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ABSTRACT

In a study of the effects of weather upon the consumption of electricity in a power network,
it was found that large-scale load variations generally mask the effects of weather and make it
almost impossible to obtain practical results from a comparison of the load data in their original
form. A simple method is presented by which the effects of a seasonal trend and of major load
shifts, caused by changing activities in a community, can be eliminated. This method makes it
possible to analyze load data for possible weather effects, even though the consumer demand for
electric power may change considerably during the period for which the study is being made.
INTRODUCTION

H E weather may affect a power company
in a more or less spectacular and disruptive manner such as occurs during thunderstorms, tornadoes, or glaze storms [ 1 ]. However, the more commonplace elements of the daily
weather such as the amount of cloudiness, temperature, or wind, may also have a bearing upon
the amount of electricity used by a particular community and thus be of importance to the power
company serving that community in so far as
anticipation of power requirements is concerned
[2], This paper primarily deals with a method
of approach to a study of the weather effects of
the latter type, i.e., the daily weather effects.
Power data for the year 1947, taken from the
records of the power plant serving the campus of
The Pennsylvania State College, will be used
throughout this paper.
Reference to a specific example of the effect
of cloudiness upon the power load will illustrate
some of the difficulties which may be encountered.
In this particular network, electricity is used
chiefly for illumination purposes. Consequently,
it seems logical to assume that the variations in
cloudiness would have a large bearing upon the
variations in amount of electricity used.
In
FIGURE 1, the hourly power load is plotted against
the hours of the day for three days. November 24
was a dark, overcast day, June 18 was mostly
cloudy, and November 12 was a completely clear
day. A comparison of the curves for November
12 and 24 shows the expected trend in load, i.e.,
a larger load on a cloudy than on a clear day.
However, when we compare the loads for November 12 and June 18, it is found that the load
on a cloudy day in June is much smaller than that
on a clear day m November. Upon the basis of
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these three curves alone, one might erroneously
conclude that the amount of cloudiness has no
bearing upon the magnitude of the power load in
this particular network.
GENERAL CLASSES OF VARIATIONS IN LOAD

An analysis of the amount of electricity used,
i.e., the power load, on the campus of The Pennsylvania State College revealed that the load varies
greatly throughout the year. The variations may
be grouped into the general classes outlined below.
Variations occur in the load due to the intermittent operation of various electrical apparatus.
These minor fluctuations in the load will balance
themselves out and need not be considered.
Another general class of load variations occurs
due to large-scale changes in college activities as
manifest in the schedule changes between the different sessions or due to addition of a new group
of buildings to the campus power network. It is
also convenient to include in this category what
I shall call "seasonal trend." This refers to the

FIG. 1.

Daily variation of hourly power loads.
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Annual variation of weekly p o w e r load.

gradual decrease in the overall power load that
occurs from January until June and a corresponding increase from July until December. It is
seasonal in nature in contrast to the day by day
changes in the load. This general class of load
variations will be considered in detail in this paper.
Changes in the weather provide the cause of the
third general class of variations in the power load.
These variations are considerably smaller in magnitude than the load variations produced by the
seasonal trend and major shifts in load due to
large-scale changes in consumer demands and will
be partially, if not completely, masked by the larger
variations unless steps are taken to eliminate the
larger non-meteorological effects.
A N N U A L V A R I A T I O N OF T H E P O W E R L O A D

A graph of the total power used each week of
the year reveals large scale changes in the load as
well as a seasonal trend. The solid line in F I G U R E
2 shows the actual variations in the total load that
occurred from week to week. The scale on the
abscissa represents the last day (Sunday) of the
respective weeks beginning with January 12, 1947;
the first day of each month is marked by a longer
division. The weekly power load is plotted in
terms of one thousand kilowatt hours. The causes
of the major maxima and minima in this load curve
are mostly explainable by a study of the College
Calendar.
The minimum A beginning in late January and
lasting through the early part of February is due
to the overall reduction in college activities during the time interval between semesters. The
minimum B is occasioned by the spring recess
from April 3-9. The end of classes for the Spring
Semester on May 28, and the usual reduction of
activities at the end of a semester, brought about
the sharp load reduction beginning at C. Al-

though the first of the Summer Sessions started
on June 10, the power load remained low because
of the very small number of courses offered at
this session, and because many of the staff members go on their annual vacations at this time.
The load increases again with the start of the Main
Summer Session D. The end of one of the summer sessions and Labor Day recess account for the
minimum E. The load increase F is due to various activities in preparation for the beginning of
the Fall Semester, the classes of which start at G.
Thanksgiving Recess accounts for the marked
minimum H while the beginning of Christmas Recess I is reflected by a sharp decrease in load for
the remainder of the year.
Thus, the variations in regular college activities
explain most of the major fluctuations of the load
curve. The secondary peak J occurred when
newly completed dormitory units and a cafeteria
were connected with the college power network
during the latter part of July and were again
taken off the system about August 10 owing to
electrical difficulties in the hookup. The above
dormitory units together with some additional
dormitories were placed back on the College power
network during the Thanksgiving Recess, thereby
causing the maximum K. Incidentally, the minimum L was due to a sequence of clear days.
SEASONAL T R E N D IN

LOAD

This variation in load may be determined by
the use of lines of regression [3]. In this case,
lines of regression were computed for five different periods of the year, as shown in T A B L E I. In
these computations, atypical loads, such as those
caused by recesses and reduced activities between
semesters (see, e.g., A, B, C, etc., of FIG. 2 ) , were
omitted. In the lines of regression, Y is the weekly
load in terms of one thousand kilowatt hours and
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FIG. 3. Seasonal trend curve for Spring Semester showing major load shifts during: A —
Summer Inter-Session; B—Main Summer Sessions; C—Fall Semester; and D—December.

X is the week of the period in question, i.e., X
equals 1 for the first week of the period, X equals
2 for the second week, etc. These lines of regression are plotted on FIGURE 2 as dashed lines.
A comparison of these lines of regression reveals
that there is a decrease in the load during winter
and spring, while in the summer and fall the load
increases. In other words, the load follows the
changes in the length of the days during the year
which, in turn, follows a sine curve with a maximum at the summer solstice and a minimum at the
winter solstice. As will be shown later, the rate
of increase in the fall corresponds very closely to
the rate of decrease in the spring. These facts
suggest that the seasonal trend of power consumption should be in the form of a sine curve with a
maximum occurring near December 21 and a
minimum about June 21. Since the line of regression for December 7-21 is based upon some
uncertain data, it cannot be given any weight in
this matter. The slight slope of the line of regression through the summer solstice may be
considered insignificant, particularly in view of
the fact that the end points of this line lie before
and after the solstice and the smallest weekly load
in summer actually occurred during the week ending June 22. For practical purposes, the seasonal
trend can be considered zero around the time of
the solstices.
There can be no doubt that the seasonal trend
is, at least in part, due to the seasonal variations in
TABLE I.

LINES OF REGRESSION
Line of regression

Period
Jan. 19 to May 18
June 15 to July 6
July 13 to Sept. 21
Oct. 5 to Nov. 23
Dec. 7 to 21

Y
Y
Y
Y
F

= 214.540
= 139.500
— 153.000
= 209.786
= 243.000

+
+
+

0.658
0.100
0.396
1.048
0.000

X
X
X
X
X

the length of the day. In turn, the length of day
controls the maximum possible illumination which
may be received from the sun and sky on any one
day. The trend might also be partly due to the
annual march of temperature. However, in a
part of the investigation not covered by this paper,
it was found that temperatures have no effect upon
the amount of electricity used in this particular
network. In power networks where there is considerable use of electricity for heating purposes,
the situation might be considerably different in
this respect. Here, the seasonal trend in load can
be attributed solely to the seasonal trend in illumination by sun and sky.
MAJOR SHIFTS IN LOAD

In order to determine the magnitude of the major changes in load throughout the year, the above
lines of regression are drawn as shown in FIGURE
3 by the solid lines. On the basis of the assumption that the seasonal trend has the form of a
continuous sine curve with a minimum at June 21
and a maximum at December 21, the mirror
images * of these lines of regression are then
plotted as dashed lines. One of the original lines
of regression and its mirror image are connected by
a dotted line which runs parallel to the other lines
and/or their images. This, then, represents the
curve of seasonal trend which is smoothed, since
it is obvious that it would not consist of a series of
straight lines. The vertical distances marked by
letters in FIGURE 3 are the magnitudes of the various load changes with respect to the load during
the spring.
It was found that the weekly load decreased by
56,000 kw-hr from the Spring Semester to the
* Parallels to the ordinate through the solstices as
mirror planes.
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Inter-Session, increased by 1 3 , 0 0 0 kw-hr from the
Inter-Session to the Main Summer Session, increased by 4 8 , 0 0 0 kw-hr between the end of the
Summer Sessions and the Fall Semester, and increased 2 1 , 0 0 0 kw-hr over the Thanksgiving Recess. It is interesting to note that the weekly load
for the first part of the Fall Semester was about
3 , 0 0 0 kw-hr larger than that of the Spring Semester because of an increase in enrollment and in
the number of classes.
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TABLE I I .
REDUCTION FACTORS ELIMINATING THE
EFFECTS OF SEASONAL TREND AND MAJOR
LOAD CHANGES
Date

Jan.

Feb.
Mar.

REDUCTION

FACTORS

T A B L E II was prepared so that a comparison
might be made between the daily loads at various
seasons of the year. This T A B L E takes into account the seasonal trend and the major load
changes as outlined above and is used to reduce
all load data to the level of the week of November
23, as a key period. This particular week was arbitrarily selected for the basis of comparison because it contains the largest load which can be
computed from the above data without using that
for December, mentioned previously as containing some uncertain records. Holidays and periods during which the load was undergoing large
scale variations owing to changes in the college
activities, were omitted from T A B L E II, as no satisfactory means could be devised for determining the
magnitude of a reduction factor for such periods.
After computing the load for each week by
means of the lines of regression given above, a
factor was then determined so that when the
weekly computed load was multiplied by the factor, the result would equal the computed load for
the key period. Subsequently, a load which has
been multiplied by the appropriate reduction factor is referred to as a "reduced load," to distinguish
it from the original or actual load. The reduced
loads, as shown in F I G U R E 4 , fall along a straight

FIG. 4.

Apr.

May

June

6-12
13-19
20-23
10-16
17-23
24-28
1-2
3-9
10-16
17-23
24-30
31
1-2
9-13
14-20
21-27
28-30
1-4
5-11
12-18
19-25
26-27
10-15
16-22
23-29

Factor

1.017
1.020
1.023
1.033
1.036
1.039
1.039
1.042
1.046
1.049
1.052
1.056
1.056
1.059
1.063
1.066
1.070
1.070
1.073
1.076
1.080
1.083
1.565
1.566
1.567

Date

July

Factor

1-6
7-13
14-20
21-27
11-17
18-24
25-31
1-7
8-14
15-21
29-30
1-5
6-12
13-19
20-26
27-31
1-2
3-9
10-16
17-23

1.426
1.422
1.419
1.415
1.404
1.400
1.397
1.393
1.390
1.386
1.035
1.035
1.030
1.025
1.020
1.015
1.015
1.010
1.005

24-25
Dec. 1-7
8-14
15-21

.995
.898
.898
.898

Aug.
Sept.

Oct.

Nov.

1.000

line; the seasonal trend and major changes in load
are no longer in evidence.
As an example of the use of T A B L E II, suppose
it is desired to compare the load of January 15 with
that of August 19. The load for January 15 is
multiplied by the factor 1.020, obtained from the
T A B L E for that date, and the load for August 1 9
is multiplied by 1.400 which was similarly obtained.
The reduced values of the loads are then directly
comparable, because the effects of the seasonal
trend and that of the major changes in load are
eliminated.

Annual variation of weekly power load after effects of seasonal trend and major load
shifts are eliminated.
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It was found that the use of reduction factors of
II was practically mandatory in the comparison of power loads that occurred on days only
a few weeks apart. Some weather effects were
completely masked by the seasonal trend and major load changes. In other cases, the magnitude of
certain effects was definitely misleading when a
comparison was made using the load data in their
original form.

Perhaps a further suggestion may be of assistance to future investigators. If, in the determination of the influence of various weather elements
upon the consumption of electricity, it is reasonable to suspect one particular element, say cloudiness, of having the largest effect, it is well to find
this effect first and to compute a set of reduction
factors for different degrees of cloudiness. These
factors can then be applied to the reduced loads
before proceeding to the study of the effects of
other weather elements. This procedure will
gradually eliminate all systematic variations in
the load and leave only the more or less random,
small-scale variations which are due to the irregular demands for electricity by the consumer.

TABLE

SUMMARY

In conclusion, the preliminary steps recommended in a study of the weather effects on electrical power consumption in a particular power
network may be listed:
a) Study the network with the objective of
learning the different purposes for which electricity
is used within the network and the manner in
which these uses of electricity vary from time to
time.
b) Determine the seasonal trend in the consumption of electricity by computing lines of regression for representative portions of the entire
period. The use of weekly data seems adequate
for this purpose.
c ) Determine "reduction factors" by dividing
the loads computed from the lines of regression
into the load of a selected reference week or key
period. This reduction factor can be applied to
daily, hourly, or peak loads.
d) Reduce all load data by multiplying observed
loads by the reduction factor. With the reduced
loads, the actual investigation into the effects of
weather can then proceed.
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