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PREFACE

This report provides a review of major forecasts of the longer-
term demand for electricity in the United States and analyzes in detail
forecasts generated by a computer model of regional electricity demand.
It should be of interest to analysts of energy trends who work in
governmental and regulatory agencies, electric utilities, supply
industries, and research organizations. A companion report, A Short
Guide to Electric Utility Load Forecasting, provides a nontechnical
overview of the process of forecasting electricity demand and is
accessible to a wide audience.

This research was supported by a research grant from the Bechtel

Power Corporation as part of Rand's Private Sector Sponsors Program.






SUMMARY

The demand for electricity, an intermediate product, depends on the
demand throughout the economy for electricity-using services. Forecasts
of electricity consumption are typically based on a few summary measures
of aggregate economic activity, population growth, energy policy
changes, and the stock of electricity-using equipment.

To systematically account for the principal determinants of
electricity demand, major forecasts are developed from computer-based
mathematical models, using historical data, estimated relationships
between consumption and key variables, and assumed future values of
those variables. TForecasting models have varying levels of detail--
some focus on aggregate U.S. demand, others forecast consumption by type
of customers within a state or utility, and still others focus on the
end uses of electricity within a customer class.

We surveyed 12 major long-term forecasts of national and regional
electricity consumption published since 1981. The "most likely"
forecasts of growth in national electricity consumption range from 1.7
percent to 3.1 percent per year. The variation is due to differences in
assumed future electricity and other energy prices, the extent to which
consumption is affected by price, the growth in economic activity, and
the degree of dependence of electricity consumption on economic
activity.

The range of major forecasts, itself, indicates a considerable
degree of uncertainty about future levels of electricity consumption.
Yet the actual uncertainty is probably still greater and would be
disclosed if the uncertain factors in each major ferecast were taken
into account.

We selected one major computer forecasting model--the Regionalized
Electricity Model--for closer analysis. When tested on actual
consumption values for 1977-1983 the model produces reasonable forecasts
of total demand but contains large errors in individual customer classes

and some regions.
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We revised the computer model tc accept new demand equations for
both the United States as a whole and for individual states. Using the
national demand equations, electricity sales are forecast to grow at an
average annual rate of 2.4 percent to 5.3 percent over the 1985-1994
period. When all factors contributing to forecast errors are taken into
account, there is an 80 percent chance that the actual growth rate will
be within this range. Using demand equations for a single electricity
region, electricity consumption in Michigan is forecast to grow at an
average rate of 1.0 percent to 3.9 percent.

Forecasts of future electricity consumption must account for the
changes in the major determinants of the demand for electricity
services--prices, economic activity, population, stocks of electricity-
using equipment, and changes in regulatory policy. Although computer
models enable the analyst to represent the relationships of these
factors to electricity, they are complex and their estimates introduce
some error. In addition, future values of key variables must be
projected and these projections will also be subject to error. As a
consequence, electricity consumption forecasts are subject to a
considerable degree of uncertainty.

The uncertainty of a demand forecast is most often either ignored
or approximated by a sensitivity analysis that reports low, mid, and
high growth values. To investigate the degree of uncertainty more
systematically we developed a new method that approximates the complete
computer forecasting model with a much simpler one. We then assigned
degrees of uncertainty to each major factor that causes forecast error:
statistical uncertainty about model parameters, uncertainty about future
values of key variables, and variation in consumption that cannot be
explained by model variables. This uncertainty is then summarized by
the range of the forecast values--for example, 2.4 percent to 5.3

percent average annual growth rate.
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|. INTRODUCTION

Electric utilities, governmental energy agencies, and some private
economic forecasting services make long-term forecasts of electricity
sales and peak demand. Utilities need long-range load forecasts because
it takes many years to plan, license, and build new generating plants.
Engineering and construction firms as well as equipment suppliers need
load forecasts to anticipate future orders. And policymakers need load
forecasts to understand the implications of proposed regulatory policies
and to assess the adequacy and reliability of electricity supply.

In this report we describe the economic factors that should be
accounted for in a forecast. We summarize the forecast values, and the
models used to derive them, that have been obtained from major national
and regional forecasts.

Following that review we analyze one leading forecasting model--
the Regionalized Electricity Model--in detail. We modify the model to
incorporate new equations representing the demand for electricity and
use them to generate new forecasts for both the United States and for
one geographic region. We conclude by investigating the degree of
uncertainty associated with electricity load forecasts.

A companion report provides a brief, nontechnical discussion of the

1

issues and practice of load forecasting,” and a companion Note reports

the technical changes and computer requirements of the modified model.?

!Mitchell, Ross, and Park (1986).
2Labrune and Mitchell (1986).



Il. ANALYZING AND FORECASTING ELECTRICITY DEMAND

Electricity is not consumed directly; instead, it is an input into
the production of other intermediate goods and of consumer goods and
services. Its value, and therefore the demand for electricity, derives
from the more basic demand for electricity-using services. Because
electricity is so widely used, determining its demand would, in
principle, require knowing the demand for nearly all goods in the

economy .

DEMAND-DETERMINING FACTORS
In practice, forecasters must reduce this complexity to a few
summary measures of aggregate economic activity. The demand-determining

("driving") factors that must be accounted for are the:

. Stock of electricity-using equipment,

. Level and type of economic activity,

. Price of electricity,

. Price of substitute sources of energy,

. Noneconomic factors such as marketing and conservation
campaigns,

. Weather conditions.

Future changes in these demand-determining factors will cause the
demand for electricity to change. Both the extent and the speed of the
demand changes are affected by the intermediate nature of electricity.

In the short term (1-3 years) nearly all changes in demand result
from changes in the use of existing (electricity-using) equipment. If
electricity prices rise, for example, households can make only limited
adjustments in the amount of electricity used by existing equipment and
producers are unable to change fuels used for most processes.

In the longer term, however, consumers and producers can also
change the stock of equipment that consumes electricity--for example, by

installing more efficient heating equipment, thermal insulation, and



process machinery. As a result, initially higher prices will have a
cumulative effect for a number of vears, as existing equipment is
replaced by more energy-efficient models.

Similarly, the impact of a change in economic activity has
different short- and long-run effects. Recovery from a recession will
initially increase electricity demand roughly in proportion to the
increase in activity (allowing for fixed and overhead services). 1In the
long run, permanently higher economic activity at the same level of
prices will also tend to produce proportionate increases in electricity
demand so long as firms continue to use the same type of equipment for
production. (Over time, as the economy acquires new technology, the
electrical intensity of production may decrease or increase.)

Higher levels of real income per capita will increase the stock of
household equipment and alter the intensity with which it is used.
However, the increase will not be proportional if increased income
shifts the mix of final consumer goods. Thus, the effect on electricity
demand will depend on the extent to which consumers purchase and use
electricity-using equipment rather than other goods and services.

When generation and transmission capacity is almost fully used,
large increases in the demand for electricity cannot be met by increased
use of existing capacity except at higher unit costs. As a result,
higher demand for electricity tends to raise its price and thus dampen
the demand increase. This complication (which is ignored in most
forecasting studies) means that the path of future electricity prices
depends, to a degree, on the growth of electricity demand itself.
Electricity demand has similar, but quantitatively less important
feedback effects on the prices of other energy sources and the level of

overall economic activity.

FORECAST MODELS
To systematically account for the major factors determining
electricity demand, nearly all major forecasts are developed with the

help of computer-based mathematical models. A forecasting model

includes:
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. Historical, current, and predicted values of demand-determining
variables,

e Equations and parameters that relate those variables to
electricity demand,

. A method for solving the model for each forecast year and

summarizing the results.

Level of Model Detail

The national and regional models that we survey in the following
section vary widely in the degree of detail that they include. As shown
in Table 2.1, the key variables may be measured in highly aggregated

form, or differentiated by type of customer, industry, and geographic

area.
Table 2.1
LEVELS OF AGGREGATION IN FORECAST MODEL VARIABLES
Variable Aggregate Measure Disaggregated Measure

Price of Average price/kWh Price/kWh by customer class

electricity and region or state--perhaps
disaggregated further to
reflect the characteristics
of the rate schedule

Price of other Average price per Average price per unit by

energy sources energy unit customer class and region
or state

Economic activity GNP State, metropolitan area,
or county per capita income,
sales, or employment by
industrial class

Electricity Annual kWh and kWh by end use, customer

consumption peak kW class, and state or regiomn;

peak kW by class




Greater modeling detail--using less aggregated measures of demand,
economic activity, or price--is beneficial only if it improves the
accuracy of a forecast or makes it possible to investigate changes in
demand-determining conditions. More detail may increase the reliability
of assumed inputs (e.g., sales by consuming sector) because it is
possible to incorporate more influences that have significant effects on
electricity demand. On the other hand, greater detail may reduce
reliability because it rapidly increases the number of variables that

must necessarily be projected with some error.

Forecast Errors and Uncertainty

A forecast error occurs when actual electricity demand turns out to
be different from that predicred. Except by chance, all forecasts will
contain some error. The uncertainty of a forecast is indicated by the
likelihood of different errors occurring. If the distribution of
possible errors is tightly clustered around the actual demand,
uncertainty is low. Conversely, if the distribution of errors is widely
disbursed around the actual value, the forecast is highly uncertain.

Forecast uncertainty can be due to imperfect information about

. The future values of demand-determining variables,
. The structural relationship of those variables to electricity
demand,

. The degree of responsiveness of demand to those variables,

The major electricity demand forecasts are not issued with well-
specified measures of their error or uncertainty. It is not generally
possible, for example, to say, "Electricity demand is predicted to grow
at a rate of 2.5 percent per year, with a 20 percent chance of either
exceeding 3.0 percent or falling below 2.0 percent."

To quantify uncertainty in this way, the forecaster would need to
know the statistical distribution of future demand-determining
variables, the statistical error in the estimates of demand
responsiveness to those variables, and the likelihood of changes in the

structure of demand relationships. In Sec. VI we develop a2 method of



measuring these elements of forecast uncertainty, apply them to a
national forecast, and obtain the distribution of uncertainty associated
with that forecast.

Because these methods have not yet been applied to major forecasts,
common practice vields only partial measures of forecast uncertainty.
Several forecasts are produced for a range of alternative assumptions.
Mid, low, and high growth scenarios incorporate the forecaster's
judgment about the most likely set of future conditions and about
alternatives that are plausible but less likely. The likelihood of the
scenarios is usually not reported, so it is not possible to say, for

1"

example, what the chance of a "low" growth outcome is.! But the reader
can form an estimate of the likelihood of the particular set of
conditions assumed, for example, for the low growth case and thus assess
the chance of a low demand outcome from this particular combination of
factors.

In addition to alternative scenarios, some forecasts provide
information about the statistical uncertainty of the responsiveness of
demand to the assumed variables. Standard errors of estimated response
parameters and goodness of fit measures of major equations provide

measures of the statistical uncertainty of the model under historical

conditions.

Errors in Past Forecasts

A striking characteristic of electricity forecasts between 1974 and
1982 is that most have consistently overpredicted the growth in
electricity sales and demand. For example, every yvear the National
Electricity Reliability Council (NERC) forecasts, which are in fact a
summary of forecasts reported by U.5. utilities, have been revised
 downward (Fig. 2.1). This overprediction has been decreasing, however,

and has been reversed, for 1983 and 1984, at least.

The Tennessee Valley Authority (TVA) forecasts incorporate
subjective probabilities of three alternative values of five variables
(fuel substitution, price of electricity, conservation, special customer
loads, and economic activity). Based on these probabilities the
likelihood of the low growth case is 10 percent, and of the high growth
case, also 10 percent.
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Fig. 2.1—Annual ten-year forecasts of U.S. summer peak demand, 1984-1993

Why have nearly all forecasts been too high? Very few forecasting
models have been analyzed retrospectively, so it is not possible to

determine the causes of previous errors. Several important influences

may have have played a role:

1. Some earlier forecasﬁs assumed that electricity demand was
unaffected by price.

2. Forecasts of future economic growth assumed continuation of
historical trends. As the economy's growth fell below
expectations between 1973 and 1983, so did the consumption of
electricity. Errors in forecasting other variables may have
contributed, also.

3. The parameters describing the response of electricity demand to
higher electricity and substitute fuel prices have been

especially difficult to estimate from historical data.




4. There may have been a fundamental change in the factors
affecting energy cohsumption in addition to historical
responsiveness of demand to higher prices, income, and other
conventional variables.

5. The effects of utility and government conservation programs

have not been adequately accounted for.

A recent retrospective study of the NERC forecasts suggests that it
is likely that both the first and second influences were important

causes of overforecasting; it does not analyze the others.?

Validating Forecasting Models

Forecasting models are developed from historical data. In most
cases the same data are used first to estimate rcesponsiveness to demand-
determining variables, and then to test predictions of those estimated
relationships. As a result, the basic procedure for validating most
forecasting models is weak. Models estimated by these methods tend to
understate the uncertainty of their forecasts and fail to detect changes
in the structural relationships that determine demand.

In a few instances, a model is developed using only some of the
historical data, and the rest is then used to test its predictions. At
best, only a few test years are available. To a degree, this procedure

protects against biases resulting from changes in the demand structure.

2Nelson and Peck (1985).



I1. SUMMARY OF MAJOR FORECASTS

Many of the major electricity forecasts are the products of
detailed models based on extensive research efforts using specialized
energy and economic databases. We have surveyed major national and
regional long-term electricity demand forecasts published since 1981.l
Our analysis is based on methodological volumes and technical appendixes
to the forecasts, where such information is available.

In this section we first briefly highlight key features of each
surveyed model. We then compare energy and peak demand growth rates
across the forecasts. The major parameter values and results from each

forecast are summarized in a series of tables in Sec. 1IV.
KEY FEATURES OF THE MODELS--ELECTRICITY SALES

AEP: American Electric Power Systems Ten-Year Load Forecast for the
Period 1984-1994 (April 1984).

AEP develops two independent kWh and peak kW forecasts: a micro
forecast for each AEP operating company and a macro forecast for the AEP
system in the aggregate. The forecasts use a number of mathematical
techniques, including regression analysis and trending. Base, low, and
high growth scenarios reflect differing assumptions regarding future
economic growth. The report presents kWh forecasts by sector
(residential, commercial, industrial, all other energy sales) and by

year, and aggregated internal peak demand forecasts by year.

Audubon: The Audubon Energy Plan (April 1981).

The Audubon study evaluates the growth in electricity consumption
that would result if there were massive investment in equipment and
processes that use energy more efficiently. It is, therefore, a plan
for electricity consumption rather than a prediction based on the

expected future course of electricity-determining variables.
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Audubon relies heavily on studies by the Committee on Nuclear and
Alternative Energy Systems (CONAES), the Office of Technology
Assessment, and the Solar Energy Research Institute and modifies their
assumptions with one directing goal: Meet future energy needs in the
most environmentally benign manner possible. Under these assumptions it
derives a 1980-2000 zero load growth rate, with increasing industrial

demand being offset by a decline in residential and commercial demands.

Baughman: An Analysis of Possible National and Regiomal Electricity
Demand Growth Parterns (1982-2000) (M. L. Baughman, 1984).

This paper forecasts electricity growth and prices for the United
States and for the U.S. portions of the nine NERC regions. REM, a
regionalized energy model, combines econometric demand equations with
least~cost engineering modules for generating-unit operation and new
plant construction at a regional (electricity reliability council)
level. Low, mid, and high growth scenarios represent differing
assumptions about fuel prices, price responsiveness, economic growth,

and new plant construction.

BPA: Forecasts of Electricity Consumption in the Pacific Northwest
1983-2000 (Bonneville Power Administration, 1983).

BPA combines a midterm (1983-1988) forecast using an econometric
approach and a long-term (1989-2000) forecast using an end-use approach
into a single 1983-2000 regional forecast. BPA assumes an economic
growth rate and a population growth rate both greater for the region
than for the nation. Base, low, and high growth scenarios are based on
different assumptions regarding future population growth. The report
presents electricity growth rates by sector (residential, commercial,

industrial).
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CONAES: Energy in Transition 1985-2010 (NRC-CONAES, January 1980).

The report combines an engineering-economic approach and end-use
simulation using different models for each end-use sector
(residential/commercial, industrial). The report presents eight
integrated demand-supply scenarios by combining two GNP growth rates and
four price-energy policy assumptions. It assumes a low price elasticity
of demand for electricity. CONAES forecasts a load growth range for
each scenario rather than a single value, depending on the rate of

electrification.

Doc: U.S5. Energy for the Rest of the Century (U.S. Department of
Commerce, July 1983).

Forecasts U.S. total energy and electricity consumption from an end-
use model of electricity usage. It is based on assumptions of changing
electrical intensity by usage sector derived from expected conservation

and increased efficiency of energy use in industry.

DOE-83: The Future of Electric Power in America (Department of Energy,
June 1983).

Forecasts electricity energy consumption, peak demand, and supply
growth from the DOE Electricity Policy Project, based on the Fossil 2
detailed end-use model. Low, mid, and high growth scenarios reflect
differing assumptions about future price elasticity of demand for
electricity, future oil prices, and future GNP growth. Peak demand
forecasts are derived from NERC data assuming a constant load factor.
Percent reserve margins are taken from a 1982 Congressional Research

Service Report entitled "Do We Really Need All Those Nuclear Plants?”

DOE: Electric Power Supply and Demand for the Contiguous United States
1984-1993 (U.S5. Department of Energy, June 1984), and NERC: FElectric
Power Supply and Demand 1984-1993 (National Electric Reliability
Council, 1984).

These two annual reports aggregate and summarize the forecasts of
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individual utilities for nine electric reliability regions and for the
United States. This "sum-of-the-utilities method" combines differing
assumptions about future prices, economic growth, price responsiveness,
and conservation. Each report forecasts total energy and total non-

coincident peak demand by region, but not by type of customer.

PPA: Energy Projections to the Year 2010 (U.S. Department of Energy,
Office of Policy Planning and Analysis, October 1983).

Forecasts U.S. electricity consumption for 1983-2000 within a
larger model of the United States and three non-U.S. wecrld areas.
WOIL--a mixed econometric and process analysis model--simulates
electricity consumption in five national sectors (residential,
commercial, industrial, transportation, and utilities and synthetic
fuels plants). Base, low, and high growth scenarios reflect differing

assumptions about future o0il prices.

Sant: Eight Great Energy Myths and the Least Cost Energy Strategy,
1978-2000, Sant et al. (from Putnam, Hayes & Bartlett, Inc.).

This study develops a forecast in three major steps: It first
forecasts year 2000 demand for physical services in three sectors of the
economy (transportation, buildings, industry); second, it computes
derived demand for each sector; third, it chooses the least-cost set of
alternatives to meet demand, given a set of technological alternatives
and associated prices, resulting in a low demand growth forecast. The

study assumes a low price elasticity of demand for electricity.

Siegel-Sillin: High Electric Growth Forecast (May 1984).

Medium-term (1§82-1990) forecast assumes falling real electricity
prices, continued fuel switching from oil, and growing electricity
intensity of the economy. No information on forecasting approach or

input data is available.



- 13 -
KEY FEATURES OF THE MODELS--PEAK DEMAND

Southern California Edison Company (March 1984).

SCE bases its peak demand forecast on end-use models of residential
electricity sales (incorporating types of appliance), commercial sales
(incorporating building types and energy end uses), and an econometric
model of industrial sales. Peak demand is decomposed into two
components: weather-sensitive load (about 30 percent of peak load in
1983) and base load (about 70 percent of peak locad). Geographical
differences are explicitly included in the forecast by separately
forecasting weather-sensitive load in four weather areas. The peak
demand growth forecast is heavily influenced by programs whose effects
are explicitly accounted for in. the forecast: conservation, mandatory
standards on air conditioning efficiency, building standards, and Edison

load management programs.

Arizona Public Service Company (July 1984).

Loads are projected by class of service. Individual classes' load
projections are combined to produce the total system peak load. The
peak load consists of the basic load, large identified customers, system
losses, probable future additions, and potentially interruptible loads.
Basic load includes individual projections for the following classes:
residential (using appliance saturations, annual kWh consumption,
coincident demands), commercial and small industrial (using load
factors), irrigation (using load‘factors), and small sales for resale

(by individual customers).

Florida Power and Light Company (1984).

FPL produces separate summer and winter peak load forecasts. Both
forecasts are obtained using a double-log multiple regression model to
produce a use-per-customer forecast. Explanatory variables for the
summer peak forecast are the real average price of electricity, an
economic activity variable (ratio of Florida total real income to

Florida nonfarm employment), and a weather term. Explanatory variables
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for the winter peak forecast are an income term (Florida real per capita
income lagged one year), a weather term, and an appliance saturation
term. After the long-term forecast of system peak is completed, a long-
term forecast of peak loads for each of FPL's five divisions is
developed. This is a forecast of division loads coincident with the
system summer peak, using a regression technique to forecast the

division loads at the time of the system summer peak.

Tampa Electric Company (April 1983).

Three different methods are used: detailed end-use method,
multivariate regression method, and trend analysis. The output data
from each of the methods are combined to produce a single forecast.

The detailed end-use method computes temperature-insensitive hourly
demand estimates for any of four day types and any month. A peak-day
temperature profile (average of actual peak-day hourly temperatures in
recent years) is specified to derive a peak demand. Residential loads
are estimated for a detailed list of appliances, industrial loads are
based on major industrial groups, and commercial loads on commercial
employment.

The multivariate regression method includes three equations for
load. The first one estimates the base load as a function of number of
residential customers and the ratio of electricity price to the Consumer
Price Index. The second equation describes the summer peak demand as a
function of the number of air conditioners and the ratio of electricity
price to the CPI. The third equation describes the winter peak
temperature demand as a function of the number of electric heaters.

For the third method, trend analysis is used to forecast total

sales. Future load factors are then used to estimate peak demand.

A&P: American Electric Power System (April 1984).

The peak demand forecast uses assumptions based on an economic
forecast issued by Data Resources, Inc. The winter peak demand forecast
and the summer peak demand forecast are developed from independent

analyses of weather-sensitive and nonweather-sensitive components of the
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total internal load for each of the system's five largest operating
companies. The long-term peék demand projections are developed from the
energy forecast using the "annual" load factor, which relates the annual
peak demand to the annual energy requirements.,

The forecasts of the AEP system seasonal peak internal demands were
produced by first aggregating the projected base load requirements of
the five major operating companies and then adjusting the aggregate to
reflect the diversity in the occurrences of these companies' peak

demands.

DOE - 83: The Future of Electric Power in America (June 1983).

Peak demand growth is not derived from the PPA model used.
Instead, estimatés of peak demand growth are based on future load factor
expectations. The future load factor is expected to continue at about
its 1981 level. As a result, consumption and peak demand are expected

to grow at about the same rate.

DOE: Electric Power Supply and Demand for the Contiguous United States
(DOE, 1984), and NERC: Electric Power Supply and Demand (NERC, 1984).

Data on projected peak demand have been extracted from the April 1,
1984, Coordinated Bulk Power Supply Program (EP-411) reports submitted
to DOE by the NERC Regional Councils.

RANGE OF REVIEWED FORECASTS

Figures 3.1 and 3.2 summarize in graphical form the range of growth
rates of electricity sales in the reviewed forecasts to 1990 and 2000.
The mid case ("most likely") forecasts vary from 1.7 percent to 3
percent annual growth in electricity demand over the 1982-2000 period.
This variation is due to differences among the forecasts in all of the

major demand-determining factors:

o Assumed future electricity and other energy prices,



% kWh growth
(annual average)

% kWh growth
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Fig. 3.1 — Electrical energy growth rates, 1982-1990
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Fig. 3.2 — Electrical energy growth rates, 1982-2000
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. Degree of responsiveness to prices,
. Assumed growth in economic activity,
. The structural relationship of econcomic activity and prices to

demand.

Figure 3.3 shows the forecasts of the growth of peak demand over
the 1982-2000 period. Whereas all of the studies forecast electricity
sales (kWh), only some provide a peak demand (kW) forecast.

Although this range of forecasts itself indicates considerable
division of opinion about demand growth, the actual uncertainty is
almost certainly much greater. These are the '"most likely'" forecasts-~
each representing one forecaster's best judgment at the time--and each is
itself subject to uncertainty about the demand-determining variables,

degree of responsiveness, etc.

® DOE-83
NERC (84-93)

e DOE (Summer 84-93)
DOE (Winter 84-93)

1
2 AEP (83-94)2

Peak demand growth
(% annual average)

0 1 |
1982-1990 1982-2000

aRegional forecast.

Fig. 3.3 — Peak demand growth rates
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IV. TABULAR SUMMARY OF FORECASTING MODELS

The following pages contain tables summarizing the major
assumptions, parameters, growth forecast, and notes for the models
surveyed. All growth rates are computed for constant (real) dollar
values.

Each table lists the assumed rates of growth of energy prices,
economic growth and population, and degree of price elasticity, followed
by the forecast growth in electricity sales, peak demand, and
electricity prices. Some studies provide a single forecast, but others
provide several, which we have classified into low, mid, and high growth
cases. As the tables make clear, the models vary a good deal in both

the variables that are included and the degree of disaggregation that is

used.
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V. FORECASTING WITH THE REGIONALIZED ELECTRICITY MODEL

To assess the performance of models used to forecast electricity
demand, to measure the degree of uncertainty associated with model
forecasts, and to develop an updated national and regional forecast we
selected a version of the Baughman-Joskow Regionalized Electricity Model
(REM) for further study. The REM is a model of medium complexity and
detail that combines econometrically estimated demand equations,
engineering supply models of least-cost generation and capacity
expansion, and regulatory and financial parameters. It produces energy
and peak-demand forecasts for the residential-commercial and industrial
sectors at the level of the nine NERC electricity reliability regions
based on user inputs and an endogenous (model-calculated) estimate of
the price of electricity in each region.

We obtained the computer files for the model and converted them to
run on an IBM 3033 mainframe computer.?! In addition to the technical
changes to the computer programs required to make them compatible with
the IBM computer, we discovered and corrected several conceptual and
programming errors in the original model.? Our analysis of the
corrected model, which we summarize below, revealed that its forecasting
performance was unevern.

Because the model's regional forecasts were unreliable, we modified
the model to permit the user to install his own forecasting equations
for individual states or for United States as a whole. Using this
modified model, we then generaﬁed revised forecasts for the United:
States, using a single set of national demand equations for each
customer class, and for one region using demand equations estimated for

the states of Michigan and Indiana.

'Yser's Guide to the Regionalized Energy Model and the computer
file for the REM are available from the Electric Power Research
Institute.

2Conversion of the REM to the IBM mainframe computer and
corrections that were made to the supplied program are described in
Labrune and Mitchell (1986).
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TESTS OF THE REGIONALIZED ELECTRICITY MODEL
Making the Regional Forecasts Endogenous

The REM user's guide suggests that the REM produces forecasts by
endogenously determining electricity prices and demands for each NERC
region in each year. In fact, the REM forecasts are mostly
predetermined by the model's inputs. The calculations for a forecast

year can be summarized as follows:

1. In every year, the REM begins with exogenous values of regional
kWh. For example, the test case input that is supplied with
the model uses the NERC projections of regional kWh.

2. Regional electricity prices are either exogenous values
specified by the user or the prices calculated by the model
from the previous year.

3. The model calculates state electricity prices from the previous
year's regional electricity prices.

4. The model's economic demand equations determine state-by-state
and national kWh for the residential-commercial sector and the
industrial sector, using the state electricity prices, other
energy prices, income, population, and other variables.

5. These kWh demands are summed over all states to ocbtain the
national kWh forecast.

6. Then, in each region the exogenous regional kWh value is
rescaled by a common factor chosen so that the sum of these
regional kWh forecast values will equal the national kWh
forecast. V

7. The generation and financing modules then use these rescaled
regional values to calculate regional energy prices for use in

the next year's forecast.

As a result, the regional pattern of electricity load forecasts
produced by the model is entirely determined by the exogencus inputs; if
the first region's demand is assumed to be twice that of the second, the
predicted regional demands will have that ratio regardless of the level

of regional prices, population growth, and change in income. It is only
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the level of total kWh for the nation as a whole that is ultimately
determined within the model.

To convert the model to one that actually generates endogenous
forecasts, we revised the REM model so that regional prices are
calculated (in step 7) by using regional demand predicted by the model
from the previous year, rather than exogenously specified demand.

With this change, the state, regional, and national electricity
demands are truly endogenous, determined by both the parameters of the
demand equations, by the model-generated electricity prices, and by
projected levels of value-added, population growth, personal income, and

fuel prices.

Forecasting Performance

We tested the performance of the revised REM model for the
1977-1983 period, using actual electricity demand data for that period.’
To do so, we used the data and inputs supplied with the REM user's-
guide version of the model, and updated those variables for 1982, 1983,
and 1984 wvalues. »

For the 1976 starting point, actual values are input for all
variables. For the first forecast year, 1977, the model calculates
electricity prices, demand for total energy, and demand for electricity
based on 1976 and 1977 values of the driving variables; these forecast
values are then included among variables driving the 1978 forecast.
Thus, the 1978 forecast is based on 1977 and 1978 actual values for
other energy prices, GNP, and other variables, and on the model's 1977
forecast of the values for the electricity sector. This process is
repeated for each year through 1984.

The actual and forecast values of total U.S. kWh are compared in
Fig. 5.1. The forecast total demand grows more rapidly than actual
demand throughout the historical period, after an initial dip in 1978.
The decline in 1982 demand is reflected in a slight decline in the
forecast, followed by resumed growth in the following year. Peak-demand
forecasts track actual total U.S. peak demand fairly well, as shown in

Fig. 5.2.

*Actual electricity sales and peak-demand values for 1984 were not
available for these tests.
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Some limitations of the model are uncovered when the actual and
forecast demands are compared by consumer class. Figure 5.3 shows that
actual residential-commercial sector kWh sales increased over 1977-1980,
were flat for 1980-1982, and resumed growing in 1983. Over the same
period industrial sales fluctuated about a flat trend. However, the REM
forecast for these sectors shows very different behavior. The forecast
residential~commercial kWh demand declines slightly in 1977-1978, and
again in 1981-1982, and is otherwise flat. In contrast, the industrial
kWh forecast increases steadily in every year except 1981-1982.

There are some differences in the data used in the actual and
forecast series. Actual kWh sales exclude utility-consumed electricity,
exports, and industrial generation, all of which are included in the
model's forecast. Also, our data source for actual kWh sales excludes
energy that is lost in transmission or unaccounted for, but we have
plotted actual sales by individual utilities plus a 10 percent estimate
of energy lost in transmission. Finally, the classification of commercial

and industrial sales by individual utilities has changed over time.
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Fig. 5.3 — U.S. electricity consumption by customer class
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Nevertheless, the basic difference in trends suggests that the REM
endogenous demand forecasts are inherently unreliable.

When the model's forecasts are examined region by region, in Figs.
5.4-5.7, the model's regional forecasting performance is also found to
be uneven. Forecasts for four reliability council regions--ERCOT, MAPP,
MAIN, and MAAC--track actual regional demand closely. But the level of
demand in the SERC region is badly predicted, and forecasts for NPCC,
ECAR, WSCC, and SPP regions diverge from actual demand at the beginning

or the end of the historical period.

MODIFICATION OF THE REGIONALIZED ELECTRICITY MODEL

To overcome some of the limitations of the REM, we have modified it
to permit the user to substitute his own electricity demand equations
for those of the original model. In the original version of the REM's
residential-commercial sector, the demand for electricity is determined
by two-stage demand relationships: sectoral energy consumption in each
state is based on the average price of energy, and electricity demand is
then forecast from electricity's share of total energy consumed in the
state as a function of the price of electricity relative to the prices
of other fuels. In the original version's industrial sector, these
relationships are preceded by a third stage in which the state share of
national industrial energy consumption is determined by the price of
energy in that state relative to other states. As discussed above, this
demand system performs erratically during the most recent historical
period.

The revised model allows the user to make two types of
modifications: replace the entire set of state demand equations with a
single set of national demand equations, or replace selected state
equations in an incremental manner, retaining as much of the original
specification as desired while using new equations when they become

available.



MMWH

MMWH

400

300

200

- 37 -

Forecast ECAR

f—

— Forecast ERCOT

— S —— - —— - =

/—”/‘_‘: ACtuaI ERCOT

-

Actual MAPP
100 }- ———
;____—————-——"_ Forecast MAPP
0 | ! ! 1 ! !
1977 1978 1979 1980 1981 1982 1983 1984

Fig. 5.4—Regional electricity consumption in the ECAR, ERCOT, and MAPP regions

Year

500
- — Forecast WSCC
- il et
Actual WSCC
400
-
300 |-
=
e —
--.______.______ Actual NPCC
200 T e e
| e e — v wn e
Forecast NPCC
100 -
OJl | | | { 1 L
1977 1978 1879 1980 1981 1982 1983 1984

Year

Fig. 5.5—Regional electricity consumption in the WSCC and NPCC regions




MMWH

MMWH

- 38 -

500
400 b= oo - —— J——
e Forecast SERC
300
200 = Actual MAAC
- /‘-;;;ast MAAC
100%:
0 | ] ] | 1 |
1977 1978 1979 1980 1981 1982 1983 1984
Year
Fig. 5.6—Regional electricity consumption in the SERC and MAAC regions
400
300 |~ Forecast SPP
—— - -
N T
- Actual SPP
- . —
—
200 -~ - .
e Forecast MAIN
e e e e e e Ctual MAIN
100 j{
0 | | | | | |
1977 1978 1979 1980 1981 1982 1983 1984
Year

Fig. 5.7—Regional electricity consumption in the SPP and MAIN regions



- 39 -

In the next subsections we report forecasts obtained by each type
of modification~-a national forecast using new demand equations for
national residential, commercial, industrial, and "other" electricity
sales, and a regional forecast for one NERC region--ECAR--developed from

alternative demand equations for two states in that region.

NATIONAL FORECASTS FROM THE MODIFIED MODEL

The national forecasts from the modified REM are based on a single
set of national electricity demand equations rather than demand
equations for each of the 48 contiguous states. This approach allows
the user to develop national forecasts based on new demand eguations
without having teo specify and estimate equations for each state. The
supply side of the model is retained to generate electricity prices.

For each forecast year, national demand is calculated from the
demand equations using the model-determined national electricity price
and projected values of income, population, prices of other fuels, and
other variables. The national kWh forecast is then apportioned among
the NERC regions using as weights the regional proportions of total kWh
" implied by the NERC regional forecasts for that year, and theserregional
demand values are used by the model's supply module to calculate
regional electricity prices. The regional prices are then aggregated to
a national electricity price using the same weights.

National electricity demand equations were estimated for the
residential, commercial, and industrial customer classes (as well as a
residual "other" class) using 24 annual observations from 1961 to 1984,
after first estimating the equations over 1961-1980 and testing their
forecasting performance for 1981-1984. Each equation provides for long-
term adjustment of electricity demand through a first-order lagged value
of electricity sales. Residential demand is specified as kWh sales per
capita as a function of disposable personal income, residential
electricity prices, residential national gas price, and annual heating
degree days and cooling degree days. Commercial demand is a function of
GNP, commercial electricity price, and dummy variables in 1974 and 1979.
Industrial demand is a function of manufacturing gross output,

industrial electricity price, and the Chemical and Allied Products
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industries' share of manufacturing gross output. The small "other"
demand is a function of GNP, gross output, a time trend, and a 1975
dummy variable. The estimated parameters for the demand equations are
found in Table 5.1.

To forecast national electricity demand, we used projected values
of the driving variables in the demand equations derived from the
February 1985 Wharton Econometric Forecasting Associates Regional
Service Outlook. The projected values are shown in Table 5.2.

National electricity sales (kWh) are forecast to grow at an average
annual rate of 2.4 percent to 5.3 percent over the 1985-1994 period.
This range is an 80 percent confidence band that incorporates an
estimate of the uncertainty associated with major errors that can affect
a forecast==-error in projecting future values of the driving variables
such as economic growth and energy prices, error in the specification of
the model's equations, and statistical error in estimating the
historical change in sales associated with changes in the driving
variables. We discuss the degree of forecast uncertainty, and methods
to analyze it, in Sec. VI.

The national forecast for total sales, and sales by custdmer class,
are shown in Figs. 5.8 and 5.9. Over the 1985-1994 period the annual
average growth forecasts are 3.0 percent for total sales, and 3.2, 3.5,
2.5, and 3.6 percent for residential, commercial, industrial, and

"other" customers.

REGIONAL FORECASTS FROM THE MODIFIED MODEL

Regional forecasts in the modified REM are obtained by updating
state electricity demand equations and then running the model in its
modified form to obtain forecasts for both regional and national demand.
It would be possible to develop new demand equations for all 48 states.
For this study, however, the ECAR reliability council region was
selected and new demand equations were estimated for two of its states--

Michigan and Indiana.
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Table 5.1

ESTIMATED NATIONAL DEMAND EQUATIONS
(1961-1984)

Standard
Coefficient Error

Residential kWh per capita (log)
Intercept -0.207 0.207
Electricity price (log) -0.277 0.064
Disposable personal income (log) 0.347 0.117
Gas price (log) 0.063 0.041
Heating degree-days 0.036 0.016
Cooling degree-days 0.097 1 0.040
Lagged kWh per capita (log) 0.713 0.045
Standard error = 0.010, R-square = 0.999

Commercial kWh (log)
Intercept -0.602 0.506
Electricity price (log) -0.082 0.024
GNP (log) 0.847 0.060
1974 dummy -0.057 0.016
1979 dummy -0.030 0.016
Lagged kWh (log) 0.847 0.060
Standard error = 0.015, R-square = 0.999

Industrial kWh (log)
Intercept -0.076 0.261
Electricity price (log) -0.074 0.026
Gross output (log) 0.557 0.086
SIC 28 share of gross output 7.743 2.170
Lagged residual (AR1) 0.352 0.102
Standard error = 0.022, R-square = 0.995

Other kWh
Electricity price (log) -0.155 0.070
GNP (log) 0.183 0.063
1975 dummy 0.130 D0.041
Time trend 0.010 0.005
Lagged kwh (log) 0.680 0.129

Standard error = 0.040, R-square = 0.989
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Table 5.2

PROJECTED VALUES OF NATIONAL VARIABLES

Per Capita Residential S1C 28
Disposable Natural Gas Gross Share of U.S.
Income Prices GNP Output Gross Population

Year (Th. 72 §) (72 §/CFT) (B. 72 §8) (B. 72 %) Output (millions)

1984 4,912 2.79 1639.3 1000.438 0.087557 238.17
1985 4.996 2.76 1679.7 1026.428  0.088480 240.64
1986 5.083 2.77 1725.9 1051.523  0.088849 243.05
1987 5.189 2.84 1782.8 1062.646  0.088634 245 .35
1988 5.294 2.94 1832.5 1128.189  0.088681 247 .54
1989 5.424 3.10 1887.1 1166.127  0.089856 249.65
1990 5.450 3.28 1886.3 1142 .421 0.090338 251.71
1991 5.614 3.48 1987.6 1235.413 0.089305 253.70
1992 5.735 3.68 2049 .6 1283.073  0.088875 255.67
1993 5.843 3.88 2101.5 1318.508 0.088806 257.64
1994 5.940 4.08 2162.2 1359.254  0.088750 259.60
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Fig. 5.8 — Total U.S. electricity sales, 1985-1994
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Michigan Demand Equations

The revised demand system is based on equations for kWh consumption
for four customer classes in Michigan, estimated from data for the
1961-1982 period.

The equations for residential, commercial, and industrial kWh
represent demand as a log-linear lagged-adjustment function of
electricity price in the sector and personal income or (in the
industrial sector) the manufacturing wage bill. The demand of the small
"other" customer class is approximated as a weighted sum of the
residential, commercial, and industrial demands. The elasticities

implied by those estimates are summarized in Table 5.3.
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Table 5.3

ESTIMATED MICHIGAN AND INDIANA DEMAND ELASTICITIES

Michigan Indiana
Short Runf[a] Long Run Shert Run Long Run
Residential kWh
per capita

Price -0.19 (0.03) -1.02 ~0.22 (0.07) -1.00

Income 0.15 (0.06) 0.82 0.19 (0.08) 0.88
Commercial kWh

Price -0.11 (0.04) -0.48 -- -

Income 0.25 (0.08) 1.06 0.15 (0.13) 1.47
Industrial kWh

Price -0.18 (0.09) -0.28 - --

Income 0.66 (0.10) 1.01 0.31 (0.09) 2.48

Trend coefficient 0.024

|a] Standard error is given in parentheses.

Indiana Demand Equations

Similar demand equations were estimated for Indiana. However, for
the commercial and industrial sectors the electricity price coefficient
was insignificant, and & simpler specification making electricity
consumption a function only of personal income or the manufacturing wage
bill was adopted. The elasticities implied by the estimates are shown
in the final columns of Table 5.3.

In principle, similar sets of demand equations can be developed and
estimated for the other states in the region. For this report, however,
we have not pursued this. Instead, we use the REM's original demand

equations for Kentucky, Ohio, Pennsylvania, Virginia, and West Virginia.

Forecast Results, 1984-1994

Starting from 1983 actual values the modified REM model was run
with endogenous prices and regional demand values for future levels of
regional energy prices, personal income, manufacturing wage bill, and
population derived from the February 1985 Wharton Econometric

Forecasting Associates Regional Service Outlook. For Michigan and
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Indiana, demand was forecast using the equations described above,
setting the trend variable in the Michigan industrial equations to its
1982 level for every year.® Projected annual growth rates for

population, personal inceome, and the wagebill in manufacturing are shown

in Table 5.4.

Electricity consumption in the ECAR region is forecast to grow at a
2.6 percent average annual rate. Figures 5.10 and 5.11 show the
forecast values. In Michigan, electricity consumption is forecast to
grow at an average rate of 1.0 to 3.9 percent per year following the
path in Fig. 5.12. This growth is based primarily on a forecast of
expanding industrial demand, combined with slower, steady growth in the
residential and commercial sectors (Fig. 5.13).

The model-determined ECAR regional electricity prices show little
change in real terms over the forecast period. As a result, the
forecast demands are largely determined by the projected growth in

personal income, manufacturing, and population.

Table 5.4

PROJECTED ANNUAL GROWTH RATES

Michigan Indiana
Population 0.2 0.3
Personal income 2.1 2.4
Manufacturing wagebill 2.6 3.0

“The trend effect estimated for the historical period could
continue for several years, in which case forecast demand would grow at
a faster rate.
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VI. AN ANALYSIS OF FORECAST UNCERTAINTY

All forecasts of future electricity use--or, indeed, of any other
aspect of human activity--are necessarily uncertain. The uncertainty is
important and should be described along with the forecast itself. 1Imn
this section, we briefly review two standard methods for representing
the uncertainty in a forecast. We then describe a new method that is
better suited to our application than is either of the standard methods.
Use of the new method shows that the range of uncertainty in the U.S.

electricity forecast for 1994 is quite broad.

SOURCES OF UNCERTAINTY
It is helpful to have a list of the possible sources of error in a

forecast. Considering the simple regression model

y = xb + u, (1)

where y is the dependent variable to be forecast, x is a vector of
independent variables, b is a vector of coefficients to be estimated,
and u is a random error, we can catalog the sources of forecast error as

follows:

1. Equation error, with variance var(u).

2. Imprecise estimation of the coefficients b, with covariance
matrix C, adds a little to the forecast exror even at sample
mean values of the independent variables, and more as the
forecast values move away from the mean. Sources 1 and 2
together yield the characteristic butterfly-shaped confidence
region for forecasts of y (see for example Theil (1971, p.

136)).
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3. Imprecise estimation of future values of the independent
variables x, with (possibly subjective) covariance matrix D.

4. Specification error: The first three sources of error all
arise even if the model is correctly specified for the sample
period, properly estimated using appropriate data, and it is
known that the structure is not going to change over the
forecast period. If one has any doubts about all of that, then
specification error is an additional source of variance in the

forecasts (and possibly bias as well).

TWO METHODS FOR REPRESENTING UNCERTAINTY
Sensitivity Analysis

Most electricity load forecasts either ignore uncertainty entirely
or handle it in a very rudimentary way. Some forecasts present only a
single point estimate of future load based on assumed future values of
independent variables. OQOthers do a sort of sensitivity analysis and
present several estimated loads for several different combinations of
assumed values of the independent variables. Often, three sets of

"o

assumed values for independent variables lead to "low, medium," and

"high" estimates of future load.

It is hard to know just what such low, medium, and high forecasts
represent. Is the high forecast, for example, meant to represent the
upper limit of possible outcomes? The 95th percentile? The 75th
percentile? Present load forecasting practice almost never
characterizes the distribution of probable outcomes, nor does it relate
the forecast uncertainty to the underlying uncertainty about the values
of the input parameters.’! We chose not to use standard sensitivity
analysis because it is much less informative than the alternative method

that we develop below.

'A partial exception is the TVA forecasts that assign subjective
probabilities to a few different discrete values of the input variables
(TVA, 1982).
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Feldstein's Formula

Feldstein (1971) presents an elegant way of combining the effects
of the three major sources of uncertainty listed above, to depict the
overall uncertainty in forecast values. As far as we know, Feldstein's
formula has never been applied to an electricity load forecast, possibly
because it would require several extensions to handle the fairly complex
models commonly used in load forecasting.

The Simple Case. In the simple regression model of Eq. (1),

Feldstein's formula gives the variance of a forecast value of y as:

var(y) = x'Cx + b'Db + trace(CD) + var(u). (2)

The variables are defined in the discussion of sources of forecast error
above. This formula accounts for equation error, imprecise coefficient
estimates, and imprecise projections of the independent variables. The
fourth source of error--specification error--may be impossible to handle
in any neat way. Since Feldstein's formula integrates the other
three, it would be very nice if we were able to use it to represent
(part of) the uncertainty in our forecasts. Unfortunately, our model is
more complicated than the simple regression model. Substantial
extensions to Feldstein's formula would be necessary before we could use
it in our case.

Necessary Extensions. There are several features of the four-
sector demand model that would greatly complicate the application of

Feldstein's formula. These include:

. Multiple equations that preoduce separate forecasts of
electricity consumption in each of four sectors (customer
classes). To calculate the variance of total consumption, we
would need to know not only the variances of the separate

sectoral forecasts but also their covariances.
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. Dependent variables in different units. The situation is
further complicated by the fact that three of the sectoral
equations predict the log of electricity consumption, whereas
the fourth predicts the log of consumption per capita.

. Lagged endogenous variables. Because estimated consumption in
one year is used to predict consumption in the following vear,

errors propagate and partially cumulate from year to year.

In principle Feldstein's formula could be extended to handle these
complications, but the analytic problems in extending and applying the
formula may be formidable. Consequently, we chose an alternative method
that uses computer simulation to simplify the representation of forecast

uncertainty.

A NEW METHOD FOR REPRESENTING UNCERTAINTY

We now describe and illustrate a new method for calculating the
uncertainty in a forecast from a complex model, given the uncertainty
about the model's inputs.? OQOur approach is to approximate the complex
model with a simpler one, to assign distributions to the uncertain input
parameters in that simpler model, and to use computer simulatjon to find

the distribution of forecasts that results from the uncertain inputs.

Specifying and Calibrating an Approximate Model

Specification. We specify a simple constant-elasticity model that
includes independent variables representing all of the major
determinants of total electricity consumption in the more complex four-

sector forecasting model:

ELEC = K(POP?) (INCOMED) (PRICES) (XPRICED)e?, (3)

where ELEC is total electricity consumption in all four sectors

2Qur method is similar in some respects to one developed and
applied by Peck and Weyant (1985).
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together; POP is population; INCOME is a composite measure of economic
activity representing the combined effect of personal income, gross
national product, and manufacturing output; PRICE is a composite measure
of real electricity price to the residential, commercial, industrial,
and other sectors; XPRICE is the price of alternative fuels; K is a
constant; a, b, ¢, and d are elasticities; and u is a random error. We
will use this model to approximate the electricity forecast produced by
the four-sector model.

Equation (3) relates electricity consumption in millions of
kilowatt-hours to population in millions, income in billions of dollars,
and price in cents. The version of the model that we use in the
uncertainty simulations relates the average annual growth factor for
electricity consumption to the average annual growth factors for the
independent variables.® To derive the growth-factor form of the model,
first divide Eq. (3) for the forecast year T by Eq. (3) for the base

year 0 to get:

ELECT/ELECO =

(POPT/POPO)a(INCOMET/INCOMEO)b(PRICET/PRICEO)C(XPRICET/XPRICEO)de(uT*UO), (%)

then take the T-th root of Eq. (4) to put it in terms of average annual

growth factors (italic variable names):
ELEC = (PoP®) (INCOMED) (PRICES) (xPRICESYe (P17 %07 /T, (5)

which is the equation that we simulate.

Calibration. We use average annual growth rates for all of the
variables in Eq. (5) together with estimates of the four elasticities a,
b, ¢, and d to calibrate Eq. (5) so that it approximates the behavior of
the full four-sector model in the vicinity of the U.S. forecast. The
growth rates are simply the projected average percentage rates of growth
over the ferecast period 1983 to 1984, The elasticity estimates are
derived from calibration runs of the forecasting model. The details are

as follows.

3A growth factor is 1 + r, where r is a growth rate expressed as a
fraction.
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Growth in all of the major variables in the four-sector model for
the base case run are summarized in the first three columns of Table
6.1, along with the composite variables of Eq. (3). The variables with
lower-case names are those in the four-sector model. The variables with
upper-case names are those used in the approximation Eq. (3). POP is
identical to population in the four-sector model. PRICE is a weighted
average of the four sectoral prices, calculated using 1983 sectoral
consumption shares as weights.® INCOME is an index of personal
disposable income per capita, gross mational product, and gross
manufacturing output; it is calculated using weights that reflect
electricity consumption shares for the sectors in whose equations the
variables appear.® XPRICE is a measure of alternative fuel prices; it
equals the gas price variable that was used in estimating the
residential sector equation. ELEC is the total electricity consumption
in all four sectors of the full model.

To estimate the elasticities in Eqs. (3)-(5), we did four runs of
the four-sector model. In each run, we increased the projected growth
rate in the components of one of the independent variables in Eq. (3),
fixing all other variables at their base case values. For example, in
the first calibration run, we increased the assumed population growth
rate by 0.1 percent each year over base case assumptions. This
naturally resulted in higher 1994 population than in the base case, and

some increase in ELEC We calculated the implied value of a, the

1994°
elasticity of ELEC with respect to POP, using the 1994 values from this

calibration run, together with the 1994 values from the base case run.®

We calculated elasticities b, ¢, and d (with respect to INCOME, PRICE,

“The consumption shares are: residential, Sp = 0.350; commercial,
1= 0.360; other, Sg 0.037.

*Personal disposable income per capita appears in the residential
equation. Gross national product appears in the commercial and other
equations. Gross output appears in the industrial equation. We chose
weights such that the weighted variables equal the electricity
consumption shares (in percent) for the respective sectors. For
example, we chose the weight for personal income, Wps SO that Wp times

S¢ = (0.253; industrial, s

per capita disposable income in 1983 equals 35, that is, Wp T 7.527.
Similarly, wC/O = 0,019 and wp = 0.040. These weights result in a value

of 100 for the INCOME index in 1983.

¢ Specifically, the arc elasticity is calculated as [(3277.64 -
3264.78)/(3277.64 + 3264.78)]/([(262.44 - 259.60)/(262.44 - 259.60)] =
0.36.
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Table 6.1
CALTIBRATION
Base Case Run Calibration Runs
1983 1994 Growth 1994 Growth
Variable Value Value Rate Value Rate
Population 235.46 259.60 0.89 262.44 0.99
(millions)
POP 235.46 259.60 0.89 262 .44 0.99
ELEC (mWh) 2154 .08 3264.78 3.85 3277.64 3.90
Personal income 4,65 5.94 2.25 6.00 2.35
($ thousands per capita)
Gross nat'l prod. 1534.70 2162.20 3.17 2185.36 3.27
($ billions)
Gross mfg. output 909.65 1359.25 3.72 1373.74 3.82
($ billions)
INCOME 100.00 139.36 3.06 140.83 3.16
ELEC 2154.08 3264.78 3.85 3294.98 3.94
Residential price 3.03 3.27 0.71 3.31 0.81
(cents/kWh)
Commercial price 3.13 3.39 0.73 3.43 0.83
Industrial price 2.30 2.50 0.76 2.53 0.87
Other price 3.25 3.55 0.81 3.59 0.91
PRICE 2.80 3.03 0.73 3.07 0.84
ELEC 2154.08 3264.78 3.85 3250.50 3.81
Gas price 2.89 4.08 3.18 4.12 3.29
($ per thousand cubic feet)
XPRICE 2.89 4,08 3.18 4.12 3.29
ELEC 2154.08 3264.78 3.85 3266.92 3.86

NOTE: Monetary values are in constant dollars.

and XPRICE) in a similar manner. The only difference was that for
INCOME and PRICE we had to increase the growth rates in each of their
component variables by 0.1 percent each year, then calculate the
composite variables from their components. We found these values for

the four elasticities:
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Elasticity with respect to POP, a= 0.36
Elasticity with respect to INCOME, b = 0.88
Elasticity with respect to PRICE, ¢ = -0.40.
Elasticity with respect to XPRICE, d = 0.06.

Entering these values in Eq. (5), along with the appropriate growth
factors from Table 6.1 and mean values of zero for the errors U and Ugs
we calculated a value for ELEC of 1.0291 in the approximate model,
compared with 1.0385 in the full four-sector model.” To complete the
calibration of the approximate model, we added a multiplicative factor

1.0385/1.0291 = 1.0091 to Eq. (5):
ELEC = 1.0091(PoP2) (INconE®) (PRICES) (xPrRICED)e BT 7%02/T ()

Specifying the Magnitudes of Sources of Uncertainty

Our approach explicitly acknowledges that none of the right-hand-
side parameters (variables, elasticity coefficients, or error terms) in
Eq. (6) is known with certainty. We treat them all as random variables
characterized by probability distributions. We specify probability
distributions to account for each of the four sources of forecast error
listed earlier in this section.

Equation Error. We estimated the variance of the random error
term u from the fit of the four-equation model to the data that were
used to estimate it. Specifically, we compared fitted and actual values
of total electricity consumption, calculating the variance of u as the
mean squared error of the natural logarithm of the fitted value as a
predictor of the log of the actual value. We found var(u) = 0.000086.
We used that value in the calculation of the variance of the term (uT -

uo)/T in Eg. (6). The base year error U, is fixed, so the variance of

(uT - uo)/T equals var(u)/Tz. In our case, T is 11 years, so the effect
of equation error can be represented in our uncertainty simulations by a
normally distributed random variable with mean 0.0 and standard error

equal to the square root of 0.000086/112 = 0.0006.

"The discrepancy arises because the aggregate model is only a local
approximation to the full four-sector model.
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Imprecise Estimation of the Coefficients. We estimated the standard
errors of the estimated coefficients using a consumption-weighted
average of the coefficients of variation of the coefficients estimated
in the individual sectoral equations. For example, the weighted average
coefficient of variation for the income variables in the four equations
was 0.319, so we estimated the standard deviation of b, the coefficient
of INCOME in Eq. (6), to be 0.319 times 0.88, or 0.28. No coefficient
was estimated for POP in any of the individual equatiomns, so we
subjectively estimated its standard error to be 0.12.

We estimated the correlation matrix for the estimated coefficients
by running an aggregate regression, Eq. (3), on 1960-1984 data. The
resulting correlation matrix is shown in Table 6.2, We used this
correlation matrix together with the standard errors calculated in the
preceding paragraph to estimate the covariance matrix of the estimated
elasticity coefficients.

Imprecise Projections of Future Values of the Independent
Variables. We assigned standard errors for the four growth rates purely
subjectively, using our own best judgment about how uncertain the input
projections are. Table 6.3 summarizes our assumptions about the
uncertainty in the growth rates, together with a recap of the

uncertainty in the other parameters of Eq. (6).

Table 6.2

ESTIMATED CORRELATION MATRIX FOR THE ESTIMATED COEFFICIENTS

POP INCOME PRICE XPRICE

POP 1.0
INCOME -0.956 1.0 Symmetric
PRICE 0.088 0.164 1.0

XPRICE 0.443 0.186 -0.880 1.0
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Table 6.3

DISTRIBUTIONAL ASSUMPTIONS FOR SOURCES
OF FORECAST UNCERTAINTY

Standard
Source of Uncertainty Mean Deviation Influence
Equation error 0.0 0.0006 0.06
(up - uy)/T
Coefficient estimates
a, POP elasticity 0.36 0.12 0.04
b, INCOME elasticity 0.88 0.28 0.74
¢, PRICE elasticity -0.40 0.12 0.03
d, XPRICE elasticity 0.06 0.04 0.01
Independent variables
POP 0.89 0.10 0.04
INCOME 3.06 0.60 0.51
PRICE 0.73 0.80 0.32
XPRICE 3.18 1.00 0.06
Specification error
v 0.00 0.005 0.50

These distributions can be interpreted in the following way, using
POP as an example. We think that the most likely average growth rate in
POP over the forecast period is 0.89 percent per year. We think that
more likely than not (with about 68 percent probability), the average
POP growth rate will fall within 0.10 percent (one standard deviation)
on either side of that value, or between 0.79 and 0.99 percent per year.
Almost certainly (with about 95 percent probability), it will fall
within a 0.20 band (two standard deviations), or between 0.69 and 1.09
percent per year. (The "influence" value in the last column of Table
6.3 is explained below.)

Specification Error. We treat the effect of possible specification
error on the uncertainty of the forecast by appending a multiplicative
exponential error term e¥ to Eq. (6), giving:

ELEC = 1.0091(P0P%) (INCOME®) (PRICES) (XPRICED) e (17000 / TV (7D
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We assume that v is normally distributed with mean 0.0 and standard
deviation 0.005. This means that we think specification error could add
or subtract up to half a percentage point to or from average growth
rates with 68 percent probability, and up to a full percentage point

with 95 percent probability.

Relative Influence of the Various Sources of Uncertainty

Which of the sources of uncertainty contribute the most to the
uncertainty in forecast ELEC growth rate? We answer this question using
the "influence" measures in Table 6.3. These measures give (roughly)
the percentage change in ELEC growth rate that would result from a one
standard deviation change in each of the nine parameters.® Uncertainty

about the magnitude of income elasticity is the largest contributor to

the uncertainty of the electricity consumption forecast. Uncertain

income growth and possible specification error are next most important.

Results from Simulating Forecast Uncertainty

We use computer simulation to find the distribution of ELEC that
corresponds to the tabulated distributions of the nine input parameters.
We randomly draw a value for POP from a normal distribution with mean
0.89 and standard deviation 0.1. Similarly, we randomly draw values for
the other eight input parameters. Using the values drawn, we calculate
a value of ELEC using Eq. (7). We then repeat the process many times,
keeping track of all of the resulting values for ELEC.

The Basic Results. The distribution of ELEC (expressed as an

annual percentage growth rate) from 100,000 repetitions is plotted in
Fig. 6.1. The tallest bars in this histogram show that in approximately

35 percent of the trials, ELEC grows by around 3.5 or 4 percent per

®Specifically, denote a generic elasticity coefficient by a, the
corresponding growth factor by X, and a generic error term by u. Then
dELEC/ELEC is equal to (a * 1ln(X))da for the elasticity coefficients,
(a/X)dX for the growth factors, and simply du for the error terms. To
calculate the influence measures, we evaluated these expressions at the
mean values for the parameters, with the standard deviation of the
parameter substituted for the parameter differential (da, dX, or du).
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year. However, the actual outcome is quite uncertain. Almost as many
trials fall in the two adjacent bars, centered at 3.0 and 4.5 percent
per year. And about 20 percent of the time, forecast load growth is in
the 5.0 percent per year category or higher.

Tigure 6.1 offers a visual impression of the uncertainty of the
electricity forecast. We can also summarize the uncertainty with
numerical measures. One such measure is the standard deviation of the
distribution, which has the value 1,13 for Fig. 6.1. Another summary
measure is selected percentiles of the simulated distribution of
ELEC, which are listed in Table 6.4.

The Results if the Input Parameters Were Known More Precisely.
We also ran the uncertainty simulations on the assumption that groups of
input parameters are known more precisely than assumed above.
Specifically, we asked how the results would be affected if the standard
deviations for each of the groups of input paramters in Table 6.3 were,
inturn, reduced by half. The results, which are summarized in Table
6.5, reinforce the conclusions that we drew from the influence measures

in Table 6.3: More precise knowledge of the elasticity coefficients
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Fig. 6.1—Distribution of electricity growth rate forecasts, 1983-1994



- 60 ~

Table 6.4

PERCENTILES OF DISTRIBUTION OF AVERAGE ANNUAL
ELECTRICITY GROWTH RATE FORECASTS, 1983-1994

Growth
Percentile Rate
1 1.42
5 2.08
10 2.44
25 3.07
50 3.80
75 4.57
90 5.32
95 5.80
99 6.72

Table 6.5

FORECAST UNCERTAINTY IF VARIOUS GROUPS OF INPUT
PARAMETERS ARE KNOWN MORE PRECISELY

Standard Deviation
of Forecast Values

Basic results 1.13

Equation error
reduced by half 1.13

Standard errors of
coefficient estimates
reduced by half 0.91

Standard errors of
independent variables
reduced by half 0.98

Specification error
reduced by half 1.04
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would improve the forecast the most; better growth rate projections for
the independent variables are next most important; greater confidence in
the validity (and continuing validity) of the model specification is

third.

DISCUSSION

The real strength of this method, we think, is that it forces one
to confront the high degree of uncertainty about future electricity
consumption that is inherent in the uncertainty about the factors that

" "medium," and "high"

influence consumption. The more usual "low,
growth forecasts tend to understate the amount of uncertainty; see our
summary tables in Sec. III for examples from recent forecasts.

To evaluate utility construction plans, the plans should in
principle be compared with alternative possible demand realizations like
those in Fig. 6.1. At the low end of realized demand, a particular plan
is apt to incur unnecessary costs for unused capacity (perhaps offset to
some degree by substitution of new capacity with lower operating costs
for older o0il or gas fired plant.) At the high end, it will incur the
costs of outages resulting from insufficient capacity. The optimal plan
depends on both the probabilities attached to each possible demand
outcome and the costs of over- and under-capacity.

We have calibrated the uncertainty model to approximate the
modified REM base case forecast. We could just as well have used other
values for the inputs, perhaps representing purely subjective

assessments of elasticities and future growth rates.
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