sites



Table A-2
DAILY OBSERVATION SCHEDULE

Time (EST)
0830 1330
0930 1430
1030 1530
1130 1630

Each observation set consists of the following measurements:

Technique

Human eye

Telephotometer

Photography

Integrating

Cup and vane

Hygrothermograph

Rain gauge

Measurement

Prevailing visibility Sight path visibility,
4 directions

Target/sky contrast, 4 directions

Target/sky contrast, 4 directions (B&W)
Visual situation, 4 directions (color)

Aerosol light scattering at observation
site nephelometers (2) and at remote site
along primary sight path

Wind speed/direction at 10-meter height
anemometer

Temperature/relative humidity

Precipitation
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Table A-3
TARGETS UUSED FOR TELEPHOTOMETER AND CAMERA MEASUREMENTS

Azimuth
Angle

(relative

Distance to true

Target north)

Site Number (km) (mi) 0
Mehoopany, PA 1A 9.7 6.0 52
(o2v) 1B 4,0 2.5 58
2A 4.4 2.7 108
2B 2.1 1.3 101
3A 10.1 6.3 162
3B 2.8 1.8 150
4A 1.5 0.9 0
Blue Rock, OH 1A 15.0 9.3 13
(04Y) 1B 3.8 2.3 21
2A 8.0 5.0 102
2B 3.3 2.1 99
3A 14.6 9.1 225
3B 3.5 2.2 211
4A 16.6 10.3 346
4B 8.4 5.2 331
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Appendix B

DERIVATIONS OF FORMULAS FOR
TABLES IN SECTION FIVE

For all of the derivations, the statistical analyses were originally performed on the
logarithms (base 10) of the data values, and then the results were converted back
into the original linear coordinate frame for interpretation.

The notation is as follows, for a variable denoted by a Tower case letter, say, x:

X log x
(B-1)

X = 1og'1 X

The subscript "t" signifies "transformed" and the hat represents the inverse trans-
formation, so Qt = x. If a parameter is denoted by an upper case letter, then the
subscript "t" or the hat (A ) just denote the coordinate frame in which the parameter
was derived. For example, Rt is the correlation coefficient for a data set in
logarithmic coordinates.

Care has to be taken with units through all these transformations. In the report all
distances are in kilometers.

MEAN VISUAL RANGE

The "mean" visual range is given by

1>

-1, -1
vt Tog 1(rvt) = log = (Tog VV) (B-2)
where the overbar denotes an arithmetic average.

FIT LINE M,

This line is the representation, in the original linear coordinates, of a straight
line (line Mt) of slope unity in the logarithmic coordinate frame.
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The Tine Mt is represented by
or (B-3)

logy = ¢ + log x .

The line passes through the mean (Yt . }{), so that

c = Yy - ?i = Tog y - Tog x

and therefore
Togy = (¥, - %) + log x . (B-4)

When transformed back to the original coordinates this becomes

y = xlogt (¥y - %)
-1 A
Tog™! Y¢ Yt
= X : = = X . (8'5)
0g Xt Xy

A
TRis 15 the formula for line Mt,Ag a}raight Tine through the origin and the point
(x¢* ¥¢), hence having a slope (y,/x.).

REGRESSION LINE L

This Tine is the representation, in the original linear coordinates, of a straight
line (1line Lt) in the logarithmic coordinate frame that represents the least squares
regression line through the logarithmic data. Thus line Lt passes through the mean
(i&, }i) and has a slope that minimizes the mean square error in the Yy direction.
The line Lt is represented by

logy = ¢ +d log x (B-6)

where the intercept ¢ = }i -d ii, and the slope d is calculated by the regression
procedure.

Therefore,



logy = (yp -dxg) +dlogx.

A
In the original coordinates the formula for line Lt is then

y = x4 1og'1c (B-7)
y = xd10g7t (¥ - d X)
-1 - d
.4 199 Yy o2 x), (B-8)
¥ T T1-.d - N\
(1og xt) xt’

A A
a curved line through the origin and the point (E{, §£)-

A simpler representation of the above is

y = exd (B'g)
where
g™l ¥ 0
A -1 09 Yy Yt
c = log™’c = ————— = x )
(1og 1 Xt)d Xtd (B-10)

A A
Thus we call € the coefficient of Ly and d the exponent of Lt‘ (For line Lt’ d was
the slope.)

FRACTIONAL FIT ERROR

The fractional fit error, in percent about the fit line in the original linear
coordinate frame, is derived from the standard error of estimate about the corres-
ponding fit line in logarithmic coordinates.

The standard error of estimate Set? in the logarithmic coordinate frame, is generated
by the statistical computer routine that processes the data. The formula used was
given as Equation 5-3. By the arguments presented in Section 5, leading to Equa-
tion 5-10, the fractional fit error is then

A
Y=Yo A

1
= Set-l

(log™

Ay
- Sep) - 1 (B-11)
‘yC

A
‘yC
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where yc represents the a y coordinate of the fit line Mt or Lt We always use the
fractional fit error in percent, i.e., as 100 (set- 1), although the factor of 100 is
not usually displayed explicitly.

CONFIDENCE LIMITS

The retransformation of coordinates affects the confidence limits of some coeffi-
cients. Confidence limits (at the 95% level) for the intercept c and slope d of line
Lt are calculated in a straightforward manner, using the following formulas (from
Reference 39 of the report):

L
2
1 et 2 -
Intercept = [(N-l)o + N x ] t (N-2) (B-12)
- 1 Set .
Slope = d+ (N-l)% G, t0.975(N-2) (B-13)
t

where t is Student's t statistic.

When d is considered as the exponent of Lt’ its conf1dence limits do not change. But
the inverse Tlogarithmic transformation of ¢ into ¢ affects its confidence limits.
Let S, represent the confidence Timits of ¢, so that

¢, = ¢c*c! (B-14)

where +c' represents the deviations of the confidence limits from c. Then the
inverse Tlogarithmic transformation gives

S
- 2 [1 v (O 1)]
= ¢+ @y (B-15)
So,
& = & (@® (B-16)
where (/c\)l = ¢ (f:\'-t1 - 1) are now the deviations of the confidence limits from e.

Note that the deviations are no longer of the same magnitude in the positive and
negative directions.
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F RATIO

The F-ratio is computed by the statistical computer routine, and is tabulated without
alteration. The formula for it is

¢® (%-1) of
Set

PROBABILITY THAT THERE IS NO REGRESSION

The probability that there is no regression, denoted here as P(d = 0) is derived from
standard F distribution tables for degrees of freedom vy = land v, = N-2, given the
value of F. We did not go beyond the 99.9% significance level; probabilities of less
than 0.1% are just indicated as P(d = 0) < 0.001.
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Appendix C
GLOSSARY

Absorption - capture of incident light by particles or gases in the atmosphere.

Airlight - light scattered into the eyes of an observer from outside the viewing

path; 1ight seen by an observer but which did not originate at the viewed
object.

Albedo - reflectance; the fraction of incident light which is reflected by a surface.

Confidence limit - the end point of a confidence interval which has a specified
(usually 95%) probability of the true value falling within the limits.

Contrast - the difference in radiance of an object and the horizon sky behind it;
expressed as a ratio of this difference over the sky radiance.

Correlation coefficient - a measure of ability to predict the value of a variable

given the value of another variable; a measure of the tendency of two variables
to vary together.

Deliquescence - absorption of water vapor by crystalline solids to the point that a
solution is formed.

Densitometer - an instrument used to measure film image density; it consists of a
light source, a film holder, an aperture, and a 1ight sensor.

Extinction coefficient - a measure of the 1ight extinguishing (scattering and absorp-
tive) properties of the atmosphere; the reciprocal of the distance over which
1/e of the light has been scattered or absorbed.

F ratio - a measure of the significance of the fit 1ines (see discussion on p. 5-11).

Fit Tine thl - in this report this term generally means, for a given data set, a
straight line of unity slope through the means of the logarithmic variables.
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Fractional fit error - a measure of the percentage dispersion of data about a line;
defined as the difference between unity and the inverse logarithm of the
standard error of estimate of the transformed data, expressed in percent.

Hygroscopic - markedly water-vapor attractive; refers to substances which demon-
strate a propensity to condense water vapor.

Integrating Nephelometer - an instrument which measures the light scattering proper-
ties of an air sample; it consists basically of a pump, an enclosed chamber, a
light source, and a light sensor.

Intrinsic contrast - the contrast of a target against the horizon sky when viewed at
the target.

Linear regression - a measure of the linear relationship between two random dependent
variables.

Luminance - used in this report to mean luminous intensity; the amount of visible
light per unit solid angle incident upon a surface normal to the light source;
the amount of 1light is determined by the integral of the radiance, as weighted
by the spectral response of the eye, integrated over the spectrum.

Mean square deviation - a measure of the degree to which a number of data points are
unequal; the sum of the squared differences between the mean of a data set and
the individual data points divided by the number of data points.

Meteorological range (meteorological visual range) - the distance for which the
contrast transmission of the atmosphere is two percent; used here as the dis-
tance at which an object could be seen if it were black by an observer who can
detect a minimum contrast of 0.02.

Particle scattering coefficient - a measure of the light scattering properties of

particles in an air sample; the portion of the extinction coefficient that is
attributable to the scattering of light by particles.

Prevailing visibility - as used by the National Weather Service, the maximum distance

which can be seen around 180° of the horizon circle, not necessarily continuous.
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Radiance - used in this report to mean radiant intensity; the amount of light at a
given wavelength(s) per unit solid angle incident upon a surface normal to the
light source.

Regression line (Lt) - for a given data set, the line which best minimizes scatter in
the y-direction; the sum of the squares of the deviations of the individual
y values from the line is at a minimum.

Scattering - changing of direction of 1ight due to collision with particles or gases
~in the atmosphere.

Sensitometer - an instrument which produces a calibrated series of rectangular
exposed areas of decreasing density upon a film surface, producing a sensi-

tometric strip or gray scale.

Standard error of estimate - a measure of dispersion of data in the y-direction about

a line,

Target - an object used for visibility measurement; usually a distant mountain, hill,
or ridge of dark color.

Telephotometer - an instrument which measures the apparent luminance or radiance of a

distant object; it consists basically of a telescope, a light filter, and a
light sensor,

Transmissometer - an instrument which measures the light extinguishing properties

(extinction coefficient) of an air sample along a path; it consists basically of
a collimating light source and a light sensor.

Transmittance - the portion of 1light that successfully negotiates the path from

target to observer; the portion not lost due to absorption or scattered out of
the path.

Visibility - the ability to see an object or a scene; often used synonymously with
visual range, but may also refer to object or scene detail and color.

Visual range - the distance at which a black object can just barely be seen by the
naked eye; often used assuming a minimum detectable contrast of 0.02; other
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definitions of visual range make other assumptions about target color and
minimum detectable contrast.

Material for some of these definitions was drawn from D.N. Lapedes, ed., McGraw-Hill
Dictionary of Scientific and Technical Terms, McGraw-Hill, 1974,
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