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a b s t r a c t
Heating and cooling degree days are in common use in conditional demand models, billing analysis, and largescale energy forecasts. The implications of either choosing an ex-ante base temperature, or scanning over the
base temperatures, as suggested in Fels (1986) and recommended by some evaluation protocols, are infrequently
considered. These procedures result in biased estimates of weather-driven loads because of correlated errorsin-variables, and impart a downward bias to the variance of those estimates by a factor of two. A non-linear estimation procedure that corrects for these biases and an ex-ante correction factor for evaluating prior evaluations
are offered.
© 2014 Elsevier B.V. All rights reserved.
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1. Introduction
Since the publication of “PRISM: An introduction” Fels (1986),
the usual procedure for including weather in PRISM-style models,
which includes conditional demand analysis (CDA), billing analysis,
and large-scale energy forecasts, is to explain kWh with heating and
cooling degree days (HDD and CDD), often in conjunction with other
non-weather variables. The base temperature of these weather summaries, often thought of as the set-points for the heating or cooling equipment, is either assumed and set at a standard level, most often 65 °F, or
estimated through the scanning procedure described in Fells.
There have been previous attempts to alter the basic structure of how
HDD and CDD are calculated and used in a regression context. Some ﬁelds
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have moved to other approximations that use the same weather data. For
example, ecological ﬁelds frequently use sine-wave based approximations
Allen (1976). There have been many attempts to shift from the average
temperature, deﬁned as the average of the daily high and low, or account
for rounding error and the differences between the hourly and daily average measurements. In almost all cases, the base temperature is treated as
being ex-ante known or estimated with ad-hoc, out-of-model, methods.
None of these approaches deal with the fundamental problem of
choosing what amounts to a regression parameter, the CDD and HDD
base temperatures, outside a regression and then ignoring the consequences of this non-standard estimation procedure.
This paper will take the interpretation of the base temperature in
CDD and HDD as a thermostat setting as a given, and show that there
are signiﬁcant errors-in-variables problems when using CDD and HDD
in a regression context — the errors in degree day estimates are negatively correlated. The consequences of negatively correlated errors in
variables will be discussed but the theoretical results are limited. The
consequences must be demonstrated empirically.
Section 4 will introduce a formulation of a PRISM style model that
allows for within-model estimation of heating and cooling degree
base temperatures. The results of this model and the standard method
of sweeping through base temperatures for the highest R2 will be
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compared in Section 4.1. In the sample of houses used, the parameters
associated with CDD and HDD are biased, but more importantly the variance of those parameters is understated by a factor of two. Section 5
summarizes the insights and gives a simple procedure for re-assessing
the signiﬁcance of weather driven loads with special implications for
past program evaluations that depend on billing analysis.
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HDD is deﬁned as ∑ max(0, b − At) and CDD is deﬁned as ∑ max(0,
At − b). In both cases At is the average daily temperature, the average of
the daily high and low, and b is the base temperature, commonly
interpreted as the average cooling and heating set-point of the household.
Increases in the base temperature reduce CDD proportionally to the
number of days in the period that has average temperatures above
the base. Similarly, when the base temperature is decreased HDD falls
proportionally to the number of days average temperatures below the
base. When heating and cooling degree days share a common base,
the sum is at a minimum where there are an equal number of days
with temperatures above and below the base.
The usual relationship between heating and cooling degree days as
the common base temperature ranges from 50 °F to 90 °F is shown in
Fig. 1.
However, there is a very clear inverse relationship between CDD
and HDD when the base temperature is allowed to vary. This inverse
relationship is also apparent when the base temperatures are not
constrained to be the same since it is commonly assumed that the
CDD base is higher than the HDD base.
Measured heating and cooling degree days can change drastically
with changes in the base temperature. Fig. 2 shows how CDD changes
for a single month as the base temperature changes.
The ﬁgure shows that CDD is 442 with a base of 50 °F, and it falls to
zero as the base rises to 70 °F. Monthly CDD changes by about 20 CDD
for every one degree change in base temperature. A small amount of
uncertainty in the base temperature can result in drastic changes in
CDD equivalent to the difference between a June in San Francisco and
a June in San Diego.
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Fig. 2. CDD by base temperature for June 2000 in San Luis Obispo.

Uncertainty about the base and the resulting uncertainty in degree
days are not ignorable. Simply choosing a default temperature a priori
is a signiﬁcant source of errors in explanatory variables.
The problem of errors in explanatory variables also exists in the
scanning procedure suggested in the California Evaluation Protocols
California Public Utilities Commission (2006).
2.1. How scanning induces errors in degree days
At the heart of billing analysis or conditional demand analysis is a
simple linear model that attempts to explain kWh with cooling and
heating degree days, an intercept and other explanatory variables.
This simple linear model takes the following form:
kWht ¼ α þ β1 HDDt ðbÞ þ β2 CDDt ðbÞ þ ϵt

ð1Þ

where b is the base of the heating or cooling degrees in that month:
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HDDðbÞ ¼

X

maxð0; b−AvgTempÞ:

ð2Þ
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In the traditional scanning technique, the optimal base temperature
is found by estimating the regression equation and then ﬁnding the base
that maximizes some goodness-of-ﬁt statistic such as R2. Examples of
this procedure can be seen in dozens, if not hundreds, of program evaluation reports and journal articles. The procedure of scanning over the
base temperatures has even been expanded to allow for different base
temperatures for heating and cooling balance points and has been
enshrined in the California Energy Efﬁciency Evaluation Protocols
California Public Utilities Commission (2006).
I can ﬁnd no ﬁeld outside of energy which uses this econometric
procedure, nor does it have more than a passing similarity to other
model selection and estimation procedures. The ﬂaw in the standard
scanning procedure can be clearly demonstrated with a simple thought
experiment.
Suppose an investigator has in mind an empirical model:
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Fig. 1. Relationship between HDD and CDD for simulated weather and base temperatures
from 50 °F to 90°.

y ¼ α þ β1 x1 þ β2 x2 :

ð3Þ

