BULLETIN
of the

American Meteorological

Society

Published Monthly except July and August at Prince and Lemon Streets, Lancaster, Pa.f
William E. Hardy, Department of Meteorology, Oklahoma A & M, Stillwater, Oklahoma, Editor
Robert G. Stone, Route 1, B o x 540, Clinton, Maryland, Consulting

VOL.

36

JANUARY,

Editor

1955

No.

1

An Indirect Method for Estimating the Weight of Glaze on Wires
ROBERT

W .

LENHARD,

JR.*

ABSTRACT

The relationship between the weight of glaze on power lines and common meteorological
variables is examined. The icing data used are those collected by the Pennsylvania Electric
Association; the meteorological data are those available in third-order climatological station
records. A graphical correlation between ice weight, daily precipitation total and a derived
temperature variable is obtained. In addition, the regression of ice weight on daily precipitation
is explored and the probability of occurrence of daily maximum and minimum temperatures
associated with glaze storms is given. These two relations are suggested as alternative
estimating tools.

ticipating companies used several devices to measure the accumulation of ice. In the published
report, however, all observations have been reduced to a standard unit: ounces of ice per ten
feet of gauge no. 2 / 0 wire.
2. The commonly available meteorological variables chosen were total daily precipitation and
daily maximum and minimum temperatures.
These were obtained from published records of
United States Weather Bureau climatological stations [2]. The choice of third-order stations was
dictated originally by the absence of first-order
stations in the area where this estimation was to
be applied. Third-order stations have the advantage of providing a fairly dense spatial network and at least the minimum information necessary to obtain an estimate of glaze intensity. The
result of the lack of hourly detail will be a wide
dispersion of the items about the estimating relationship and, therefore, relatively small precision
of the estimate. Additional dispersion can be
expected to result from the lack of detailed data

INTRODUCTION

H E amount of ice deposited on objects
near the earth's surface is one of the more
damaging aspects of weather as far as industrial activities are concerned, with an effect on
plant, equipment and operations.
A climatic
study to be used in planning for such an activity
should include the intensity and frequency of occurrence of glaze. The recording of these items
is not part of the routine of weather observing in
the United States. A method of estimating them
from other, routinely-measured weather variables
will be derived.

T

DATA

The data were obtained from two sources:—
1. Ice weights were obtained from observations
made by electric power companies in Pennsylvania
[1]. The data were collected over a period of
17 years: 1927-28 through 1943-44. The par* 2 A Garrick's Villa, Hampton Court Road, Hamptonon-Thames, Middlesex, England.
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separation led to the conclusion that some slight
bias existed toward a lower elevation of climatological stations than of ice-observing points. Since
this bias was not eliminated the estimated ice
weights will tend to be too high. In the case of
activities that are widely spread over the terrain
and not restricted to terrain features of which
climatological stations are representative, inclusion
of the bias would seem to be desirable.
ANALYSIS

FIG. 1.

Location of observing stations.

on the vertical structure of the lower atmosphere.
The locations of the observing stations are
shown in F I G U R E 1. Where a single location is
shown for both weather and ice observing points,
the observations were actually taken at two separate locations too near to each other to be shown
separately on the map. A difference in the elevation of ice- and weather-observing points existed
in almost every case. An examination of this

FIG. 2.

OF

DATA

The relationship of ice weight to the amount
of precipitation is shown in F I G U R E 2. The leastsquares regression line is given by the equation
I — 15.66 + 7.2P. Here / is the weight of ice in
ounces per ten-foot length of gauge no. 2/0 wire
and P is the total precipitation in inches. For
this line a correlation coefficient of 0.41 was obtained. This correlation is significant at the 1-percent level as determined by analysis of the variance. The accuracy of estimate is not very great,
the standard error of estimate being 95.5 ounces.
It is reasonable to expect "no ice" with "no
precipitation" but the relationship is not a necessary one. Correlation of two variables is based
on a set of pairs of observations with all but the
two variables of interest controlled. In this case

Relationship of ice weight on wires to daily precipitation amount.
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such control was lacking since ice weights and
precipitation amounts were not observed at coincident locations. As a matter of interest, however, the "no precipitation—no ice" condition was
imposed and the linear regression through the
origin and the mean shown in F I G U R E 2 gives
/ = 2 8P.
From observations of the scatter about these
two lines it appears that a parabolic or logarithmic
curve might fit the data better than either of the
linear regressions.
All four of the relationships mentioned were
tested using a sample of the data that employed
averages and so had less dispersion and fewer
items. The improvement of the parabolic over the
linear relationship, fitting both by least squares,
was not significant statistically and so the former
was not investigated further.
The variances
about the least-squares logarithmic regression and
the two linear relationships were compared. The
logarithmic relation had the smallest unexplained
variance followed by the least-squares line and
the line through the mean and the origin. These
residual variances were found to differ significantly
by statistical standards but not by practical standards. The linear equations are about three percent less precise than the logarithmic and differ
from each other by about one-half percent in
precision. Correlation coefficients were computed
and compared and were not significantly different
from each other statistically. When dealing with
an economic problem there would seem to be no
objection to using the line through the mean and
the origin which is the easiest relation to apply.
To improve the precision of the estimate temperatures may be introduced; to determine completely the occurrence or non-occurrence of glaze,
temperature must be introduced. It was found
that application of daily maximum and minimum
temperatures directly in a correlation was not
fruitful so a temperature variable derived from
these was tested.
The assumption was made that the amount of
ice that would form during a 24-hour period
would be directly proportional to the length of
time that temperature was suitable for ice formation. A further assumption was made that the
diurnal temperature march is a sine wave that can
be characterized by the daily maximum and minimum values. Three such diurnal temperature
curves are shown in F I G U R E 3 and they can be
examined for the effect of varying parameters.
Curves A and B have the same amplitude but
differ in their level or mean. The time of exposure to icing is greater with curve B than wTith

3

curve A. Curve C has the same level as curve A
but a greater amplitude and a shorter time of
exposure to icing. The inference is then made
that the intensity of icing depends upon both the
level and the amplitude of the diurnal temperature
wave. The relative range of temperature (the
difference in the extremes divided by their sum)
suggests itself as a temperature variable. The
algebraic relationship is not quite that simple but
the temperature extremes do appear in it in the
form of such a ratio.
With the use of a single temperature variable,
the relative range, graphical correlation is possible. The isopleths of ice weight are shown in
F I G U R E 4 on a chart whose axes are precipitation
and relative temperature range. The observed
values were too numerous to enter without obscuring the analysis. Some idea of the nature
of the fit of these lines to the data is given by the
correlation ratio of 0.86 and the standard error
of estimate of 79.4 ounces. A strict statistical
comparison of explained and unexplained variance is not possible unless the form of the regression equation is known. Some idea of the significance of the explained variance is conveyed
by the fact that it is significantly greater than the
unexplained variance for as many as 36 constants
in the estimating equation. The correlation appears to be statistically significant.
It should be noted that the relative range used
is computed from the temperature extremes as
published, in degrees Fahrenheit. It might be
more realistic physically to use an absolute temperature scale but it is more convenient to use
the temperature values as published. Use of an
absolute scale would reduce the relative disper-

FIG. 3.

Variation of exposure to glaze with amplitude
and range of diurnal temperature wave.
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Correlation of ice weight on wires with daily precipitation amount and relative temperature range.

sion of the data somewhat and would thus add to
the precision of the estimate. It is doubtful if
the improvement would be worth the effort of
applying the additional refinement.
APPLICATION

The relationship that has been shown is based
on data collected on dates when icing occurred.
If it is to be applied to other geographic areas or
TABLE I. FREQUENCY OF DAILY MAXIMUM AND MINIMUM
TEMPERATURES ON DAYS WITH GLAZE OCCURRING
Daily minimum

Daily maximum

Degs. F

Freq.

Degs. F

Freq.

3.0- 7.4
7.5-12.4
12.5-17.4
17.5-22.4
22.5-27.4
27.5-32.4
32.5-36.0

3
9
21
39
54
59
11

21.0
22.5-27.4
27.5-32.4
32.5-37.4
37.5-42.4
42.5-47.4
47.5-52.4
52.5-57.4
63.0

1
4
29
71
60
18
10
2
1

periods of time it is first necessary to select dates
on which the synoptic situation was such that
icing could have occurred. It must be restricted
to areas east of the Allegheny mountains and,
probably, in and near to Pennsylvania, at least
until verified for more remote areas by testing
with additional observations of ice accumulations.
Since the zero isopleth does not appear on the
diagram, an additional criterion for the non-occurrence of glaze is necessary. This may be
taken as a minimum temperature higher than
some selected level such as 32 degrees or a
maximum lower than some other, selected value.
The extremes that appeared in the original data
might well be used and are given in T A B L E 1.
The actual values selected as cut-off points for
glaze formation will depend in some degree on
the topography involved.
If an operational problem is to be solved involving other than weather factors, a simplification is possible and may even be desirable if much
processing of data is required. The simplification
is to use the regression of ice weight on precipitation by broad classes rather than by specific ounces
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of ice. The limits of the classes will depend upon
the problem to be solved. T o introduce the
temperature a weighting factor is used with the
greatest weight being given to estimates of icing
whose associated temperature conditions are most
likely to occur. Lesser weights are given to
estimates whose temperatures are less likely to
occur. Temperature probabilities as determined
from the original data are given in T A B L E 1 .
This method was used with some success in an
application where operational variables were introduced as additional weighting factors. It will
place weights improperly, overweighting some
estimates and underweighting others. There does
not appear to be any inherent bias, however.
CONCLUSION

This method of estimating glaze intensity and
frequency is limited in its geographic applicability
and is capable of providing at best only an approximation. The geographic restriction might be
removed by the application of additional observations as they become available. It is unlikely that
the precision of estimate will be improved by including more data of the same sort.

NEWS AND NOTES
Dr. Ference Receives Award
In ceremonies at Fort Monmouth, N. J., on 1 October
last Major General George I. Back, Chief Signal Officer
of the Army, presented the Army's Exceptional Civilian
Service Award to Dr. Michael Ference, Jr., for "outstanding performance of duty as Chief Scientist, Evans
Signal Laboratory, Fort Monmouth, New Jersey, from
11 March 1946 to 7 September 1953." The presentation
was made in ceremonies at Fort Monmouth on 1 October
1954.
According to the citation, Dr. Ference, now Chief
Scientist of the Ford Motor Company laboratories in
Dearborn, Michigan, is credited with making many outstanding contributions in the field of atmospheric physics
which "are of lasting benefit to the defense of the United
States." He guided the development of important military devices which significantly advanced the position of
the United States in meteorology. His pioneering and
guidance of research into the upper atmosphere provided new information pertinent to the development of
missiles.

Greater precision of estimate could be obtained
with the use of hourly observations and by considering the vertical structure of the lower atmosphere. Such data might be obtained from a
network of observation points designed especially
to provide this information. Unfortunately, a
network of stations dense enough to detect the
significant spatial variations in glaze intensity exists only in third-order stations, if at all. Hence
no applicable climatological records would be
available for use with the more precise relationship.
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Navy College-Student Work-Study Program
The College Student Work Study Program for Scientific and Technical Personnel in the Potomac River
Naval Command will be continued during the summer
of 1955.
A limited number of meteorological and
oceanographic student trainee positions will probably be
open at the U. S. Navy Hydrographic Office on the
southeastern outskirts of Washington, D. C. These positions are open to students who have completed their
junior year of college and pay about $265 per month.
Probational appointments to the grade GS-4 level are
made from a register compiled, on the basis of a written
test. The closing date for this examination is 20 April
1955. However, it is preferable to take the examination
at an earlier date. Details on how to file may be found
in Announcement No. 425-B of the Board of U. S. Civil
Service Examiners for Scientific and Naval Personnel of
the Potomac Naval River Command, Building 37, Naval
Research Laboratory, Washington 25, D. C.—C. C. Bates.
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