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ABSTRACT

There is more than adequate electrical generating capacity in the near tenn in Texas.

This offers luxuries to Texans (hrgh reliability), but also imposes costs (large Power

plant invesunents reflected in rate increases in certain electric service areas). Despite

these near-term capacity surpluses, a number of resource planning issues deserve promPt

attention if Texas is to remain a low-cost provider of reliable electricity. The resource

planning issues identified in this repott include:

1. Defrning ttre appropriate degree of operating and planning coordinadon
among the utilities in Texas

2. Dercrmining the role of cogenerated power

3. Determining how to better use the transmission system

4. Alleviating potential transmission bottlenecks in some areas

5. Deternrining the role of consenration prograns which inqrease the
ef6ciency of electrical energJ use

6. Estimating ttre importance of rate desrgn as a resource planning tool

Ttre Long.Term Electric Peak Demand and Capacity Resource Forecast for Texas

1990 is designed to provide information and recommendations to policy makers and

others interested in the prcsent and funue stanrs of the Texas electric power industry.

Volume I of this three-volume report provides staff-recommended electricity demand

projections for ttrirteen of the state's largest utilities and a capacity resource plan for

Texas. Fuel markas, cogeneration activity, demand-side management pro$am impacts,

environmental issues, and suategic rate design are highlighted

Volume II summarizes ttre electricity demand forecasts, energy efficienry plans, and

capacity rcsource plans developed by generating electric utilities and filed at the

Commission in December 1989 (or later amended). The third volume provides a

technical description of the Commission staffs econometric elecricity demand

forecasing system used to develop the load forecast contained in Volume I.

The Commission is required to zubmit a statewide electrical energy plan to the govemor

every two yqrs. The 1984 and 1986 plans focused on the development of load

forecasting methodologies, data, and models, and a review of the capacity expansion

plans dominated by utility-owned generating units. The central theme of the 1988 plan



(in Ught of the statewide recession) was the identification of the means to achieve greater

effrciency in the usc of the state's electrical resources.

The current rcport recognizes the end of the late 198Os economic recession in Texas, yet

continues to emphasize efEciency improvemenc as the key to reliable and low-cost

electrical services, environmental integfity, and increased economic gfowttt. Within this

frarnework, substantial e,mphasis is placed on altemative power sources (particularly

pgrctrases from qualifying facilities) and energy efEciency to reduce the rate of growttt

of peak demand. Thc information contained here ernphasizes the impoaance of planning

generally and the techniques applied qpecifrcally by the Commission staff to forecasting

and planning
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CHeprER Oue

ELECTRIC DEMAI{D FORECASTII{G PROJECTS
AT THE COMh{ISSION

Overview

In the past seven years, the Etectric Division (formerly the Economic Research Division) of

the Public Utility Commission of Texas (PUCT) has initiated three distinct projects designed

to produce accurate, flexible, and realistic independent projections of the demand for

electricity to be faced by the larger generating electric utilities in Texas. These projects are:

1. The Econometric Elecrricity Demand Forecasting System

2. The End-Use Energy Modeling and Forecasting Sysrcm

3. Tlre Time-series and Bayesian Forecasting Systems

The Econometric Electricity De,mand Forrecasting System seeks to statistically estimate the

betravioral relationships anong the various determinants of electricity consurrption, such as

weather, population, employment, personal income, electricity prices, prices of altemative

energy sources, and indgstrial production. Fuhrre electricity consumption is projected based

on historical relationships and forecasts of these demand determinants or "explanatory

variables." Energy projections are made at the customer-class level, then converted to

dernand and aggregated to a system peak through the use of the Hourly Electric load Model

(IIELIvD. A database containing over 7,000 time-series variables provides data input to this

set of models. Numerous improvements have been made to this forecasting system since its

rezults were rcpofied in the Commission's Long-Term Electric Peak Demand and

Capacity Resource Forecast for Texasr 19EE.

The End-Use Energy Modeling and Forecasting System, completed earlier this year, is a

three-phased project examining the end-uses of energy conzumption in Texas. End uses

examined include air conditioning, qpace heating, refrigeruion, dishwashing, lighting,

irrigation, and industrial processes. Changes in the stock of energy-intensive equipment,

appliance effrciencies, equipment usage pattems, and the determinants of these factors
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(dernographic panerns, technology, laws and regulations, rclative fuel prices, climatological

factors, etc.) are given explicit attention.

A basic end-use modeling framework for electricity demand in Texas was developed during

ttre first three years of the End-Use Modeling Project. During the following two years' a

state-of-the-art modeling system was developed under the qponsorship of the Electric Power

Rcsearch Instinrte (EPRI). Interim reports served to mark the completion of the most recent

funding of the project.

The End-Use Modeling System prolides a means to explore a variery of conservation and

load management strategies. The electricity demand projeaions derived from this system

also provide a valuable validity-check upon the staff"s econometric forecasts. The use of

end-use models is useful for forecasting electricity demand and consumption, and for

evaluating alternative programs.

The Time-series and Bayesian Foreca.*ing Systems provide alternative statistical methods

for producing short+erm and long-term forecasts. Time-series methods investigared by the

stafr inctude Kalsran filter models, ARIIvIA models, and nansfer function models. ARIMA

models of quarterly peak de,mand wele prcsented and discussed in Volume Itr of the 1986

Iong-Term Forecasl Starc Space modeling is used in some of the customet forecasting

models.

The Bayesian Forecasting System is based upon an approach which formally incorporates

information found ouside the sample period into the modeling process. In the 1988 Inad

Forecast Report, the load forecast for the City of Austin is based on resuls from a Bayesian

linear regression model. The Bayesian Forecasting System is not used in the 1990 Load

Forccast Report.

The purzuit of several distinct forccasts permits the Commission staff to apPly the unique

capabilities of each approach. End-use models are considered by some to be superior in

addressing conservation and load management issues. Econometric models are tlpically

more useful in studying electricity demand's resporsiveness to energy prices and the impact

of weather and economic activity on energy demand. Recent studies sponsored by Battelle

Laboratories and the Electric Power Research Institute confirm the accuracy of time-series

methods in strort- and medium- range peak demand forecasing applications. Bayesian

methods are becoming more prevalent in applied statistical work The results from each of

Page 12
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thesc forecasting systems provide a useful frame of reference when analyzing forecast results

from othermethods and sources.

Current Forecasting Ap proach

The staff of the Public Utility Commission of Texas is presently pursuing three distinct

projeas designed to provide policy-makers , the Texas power industry, and the public with

accurate independent estimarcs of the future electricity demand to be faced by each of the

state's major generuing elecuic utilities. These projects are:

1. The Econometric Elec'tricity Demand Forecasting System

2. The End-Use Energy Modeling and Forecasting System

3. State Space Modeling and Forecasting Systern

These projects have becn extensively integrated with a number of other ongoing strategic

planning activities at the Commission

To provide peak demand estimates for this report the Commission statr is relying primarily

upon the Econometric Electricity Dernand Forecasing System. This forecasting system

corsists of simultaneous equation systems, ranging uP to 65 equations in size, that provide

sales and price projections u the customer-class level of detail. Se'parate models are

developed for each major generating utility in ttre state. Each model seeks to statistically

estimate the behavioral rrelationships among electricity demand and various demand

deterrrinants zuch as weather, population, employment, personal income, electricity prices,

prices of alrcmative energy sources, and industrial production. Each forecasting model

actually consists of four zubmodels:

1. Electricity Sales Submodel

2. Etectricity Prices Submodel

3. Utility Cost Submodel

4. Customer Submodel

These zubmodels are solved simultaneously to yield a projeaion of a utility's total electricity

sales. The database input to this forecasting system is developed from a variety of

govenrment, university, and private sources. Projections of demand determinants

Page 13
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(employment" population, energy prices, etc.) are developed in-house or obtained from other

reputable forecasting sources such as Data Resources, Inc. (DRD, Whanon-Econometric

Forecasting Associates (WEFA), The Texas Economic Forecast from Perryman Consultants,

INC. @aylor), Bureau of Economic Analysis at the U.S. Departrnent of Commerce, and the

Comptroller of Public Accounts for the State of Texas among others.

The End-Use Energy Modeling and Forecasting System consists essentially of the Hourly

Elecrric lnad Model (HELM), the Residential End-Use Energy Planning System (REEPS),

and the Commercial End-Use Model (COMMEI.ID). IIELIvI is used to translate the forecast

of sales to a projection of peak demand. The staff employs REEPS to provide a statewide

estimate of dernand savings as a rezult of the National Appiiance Energy Conservation Act

(NAECA). The projection of savings, estimated at the state-wide level, are allocated to the

various service areas. COMMEND projects annual commercial sector energy consumption

and load curve by end-use and building tlpe. Estimates of commecial building floor qpace

and projected energy prices are key inputs into ttris model. COMMEND's results provide a

validity check on the oulput of the other systems.

Econometric and Statc Space modefinj techniques are used to generale projections of

number of customers in each utility's service arcas. In those cases where Starc Space models

were superior to the econometric approach, the fonner modeling approach was relied upon.

State Space models with imponant and useful feanrres have become a pennanent tool used

by the Commission Staff in their modeling activities. Some of these feanres include

robustness, less data intensiveness, reliance on minimized forecast error methodology, as

well as a superior methodology for model identification.

Commission Staff provides forecasts of electricity sales by major rate classes and system

peak demand for thirteen major generatng electric utilities in Texas. These utilities are listed

below and their actud models appearinAppendix A:

Page 1.4
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Texas Utilities Electric Company

Houston Lighting and Power Company

Gulf States Utilities Company

Central Power and Light Company

City Pubfic Service of San Antonio

Southwestern Public Service Company

Southwestern Electric Power Company

Lower Colorado River Auttrority

V/est Texas Utilities Company

El Paso Electric Company

Texas-New Mexico Power Company

City of Austin Electric Utility Dept.

Brazos Elecric Power Cooperative, Inc.

abbreviation used

(TU Electric)

(HI^&P)

(GStr)

(cPL)

(cPs)

(sPS)

(swEPco)
(LCRA)

(wTU)
(EPE)

(TarP)

(coA)

cBEPC)
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CI{APTERTWO

ECONOMETRIC FORECASTIhIG SYSTEM

Overview

Simultaneous equation econometric models have been establistred to produce electricity sales

projections for each of the larger generaing electric utilities in Texas. Each forecasting

model contains a set of equations representing the relationships among a utility's costs,

prices, and sales, and how economic, demographic, md climatological factors affect

electricity sales.

Each of the forecasing models contain fotu s;ubmodels, that interact to produce forecasts of

sales, prices, fuel costs, and number of customers:

1. The Electricity Sales Submodel

2. The Electricity Price Submodel

3. The Utility Cost Submodel

4. The Customer Submodel

Ttre relationship between these four zubmodels is graphically depicted in Figrre 2.1.

The Electricity Sales Submodel consists of a set of statistically-estimated equations

describing the reluionstrip among electricity sales to various customer classes and a set of

economic, dcmographic, Dd climatological variables-including population, number of
customen, employrrent, real personal income, cooling degree-days, heating degree-days, the

price of naftrd gas, interest nates, and electricity prices. Projectiors of electricity prices

(average) arc obtained from the Electricity Price Suburodel, while customer projections are

provided by the Customer Submodel.

The average electricity prices faced by various customer classes are determined by the

Electricity Prices Submodel. Within this submodel, electricity prices are prcmised to be
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detcrmined primarily by the utility's current average fuel costs, and the utility's averaged

fixed costs over a historical period.

Fuel and frxed costs are deterrrined within the utility cost sub,model. The Utitity Cost

Subrnodd has two distinct components: a fuel cost module and a fixed-cost module. Fixed

costs are treated as a catch-all for any sigrrificant utility costs that are not incorporated

elsewhere within the submodels. These costs include depreciation exPense, return on

ratebase, nuclear decommissioning costs (where appropriate), taxes, and operations and

maintenance (O&M) expense. Most of these costs are determined by the utility's assets o!

ratebase(mainly power plants and transmission and distribution facilities) and are "fixed" in

the sense that they do not flucnrate with generation or sales levels. Forecasts of a utility's

asset base are based on crutent capaclty expansion plans and constnrction cost estimates,

anong other factors. Debt service coverage is the primary determinant of frxed costs for a

publicly-owned utility. The major exception is O&M, which has a variable comPonent.

Each utility's O&IvI projection, as prcsented in the forecast filings, is incorporated into the

stafPs fixed cost calculations for the Utility Cost Submodel.

Utility fuel expenses are simulated using a simple "economic merit order" approach, based

on the premise that (if technical restrictions permit) a utility satisfies the demand for

electricity at any given point in time with the generating units having the lowest fuel costs.

Generating capacity by fuel type, avemge fuel prices, heat rates, capacity factors, loss

factors, and elestricity sales are inputs to the fuel module. Sales estimates are obtained from

the Elestriciry Sales Submodel.

A utility's cusromers are projected based on anticipated population and gfowttt within the

utility's senrice area :N well as historical customer growth pattems. As in the other three

submodels, statistical techniques are extensively relied upon in the Customer Submodel. The

custome! subcrodel is solved independently and its forecasts are used as inputs for the other

submodels.

Each of the statisticallydetemrined relationships in each submodel (except the Customer

Submodel) are estimated using the two-stage-least squares estimation procedure to reduce

simultaneous equation bias. Once each coeffrcient has been estimated, all the submodels

(except the Customer Submodel) are solved simultaneously through an iterative procedure to

yield a projection of electricity sales, by customer class, for a given utility.

Page 2.2
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The Hourly Etecaic Load Model (IELlvI) converts the projections of electricity sales into

peak de,mand forecass. The following zubsections will descibe ttre smrcture of each of

these zubrnodels in greater detail.

Four of the thirteen utilities under study are multi-jurisdictional. Thu is, they senre

customers in other states as well as in Texas. These utilities include Southwest Public

Service Company (SPS), Southwestem Etecrric Power Company (SWEPCO). Gulf States

Utilities Company (GSII), and El Paso Electric Company (EPE). The Staff constructs

srbmodels that account for the unique characteristics of each portion of a utility's operation.

As a rezult, separate submodels may differ across a utility's operation

Electricity Sales Submodel

The Etecricity Sales Submodel (Figure 2.2) projects energy sales by customer class based on

a set of economic, demographic, &d climatological factors and the oulputs from the

Customer Submodel and the Electricity Price Submodel. Bccarse the determinants of

electricity consumption differ for various customer groups, electricity sales to different

customer classes are modeled s€,parately. The major customer grcups treated independently

in this submodel are:

1. Residential

2. Commercial

3. Industrial

4. OtherRetail

5. Wholesale

The Electricity Sale Submodels for each of the utilities urder snrdy are tailored to some

€xtent to account for the unique record-keeping practices and customer mix of a palticular

utility.

Equation qpecification and variable selection are based on a number of criteria, including

compatibility with economic theory and previous shrdies, st*istical rezults, data availability,

and simulation behavior. The equation used to deterrrine sales to residential ratqpayers

tlpically takes the following qpecification:
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RSr = be + b1 (HDDr* Rq)+ b2 (CDD.'r RCJ + \ (PII/CPIt)+b4 [(RAPr/
etrl * Rql + b5 [€NGRI+/CPLJ * RQ] + et

where:

RS

RC

I{DD

CDD

PI

CPI

RAP

PNGR

t
bo-..b5

E

I-
-I
-G
I-
--
--
I-

Sales to Residential Customen (MWFI)

Number of Residential Customers

Heating Degree-Days

Cooling Degree-Days

Nominal Personal Income (millions of dollars)

Texas Consumer Price Index

Average Price of Electricity to Residential Ratqpayen
(dollars perKWH)

Price of Natural Gas to Residential Customers ($ perMCF)

Time period (calendar quarter)

Coeffrcients to be Estimated

Error terrr

--
-I
--

Most of the variables on the right side of the equation are multiplied by the number of

residential customers to acknowledge ttru ttre energy imPact of each of the dernand

determinants varies in rrelation to the size of the customer class. Heating degree-days and

cooling degree-days variables are used to measurc the impact of weather on electricity sales.

Real personal income is normally positively related to electricity sales. That is, as incomes

increase, consumers utilize and purchase more electricity-intensive equipment. The real

price of electricity is used to captue price elasticity effects in the model. Increases in the

rcal price of elec.tricity tend to discourage usage. The real price of natrual gas to residential

customeni rcprcsents the cost of alrcmative energy sources. As nanrral gas becomes more

expensive relative to electricity, electricity usage may be encouraged. The four quarter lag

on this variable acknowledges the long-run nature of this reqPonse.

Thc equation used to determine elcctricity sales to commercial custome$ follows a similar

qpecifrcation:

CSt = bs + b1 (HDDr r' CCt) + b2 (CDDI * CQ) + b3 @MPI-OYI) + ba [(CAP1/

@&) * CC,l + b5 [(CAPI+ /PNGCt-d * CQ] + E

where:

cs

Page 2.4
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cc
HDD

CDD

EMPLOY

CPI

CAP

PNGC

t

bo-..b5

E

where:

IS=
CDD =
CPI =
EMPLOY =
IAP =

PNGI

t

bo...b4

E

--
--
--
--
--
--

PUBLIC WILITY COMMISSION OT TEXAS

Number of Commercial Customers

Heating Degree-Days

Cooling Degree-Days

Service Area Employment (thousands)

Texas Consumer Price Index

Average Price of Electricity to Commercial Ratepayers
(dollars per K\MH)

Price of Nanual Gas to Commercial Customers ($ per MCF)

Time Period (calendar quaner)

Coefficients to be Estimated

Error term

Sales of Electricity to Industrial Customen (MWH)

Cooling Degree-Days

Texas Consumer Price Index

Service Area Employment (thousands)

Average Electricity Price to Industrial Ratepayers (dollars per
KWH)

Price of Natural Gas to Industrial Customers ($ per MCF)

Time Period (calendar quarter)

Coefficients to be Estimated

Eror term

Specification of the equation used to determine sales to industrial customers varies among

models de,pending on each utility's indusaial mix and other factors. The following

qpecification is somewhat exernplary:

ISt = be +b1 (CDDI) + b2 (IAP,/Cr41 + bg (EMPI-OYI) + ba (AP1a/

PNG\j + q

I-
--
--

--
--
--

Other rctail sales are primarily electricity sales for street and highway lighting or municipal

purposes. Variables such as populatiorl cooling degree-days, heating degree-days, elec,uicity

prices, and natural gas prices are used in their deterrrination. Sales to wholesale customers

are modeled using a similar set of explanatory variables.

Page 2 5
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Electricity Price Submodel

The main prupose of this mbmodel (Figure 2.3) is to provide average electricity price

projections to ttre Electricity Sales Submodel. Average electricity prices are here defined as

the rcvenue collected from a partiarlar class divided by the elecricity sold to that class in a

given quarter. Separue equations are used to model the average prices faced by each class of

customers. Each of the price equations takes the following general form:

APi,t = bo + bl (AFDGDT) +bz(AF{JEI{) + E

where:

APi,t = Average Price of Electricity to Customer Class i
AFD(EDj = Four-Quaner Moving Average of Fixed costs Divided by the

FourQuarter Moving Average of Total Sales

AFUELT = Average Fuel Cost (Total Fuel Expense divided by Total Sales)

t

bg-..b3

E = Errorterm

Under ttris qpecification, the average price of electricity to a paniorlar customer class is

prinarity determined by the utility's average fixed costs and average fuel costs. Rates are

assusred to be based partially on a utility's fixed costs divided by total sales over a historical
*test year" period. Norc ttrat with regard to the 1986 forccast ttris equation has been altered.

Dummy variables to indicate the change from "automatic fuel adjustrnent clauses" to "fixed

fuel factors" have been deleted. It was concluded that forecasting performance was not

cnhanced by such variables.

Utility Cost Submodel

The Utility Cost Subrnodel (Figure 2.4) provides forecasts of a utility's fuel expenses and

frxed costs to the Electricity Price Submodel, which in tum provides price projections to ttre

Etectricity Sales Submodel. The determination of fuel expenses and fixed costs has been

modified somewhat from earlier forecasts. In particular, Staff has modified the fuel cost

module to betterrcflect ttre impact of fuel price differentials on generation decisions over the

forecast period.

= Time Period (calendax quarter)

= Coefficients to bd estimated

Page 2.6
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Fuel Cost Module The projection of costs within the sales forecasting model seeks to

avoid forecasting bias common when variable costs are determined

exogenously. Projeaion of a utility's generation or fuel cost must, at least it P.tt, be based

either on a forecast or on assumptions conceming futrue sales or generation. Similarly, a

projection fed through price variables of cost is at least implicit in an electricity sales

forecast. Should a marked inconsisency occur betrnteen *re implicit sales forecast, uPon

whictr projected costs and prices are based, and the econometric sales forecasts that use the

projected prices as input, a forecasting bias would be introduced.

Fuel expenses are simulated through a simple economic merit order model. Based on the

premise that a utility satisfies the demand for electricity at any given time with ttre units

having the lowest fuel cost (technical conditions perrrittiirg), the logic of this submodel may

be represented as:

Fuel Cost Module

UCit (Fuel Priceij) (HeatRatq)

Unit Cost
of Production
by Fuel Type i
at time t
$/KTVH

$/IVIMBTU
Fuel Type
at time t

i = L r...r7

where:

1

2

3

4

5

6

7

Purchase Power

Hydroelectric

Lignite

Nuclear

Coal

Natural Gas

Cogeneration

--
--
--
--
--
-I
--

MinimtzeTFUELCt = Ei QCit'KWHit)

Subject to:



(1) Generation:

(2) Unit Production:

(3) Conzumption and
Production Balance:

ECONOMETRIC T ORECASTING SYSTEM

Generation Requirementr CKTVH) =
(Satest + hsseft + Company Ut.t)

KWHiI < (CAPFit) (CAPit) (2,190 hours)

Ei KWHit ) Generation Requirementt (KWH)

where:

TFUEIf
SALES

CAPF

CAP

2,r90

i
t

-I
I-
--
--
--
-I
--

Total Fuel Cost

From Electricity Sales Submodel

Capacity Factor

Capacity

Hours in Calendar Quarter

Fuel or Generation Unit Type

Time Period (calendar quarter)

Generation requirements by fuel tylre are detcrmined by total generation requirements,

capacity factors, and heat ntes. Totd generation requirements are estimated by adjusting

total sales for line loss and company use.

In the models at each time period (calendar quarter), generation requirements are met by

oulput from the lowest cost unit to the highest cost unit. In the previous PUCT forecasts, a

hierarchy of units by fuel costs wittrin eactr quarter was establisfied previously and

maintained throughout each time period. Because the relative prices of fuels historically

have changed and are predicted to change over the forecast period, the model has been

attered in the 1990 forecast to capture those changes. The inqneased flexibility of the model

strould yield estimates of the cost of fuel purchased that are more reliable than previous

projections

By explicitty incorporating capacity considerations, fuel cost savings rezulting from new

baseload units coming on-line can be reflected in the model. Data Resources Inc.'s (DRI)

Energy Model includes a very similar means of calorlating fuel cosg of generating electricity

on a rcgional level (U.S. Enerry Model Documentation, Data Resources, Inc., 1984). In

addition, some flexibility of operation of baseload units is incorporated into fuel cost

modules to take advantage of low spot market fuel prices.

The total cost for each fuel tlpe is calculated by multiplying generation requirements

associated wi*r each fuel tlpe by heat rates and average fuel costs. In contrast to the Long-
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Term Peak Demand and Capacity Resource Forecast for Texas 198E, utility-specific data

are used on average fuel costs, heat rates, and capacity factors to reflect variations among

utilities. In cases where a utility does not have and does not intend to construct capacity of a

grven type, the equations associated wittr ttrat capacity t)?e are excluded from the submodel.

NOTE: The actual prograrnming statements in the computer code are somewhat
different than the statements given above. The algorithm used is
prcsented below.

Step 1: Obtain ttre unit variable cost (i.e., fuel cost or purchased power cost of
producing one MrtrlH of electricity) of different plants and purchased

POWer SOurceS.

Inputs: Heat rates and fuel prices of different plants and pruchased

wer prices from utility and non-utility sources.

Ste,p 2: Obtain the maximum generating capabilities of different plans and

purchased power sources.

Inputs: Capacity and capacity factors of different plants and purchased

POWer SOUTCeS.

Step 3: In each time period:

a) Rank ttre plants and purchased power sonrces by unit variable costs.

b) Call the cheapest plant, Plant A, the next cheapest plant, Plant B, the

next cheapest plant, Plant C, and so on.

c) Nasre the coresponding unit variable cost. UFCA, UFCB, UFCC, and

so on.

d) Name the comesponding maximum generation capabilities as GCA,

GCB, GCC, and so on.
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Step 4: In each time period, define:

a) Generation requirement from Plant A

GCA

Total generation

requirement

if total generation requirement ) GCA

otherwise

b) Variable cost for Plant A = generation requirements from

Plant A * UFCA

c) Generation requirement for Plant B

GCB if (total generation requirement-GCA)>GcB

Total generation

requirement
. GCA

0

if (i) (total generation requirement)>GcA &
(ii) (totat generation requirement-GCA)<GcB

otherwise

d) Variable cost from Plant B = generation requirements from

PlantB * UFCB

e) Generation requirement from Plant C

GCC if (total generation requirement-GCA-GCB)>GCC

Total generation

requirement -

(GCA-GCB)

0

if (i) (total generation requirement-GcA)>GcB &

(ii) (total generation requirement-GCA-GcB )<

ccc
otherwise

f) Variable cost for Plant C = generation requirements from

Plant C * UFCC

Simililly, variable cost for each of the other plants is determined
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Step 5: In each time period, define:

Total variable cost = variable cost for Plant A +

variable cost for Plant B +

variable cost for Plant C +

and so on.

The cost of the fuel necessary to meet generation requirements is the sum of the costs

associated with each fuel tlpe:

TF = NGC + COC + LIGC + NUC + PPC + COGC

Howwer, the actual available data conceming each utility's fuel costs are based on fuel

purchases. A "mismatch" commonly occots betrreen fuels purchased and fuels actually used

in any given time period. Ttris discrepancy may be further increased by power exchanges

and ptuctrases among utilities,.the assumption of a constant ratio betrreen sales and

generation requirements and of art inventory costing method. A simple stochastic equation

was used to corect for this mismatch:

CPt = bO+b1 TFr+E

where:

TF

NGC

coc
LIGC

NUC

PPC

coGc

where:

CFP

TF

t

bo, bt

E

= Totd Cost of Fuel Necessary to Meet Generation Needs

= Total Nanrral Gas Fuel Cost

= Total Coal Fuel Costs

= Total Lignite Fuel Costs

= Total Nuclear Fuel Costs

= Total Cost of Puchased Power From Other Utilities

= Total Cost of Purchased Power From Cogerators '

Cost of Fuels Puchased

Totd Cost of Fuel Necessary to Meet Generation Needs

Time Period (calendar quarter)

Coefficients to be Estimated

error term

I-
r-
--
--

Page
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Fixed Cost module Two differe,lrt approaches were used to detennine utility fixed costs.

For publicly-owned utilities, frxed costs are based on debt sen'ice

coverage. Historic frxed costs are derived from annual reports. The quarterly amount of

fixed ctrarges is estimated by muttiplying the expected debt sewice coverage ratio t''nes the

projeaed total debt service amount, then subtracting projeaed interest income. Since utility

projections of deb,t sen'ice coverage sometimes move erratically, ttre frxed cost projections

are smoothed in some cases.

In contrast, fixed costs fot an investor-owned utility are defined as the sum of depreciation

e4pense, refirm requirements, projected nuclear decommissioning cost, federal income tax,

other revenue-related taxes, and O&IvI expense. Quarterly historical data on total plant"
' 

accrmulated deprcciation, net plant, depreciation expense, and interest expense were

obtained from Securities and Exchange Commission Fomrs 10Q and lOK. In a few cases

whe,re ttrese data were unavailable, interpolations are utilized. Allowed rate of retum,

weighted cost of debt factors, and ratebase amounts are taken from Final Orders iszued by

the Public Utility Commission of Texas (PUCT).

In order to forecas each of the frxed cost carcgories it is fust necessary to project a total

plurtvalue. Total plant is the zum of four categories of assets:

TOTP = PP+TP+DP+GP

where:

TOTP

PP

TP

DP

GP

--
--
--
-I
--

Total Plant in Service

Production Plant in Service

Transmission Plant in Service

Distribution Plant in Service

General Plant in Service

Futr,ue production plant in service is estimated by adding ttre estimated constnrction costs of
various generating plant constnrction projects to this series at the expected on-line dates of
ttre units. In some cases, production plant impacts are "strnoottred" over time.

Fuhue values of transmission plant, distribution plant, and general plant are projected using

regrcssion techniques. The following qpecifrcation is used:
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(Pit-Pir-t) / Clt -- b1 ln@Otr) + er

where:

Pi

CI

POP

t

i
b1

E

Changes in plant-in-service are first calculated and deflated by the appropriate Handy-

TVhiman cost index. Ttre resulting rgal changes in plant-in-service are then regressed on the

nanral logarithm of service area population.

Once projections of total plant are developed, dcpreci*ion experuie is calculated by

multiplying Total Plant by a depreciation rate:

DE = dr*TOTP

Accumulated depreciation and net plant may then be calculated:

ADr = ADr-1 +DE

NPr = TOTPT-ADI

--
--
--
--
--

--
--
--

--
--

Plant

Cost Index

Service Area Population

Time Period

Plant Ty?e (fransmissionl, Distribution, General)

Coefficient to be Estimated

Error Term

where:

DE

dr

TOTP

Depreciation Expense

Depreciation Rate (L97 5- 1989)

Total Plant in Service

where:

AD

DE

Accumul ated Depreciation

Depreciation Expense

1 lvlany utilities reported the estimated costs of transmission line constnrction projects in response to
Request 34 of the Load and Capacity Resource Forecast Filing. In tbese cases, the estimatcd tansmission
plant costs were incorporated into total plant in the same manner as future additions to production plant"

Wbere this information was not available, tbe estimated econometic equation was used to predict future
additions to transmission planl
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NP = Net Plant

TOTP = Total Plant in Service

t = Time Period

In the projected period, ratebase is composed of a component estimarcd from net planr The

net plant componelrt is estimated by dividing ttre projecrcd net Plant by the historic avemge

ratio of net plant to ratebase. This factor implicitly includes other components of allowed

ratebase as a function of net plant. In general it is assumed that no constnrction work in

progress (CTIIP) will be allowcd in the ratebase for future constnrction projec-ts.

Syrrbolicatly, ratebase is es 'qated as:

RB = CI\IP/NPRBF)

where:

RB = Ratebase

NP = Net Plant

NPRBF = Nondepreciable Ratebase Factor

Federal income taxes pennined by ttrc regulatory authority are determined by the taxable

component of retum, multiplied by the tax factor. In order to calculate ttre taxable

compone,lrt of renrrrU intcrest expense is calculated and subtracted from the return

requiremenl These calculations a.re sr"qmadzed as follows:

IE = w'FRB

RR = ror*RB

FIT = f*(RR-IE)

where:

IE = Interest Expense

RB = Ratebase

RR = Renrrn Requirement

FTT = Federal Income Tax

w = Weighted Cost of Debt

ror = Regulatory Authority's Allowed Rate of Return

d = Federal Income Tax Factor
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The rate of renrm and weighted cost of debt from actual tate cases are used for the historical

period. The allowed weighted cost of debrt and rate of retum from each utility's most recent

rate case are assumed constant in the forecast period.

Initially, ottrer revenue-relued tanes are calculated at the rate allowed in eactr utility's most

rece,lrt rate case. The resulting fxed cost revenue requirement is then compared with the

l€venue requircment from the most recent tate case, less fuel and purchased power. If the

difference is substantial, other revenue-related tores are used as a "calibration variable" to

bring the model's forecast (as of the period of the last rate case) into line with allowed fixed

costs.

Total fixed costs are then calculated as the sum of depreciation exPense, return requirement,

O&IvI e4pense, federal income tax, nuclear decommissioning costs, and other levenue-

related taxes.

FC = DE+RR+FTT+DC+ORRT

Fixed Costs

Depreciation Expense

Renrrn Requirement

Federal Income Tax

Nuclear Decommissioning Costs

Other Revenue-Rglated Taxes

There are additional costs that are added to the fixed costs described above. There is a

capacity charge associated with purchase a power as well as wi*r cogeneration purchases. If
applicable, these charges are added to FC yielding totd fixed costs.

Customer Submodel

The Electricity Sales Submodel relies, ir p.tt, upon a projection of number of residential and

commercial customers in the development of an elecricity sales projection. These customer

projections ale provided by the Customer Submodel (Figure 2.5). These models are nrn on a

microcomputer using a multiple rcgression program.

where:

FC

DE

RR

FTT

DC

ORRT

I-
--
--
--
--
--
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Eactr Customer Subrnodel contains trno statistically-estimated equations to determine the

nunber of residential customers and commercial customen. The exact qpecification of these

equations vary among models in order to satisff statistical criteria- An example qpecification

is:

RCt = aO + ar eOPt) + (AR Process of Error Term)

CCt = bo + br (RCt) +bz(CCt-d + (AR Process of ErrorTerm)

where:

RC = Number of Residential Customers

CC = Nunber of Commercial Customers

POP = Sewice Area Population

t = Time Period (calendar quarter)

ARProcess = Auto Regressive Correction

ao...at = Coefficients to be estimated

bo...bz = Coeffrcients to be estimarcd

Residential sustomers are primarily determined by population. The number of commercial

customers is related to the number of residential customers. Consequently, commercial

custome$ are modeled primarily as a function of residential customers, commercial

customer lagge4 and an auto-regressive strucare on the error tenn.

In some cases the above customer models did not perform satisfactorily. On those occasions

a more general State Space model was chosen

Page 2.16
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Cuap"renTrnre

DATABASE DEVELOPMEI{T

Introduction

Ttre Commission Staff relies on different forecasting models to PrePare projections of

electricity conzumption by rate classes and system peak deurand for thirteen major electric

utilities in Texas. To provide data input for these forecasting models, a computerized

database containing over 7,000 data files is maintained by the PUCT staff. This chapter will

discuss the data used in this project, its soruces, and any transformations perforrred before

the information is used in the forecasting models.

Three of the most imposing proble,ns tlpically facing electric demand forecasting efforts are:

1. Marctring county, SMSA, or state-level data to a utility's geographical

serrrice area

2. Transforming data of dissimilar frequencies (annual, quarterly, and monthly,
being ttre most common) to a comparable frequency

3. Developing reasonable projections of the factors affeaing funre electricity
demand (exogenous variables)

Electric utility service areas rarely correqpond to political boundaries. Thus, it is often

necessary to proportion and aggregate county-level data in order to derive some estimate of a

sen'ice area's economic-demographic profile. The next section of this chapter describes how

the state is divided into *utility planning regions" for the purposes of this shrdy. Each region

is designed to roughly correspond to ttre service area of a gener*ing electric utility and the

nonge,nerating distribution utilities to which it normally sells power. These regions provide a

basis for estimating service area population, personal income, and employment and for

developing an economic/demographic profile of each utility operating environment.

This chapter also lists the sources of the historical data used in this snrdy, as well as the

transformations used to develop quarterly time-series. Most of the utility operating data are

obtained from utility responses to data requests by the PUCT, mainly through Ioad and
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Capacity Resource Forecas filings. Historicd economic and demographic data are obtained

from a nrmber of state and federal govemment agencies, as well as Data Resources, Inc.

Finally, in order to forecas the demand for electricity using an econometric approach, it is

necessary to obtain projections or make reasonable predictions regarding the factors assumed

to influence funue elecaicity demand. Ttre final section of ttris chapter discusses these

exogenous variable proj ections.

Methodology of Aggregating County Level Economic

Demographic Data

Since utility service areas rarely correspond to any political boundaries, a method of

proportioning and aggregating county-level economic and deruograPhic data is developed at

the "utility planning region'level. Each utility planning region corresponds to the service

area of a generaung utlllty servlce areas oI any non

which the generator normally sells power. A qpring 1985 staff study is ttre basis for the

utility planning region delineation used here.

The basic methodolory for deriving the scrvice arca divisions is fairly straighdorward, but

ttre actual application of these methods is a time consuming Process. First, a set of maps is

developed to illustrate the portion of each county in Texas sewed by a patiotlar utility,

including cooperatives. The initial maps are provided by the PUCT engineering staff.

Second, a determination is made as to which generating utilities supply power to the

nongenerating utilities and the electric cooperatives through reference to the Directory of

Electric Utilities McGraw-Hill, 1983-1984 edition). Statr is in the process of updating this

information. Third, the 17 cooperatives that purchase electricity from more than one utility

arc requested to provide the portion of each county in their sewice area senred by a qpecific

generating utility. In most cases, this information is derived from the cooperatives'

transmission networks. Fourttr, the original maps arc redrawn to pictorially represent the

"utility planning regions" of the major generating utilities in ttre starc. Once the physical

determination of which utilities supplied power to qpecific regions of each county is made,

the final task is to indicate the proportion of the population in each county contained in a

given service area- Modifications are performed over time to reflect changes in utilities'

senrice area boundaries.
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The counties are separated into nrbdivisions defined by the 1980 Census of Housing:

General Housing Characteristics, Part 45 Texas, and these subdivisions were mnslated to

the maps. The census provides housing and population information for each of the

sgbdivisions, including single- and multiple-dwelling urits. Using local highway maps and

the population of cities within each subdivision as reference, the percentage of each

subdivision that is served by a palticular utility is determined.

Sources of Ilistorical Data

The dua used in ttris snrdy were obtained from a variety of sources. This subsection reviews

data sources and concepts

VYeather Data

Source: U.S. Deparment of Commerce, National Oceanic and Atmospheric
Administration

Series: Heating Degree Days and Cooling Degrec Days

V[eatlrer Stations:

Texas: Arnarillo
Lubbock
Brownsville
Dallas
Viaoria
V/ichita Falls

Shreveport

Fort Smith

Houston
Austin
Port Arthru
San Antonio
El Paso

[,ake Charles

Abilene
Midland
Corpus Christi
Del Rio
TV'aco

Louisianu

fufrx11sas:

Population

Source:

Series:

Based on annual county-level data from DataResources,Inc., the U.S. Bureau of
Economic Analysis, Vfharton Econometric Forecasting Associates, and the U.S.

Department of Commerce, Bureau of the Census.

Total Population for Texas Counties and parts of OHahoma, New Mexico,
Iouisiana" Arkansas, and Kansas Clhousands of Persons)

Aggregation to Utility Planning Region-I-evel:
See Previous Section.
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Transformation to Quarterly:
Fining qpline curyes

Personal Income

Sorrce: Based on annual county-level data from Data Resources,Inc.,'Wharton
Economeric Forecasting Associates, and the U.S. Department of Commerce,
Bureau of Economic Anaiysis.

Series: Total Personal Income by Place of Residence for all counties in Texas and parts of
Oklahoma, New Mexico, l,ouisian4 A*ansas, and Kansas. (Millions of current
dollars.)

Aggregation to Utility Planning Region-I-eveL
See Previous Section.

Transfonnation to Quarterly:
Fiting qpline cunes

Employment

Source: Based on annual county-level data from Data Resources, Inc., Wharton
Econometric Forecasting Associates, Oklahoma Earployrrent Security
Commission, New Mexico Department of Labor, Louisiana Deparrnent of Labor,
Arkansas Employment Seorrity Division, and the Kansas Employment Secuity
Division.

Series:. Total Non-agriculnual Employment Wage and Salary Ernployment (employment
excluding proprietors) in thousands.

Aggregation to Utility Planning Region-Level:
See Previous Section.

Transformation to Quanerly:
Fiting qpline curves

Price Indices

Source: WhartonEconometricForecastingAssociates

Series: Texas CPI.
Producers Price Index: futished goods,

industrial goods

GNP Deflator

Transformation to Quarterly:
Annual data used as quarterly estimates
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Handy-Whitman

Cost Indices

Souce: Whanon Econometric Forecasting Associates

Price of Natural Gas

to Residential,

Commercial,

and Industriat

Consumers

Source: Texas Railroad Commission.

Series: Delivered gas prices to Residential, Commercial, and Industdal Customers-
Texas. @ollars perMCF)

Transformation to Quarterly:
Firing qpline curves

Fuel Prices

Source: 1989 L,oad and Capacity Resource Forecast filing.
Monthly fuel reports frled with PUCT

Series: Average fuel cost by utility by fuel tlpe (natural gas, nuclear, coal,lignite lDollars
per MMBTT{, purchased power [Cents per kV[fJ, ac.)

Transformation to Quarterly:
Fitting spline curves. (Second quarter data is considcred the annual figure.)

Fuel Expenditure

Soruce: 1989 Load and Capacity Resoruce Forecast filing.
Monttrly fuel reports filed with PUCT

Series: Totd fuel expenditure by utility

Capacity

Source: 1989 Load and Capacity Resource Forecast filing

Series: Capacity for natural gas and capacity for other fuels by plant
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Transformation to Quanerly:
Annual data used as quarterly estimates

Capacity Factor

Source: 1989 Load and Capacity Resource Forecast filing

Series: Capacity factor for nanrral gas and capacity for other fuels by plant

Transformation to Quarterly:
Annual data used as quarterly estimates

Heat Rate

Source: 1989load and Capacity Resource Forecast filing

Series: Heat rate for natural gas and heat rate for other fuels by plant

Transforrration to Quarterly:
Annual data used as qualterly estimates

Ftnancial Data

Source: Forms 10Q and 10K to the Secruities and Exchange Commission
Final Orden of the PUCT

Series: Depreciation Expense
Plant in Service
Accumulated Depreciation
Allowed Rate of Return
$/eighted Cost of Debt

Operating Data

Sowce: Utility responses to PUCT requests for data- Additional data were obtained from
FERC Forms 1, the DOE's statistics of Rrblicly-Owned Utilities and statistics of
Privately-Owned Utilities, and Annual Repora to Stoclctrolders

Series: The data received varied across utilities. Generally the information included total
electric expenses (or operating expenses) and sales and revenues by rate class
(residential, commercial, industrial, and other).
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Sources of Projections for Exogenous Variables

A key step in developing the capability to project funue elecrricity demand is deriving

reasonable forecas6 of the factors believed to influence the demand for electricity. This

sgbsection describes the forecass of exogenous variables used in tfris study.

IVeather Data "Nomral" weather was calculated by simply averaging quaterly

historical values. "Nonnal heating degree days" and "normal

cooling degree days" are based on 16-year averiages.

Population,

Employment, and

Personal Income

Price Indices

Handy-Whitman

Cost Indices

Price of Natural Gas

to Residential,

Commercial, and

Industrial

Customers

Fuel Price

The projections of these Service Area economic data are generated

by the PUCT Economic Analysis Section. Table 3.1 provides a

summary of the growth rates (in percentage terms) for ttrese

variables ben*'een 1988 and L999.

Ttre projected indices are based on the WEFA Fall 1989 Forecast.

Obtained from WEFA's ttrird quarter 1989 forecast.

The price projections for nanral gas are provided by the Fuel

Section of the Etectric Division of the PUCT. The price of naaral

gas is modeled as a function of the qpot price of nanral gas. Natural

gas prices are forecasted through 2004 for each of the thirteen major

utilities discussed throughout this re,port. The average compound

growttr rates for the forecast period for residential, commercial, and

industrial customers ate 5.22,5.11, and 5.40 percent, respectively.

Projected fuel prices by fuel type for each utility serving Texas are

catculated by the Fuel Section of the Electric Division of the PUCT.

These long-term projections take into account prcjected qpot-market

price, existing contracts, and a number of other factors. These

projected fuel costs are fourd in Volume I, Ctrapter Two of this

report.

Capacrty data are provided by ttre Engineering Section of the

Electric Division at the PUCT and based on data in the ten-year load

forecasts frled by the state's generating electric utilities, December

1989.

Capacity Data
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Heat Rate Heat rate data providcd by the Engineering Section of the Electric

Division at tlre FUCT and are based on data in Monttrly fueI reports

filed with the PUCT.

Financid Data Financial dua arc projected via the ftced cost model described in

Chap,ter Two of this volume. The capacity expansion data &ives

thcse projectioru.

Operating Data Sales, average prices, and fuel costs are projected wiftin the

econometric models. That is, they are endogenous to the models.
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TABLE 3.1

STAIIF PROJECTED GROWTH RATES

SERVICE AREA ECONOMICIDEMOGRAPIilC VARIABLES
1988/1999
(Percen0

Utility
Service
Area

Non
Agriculnual

Nominal
Personal
Income

Real
Personal
Income

Total
Empiovment

TU ELECTRIC

HI.&P

GSU-TX

CPL

cPs

sPs-Tx

swEPccD(
IfRA
coA
WTU

EPE-T'(

TNP.PAI{H

TNP-NORITI

TNPSNT
TNP*SOUUI

TT{P-WEST

BEPC

1gryallvI$A

TEX(AS

LEVEL (1988)

LEVEL (19e9)

GRO}VTIT RATE

EPBNTX

GSU.NIX

SW
SPS.NTX

Sources:

Texas Econqnic Forccasc M. Ray Perryman, Ph.D.; May, 1990

Wharton Esonometric Forecasting Associatcs, Fdl 1989 Forecast

Ir.S. Departnrent of Commerce, Burcau of the Census

IJ.S, Bureau of Economic Andysis
Oklatrqn a Enploymcnt Security Commission

Arkansu Employment Sccurity Commission

New Mexico Department of kbor
l.ouisiana Departmcnt of Labor

Kansas Department of Labor

LN
1.52

0.06
1.65

1.31

0.94

0.83

1.59

2.49

LN
1.33

0.91

t.46
t.4g
0.73
1.60

2.Lg

t.47

16,837,000

19,68 000

1.40

L.?5

0.65

0.15

0.94

1.88

2.29
L.L4

2.L8

1.90

L.&
L.y
2.Lg

2.39

L.72

l.gg
t.47
1.90

1.93

r.37
1.77

2.59
'2.00

6,646,900

8,066,400

1.79

1.63

1.19

0.79
l.u

7.40
8.23

5.86
7.55

6.96
7.22

6.83
7.9L
7.gg
7.23

7.3L
7.23
7.40
7.4
7.08
7.L9

. E.03

7.58

u5,654
537,r70

7.39

7.35

6.39

5.89
7.22

2.L2
2.90

0.66
2.n
1.70

L.94

1.58

2.6t
2.68

1.95

2.43

1.95

2.t2
2.t6
1.81

L.92

2.72
2.29

2l9,562
326,0M

2.L0

2.09
, L.L4

0.68

t.94
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MODELII{G AI{D FORECASTII\G PROCEDURES

A major change in procc&ue for the 1990 Long-Term Peak Demand and Capacity

Resource Forecast for Texas is the incorporation of the data base and model development

in a personal computer environment using Time Series Processor (TSP): version 4.1C

(19SS). TSP, created in 1967 by Bronwyn H. Halt for TSP Intemational, provides data

manipulation, regression, forecasting, and advanced econometric techniques on mainframe

and srraller computer franeworks. In the past, softrnare used for the models, database,

graphics, and many of the data transformations were written mainly in TROLL, a mainframe

statistical soft:ware package developed at the Massachusetts Instinrte of Technology.

An advantage of TSP is ttrat it is able to read informuion directly from workslpets. This is

convenient becatrse data, in the form of LOTUS 123 workstreets, can be directly read into

TSP and ttre rcsults can easily be developed into LOTUS $aphs. A disadvantage of TSP is

ttrat it is unable to convert data to lower frequencies. Tlpically, annual data needs to be

converted into quarterly data. Under these circumstances, (PC) SAS is used to expand data

from lower frequencies. The method used fits spline curves to the input values.

Sales Model Estimation Procedure

The appropriate choice of estimation technique for a simultaneous equation model is'a

frequent topic of debate. From a pruely theoretical perqpective, two-stage least squarcs,

three-stage least squares, or fu11-information-maximucr-likelihood tecturiques are favored for

their minimization of simultaneous-equation bias. Practitioners often find ordinary leas

squares to be more robust, eqpecially in small samples where full information estimators lose

their desirable properties. Both ordinary leas squares and trro-stage least squares are applied

to the models. Since the estimation rcsults do not differ significantly with respect to the

choice of estimator, the more theoretically appealing method, two-stage least squares (2SLS),

is used in producing the fnal results.

l

l
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In TSP, 2SLS is treated as an instrunrental variables technique. The modeler is required to

choose the instnrments used in estimation. In most cases, all of the "impottant"

predetermined (exogenous and lagged endogenous) variables involved in the stochastic

equations are selected as iirstnrments. In some of the larger models, dummies and other

variables of lesser imporrance are excluded to enable the insmrment set to satisfy the

constraint ttrat the number of instnrments not exceed the number of observations.

A common problem encountered in dealing with time-series, especially when some data are

transformed, is the prcse,nce of autocorrelation. In the prcsence of autocorrelation, the

estimated coef6cients are not u minimum variance and are therefore, not consistent. As a

result, the estimated coefficiens will not be as precisely determined as they might be. A
modifred 2SLS procedure is used when deemed appropriate. This method employs the

algorithm developed by Fair (1970) to corect for autocorrelation in simultaneous equation

systems. Fair has determined that when performing instnrmental-variable estimation

combined with a serial-correlation correction, the lagged dependent and independent

variables must be in the instnrment list in order to obtain consistent estimates.

Simulation is perfonned using the Gauss-Seidel method. Gauss-Seidel is a classical method

for iterative solution of a set of linear equations, particularly those arising from least squares

solutions, and is fundamentally a recursive loop through the equations.

Conversion to Peak Demand Projections

The electricity sales projections produced by the Econometric Modeling System previously

described arc converted into forecasts of peak demand using the Hourly Electric l.oad Model

(lIELlvD. HELM, developed by ICF, Incorporated for EPRI, is a stnrctural model that

applies hourly load shapes to class (i.e , Residential, Commercial, Industrial) sales forecasts

in order to obtain hourly delnand projections. The houly dernands are summed across

classes and added to horuly losses in order to produce hourly demand for the entire system.

Peak de,nand is then extracted from this system hourly demand forecast.

Generation requirements are also calculated in HEIi{ by adding total system losses to the

total sales projections. The system losses are obtained by applying loss factors to the class

sales projections and then summing across the classes. Class loss factors used in this step are

derived from the results of utility-sponsored loss stndies presented in recent rate cases before
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the Commission and in

filings.

contained in ttre utility l-oad and Capaciry Resource

The Long.Term Electric Peak Demand and Capacity Resource Forecast for Texast

19EE represens the first application of HELM for developing the ofEcial PUCT peak demand

forecast. This approach is a significant improvement over previous efforts in which constant

load factors were applied to class sales forecasts. The use of I{EI { also allows more

flexibitity in load forecasting because various weattrer scenatios, load management Programs,
.and changes in customer mix and consumption patten$ may be exptcidy modeled-

information
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MODEL ESTII\{ATION RESTILTS



A.1 TEXAS UTILITIES ELECTRIC COMPAIT{Y

MODEL: TTJEC

SY-I\{BOL DE&AIL{TIONS

EI\IDOGENOUS:

AFCTU

AQrnJ

CAPINSTl

CAPTU

CSTU

GRPINTA

GRPLNTB

GRPLNTC

GRPLNTD

GRPLNTE

GRPLNTF

GRPINTG.

GRPLNTH

GRPLNTI

GRPLNTJ

GRPLNTK

GRPINTL

GRPLNTM

GRPLNTN

GRPPNU

GENRTU

IAPINST

IAPTU

ISTU

OAPTU

OSTU

-

?

-

-

A\IERAGE FDGD COSTS:O00'S OF $ PER lvfwH

A\IERAGE FUEL A}ID PURCHASED POWER COSTS:

000's oF $ PER tI[wH

INSTRUMENT FOR CAPTU

COMMERCIALA\IERAGE PRICE:'000 OF $ PER lvfWH

COMMERCIAL SALES :lvfWH

GENERATION REQLIIREMENT FROM PLAI.IT A:lvfVlII

GENERATION REQUIREMENT FROM PLAI{T B:MWH

GENERATION REQUIREMENT FROM PLAI{T C$I{WH

GENERATION REQLJIREMENT FROM PI-AI$T D:lvfSlII

GENERATION REQUIREMENT FROM PI-AhIT E:lvfWH

GEI.IERATION REQM FROM PI-AI{T F${WH

GENERATION REQI'IREMENT FROM PI-AI{T GMWH

ENERATION REQT'IREMENT FROM PLAI{T HjvIWH

GENERATION REQW FROM PI-AIIT IivIWH

GENERATION REQLJIREMEI.IT FROM PLAI{T J:}vfWH

GENERATION REQTJIREMENT FROM PLAI{T K:IVIWH

GENERATION REQLJIREMENT FROM PI-AIIT r-' :lvf\MH

GENERATION REQ(IREMENT FROM PLAI{T M:}vfWH

GENERATION REQI,'IREMENT FROM PLAI\TT N:IVIWTI

GENERATION REQUIREMENTS FROM PI'RCAHSED POWER

FROM NON.UTILTY SOURCES

GENERATION REQUIREMENTS :}V[WH

INSTRUMENT FOR IAPTU

INDUSTRIAL A\IERAGE PRICE:'000 OF $ PER IvflilH

II$DUSTRIAL SALES :lv[WH

OTIIER SALES A\IERAGEPRICE:000'S OF $ PERMWH

OTIIER SALES:MWH



PLNTAC

PLNTBC

PLNTCC

PLNTDC

PLNTEC

PLNTFC

PLNTGC

PLNfiIC

PLNTIC

PINTJC

PLI{TKC

PLI.ITLC

PLNTMC

PPNUC

arflJ
RAPINST

RAPTU

RSTU

TvCTU

TSTU .

VCPLNTA .

VCPLNTB .

VCPLNTC .

VCPLNTD O

VCPLNTE .

VCPLNTF .

VCPLNTG

VCPLNTTI .

VCPLNTI .
VCPLNTJ .

VCPLNTK ,

VCPLNTL .

VCPLNTM -
VCPLNTN .

VCPPNU .

EC O NO M I C M O DELS; S?t T I ST I CAL E SUAT I O N E ST ItuIAT I O N

. CONDITIONALVARIABLE

. CONDITIONALVARIABLE

. CONDMIONALVARIABLE

. CONDITIONALVARHBLE

. COND TIONALVARIABLE

- CONDITIONALVARIABLE

. COI{DITIONALVARIABLE

. CONDITIONALVARIABLE

. CONDITIONALVARI,ABLE

. CONDITIONALVARIABLE

. CONDITIONALVARIABLE

. COI{DITIONALVARIABLE

. COI{DITIONALVARIABLE

- CONDITIONALVARIABLE

TOTAL FUEL E)(PENSE ESTIN4ATE:0O0'S OF DOLLARS

INSTRUMENT FOR RAPTU

RESIDENTIAL A\ERAGE PRICE:0OO'S OF $ PER NnilH

RES IDENTHL SALES :lvfVlH

TOTAL FUEL E)(PENSE A}ID PURCHASED POWER
REQWS:OOO'S OFDOLLARS

TOTAL SYSTEM SALES :lvISlH

VARIABLE COST FOR PLAIIT A:000'S OF $

VARIABLE COST FOR PI-AIIT B:000'S OF S

VARIABLE COST FOR PI-AIIT C:000'S OF S

VARIABLE COST FOR PLAI{T D:000'S OF $

VARHITLE COST FOR PL"Al.lT E:000'S OF $

VARIABLE COST FOR PI-AI{T F:000'S OF $

VARIABLE COST FOR PLAIIT G:000'S OF $

VARIABLE COST FOR PLAI{T H:000'S OF S

VARIABLE COST FOR PI-A}IT LOOO'S OF $

VAIUABLE COST FOR PI-AI.IT J:000'S OF S

VARIABLE COST FOR PI-AIIT K:000'S OF S

VARIABLE COST FOR PLANT L:000'S OF S

VARIABLE COST FOR PLAIIT M:000'S OF $

VARIABLE COST FOR PLAI{T N:000'S OF S

COST OF PURCHASED POWER FROM NON-I.ITILITY
SOURCES:OOO'S OF S
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WAPINST

WA.PTU

WSTU

EXOGENOUS:

c
CCDDINST

CCTU

CDDTU

CHDDINST

CPITX

D1

D3

CTCPLNTA

CTCPINTB

GCPLNTC

CTCPLNTD

GCPLNTE

GCPLNTT

GCPLNTG

C'CPLNTII

GCPLNTI

C'CPLNTJ

GCPLNTK

CTCPLNTL

C'CPLNTM

GCPPNU

GNPD

HDDTU

ILFCSTU

ILFISTU

ILFOSTU

ILFRSTU

ILF'WSTU

A.I TEXAS WILNIES ELECTRIC COMPA}IY

INSTRUMENT FOR WAPTU

WHOLESALE A\IERAGEPRICE:000'S OF $ PER NnilH

WHOLESAIJ' S ALES :lvf\ilH

CONSTAI{TTERM

INSTRUMENT FOR COMMERCIAL COOLING DEVCEE DAYS

NUMBER OF COMMERCIAL CTJSTOMERS

COOLING DEGREE DAYS:NUMBER OF DAYS

INSTRUMENT FOR COMMERCI.AL TIEATING DEGREE DAYS

TEXAS CONSUMER PRICE II$DH(

DUMIVIY FOR II.IDUSTRIAL PRICE EQUATION

DLJMIvfYFOR OTIIER SALES EQUATION

GENERATION CAPABILITY OF PLAI{T A:lvfWH

GENERATION CAPABILITY OF PLAIIT B :lvfWH

GENERATION CAPABILITY OF PLAI\TT CslIWH

GENERATION CAPABILITY OF PI-AI{T Dj\{WH

GENERATION CAPABILITY OF PLAI{T E:}vfWH

GENERATION CAPABILITY OF PLAI{T F:NI\ilH

GENERATION CAPABILITY OF PLAI{T GMWH

GENERATION CAPABILITY OF PI-A}'{T HJVfWH

GENERATION CAPABILITY OF PLAI{T L}vfWH

GENERATION CAPABILITY OF PLAIIT I:lvrWH

GENERATION CAPABILITY OF PLAI{T K:lvfWH

GENERATION CAPABILITY OF PLANT L:lvfWH

GENERATION CAPABILITY OF PLAIIT M:lvfWH

GENERATION CAPABILITY OF PURCAIISED POIVER

FROM NON.UTILITY SOURCES

GNPDEFLATOR

}IEATING DEGREE DAYS:NUMBER OF DAYS

LOSS FACTOR: COMMERCIAL SALES;

LOSS FACTOR: II{DUSTRIAL SALES;

LOSS FACTOR: OTHER SALES;

LOSS FACTOR: RESIDENTIAL SALES;

I-oSS FACTOR: WHOLESALE SALES;
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ECONOMIC MODELS : STATISTICAL EQAATION ESTIMATION

MATFCFCTU - FOttR QUARTER MOVING SIJM OF
TOTAL FDGD COSTS:0OO'S OF $

NAGTU . NON-AGRICT'LTI,'RALEMPLON\4ENT:OOO'S OFPERSONS

PNGCOM . PRICE OFNATTJRAL GAS TO COMMERCI,AL CUSTOMERS: $ PER MCF

POPTU. . POPI'I-ATION IN TU SERVICE AREA OOO'S OF PERSONS

PPtr - PRODUCERSPRICEII{DEXFORII{DUSTRIALGOODS

RCDDINST - INSTRI'MENT FOR RESIDENTIAL COOLING DEGREE DAYS

RCTU - RESIDENTIALCUSTOMERS:NUMBEROFCUSTOMERS

RIIDDINST . INSTRIJMENT FOR RESIDENTIAL HEATING DEGREE DAYS

RPITU - REALPERSONALINCOME(BILLIONSOFDOLLARS)

RPNGIND . REALPRICEOFNATITRALGASTOII{DUSTRI.AL
CUSTOMERS

IJFCPLNTA - VARIABLE COST TO PRODUCE ONE lyfs/H OF ELECTRICITY:
IN PLAI{T A:000'S OF $

ITFCPLNTB - VARIABLE COSTTOPRODUCE ONE lvfiilH OFELECTRICITY:
INPI,AI{TB:000S OF$

LTFCPLNTC - VARIABLE COST TO PRODUCE ONE lvIS/H OF ET.FCTRICITY:
IN PLAI{T C:000'S OF $

ITFCPLNTD - VARIABLE COST TO PRODUCE ONE lvf$lH OF ELECTRICITY:
INPLAI.ITD:000'S OF$

ITFCPLNTE - VARIABLE COST TO PRODUCE ONE lvf$fH OF Er I?CTRICITY:

INPLAI{TE:000S OF$

ITFCPLNTF - VARIABLE COST TO PRODUCE ONE lvIStII OF ELECTRICITY:
INPLAIITF:000'S OF$

UFCPLNTG - VARIABLE COST TO PRODUCE ONE lvfwH OF ELECTRICITY:
IN PLAI{T G:000'S OF $

UFCPLNTII - VARIABLE COST TO PRODUCE ONE lvISlH OF FT FCTRICITY:
IN PI.AI{T IIOOO'S OF $

LTFCPINTI - VARIABLE COST TO PRODUCE ONE lvlsrH OF ELECTRICITY:
IN PI.AI{T LOOO'S OF $

UFCPLNTJ VARIABLE COST TO PRODUCE ONE lvIS/H OF Fr FCIRICITY:
IN PI-AI{T J:000'S OF $

ITFCPLNTK - VARIABLE COST TO PRODUCE ONE lvtWH OF ELECTRICITY:
INPI-AIIITK:000'S OF$

UFCPINTL - VARIABLE COST TO PRODUCE ONE lvfiilH OF ELECTRICITY:
INPLAI.ITL:000'S OF$

ITFCPLNTM - VARIABLE COST TO PRODUCE ONE lvfiilH OF ELECTRICITY:
IN PLAI{T M:000'S OF $

UFCPLNTN - VARIABLE COST TO PRODUCE ONE lvfltrH OF ELECTRICITY:
IN PLAI{T N:000'S OF S

:JFCPPNU 
- 

ffiH$SttTffiffi,ff*FRoMNoN-urILIrY
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IDENTITIES

RAPINST

CAPINSTl

IAPINST

WAPINST

OAPINST

TSTU

AQTTU

AFCTU

GEI{RTU

PPNUC

PLNTAC

PLNTBC

PLNTCC

PINTDC

PLNTEC

PINTGC

PLNTHC

PLNTIC

PLNTJC

PLNTKC

PLNTLC

PLNTMC

GRPPNU

VCPPNU

GRPLNTA

VCPLNTA

GRPLNTB

VCPLNTB

GRPLNTC

VCPLNTC

--
--
--
--
--
--
--
--
--

A.I TEXAS WILITIES EI.ECTRIC COMPAATY

WITX)*NCTU
(ffiC'COIO*CgIU
(IAPTIJ/PPI)

WAPTU/GNPD

OAPTU/GNPD

RSTU+CSTU+ISTU+WS TU+OS TU

qrrurrsru
IvIATFCII'LI/(TSTU+TSTU(- 1 )+TSTU(- 2)+TST1](- 3 ))

RSTU* ILFRSTU+CSTU * IIFCSTU+ISTU* ILFIS TTJ+

WS TU * ILFIWSTU+OSTU * ILFOS TU

GEhIRTU.GCPPNU

PPNUC.GCPLNTA

PI.NTAC.GCPLNTB

PTNTBC.GCPLNTC

PLNTCC-GCPLNTD

PLNTDC.GCPLNTE

PLNTEC.GCPLNTF

PLNTFC.GCPLNTG

PLNTGC.GCPLNTII

PLNTHC-GCPLN:N

PLNTIC-GCPLNTJ

PLNTJC-GCPLNTK

PLNTKC.GCPLNTL

PLNTrc.GCPLNTM

(PPNUO0)*C'CPPNU+(PPNUC<0)*GENRTIJ

GRPPNU*I'FCPPNU

(PPNU$O) *((PLI.IIAC>0)*GCPLNTA+(PINTAC<0)*PPNUC)

GRPLNTA*I'FCPLNTA

(PPNU6O)I.(PLNTAEO)*(PLNTB60)T.GCPLNIB+(PLNTBC<O)*PLNTAC)

GRPLNTBTI,FCPLNTB

(PPNU60)* (PLNTAO0yptltlc>0)*
(PI.l\ITCc>o) {'.GCPLI.ITC+(PLNTCC<0)*PLNTBC)

GRPLNTC*I'FCPLNTC

--
-I
--
--
--
-O
--
--
--
--
--
--
--
--
--
I-
--
--
--
--
--
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GRPLNTD = (PPNU60)*(PLNTAC>0){'(PLNTBO0)*(PLNTCS0)*
(PLNTDG0)r'GCPLNTD+(PLNTDC<0){'PLNTCC)

VCPLNID = GRPLNTDTITFCPLNTD

GRPLNTE = (PPNUO0){'(PINTAO0)*(I'LNTBO0)*(PLNTC60)*(PLNTDC>0){'
((PLNTES0) {' GCPLNTE+(PLNTEC<0)*PLNTDC)

VCPLNTE = GRPLNTE*UFCPLNTE

GRPLNTF = (PPNU$0X'@INTAO0)*(PLNTB$0){'(PINTC$0)i'PLNTDG0)*
(PLNTE60)r((PINTFSO)*GCPLNTF+(PLNTFC<0)*PLN]Ec:)

VCPINTF = GRPLNTFTTTFCPLNTF

GRPLNTG = (PPNU60)*(PLNTA$0){'(PLNTB60){'(PLNTCC>0)*(PLNTDC>0)|'
(PLNTE$0)*((PLNTF60){'(PLNTGO0) *GCPINIG+(PLNTGC<O)*PLNrrC)

VCPLNTG = GRPLNTG{'UFCPLNTG

GRPLNTII = (PPNUC>0){'(PINTAS0)i'PLNTB$0){'(PLNTCC>0)r'@LNTDC>0)*
(PLNTES0) *(PINTFGO){'(PLNTG$0)r' (eINTIr$0)f GCPLNTTI+
(PLNTHC<o)i'PLNTGC)

VCPLNTII = GRPLNTH+UFCPLNfiX

GRPLNTI = (PPNUO0){'(PLNTAS0)*(PLNTBO0){'(PLNTCC>0)*@LNTDC>0)''
(PLNTEC>o){,(PLNTF60) {,(PLNTGC>0){, (PLNTHC>o){,
(PLNTI60)r'GCPLNTI+(PLNTIC<OTPLNmC)

VCPLNTI = GRPLNTI{'UFCPLNTI

GRPLNTJ = (PPNUG0)*(PLNTAG0X'(PLNTBS0)*(PLNTC60)*@LNTDC>0)*
(PLNTE$0)*(pllfrFc>o)*(pLNTG$0)r,(PLNTHS0)*
(PLNTIO0){'((PLNTJGQ)*GCPINTJ+(PLNTJC<0)*PL,I\6IC)

VCPLNIf = GRPLNTJT'UFCPLNTJ

GRPLNTI( = (PPNU$0)i'PLNTAO0){'(PLI'{TB$0)*(PLNTCS0){'(PLNTDC>0)*
(PI-NTE60){, (PLNTF60)*(PLNTGO0){,(PLNTH60)*(PLNTIe>0)*
(PLNTJS0){'((PLNTKC>0)*GCPLNTK+(PLNTKC<0)*'PLNTJC)

VCPINTK = GRPLNTK*IJFCPLNTK

GRPLNTL = (PPNUO0)i'(PLNTAC>0)i'@LNTBO0)r'PLNTCC>0){'(PLNTD60){'
(PLNTE$o)* (PLNTFS0)* (PLNTGO0){,(PLNTIIC>0)*(PLNTTS0)*
(PLNTJ60){'(I|LNTK60)r'(@LNTL$O){'GCPLNTL+(PLNTIf <0)*PLNTKC)

VCPLNTL = GRPLNTL*UFCPLNTL

GRPLNTI\{ = (PPNU60)*(PLNTAS0)*(PLNTBO0)i'PLNTCO0)*(PINTD60){'
(pLNlEc>o)r,(PLNTFC>o)* (PLNTGC>o)*(PLNTHC>o)*(PLNTIC>o)*
(PLNTJOO)*(PLNTKC>O){'(PLNTLOO)*(PLNTMOO)*GCPLNTM+
(PLNTMC<o)*PLNTLC)

VCPLNTM = GRPLNTM*UFCPLNTM

GRPIJ{I$I = (PPNU60)*(PLNTAS0)''(PLNTBO0){'(PLNTC60)*(PLNTDC>0)*
(PLNTEO0X,(PINTFC>0)* (PLNTGC>o)r,(PLN1I{60)*(PLNTIe>0)
*(ITLNTJO0)* (PLNTKO0) *(PINTLO0)*(PLNTndC"r0){'PINTMC

VCPLNTII = GRPLNTI{*IIFCPLNT}I
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TvCTU

AJ TEXAS WNNIES EI.ECTRIC COMPAATY

= VCPLNTA+VCPINTB+VCPLNTC+VCPLNTDTVCPINTE+VCPINTFT
VCPLNTG+VCPINTH+VCPLNTI+VCPLNTJ+VCPLNIK+VCPLNTL+
VCPLNTTI+VCPLNTN+VCPPNU

EQUATION ESTIMATES

2SIS ESTTil4ATION USING IVIA)qMUM LIKELIHOOD TTERATI\IE TECIIMQITE

EOUATIONl: RESIDENTIALSALES

RSTU = a0 + a1*RAPINST + a2*RPITU + a3*RCDDINST + a4*RHDDINST

FINALVALUEOFRHO

STAI{DARDERROR OFRHO

T.STATISTIC FOR RTIO

suM oF SQUARED RESIDUAIS

STA}IDARDERROR
OF TIIE REGRESSION

MEAI{ OFDEPEI{DENT
VARI,ABLE

STAI{DARD DEVIATION

R2

ADruSTEDR2

DURBIN-WATS ON STATISTIC

I,OG OF LIKELIHOOD FUNCTION

NUMBER OFOBSERVATIONS

--
--
--
--

I-

--
--
--
--
--

--
-I

-0.295151

0.155850

-0.89382

0.5785638+13

366810.

0.7113188+07

0.1682868+07

0.956602

0.952565

r.94?S

-680.519

4g

VARHBLE
ESTIIVIATED

COEEFICIENT
STAI.IDARD

ERROR T.STATISTIC

c
RAPINST

RPITU(4)

RCDDINST

RTIDDINST

-0.14581E+07

-26.016

0.641478+06

0.252638-42

a.L7U8E-02

0.33464E+06

12.506

0.10287E+06

0.14098E-03

0.142618-03

4.3572

-2.0803

6.2357

17.920

12.095

2SIS ESTIIvIATION USING IVIAXIMUM LIKELIHOOD ITERATTVE TECHNIQUE

Page



ECON OM IC M ODELS : STATISTICAL EOAATION E STIITIATION

EOUATION 2: COMMERCIAL SALES

CSTU = b0 + b1*CAPINST1 + b2*NAGTUG4) + b3*CCDDINST + b4*CHDDINST

FINALVALUEOFRHO

STA}IDARDERROR OFRHO

T-STATISTIC FOR RHO

sIrM oF SQUARED RESIDUALS

STAI{DARDERROR OFTHE
REGRESSION

FINALVALUEOFRHO

STA}IDARDERROR OFRHO

T-STATISTIC FOR RHO

SUM OF SQUARED RESIDUAIS

--
--
--
--

--

0.688512

0.1 10979

6.2M00

0.161948E+13

194068.

0.1496888+07

795049.

0.945489

0.940419

0.8906

-650.237

4g

MEAI{ OF DEPENDENT VARIABLE =

STAI{DARD DEVIATION

g2

ADruSTEDR2

DURBIN-WATS ON STATISTIC

LOGOFLIKELIHOOD
FUNCTION

NUMBER OF OBSERVATIONS

2SIS ESTIMATION USING COC}IRAI.{E.ORCUTT ITERATT\IE TECHNIQT'E

EOUATION3: INDUSTRIALSALES

ISIII = c{+c1*ISTU(.4)+c2*IAPINST+c3*RPINGIND+c4*NAGTU+d*CDDTU

--
--
--
--

0.4L7418

0.136994

3.04698

0.905730E+12

VARIABLE
ESTIIVTATED

COETT'ICIENT
STAhIDARD

ERROR T.STATISTIC

c
CAPINSTl

NAGTU(4)

CCDDINST

CTIDDINST

-0.3L402F+47

-430.18

3632.6

0.652ffiF,-02

0.260L48-02

0.709828+06

234.20

379.59

0.31185E-03

0.33047tu03

4.4V+0

-1.8368

9.5699

20.928

7.87L8

Page A-1.8



STA}.IDARDERROR OF
TTIE REGRESSION

MEAI{ OF DEPENDENT
VARIABLE

STA}IDARD DEVIATION

R2

ADruSTEDR2

DI.'RB IN-WATS ON STATISTIC

LOG OF LIKELIHOOD FUNCTION

NUMBER OFOBSERVATIONS

sUM OF SQUARED RESIDUAIS

STAI{DARDERROR OFTHE
REGRESSION

MEA}I OFDEPEI{DENT
VARIABLE

STAI{DARD DEVIATION

R2

ADruSTEDR2

DI,}RBIN.WATS ON STATISTIC

F-STATISTIC(4,43)

NT,JMBER OF OBSERVATIONS

A.T TEXAS WILITIES ELECTRIC COMPAATY

154386.

0.2890038+07

340734.

0.818661

0.794801

r.7670

-584.885

44

--
--

2SIS ESTIIvIATION

EC}UATION4: WHOLESALESALES

WSTU = dO + dFWAPINST + d2*NAGTU + d3*CDDTU + d4*IIDDTU

--
--
--
--

--
--
--
--

--
--

0.158870E+12

60783.6

0.I23n28+07

24763r.

0.9M879

0.939752

2.2I56

184.268

48

VARHBLE
ESTIIV{ATED

COEFHCIEI.IT
STAIYDARD

ERROR T.STATISTIC

c
ISTU(4)

IAPINST

RPNGII$D

NAGTU

CDDTU

-0.309808+06

0.23163

-0.36204E+08

0J6n9E+06

2r70.7

172.68

AS4221E{-06

0.15683

0.1 11458+08

99810.

490.92

46.799

-0.57135

1.4769

-3.2483

1.6310

4.4217

3.6899



E C O N O M I C M ODELS; S22t T I ST ICAL E SUAT I O N E ST ItuIAT I O N

VARIABLE
ESTIIVIATED

COEFFICIENT
STAI{DARD

ERROR T,STATISTIC

c
WAPINST

NAGTU

@DTU

IIDDTU

-0.943568+06

-0.517268+47

833.62

529.65

3U.15

0.11202E+06

0.20820E+07

M.L62

2g.gg2

29.62t1

-8.4229

-2.4844

18.876

18.269

L0.942

2SI,S ESTIIYIATION

EQUATION 5: OTIIER SALES

OSTU = e0 + e1*OAPINST + e2*POPTU + e3*CDDTU + e4*D3

SUM OFSQUAREDRESIDUAIS = A39L7848+11

STAI{DARDERROR OFTTIE
REGRESSION = 30184.9

MEAI\T OF DEPEI{DENT
VARIABLE = 5L7536.

STANIDARDDEVIATION = 104.349.

P2 = 0.g2345I

ADruSTED R2 = 0.916330

DURBIN-WATSON STATISTIC = 1.7858

F-STATISTIC(4,43) = 129.672

NLTMBER OFOBSERVATIONS = 48

VARIABLE
ESTIIVIATED

COETT'ICIE\[T
STAITIDARD

ERROR T.STATISTIC

c
OAPINST

POPTU

CDDTU

D3

-0.1639?E+06

-0.393938+47

166.81

52.376

66763.

96299.

0.125188+07

29.5r2

7.6267

23871.

-t.7422

-3.1470

5.6525

6;8675

2.7968
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A.I TEXAS WILNIES ELECTRIC COMPAAIT

2SIS ESTIIvIATION

EQIJATION 6: RESIDENTIAL PRICE

RAPTU = fl) + fl*AQTTU + f2*AFCTU

suM oF SQUARED RESIDUALS

STAI{DARDERROR OFTIIE
REGRESSION

MEA}I OFDEPEI{DENT
VAItt{BLE

STAI{DARD DEVIATION

j2

ADruSTEDR2

DURB IN.WATS ON STATISTIC

F-STATTSTIC(2,5)

NUMBER OF OBSERVATIONS

--

--
t-
--
--
--
I-
--

0.8705118-03

0.4398268-02

0.571189E-01

0.r2r8658-01

0.875288

0.869746

2.0660

r57.9L2

48

VARHBLE
ESTIIVTATED

COEFFICIENT
STAI{DARI)

ERROR T-STATISTIC

c
AQrru
AFCTU

0.913578-02

1.5413

0.68219

0.364108-02

0.204u

0.25138

2.509r

7.5466

2.7L38

2SIS ESTIIvIATION

EQUATIONT: COMMERCIALPRICE

CAPTU = g0 + g1*AQTTU + g2*AFCTU

sLlM oF SQUARED RESIDUATS

STAI{DARD ERROR OFTIIE
REGRESSION

MEAI{ OFDEPEI{DENT
VARIABLE

STA}.IDARD DEVIATION

--
--

0.282978E-03

0.?s07678-02

0.504781E-01

0.866286E-02
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ECONOMIC M ODELS : STATISTICAL EQAATION ESTIMATION

j2 = 0.919777

ADruSTEDR2 = 0.916211

DURBIN-WATSONSTATISTIC = 2.1574

F-STATISTIC(2'45) = 257.946

NUMBEROFOBSERVATIONS = 48

2SIS ESTII{ATION

EOUATION 8: INDUSTRIALPRICE

IAPTU = h0 + h1*AQTTU * 52*6FQTU + h3*D1

SLIM OF SQUARED RESIDUAIS = 0.L79410E-03

STAI{DARDERROR OFTIIE
REGRESSION = 0.201928F,-02

MEAI{ OFDEPENDE}.IT
VARIABLE = 0.365654801

STAIIDARD DEVIATION = 0.7600&E-Oz

P2 = 0.933928

ADruSTED R2 = O.gZg423

DURBIN-WATSON STATISTIC = 2.0955

F-STATISTIC( 3,M) = 2A7.2g7

NUMBER OFOBSERVATIONS = 48

VARIABLE
ESTIIVTATED

COEFTICIENT
STAI{DARD

ERROR T.STATISTIC

c
AQTTU

AFCTU

0.169648-01

1.2322

0.34792

0.207598-02

0.11&5

0.14332

8.1716

10.581

2.4275

VARIABLE
ESTII\{ATED

COEFT"ICIENT
STAI.IDARD

ERROR T.STATISTIC

c
AQTTU

AFCTU

D1

-0.1072L8-02

0.67615

1.0519

-0.60L3L8-02

0.2782L8-42

0.14775

0.232L2

0.r2905E-02

-0.38536

4.576/.

4.5317

-4.6594
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A.7 TEXAS WILNIES ELECTRIC COMPAA{Y

2SIJ ESTIil4ATION

EQUATION O: TVHOLESALEPRICE

WAPTU = i0 + i1*AQTTU + i2*AIICTU

SI,JM OF SQUARED RESIDUALS

STAI{DARD ERROR OFTIIE
REGRESSION

MEAI{ OFDEPENDEI{T
VARI,ABLE

STA}.IDARD DEVIATION

p2

ADruSTEDR2

DURBIN.WATS ON STATISTIC

F-STATISTIC(2,45)

NUMBER OF OBSERVATIONS

--

--
--
--
--
--
--
--

0.3288958-03

0.n0348F,-02

0369773F'0r

0.8280788-02

0.897949

0.893414

L.9494

r97.978

48

VARHBLE
ESTIIVTATED

COEFHCIENT
STAhIDARD

ERROR T.STATTSTIC

c
AQrfl,I

AFCTU

0.33153F.42

1.0043

0.5422L

a.22380E 02

0.12554

0.L5452

1.4814

7.9997

3.5091

2SI,S ESTIIvIATION

EOUATION 10: OTIIER PRICE

OAPTU = j0 + j1*AQTTU + j2*AFCTU

STJM OF SQUARED RESIDUAIS

STA}IDARD ERROR OFTTIE
REGRESSION

MEAI{ OFDEPENDENT
VARIABLE

STA}IDARD DEVIATION

--
--

0.284908E"03

0.251621F,-02

0.511625E 01

0.1138448-01



EC ONOMIC M ODELS : STAT ISTICAL E$AATION ESTIMAT ION

X2 = A.953239

ADruSTED R2 0.951160

DI]RBIN-WATSON STATISTIC = 2.4L96

F-STATISTIC(2"45) = 458559

NUMBER OFOBSERVATIONS = 48

2SIS ESTIIvIATION

EOUATION 1 1: TOTAL FUEL E)PENSE

QTTU=k0+k1*TVCTU

SUMOFSQUAREDRESIDUAIS = 0.911468+11

STAI{DARD ERROR OFTTIE
REGRESSION = M513.0

MEAI{ OFDEPEIVDENT
VARIABLE = 347582.

STAIIDARDDEVIATION = l3l7g2.

p2 = 0.888540

= 0.886117ADruSTEDR2

DURBIN-WATSON STATISTIC = L.8292

F-STATISTIC(1'46) = 366.006

NLTMBER OFOBSERVATIONS = 48

VARIABLE
ESTIIVIATED

COEFF"ICIENT
STAI{DARD

ERROR T.STATISTIC

c
AQTTU

AFCTU

0.140818-42

L.27L0

0.97770

0.20830E-02

0.11685

0.14381

0.67599

10.878

6.7985

VARIABLE
ESTIIVTATED

COETTTCIENT
STAhIDARD

ERROR T.STATISTIC

c
TVCTU

1757L.

0.98340

18422.

0.51450E-01

0.95381

19.LL4
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MODEL: HL&P

SIA{BOL DECLARATIONS

EIYDOGENOUS:

AFCHLP

AQTHLP

CAPHLP

CAPINST

CSHLP

GENRHIJ

GRNG

GRPLNTA

GRPLNTB

GRPINTC

GRPLNTD

GRPLNTE

GRPLNTF

GRPPNU

IAPHLP

IAPINST

ISHLP

PLNTAC

PLNTBC

PLNTCC

PINTDC

PLNTEC

PLNTFC

PPNUC

QTHLP

RAPHLP

A.2 HOUSTOIY LIGHTII{G & POWER COMPAI{Y

-

-

ATfERAGE FDGD COSTS:0005 OF $ PER MWH

AVERAGE FUEL AI{D PIJRCHASED POWER COSTS:000 S OF $ PER VflilH

COMMERCIAL AVERAGE PRICE:OO0'S OF $ PER MWH

INSTRI'MENTFOR CAPHLP

COMMERICAL SALES:MWH

GENERATTON REQLIREMENTS jtvfwH

GENERATION REQIIREMENTS FROM NATURAL GAS PLAI\rT:Ufiil[r

GENERATION REQUIREMENT FROM PI.AI.IT A:I\4WH

GENERATION REQI'IREMENT FROM PI"AI{T B :MWII

GENERAIfTON REQLTIREMENT FROM PLAI.IT C:I\4WH

GENERITTION REQIIREMENT FROM PLAI-IT DiMwH

GENERIITION REQIJIREI\4ENT FROM PLAl.lT E:IvIWH

GENER,IITION REQI.JIREMENT FROM PI.AI{T F:I\{WH

GENERITTION REQUIREMENTS EROM PURCIIASED POWER

FROM NON-UTILITY S OURCES :lvIVIH

II{DUSTRIAL AVERAGE PRICE:000'S OF $ PER lvfWH

INSTRIJMENTFOR IAPHLP

INDUSTRLAL SALES :lvfiilH

CONDITIONAL VARI,ABLE

CONDITIONALVARIABIE

COI{DEIONAL VARIABLE

COI{DITIONALVARIABLE

COI{DITIONALVARIABLE

COI{DITIONAL VARIABLE

COI{DITIONALVARIABLE

TOTAL FTJEL E)(PENSE AND PI'RCHASED POWER COST
ESTIIvIATE:O00'S OF $

RESIDENTIAL A\ZERAGE PRICE:0O0'S OF $ PER MWH

-

-

-

-



ECONOMIC MODELS: STATISTICAL EQAATION ESTIMATION

RAPINST - INSTRUMENTFORRAPHIJ

RSHLP RESIDENTIAL SALES:I\4WH

TSHLP . TOTALSYSTEMSALESMWH

TVCHLP . TOTALFT'ELANDPI]RCTIASEDPOWERHQENSE
REQUIREMENTS: 000'5 OF $

VO{G - NATIJRAL GAS COST:000'S OF $

VCPLNTA - VARIABLE COSTFORPLANTA: 000'5 OF $

VCPLNTB - VARIABLE COSTFOR PLAI{T B: 000'5 OF $

VCPLNTC - VARIABLECOSTFOR PLANT C: 000'5 OF $

VCPINTD - VARIABLECOSTFORPLANTD: 000'5 OF $

VCPLNTE - VARLABIJ COSTFOR PLAI{T E: 000'5 OF $

VCPLNTF - VARIABLE COST FOR PLAI{T F: 000'5 OF $

VCPPNU - PIJRCIIASEDPOWERCOSTFROMNON.UTILITYSOURCES:
000's oF$

EXOGENOUS:

APDI]M . DUMMYINA\IERAGEPRTCEEQUATION

C - CONSTA}ITTERM

C@DINST . INSTRT'MENT FOR COMMERCIAL COOLING DEGREE DAYS

CCTILP - COMMERCI.AL CUSTOMERS:NT]MBER OF CI,'STOMERS

CDDHLP - ' COOLING DEGREE DAYS:NUMBER OF DAYS

csDIrM - DIJMMY IN COMMERCIAL SALES EQUATION

GCPPNU . GENERIT]ION CAPABILITY OF PT'RCTTASED POWER
FROM NON-UTILITY S OURCES :lvIVIH

GCPLNTA . GENERATION CAPABIIJTY OF PI-AI{T AMWH

GCPLNTB - GENERATIONCAPABILITYOFPLAIITB:MS/II

CCPLNTC - GENERATIONCAPABILITYOFPLAI{TC:MIVH

GCPLN]D . GENERATION CAPABILITY OFPI-AT{T DMWH

GCPLNTE . GENERATION CAPABILITY OFPI.ANT Ej\{WH

GCPLNTF - GENERATIONCAPABILITYOFPLAT'ITF:IvfIilII

ILFCSHLP - I.oSSFACTOR:COMMERCIALSALES

ILFISHLP - I,OSSFACTOR:INDUSTRLALSALES

ILFOSHLP - LOSS FACTOR: OTIIERSALES

ILFRSHLP - IOSSFACTOR:RESIDENTIALSALES

ILFWSHLP - LOSS FACTOR: WHOLESALE SALES

ISDI'M . DUMMYFORINDUSTRTALSALES

IvIATFCHLP - FOUR QUARTER MOVING SIJMTOTALFDGD COSTS:000'S OFDOLI-ARS
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NAGHLP

OSHLP

PNC'COM

PNGII{D

PNGRES

RCDDINST -

RCHLP

RHDDINST

RPIHLP

UFCIYG

I]FCPLNTA .

UFCPLNTB .

IJFCPLNTC .

I'FCPLNTD O

UFCPINTE .

TJFCPLNTT .

AA HOUSTON LIGHTING & POWER COMPAATY

NON-AGRIW EMPLOAVIENT IN HLP SERVICE APtrA;
OOO'S OF PERSONS

OTHER SALES:IvIWH

PRICE OFNATURAL GAS TO COMMERCIALCTISTOMERS:
$PERMCF

PRICE OFNATURAL GAS TO INDUSTRIAL CI.'STOMERS:

SPERMff

PRICE OFNATURAL GAS TO RESIDENTIAL
CTISTOMERS:$ PER MCF

INSTRUMENT FOR RESIDENTIAL COOLING DEGREE
DAYS

RES IDENTIAL CUSTOMERS :NUMBER OF CUSTOMERS

INSTRUMENT FOR RESIDENTIAL ITEATING DEGREE

DAYS

REAL PERSONAL INCOME (BILLIONS OF DOLI-ARS)

VARIABLE COST TO PRODUCE ONE lvfWH OF ELECTRICITY
IN NATURAL GAS PLAI{T: 000'5 OF $

VARIABLE COSTTO PRODUCE ONE lvf\MH OFELECTRICITY:
IN PLAIIT A :000'5 OF $

VARIABLE COSTTO PRODUCE ONE Ivf\MH OFELECTRICIIY:
IN PLAI{T B:000'S OF S

VART A,BLE COST TO PRODUCE ONE lyflfrfH OF ELECTRICITY:
IN PI-AI{T C:000'S OF $

VARIABLE COST TO PRODUCE ONE lyfWH OF ELECTRICITY:
IN PI-AI{T D: 000'5 OF $

VARIABLE COST TO PRODUCE ONE lvfvrH OF ELECTRICITY:
IN PI-AI{T E:000'S OF $

VARIABLE COST TO PRODUCE ONE lvf\MH OFEIECTRICITY:
IN PI-AI{T F:000'S OF $

I,'NIT COST OF PURCHASED POWER FROM NON-I.TTILITY
SOURCES:0OO'S OF $ PER lvI\MH

WHOLESALE SALES:MVIH

(RAPHLP(- 3 y?NGRES (- 3 ) ) 
* R CHLP

(CAPHLP(4yPNGC OM(-4) ) 
* C CHLP

IAPHLP/PNGII{D

RSHLP+CSHLP+ISHLP+WSHLP+OS HI-P

QTHLPTTSHLP

IvIATFCHLP/(TSHLP+TSHLP(- 1 )+TSHLP(-2)+TSIn P(- 3 ))

UFCPPNU

WSHLP

IDENTITIES

RAPINST

CAPINST

IAPINST

TSHLP

AQTHLP

AFCHLP

--
--
--
--
--
--
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ECONOMIC MODELS : STATISTICAL E$AATION ESTII|,IATION

GENRHLP = RSHLP''ILFRSHLP+CSHLP*ILFCSHLP+ISHLP{'ILFISHLP+
WSHLP{'ILF.rff SHLP+OSHLP*ILFOSHLP

PPNUC = GENRHLP.GCPPNU

PLNTAC = PPNUC-GCPLNTA

PLNTBC = PLNTAC-GCPLNTB

PLNTCC = PLNTBC-GCPLNTC

PLNTDC = PLNTCC-GCPLNTD

PLNTEC = PLNTDC-GCPLNTE

PLNTFC = PLNTEC-GCPLNTF

CRPPNU = (PPNU60)*GCPPNU+(PPNUC<0)i'GENRHIJ

VCPPNU = GRPPNU*UFCPPNU

GRPLNTA = (PPNUO0)r'(@LNTAS0){'GCPLNTA+(PLNTAC<O)r'PPNUC)

VCPLNTA = GRPLNTA*ITFCPLNTA

GRPLNTB = (PPNU60)i'PINTA60)r'(@LNTB60)*GCPLN[B+(PLNTBC<0){'PLNTAC)

VCPLNTB = GRPLNTB{'UFCPLNTB

GRPLNTC = (PPNU60){'(PLNTA$0)*(PLNTBO0)''((PLNTC$0)*GCPLNTC+
(PLNTCC<O;{'pu\IO" 

'VCPINTC = GRPINTCT'IJFCPLNTC

GRPLNTD = (PPNUO0)*(PLNTAC0X'(PLNTBO0)*(PLNTC$0)*((PLNTDS0)*
cellrrp€txrpc<o){'PINTcc)

VCPLNTD = GRPINID*ITFCPLNTD

GRPINTE = (PPNUG0)*(PLNTAS0)*(PLNTBO0)i'@LNTCG0)'F(PINTD$0)*
(PIJ.ITEC>0)* GCPLNITE+(PLNTEC4)*PLNTDC)

VCPLNTE = GRPLNTE*IJFCPLNTE

GRPLNTF = (PPNUC>0)'TPLNTAS0)'i@INTB$0)*(PLNTCS0){'(PLNTDC>0)*
(PLNTEOO){' ((PLNTF$O)'r GCPINTF+(PLNTFC<0){'PLNTEC)

VCPLNTF = GRITTNTF{'UFCPLNTF

GRNG = (PPNUS0)*(PLNTA$0)*(PINTB$0)r'PLNTCC>0)*(PLNTDC>0)*
(PLNTES0)r,eLNTFO0) T,PIIITFC

VCNG = GRNG*UFCNG

TVCHI.P = VCPPNU+VCPLNTA+VCPLNTB+VCPLNTC+VCPLNTD+VCPLNTE+
VCPLNTF+VCI.IG
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A.2 HOASTON I.IGH:TING & POWER COMPAAIY

EQUATTON ESTrI{ATES

2SIS ESTIT4ATTON USING COCHRA]{F-ORCLITT. ITERATTVE TECTNIQLE

EOUATIONl: RESIDENTIALSALES

RSHLP

FINALVALUE OFRHO

STAI{DARDERROR OFRHO

T.STATISTICFOR RHO

sItM oF SQUARED RESIDUAIS

STAI{DARDERROR OFTHE
REGRESSION

MEAI{ OFDEPEI{DENT
VARIABLE

STAI{DARD DEVIATION

R2

ADruSTEDR2

DI'RBIN.WATSON STATISTIC

I,OG OF LIKELIHOOD FUNCTION

NUMBER OF OBSERVATIONS

= a0 + a1*RSHLP(.4) + a2{'RAPINST + a3*RPIHLP +

a4*RCDDINST + aS*RHDDINST

--
--
--
I-

I-
--
--
--

--
--

0.203500

0.14'/.357

L.40971

0.1933038+13

2L983L.

0.n7A26E+07

0.1087388+07

0.963692

0.959153

1.8633

-6n.885

46

VARHBLE
ESTII\{ATED

COEFNCIENT
STAI{DARD

ERROR T.STATISTIC

c
RSHLP(4)

RAPINST

RPIHIP

RCDDINST

RTIDDINST

-0.594848+06

0.71349

-28.792

0.28335E+06

0.793198-03

0.674638-03

0.819038+06

0.826888-01

17.990

0.225388+06

0.228518-03

0.236358j03

- 0.7262',1

8.6286

-1.6004

L.2572

3.47L2

2.8544
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ECONOMIQ MODELS : STATISTICAL EOaATION ESTIMATION

2SI.S ESTIIvIATION USING COCHRAI'IE-ORCIITT ITERATI\IE TECIIMQUE

EOUATION 2: COMMERCIAL SALES

CSHLP = b0 + b1*CSHLP(.4) + b2*CAPINST + b3*NAGHLP +
b4r'CSDLJM + bS*CCDDINST

FINALVALUE OFRHO

STA}IDARDERROR OFRHO

T-STATISTIC FOR RHO 
I

suM oF SQUARED RESIDUALS

STAI.IDARD ERROR OF TTIE
REGRESSION

MEA}I OF DEPENDENT
VARIABLE

STA}IDARD DEVIATION

g2

ADruSTEDR2

DURB IN-WATS ON STATISTIC

I,OG OF LIKELIHOOD FUNCTION

NUMBER OF OBSERVATIONS

--
--
--
--

a-

--
--
--
--
--

a-
--

0.n8495

0.141609

1.96665

0.2603858+12

80682.2

" 0.1910528+07

350708.

0.953140

0.947283

1.9738

-58L.777

46

VARIABLE
ESTIIVIATEI)

COEFF'ICIENT
STAFIDARD

ERROR T.STATISTIC

c
csHLP(4)

CAPINST

NAGHLP

CSDUM

CCDDINST

-0.53941E+06

0.91 L76

-71.421

638.91

-0.186538+0

0.35914E-03

A38474E+06

0.69696E-01

5 1.107

253.32

57376.

0.2A;2438-03

-L.4020

13.082

-t.3975

2.522L

-3.25L1

1.4814

2SIS ESTIIVIATION USING COCHRAI{BORCIITT ITERATI\rE TECIINIQI]E

EOUATION3: INDUSTRIALSALES

ISHLP = c0 + c1*ISHLP(-1) + c2*IAPINST + c3*NAGHLP +

c4*CDDHLP + cS*ISDLJM
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FINALVALI.JE OFRIIO

STAI{DARDERROR OFRHO

T.STATISTICFOR RHO

SUM OF SQUARED RESIDUAIS

STA}IDARDERROR OFTIIE
REGRESSION

MEAT.I OFDEPEI{DENT
VARIABLE

STA}IDARD DEVIATION

R2

ADJUSTEDR2.

DURB IN.WATS ON STATIS TIC

LOG OF LIKELIHOOD FUNCTION

NI.'MBER OF OBSERVATIONS

SUM OF SQUARED RESIDUAIS

STAI{DARD ERROR OFTTIE
REGRESSION

MEAI{ OFDEPEI{DENT
VARIABLE

STAI{DARD DEVIATION

AA HOUSTON LIGHTING & POWER COMPAATT

-0.332208

0.139068

-2.38881

0.2866168+13

267682.

0.9581508+07

56n5L.

0.798988

0.773862

2.r416

-636.9M

46

--
--
O-
--

I-
--
--
--

I-
--

2SISESW

EQUATION4: RESIDENTIALAVERAGE PRICE

RAPHLP = d0+d1*AQTHLP+d2*AFCHLP+dil*APDLIM

-I
--

0.148276E-02

0.580510E-02

0.6699118-01

0.r743598-01

VARHBLE
ESTIMATED

COEFFICIENT
STAIYDARD

ERROR T.STATISTIC

c
ISHLP(,1)

IAPINST

NAGHLP

CDDHLP

rsDtna

A354388+07

0.26972

-0.783298+08

1532.8

483.72

-0.513238+06

0.76n88+06

0.10163

0.206088+08

53r.52

68.383

91099.

4.6460

2.654L

-3.8008

2.8839

7.4737

-5.6337
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ECONOMIC M ODELS : STATISTICAL EQAATION EST ILTATION

j2 = 0.896335

ADruSTED R2 s 0.SE9266

DIJRBIN-WATSON STATISTIC = 2.2085

F_STATISTIC = 126.668

NI]MBER OFOBSERVATIONS = 48

2SIS ESTIIvIATION

EOUATION 5: COMMERCIALA\ERAGEPRICE

-
CAPHLP = e0+e1*AQTHLP+e2*AFIILP+e3*APDLIM

SUM OF SQUARED RESIDUALS = 0.1929888-03

STAI$DARDERROR OFTIIE
REGRESSION = 0.42+529E-02

MEA}.I OFDEPENDENT
VARIABLE - 0.598480E-01

STAI{DARD DEVIATION = 0.1371538-01

32 = 0.910432

ADruSTED R2 = 0.904325

DI,JRBIN-WATSON STATISTIC = 2.3L97

F-STATISTIC = 148.855

NUMBER OFOBSERVATIONS = 48

VARIABLE
ESTIMATED

COETTTCIENT
STAhIDARD

ERROR T.STATISTIC

c
AQTHLP

AFCHLP

APDUM

-0.20685802

1.0868

L.662L

-0.794868-02

0.365548-02

0.15361

a.2l2u

0.34678E-02

- 0.56588

7.0748

7.8310

-2.292L

VARIABLE
ESTIIVIATED

COETIFICIENT
STANDARD

ERROR T.STATISTIC

c
AQTHLP

AFCHLP

APDUM

0.474L48-42

1.0106

1.1 843

-4.72801E-02

0.267328-02

0.11233

0.15521

0.25360E'-02

L.7587

8.9965

7.6300

-2.8707
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A.2 HOASTON LIGHTING & POWER COMPAAIY

2SIS ESTIIVIATION USING lvtA)CMItM LIKELIHOOD ITERATI\rE TEqNIQIJE

EOUATION 6: INDUSTRIAL AVERAGE PRICE

IAPHLP = fI) +f1*AQTHLP + f2*AFCHLP + R*APDLJM

FINALVALUEOFRHO

STA}$DARDERROR OFRHO

T-STATISTICFOR RHO

SUM OF SQUARED RESIDUAIS

STA}IDARD ERROR OFTHE
REGRESSION

MEA}I OF DEPEI{DENT
VARIABLE

STAI{DARD DEVIATION

p2

ADruSTEDR2

DURBIN.WATS ON STATISTIC

LOG OF LIKELIHOOD FUNCTION

NUMBER OF OBSERVATIONS

FINALVALI,]E OFRHO

STA}IDARDERROR OFRHO

--
--
--
--

-I

--
--
--
--
--

--
--

-0.v136&

0.1466L7

-1.66190

0.5860038-03

0.369161E-02

0.4974V+E-0L

0.Lyt369E-01

0.917649

0.911903

2.255r

198.649

47

2SI,S ESTII4ATION USING lvIAXMttM LIKEUHOOD ITERATTVE TECHNIQITE

EOUATIONT: TOTALFUELE)(PENSE&PURCTIASEDPOWER COST

QTHLP = g0+g1i'TVHLP

--
--

0.348223

0.137905

VARHBLE
ESTIIT{ATED

COEFNCIENT
STAI{DARD

ERROR T.STATISTIC

c
AQTHLP

AFCHLP

APDUM

0.2L7888-02

1.0798

0.36872

-0.392008-02

0.201038-02

0.850078-0L

0.11726

0.194578-02

1.0838

r2.702

3.LM3

-2.0rn



ECONOMIC MODELS : STATISTICAL EQAATIAN ESTIMATION

T-STATISTICFOR RHO = 2525A8

SIJM OFSQUARED RESIDUAIS = 0.6038218+11

STANDARD TNNON OFTHE
REGRESSION = 36630.9

MEAI{ OFDEPENDENT
VARIABLE = 2542n.

STAI{DARDDEVIATION = 91106.5

g2 = 0.841857

ADruSTEDR2 = 0.838342

DURBIN-WATSONSTATISTIC = 1.9t72

IOGOFLIKELIHOODFUNCTION = -559.639

NI]MBER OFOBSERVATIONS = 47

VARHBLE
ESTIIT{ATED

COETT"ICIENT
STAI{DARD

ERROR T,STATISTIC

c
TvCHLP

5734.3

1.0829

25229

0.68333E 01

4.22729

15.848
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MODEL: GSU

SYA4BOL DECLARATIONS

EI{DOGENOUS:

AFCGSU

AQTGSU

A.3 GULF STATES UTILITIES COMPAI\TY

CAPGSUN .

A\IERAGEFDGD COSTS:0O0'S OF $ PERIyfWH

A\ZERAGE FI,JEL A}ID PTJRCAIISED POWER COSTS:

OOO'S OF $ PER N[\MH

COMMERCLAL A\TERAGE PRICE (NON-TH(AS):000'S OF $ PER

lvfwH

COMMERCIAL A\TERAGE PRICE CTEXAS):000'S OF $ PER UililH

INSTRI]MENT FOR CAPGSUN

INSTRI,'MENT FOR CAPGSUT

COMMERCLAL SALES (NON-TEXAS) :lvfWH

coMMERCtAL SALES GEXAS)MWH

GENERATION REQIJIREMENTS JvfWH

GENERATION REQUIREMENTS FROM NATURAL GAS
PLAI{T:lvfWH

GENERATION REQTJIREMENT FROM PLAhIT A:IVflMTI

GENERATION REQUIREMENT FROM PI-A}IT BsdWH

GENERATION REQIJIREMENT FROM PLA}IT CMWH

GENERATION REQT,JIREMENT FROM PLA}IT DJVIWH

GENERATION REQUIREMENTS FROM PURCHASED POWER
FROM NON-UTILIIY S OITRCES :lvfWH

II{DUSTRIAL A\IERAGE PRICE (NON-TH(AS):000'S OF $ PER
lvfwH

II{DUSTRIAL A\IERAGE PRICE CTEXAS):000'S OF $ PER lvf\ilH

INSTRI,'MENT FOR IAPGSIJT

II{DUSTRIAL SALES CIEXAS) :lvtWH

MOVING A\IERAGE TOTAL SALES:}vIWH

COI{DTTIONAL VARIABLE

COI{DITIONAL VARIABLE

CONDITIONAL VARIABLE

CONDITIONAL VARIABLE

CAPGSUT

CAPINSN

CAPINST

CSGSUN

CSGSUT

GEI.IRGSU

GRNG

GRPLNTA

GRPLNTB

GRPLNTC

GRPLNTD

GRPPNU

IAPGSUN

IAPGSI'T

IAPINST

ISGSI.]T

IVIATGSU

PINTAC

PLNTBC

PLNTCC

PLNTDC



EC ONOMIC MODELS : STATISTICAL E QAATION E STIIIIATI ON

PPNUC . COI{DNIONAL VARI,ABLE

grcsu - ToTAL FUEL E)(PENSE AI{D PI'RCITASED POWER COST
ESTII{ATE:00O'S OF $

RAPGSI]N RESIDENTIALATGRAGEPRICE(NON-THilS):000'SOF$
PER MWII

RAPGSUT - RESIDET.ITIAL A\IERAGE PRICE CTEXAS):000'S OF S PER
IVIWH

RAPINSN . INSTRIJMENTFORRAPGSUN

RAPINST . INSTRUMENTFORRAPGSUT

RSGSIJN . RESIDENTIALSALES (NON-TEXAS)MWH

RSGSUT - RESTDENTIAL SALES ([E)(AS)j\{WH

TSGSU - TOTALSYSTEMSALES:IvIIilII

TSGSI'N - TOTALNON-TE:NSSYSTEMSAIISIMWII

TSGSUT . TOTAL TE)(AS SYSTEM SALESMWH

TVCGSU - TOTAL FUEL AND PURCTIASED POWER EXPENSE
REQITIREMENTS:0OO'S OF $

Ve.Ic - NATTIRALGAS COST:000'S OF$

VELNTA - VARIABLECOSTFORPI.A}.ITAOOO'SOFS

VCPINTB - VARIABLECOSTFORPLAI.ITB:000'SOF$

VCPLNTC - VARIABLE COST FOR PLANTC:0O0'S OF $

VCPLNTD - VARIABLECOSTFORPLAI.[TD:00CISOF$

VCPPNU . PT'RCIHSED POWER COSTFROMNON-UTILITY SOURCES:
000's

EXOGENOUS:

C - CONSTANTTERM

ccDDrNsN - TNSTRITMENT FOR (NON-TEilS) COMMERCLAL COOLING
DEGREEDAYS

ccDDrNsT TNSTRUMENT FOR GE)(AS) COMMERCIAL COOLING DEGREE
DAYS

ccGsIrN - CoMMERCTAL CTTSTOMERS (NON-IpGS)NIIMBER OF
CT'STOMERS

cccsuT - coMMERcr,AL cttsroMERs crExAs)NttMBER oF cusroMERs

CDDGSUT - TE](AS COOLING DEGREE DAYS:NUMBER OF DAYS

CHDDINSN - INSTRUMENT FOR (NON.TDNS) COMMERCI.AL HEATING
DEGREE DAYS

CI{DDINST . INSTRIJMENT FOR (TE)(AS) COMMERCIAL HEATING DEGREE
DAYS

CPITX . TEXAS CONSI'MERPRICEINDH(
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GCPLA}ITA

CICPI-AI{TB

GCPI.A}ITC

CICPI-AI{TD

CTCPPNU

ILFCSGSU

ILFISGSU

ILFOSGSU

ITFRSGSU

IIf,'WSGSU

ISGI.JN

ISTDUM

IyIATFCGSU

NAGGSUT .

OSGSI]N

OSGSUT

PNGCOM

PNGRES

POPGSUN

POPGSUT

RCDDINSN .

RCDDINST O

RCGSUN

RCGSUT

RTIDDINSN .

RHDDINST .

RPIGSUN I

A.3 GALF STATES WILNIES COMPAAIY

GENERATION CAPABILITY OF PLAI{T A:}vfWH

GENERATION CAPABILITY OF PLAI{T BMWH

GENERATION CAPABILITY OF PLAI{T C:lvfWH

GENERATION CAPABILITY OF PI-A}IT DMWH

GENERATION CAPABILITY OF PI,]RCHASED POWER
FROM NON-UTILITY S OURCES :lvf$lH

LOSS FACTOR:COMMERCIAL SALES

LOSS FACTOR:INDUSTRIAL SALES

I,OSS FACTOR:OTIIER SALES

LOSS FACTOR:RESIDENTIAL SALES

LOSS FACTOR :WHOLESAIJ SALES

II\TDUSTRIAL SALES (NON-TH(AS) :lvfWH

DT,'Mil{Y FOR TH(AS INDUSTRIAL SALES

FOT]R.QUARTER MOVING A\IERAGE TOTAL FDGD COSTS:
000's oF $

NON-AGRISTJLTURAL EMPLOY}IENT IN TEXAS GSU
SERVICE AREA:000'S OF $

OTIIER NON-TEXAS SALES:}vIWH (

OTIIER TEXAS SALES :lvfWH

PRICE OF NATURAL GAS TO COMMERCI,AL CI.'STOMERS:

$PER MCF

PRICE OFNATURAL GAS TO RESIDENTIAL CT.]STOMERS:

$PER MCF

SERVICE ARF' \ POPULATION (NON-TEXAS):THOUS$TDS OF
PERSONS

SERVICE AREA POPULATION GEXAS):THOUS$IDS OF
PERSONS

INSTRUMENT FOR (NON-TH(AS) RESIDENTIAL COOLING
DEGREEDAYS

TNSTRLMENT FOR (TE)(AS) RESIDENTIAL COOLING
DEGREEDAYS

RES IDENTIAL CTJSTOMERS (NON-TEXAS) :

NT,'MBER OFCUSTOMERS

RESTDENTTAL CT.TSTOMERS (TE)(AS):
NI.'MBER OFCTJSTOMERS

TNSTRUMENT FOR (NON-TEXAS) RESIDENTIAL HEATING DEGREE
DAYS

INSTRUMENT FOR (TE)(AS) RESIDENTIAL IIEATING DEGREE
DAYS

REAL NON-TEXAS PERSONAL INCOME(BILLIONS OF DOLI-ARS)
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ECONOMIC MODELS : STATISTICAL EOAATION ESTIMATION

RPIGSUT - REAL TE)(AS PERSONAL INCOMF{BILLIONS OF DOLI.ARS)

I'FCT{G . VARIABIJ COST TO PRODUCE ONE KWH OF ELECTRICITY IN
NATIIRAL GAS PLA}.IT:000'S OF $

IIFCPLAI.ITA - VARIABLE COST TO PRODUCE ONE lvfWH OF ELECTRICITY IN
PLAI{TA:000'S OF $ PER MWH

I,'FCPI.AI{TB . VARIABLE COST TO PRODUCE ONE MWH OF F'T ECTRICITY IN
PI-Al.ITts:000'S OF $ PER lvfWt{

UTCPLAIIMC . VARIABLE COST TO PRODUCE ONE MWH OF ELECTRICITY IN
PLANTC:000'S OF $ PER lvfitrH

IIFCPI-AI{TD - VARIABLE COST TO PRODUCE ONE lvftilH OF ELECTRICITY IN
PLAI.ITD:000'S OF $ PER lvfiilH

I'FCPPNU . I'MT COST OF PURCTIASM POWER FROM NON-UTILITY
SOURCES:00O'S OF $ PER lvfWH

WSGSUN - WHOLESALE NON.TE)(AS SALESMWH

WSGSUT . WHOLESALE TE)(AS SALES:MWH

IDEI{TITIES

RAPINST = (RAPGSUT(-1}"NGRES(-1))*RCGSUT

CAPINST = (A{PC}SUT/PNGCOM)*CCGSUT

TAPINST = TAPGSUT(-1)/CPFX(-1)

RAPINSN = (RAPGSIIN(-1}"NGRES(-1))TRCGSUN

CAPINSN = (CAPGSITN/"NGCOM)*CCGSUN

TSGSUT = RSGSUT+CSGSUT+ISGSUT+WSGSUT+OSGSUT

TSGSIIN = RSGSUN+CSGSIIN+ISGSUN+\VSGSIjN+OSGSL]N

TSGSU = TSGSUT+TSGSUN

TvIATSGSU = (TSGSU+TSGSU(-1)+TSGSU(-2)+TSGSU(-3)/4

AFCGSU = IVIAIFCESUMATSGSU

AQTGSU = QTGSU/TSGSU

GEI{RGSU = (RSGSUT+RSGSUT;*I.ITRSGSU+(CSGSIJT{CSGS1]N)*ILFCSGSU+
(IS GSUT+IS GSTIN;T.6P15GSU+(WSGSUT+WSGSUN;*A.FVTS GSU+
(OSGSUTIOSGSUN;*P1tg565t

PPNUC = GENRGSU.GCPPNU

PLNTAC = PPNUC-GCPLNTA

PLNTBC = PLNTAC.GCPLNTB

PLNTCC = PLNTBC-GCPLNTC

PLNTDC = PLNTCC-GCPLNTD

GRPPNU = (PPNU60){'G$PNU+(PPNUC<0)*GpIrn65g
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VCPPNU

GRPINTA

VCPLNTA

GRPLNTB

VCPLNTB

GRPLNTC

VCPLNTC

GRPLN]D

VELNTD

GR}IG

VChIG

TvCGSU

--
--
--
--

A.3 GUI,F STATES WILITIES COMPAI{T

GRPPNU{.UFCPPNU

(PPNU60)*((PLNTAO>0)*GCPINTA+(PIIITAC<0)*PPNUC)

GRPLNTAT.UFCPLNTA

(PPNU60){'(PLNTACS$1t'((PLNTBC>0)*GCPLNTB+
(PLNTBC<{)*PLNTAC)

GRPLNTB*UFCPLNTB

(ppMJC>Q 1 
* CPLNTAC>Q 1 

t' (PLNTB c>0 ) 
*

((PLNTCS 0 ) 
{' GCPINT C+(PLNTC C<0 ) 

*PLNTB C)

GRPINTC{.UFCPLNTC

(Pp}ruc>0)*(plNTAc>0;t(PLNTB$91*6PLNTCSO;r'
((PLNTD$o) * GCPLI{TD+(PLNTDC 4) *PLNTCC )

GRPLNTD*UFCPLNTD

(ppNtJ60) * (PLNTAS0) * (PLNTB Og1 * eLl{TCC>01 *
(PLNTDO0)*PLNTDC

GRNG*UFCX{G

VCPPNU+VCPLNTA+V CPLNTB +VCPLNT C+VCPLNTD+VC}IG

--
!-

--
-e

--
--

--
--

EQUATTON ESTTIUATES

2SIS ESTIIvIATION

EQUATION 1: TEXAS RESIDENTIALSALES

RSGSUT

suM oF SQUARED RESIDUAI-S

STAI{DARD ERROR OFTTIE
REGRESSION

MEAI{ OF DEPEI{DENT
VARIABLE

STAI{DARD DEVIATION

j2

ADruSTEDR2

DURBIN.WATSON STAruTIC

F.STATISTIC

NUMBER OFOBSERVATIONS

= a0 + a1*RSGSLIT(.4) + a2*RAPINST + a3*RPIGSUT +

a4*RCDDINST + aS*RHDDINST

--
--

0.773505E+11

42914.8

722,80.

1 83102.

0.950912

0.945069

1.6858

162.7 L9

4g

-I
--
--
--
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EC O N O M I C M O DE LS.. SrA T I ST I CAL E QUAT I O N E ST IhrAT I O N

VARHBLE
ESTIIVIATED

COEFflCIENT
STAI{DARD

ERROR T.STATISTIC

c
RSGSUT(-4)

RAPINST

RPIGSUT

RCDDINST

RHDDINST

-0.4L499E+06

0.53795

-37.758

0.684308+06

0.119338-42

0.120978-02

0.198488+06

0.833188-01

vl.ut
A.28493E+06

0.204288-03

0.226858-03

-2.0908

6.4565

-L5576

2.4AL6

5.8415

5.3325

2SIJ ESTIIvIATION

EQUATION 2: NON-TH(AS RESIDENTIALSALES

RSCSLTN = b0 + b1*RSGSLJN(.4) + b2*RAPINSN t
b3*RPIGSUT +b4*RCDDINSN + bS*RIIDDINSN

SLIM OF SQUARED RESIDUALS = A.8447528+LL

STAI.IDARD ERROR OF THE
REGRESSION - M847.7

MEA}I OF DEPENDENT
VARIABLE = 757523.

STAI{DARD DEVIATION = ZL7g09.

32 = 0.962275

ADruSTED R2 = 0.957784

DURBII.I-WATSON STATISTIC = L.8276

F-STATISTIC = 2L3.3L7

NUMBER OFOBSERVATIONS = 48

VARIABLE
ESTIIVIATED

COETTTCIENT
STAi.IDARI)

ERROR T.STATISTIC

c
RSGSUN(4)

RAPINSN

RPIGST'N

RCDDINSN

RHDDINSN

-40190.

0.81990

-23.625

0.11979E+06

0.515.'4E-03

0.41097E-03

0.L4A288+06

0.16823

24372

0.13982E+06

0.401218-03

0.28716E-03

-0.28650

4.8736

-1.1596

0.85 675

L.2842

1.4311
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A.3 GUI.F STATES WILNIES COMPAA{Y

2SI.S ESTIIvIATION

EOUATION 3: TEXAS COMMERCIALSALES

CSGSUT = c0 + c1*CSGSUT(.1) + c2*POPGSUT + c3*CCDDINST +
C4*CHDDINST

suM oF SQUARED RESIDUALS

STAI{DARDERROR OFTHE
REGRESSION

MEAI{ OF DEPEI{DENT
VARIABLE

STAI{DARD DEVIATION

j2

ADruSlEDR2

DURB IN-WATS ON S TATISTIC

F.STATISTIC

NI,'MBER OF OBSERVATIONS

2SIS ESTIIyIATION

EOUATION4: NON-TH(AS COMMERICALSALES

CSGSTJN d0 + d1*CSGSLJN(-1) + d2*POPGSUN + d3*CCDDINSN +
d4*CHDDINSN

--

-O
--
-I
--
--
--
--

0.1009018+11

15318.4

465038.

78092.0

0.9&796

0.961522

1.4905

294.6L7

48

suM oF SQUARED RESTDUAIS

STAI{DARD ERROR OFTHE
REGRESSION

0.2639908+11

24777.6

VARHBLE
ESTIIT{ATED

COEFFICIENT
STAI\DARD

ERROR T.STATISTIC

c
cscsur(-t)
POPGSUT

CCDDINST

CHDDINST

-0.35444P-+06

0.35256

654.51

0.54077F-0

0.31608E 02

49674.

0.399208-0

76.4V4

0.31615E-03

0.4774lE-03

-7.1354

8.8317

8.5643

17.105

6.6203
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E C O N O M IC M O DE LS.. SIA T I ST ICAL E gaAT I O N E ST IbIAT I O N

MEAI{ OFDEPENDENT
VARIABLE

STAI{DARD DEVIATION

A2

ADruSTEDR2

DURBIN.WATSON STATISTIC

F-STATISTIC

NUMBER OF OBSERVATIONS

FINALVALUE OFRHO

STA}IDARDERROR OFRHO

T.STATISTICFOR RTIO

sIlM oF SQUARED RESIDUALS

STA}IDARD ERROR OF THE
REGRESSION

MEA}I OFDEPEI{DENT
VARI.ABLE

STA}IDARD DEVIATION

g2

ADruSTEDR2

DI.'RB IN-WATSON STATISTIC

IPG OF LIKELIHOOD FUNCTION

--
--

66?2?5.

104316.

0.948383

0.943582

1.8665

r97.516

48

--
--
O-
--

2Sr,S ESTIMATTON USING COCHRAI.IE-ORCI JTT rIERATTre TECHMQLE

EOUATION 5: TH(AS INDUSTRIAL SALES

ISGSUT e0 + e1*IAPINST + e2*NAGGSUT + e3*CDDGSUT +
E4T.ISTDT,JM

--
--
--
--

--
--
--

--
--

a.754778

0.9568458-01

7.88819

A.92L5138+11

46841.0

365 108.

53536.6

0.302290

a.23584L

L.7584

-569.509

VARHBLE
ESTIIVIATED

COEFFICIENT
STAhIDARD

ERROR T.STATISTIC

c
CSGSUN(-1)

POPGSUN

C@DINSN

C}IDDINSN

-0.305468+06

0.33416

499.33

0.688 L3E-02

0.35748E-02

92301.

a.4474?J.0t

99.M2

0.443858-03

0.59188E-03

-3.3094

7.4686

5.0416

15.504

6.0398
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A.3 GALF STATES WILITIES COMPAATY

NUMBER OFOBSERVATIONS 47

2SrS ESTIIVIATION USING I4A)CM['M LIKELIHOOD ITERATTVE TECIINIQLE

EOUATION 6: TEXAS RESIDENTIALA\IERAGE PRICE

RAPGSUT = fll+fl*AQTGSU+f2{'AFCGSU

FINALVALTJE OFRHO

STAI{DARDERROR OFRTIO

TSTATISTIC FOR RHO

SLJM OF SQUARED RESIDUAIS

STA}IDARD ERROR OF TIIE
REGRESSION

MEAI{ OFDEPEI{DENT
VAI{L{BLE

STAI{DARD DEVIATION

j2

ADruSTEDR2

DURBIN.WATSON STATISTIC

LOG OF LIKELIHOOD FT.'NCTION

NTJMBER OF OBSERVATIONS

--
--
--
I-

--
--
--
-I

--
--

0.879918

0.637417E-01

13.8044

0.1156888-02

0.507034E,-02

0.895538F-02

0.5469L8-02

0.2L5678

0.180819

1.7850

186.34

48

VARIABLE
ESTIIUATED

COEFflCIEI.IT
STANDARD

ERROR T.STATISTIC

c
IAPINST

NAGGSUT

CDDGSUT

ISTDI,]M

0.907468+06

-0.51781E+07

ur8.4

32.8r7

70379.

0.655048+06

0.89177E+07

2509.2

9.43A2

388 12.

1.3854

-0.58066

0.96379

3.4800

1.8133

VARIABLE
ESTII\{ATED

COETT"ICIENT
STANDARD

ERROR T.STATISTIC

c
AQTGSU

AFCGSU

0.304378-01

0.699U

0.70575

0.L2L1 1E-01

0.24470

0.4262L

2.5L33

2.8575

1.6559



ECONOMIC MODELS : STATISTICAL EQAATION ESTIMATION

2SrS ES'ilrvrATION USING I\{AXIMI'M LIKELIHOOD ITERATTVE TECHNIQUE

EOUATION?: NON.TEXASRESIDENTIALA\IERAGEPRICE

RAPGSUN = g0+ g1*AQTGSU + g2*AI'CGSU

FINALVALUE OFRHO

STA}IDARDERROR OFRHO

T-STATISTICFOR RHO

SUM OF SQUARED RESIDUALS

STA}IDNTT\ERROR OFTHE
REGRESSION

MEAI{ OFDEPEI{DENT
VARIABLE

STAI{DARD DEVIATION

R2

ADJUSTEDR2

DURBIN-WATS ON STATISTIC

I.OG OF LIKELIHOOD FUNCTION

NUMBER OF OBSERVATIONS

FINALVALUE OFRHO

STA}IDARDERROR OFRHO

T-STATISTICFOR RHO

SUM OF SQUARED RESIDUALS

--
--
--
--

--

0.&1496

0.1 1 lL75

5.770L3

0.8639698-03

0.438170F.42

0.2162638-01

0.6316698-42

0.547218

0.5n994

1.9060

193.830

48

--
--

--
-r
-I
--

2Sr,S ESTTN4ATTON USING r4NqMUM LIKELIHOOD ITERATTVE TECHNIQTJE

EOUATION8: TEXAS COMMERCIALAVERAGEPRICE

CAPGSUT = h0+hF'AQTGSU+h2{'AFCGSU

--
--
--
-

0.833385

0.7804748-0L

10.6779

0.4668988-03

VARIABLE
ESTII\{ATED

COETT'ICIENT
STAhIDARD

ERROR T,STATISTIC

c
AQTGSU

AFCGSU

0.187198-01

0.71463

0.92370

0.497658-02

0.22474

0.18495

3.7614

3.L798

4.99M
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A.3 GUIJ STANES WILITIES COMPAAIY

STAI{DARDERROR OFTHE
REGRESSION

MEAI{ OFDEPEI{DENT
VARIABLE

STAT.IDARD DEVIATION

R2

ADruSTEDR2

DURB IN.WATS ON STATISTIC

I,OG OF LIKELIHOOD FITNCTION

NUMBER OFOBSERVATIONS

--
--

0.322L108-02

0.1080128-01

0.43842LF,-02

0.4986M

0.476362

L.9258

208.,272

48

2SIS ESTnVIATION USING lvINgMttM LIKELIHOOD ITERATTVE TECIIMQITE

EOUATION q: NON-TEXAS COMMERCIAL ATERAGE PRICE

CAPGSIiN = i0+ iFAQTGSU + i2TAFCGSU

--
--
--
--

--
I-
--
--

--
--
--
--

FINALVALUE OFRHO

STA}IDARDERROR OFRHO

T.STATISTIC FOR RHO

suM oF SQUARED RESIDUALS

STAI{DARD ERROR OFT}IE
REGRESSION

MEAI{ OFDEPEI{DENT
VARIABLE

STAI{DARD DEVIATION

R2

ADruSTEDR2

DURB IN.WATSON STATISTIC

LOG OF LIKELIHOOD FUNCTION

NUMBER OF OBSERVATIONS

--
--

0.774L03

0.909160E 01

8.51449

0.4!76088-03

0.304634F-02

0.125672E.0r

0.439358E-02

0.550965

0.531008

r.7837

211.086

48

VARHBLE
ESTIIVIATEI)

COEFFICIENT
STAITIDARD

ERROR T.STA1ISTIC

c
AQTGSU

AFCGSU

a.uL77V0r

0.68051

0.78949

0.62057E.02

0.15690

0.22290

3.8959

4.3372

3.5420



E C O N O M I C rt O DELS.. SrA T I ST I CAL E QUAT I O N E ST IturAT I ON

2SIS ESTINIATION USING IIIA)CMUM LIKELIHOOD ITERATITE TECHNIQITE

EOUATION 10: TEXAS INDUSTRIAL AVERAGEPRICE

IAPGSUT = j0+jI*AQTGSU+j2*AFCGSU

FINALVALUE OFRHO = 0.759495

STAI{DARD ERROR OF RHO = 0.9454958-01

T-STATISTIC FOR RHO = 8.03278

SUM OF SQUARED RESIDUALS = 0.2655998-03

STA}.IDARD ERROR OFTHE
REGRESSION = 0.2t129M8-Az

MEA}I OF DEPENDENT
= 0.9180118-02VARI.ABLE

STAITIDARD DEVIATION = 0.336535b02

32 = 0.511541

ADruSTED R2 = 0.489832

DURBIN-WATSONSTATISTIC = 2.17U

LOGOFLIKELIHOODFTTNCTION = 22L.974

NUMBER OFOBSERVATIONS = 48

2SI-S ESTIIvIATION USING il,IAXIMt M LIKELIHOOD ITERATWE TECHNIQIJE

VARHBLE
ESTIIT,IATED

COEFFICIENT
STANDARI)

ERROR T.STATISTIC

c
AQTGSU

AFCGSU

0.L75218-01

0.67564

0.76302

a.4&36F,-02

0.15303

0.L726L

3.773L

4.4150

4.4206

VARHBLE
ESTIIVIATED

COEFFICIENT
STAIYDARD

ERROR T.STATISTIC

c
AQTGSU

AFCGSU

0.161928-01

0.60342

a.?sl68

0.36400E-02

0.L2n6

0.13359

4.4484

4.9155

1.8840
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A.3 GALF S.IATES WILITIES COMPAAIY

EOUATION 1 1: NON-TEXAS INDUSTRIAL A\IERAGE PRICE

IAPGSLIN = k0+k1*AQTGSU*12*6FCGSU

FINALVALI.'E OFRHO

STA}.IDARDERROR OFRHO

T.STATISTICFOR RHO

SUM OF SQUARED RESIDUAIS

STAI{DARDERROR OFTTIE
REGRESSION

MEAI{ OFDEPEI{DENT
VARIABLE

STAI{DARD DEVIATION

p2

ADruSTEDR2

DURB IN.WATSON STATISTIC

I,OG OF LIKELIHOOD FUNCTION

NUMBER OFOBSERVATIONS

FINALVALUE OFRHO

STAI{DARDERROR OFRHO

T-STATISTICFOR RI{O

SUM OF SQUARED RESIDUAIS

STAI{DARDERROR OFTTIE
REGRESSION

--
--

--
--
--
--

--
--
--
--

--
--
--
--

0.694078

0.r0ma2

6.&8r2

0.3411148-03

0.n532/1E-42

0.1167338 01

0.4a7L7rE-02

0.568916

0.549757

1.6960

216.070

48

2SIS ESTIIyIATION USING lvINflMttM LIKELIHOOD ITERATM IE'CIINIQIjE

EOUATION 12: TOTAL FtlEt E)(PENSE & PURCIIASED POWER COST

QTGSU = l0+II*TYCGSU

0.284976

0.139661

2.04049

0.L722978+LL

19353.5

VARHBLE
ESTIII{ATED

coErrrcrENT
STANDARD

ERROR T.STATTSTIC

c
AQTGSU

AFCGSU

0.84012F'02

0.60990

0.56 164

0.343608-02

0.13906

0.12830

2.445L

4.3858

4.3775
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ECONOMIC MODELS : STATISTICAL EOUATION ESTIII,TATION

MEA}.I OFDEPENDENT
VARIABLE = 116600.

STAI{DARDDETfiATION = 342n.4

a2 = 0.688604

ADruSIEDR2 = 0.681835

DURBIN-WATSON STATISTIC = 2.02M

I,oG OFLIKELIHOOD FI]NCTION = -5&.920

NUMBEROFOBSERVATIONS = 48

VARIABLE
ESTIII{ATEI)

COEFHCIENT
STAI{DARD

ERROR T.STATISTIC

c
TvCGSU

22985.

1.0236

13498.

0.95703E 01

L,7028

10.696
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A.4 CENTRAL PO\MER AND LIGIIT COMPAI{Y

MODEL: CPL

SY14BOLDECX.ARATIONS

EI{DOGENOUS:

AFCCPL

ACrrcPL

CAPCPL

CAPINST

CSCPL

GEI{RCPL

GRNG

GRPLNTA

GRPLNTB

GRPLNTC

GRPLNTD

GRPLNTE

GRPLNTF

GRPLNTG

GRPPNU

IAPCPL

IAPINST

ISCPL

OAPCPL

OAPINST

OSCPL

PLNTAC

PLNTBC

PLNTCC

PINTDC

PLNTEC

-

-

O

A\IERAGE FDGD COSTS:OO0'S OF $ PER lvfWH

A\IERAGE FUEL E)(PENSES AI{D PT'RCHASED POWER COSTS:

000'5 OF $ PER IvfWH

COMMERCIAL A\IERAGE PRICE:000'S OF $ PER lvfWH

INSTRUMENT FOR CAPCPL

COMMERCIAL SALESMWH

GENERATION REQUIREMENTS :lvftffH

GENERATION REQUIREMENTS FROM NATURAL GAS

PLAI{T:lvfWH

GENERATION REQUIREMENT FROM PLAI{T AJUWH

GENERATION REQUIREMENT FROM PI*A}TT B:IVfWH

GENERATION REQTIREMENT FROM PI-AIVT Cj\'IWH

GENERA'TION REQT'IREMENT FROM PI.AI{T DMWH

GENERATION REQI,]IREMENT FROM PI-AI{T Ej\'IWH

GENERATION REQTTIREMENT FROM PLAI{T F:lvfWH

GENERATION REQUIREMENT FROM PLAI{T G:IVIWH

GENERATION REQUIREMENTS FROM PT]RCHASED POWER

FROM NON-IJTILITY S OURCES :lvfWH

II{DUSTRIAL AVERAGE PRICE:O00'S OF $ PER lvf\ilH

INSTRUMENTFOR IAPCPL

II{DUSTRIAL SAIJ'S :}vtWH

OTI{ER A\IERAGE PRICE:OOO'S OF $ PER ilfWH

INSTRUMENT FOR OAPCPL

OTHER SALES:lvfVlH

COI{DITIONAL VARIABLE

CONDITIONAL VARIABLE

CONDITIONAL VARIABLE

CONDITIONAL VARIABLE

CONDITIONAL VARIABLE



ECONOMIC MODELS : STATISTICAL EQAATION ESTIIL{A:TION

PLNTFC . COI{DITIONALVARIABLE

PLNTGC . COI{DITIONAL VARIABLE

PPNUC - COI{DITIONALVARIABLE

qfcPl- - TOTALFUELEXPENSEANDPI'RCAT{SEDPOWERCOST
ESTIIvIATE:OO0'S OF S

RAPCPL - RESIDENTIAL A\IERAGE PRICE:000'S OF $ PER lvlrilH

RAPINST . INSTRT'MENTFORRAPCPL

RSCPL - RESIDENTIAL SALESMWH

TSCPL . TOTALSYSTEMSALES:MWII

TVCCPL . TOTALFT'ELANDPIJRCTIASEDPOWEREXPENSE
nfOUnffGi'ffS:000'S OF $

VChIG - NATURALGAS COST:000'S OFS

VCPLNTA - VARLABLECOSTFORPLAI'ITA:000'SOF$

VCPLNTB - VARIABLE COST FOR PI-ANT B:000'S OF $

VCPLNTC - VARIABLE COST FOR PLANT C:000'S OF $

VELNTD . VARIABLECOSTFORPI.AI\ITD:OOO'SOF$

VCPLI.ITE - VARIABLE COST FOR PLAITT E:0@'S OF $

VCPLNTF - VARIABLE COST FOR PLAIIT F:000'S OF $

VCPLNTG - VARLABLECOSTFORPLA}'ITG:000'SOF$

VCPPNU . PURCIIASED POWER COST FROM NON-UTILITY SOURCES:

000's oF$

WAPCPL - WHOLESALE A\IERAGE PRICE:O0O'S OF $ PER lvfWII

WAPINST . INSTRI'MENT FOR WAPCPL

WSCPL - WIIOLESALESAIJSS4WH

EXOGENOUS:

C . CONSTANTTERM

CCCPL . COMMERCIALCUSTOMERSJNT]MBEROFCTJSTOMERS

CCDDINST - INSTRUMENT FOR COMMERCIAL COOLING DEGREE DAYS

CDDCPL - COOLINCDEGREEDAYS:NUMBEROFDAYS

CPITX . TEXASCONSI.'MERPRICEII{DFJ(

GCPLNTA - GENERATION CAPABILITY OFPLAI{T A:lvfVlH

GCPLNTA - GENERATION CAPABILITY OFPI-AIIT A:lvfWH

GCPLNTB . GENERATION CAPABILITY OFPLA}TT B:}VTWH

GCPINTC - GENERATION CAPABILITY OFPLAI{T C:MWH

GCPINTD - GENERATIONCAPABILITYOFPLAI{TD:lvfVlH

GCPLNTE - GENERATION CAPABILIIY OFPLANTE:IvIWH
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GCPLNTF

GCPLNTG

GCPPNU

GNPD

IIDDCPL

ILFCSCPL

ITFISCPL

nroscPL
IIf,RSCPL

ILFWSCPL

ISDI.'M

T4ATFCCPL

OAPDUM

PNGCOM

PNGII{D

POPCPL

RCCPL

RCDDINST

RTIDDINST

RPICPL

I.'FC}.IG

I.]FCPLNTA -

T]FCPLNTB -

I,'FCPLNTC .

I.JFCPLNTD

UFCPLNTE

UFCPLNTF .

I.]FCPLNTG I

A4 CENTRAL POWER AT,TD LIGT|T COMPAATT

GENERATION CAPABILITY OF PLAIIT F:lvfrfrlH

GENERATION CAPABILITY OF PLAI.IT G:tvfVlH

GENERATION CAPABILITY OF PI.JRCHASED POWER

FROM NON-UTILITY SOURCES :N{WH

GROSS NATIONAL PRODUCT DEFLATOR

TIEATING DEGREE DAYS:NUMBER OF DAYS

LOSS FACTOR:COMMERCIAL SALES

LOSS FACTOR:INDUSTRIAL SALES

LOSS FACTOR:OTIIER SALES

LOSS FACTOR:RESIDENTIAL SALES

LOSS FACTOR:WHOIESALE SALES

DI,'MMY FOR INDUSTRIAL SALES

FOttR QUARTERMOVING SUM OFFDGD COSTS:

000's oF $

OTHER A\TERAGE PRICE DUMIVfY

PRICE OFNATURALGAS TO COMMERCIAL CTJSTOMERS:

$PER MCF

PRICE OFNATURAL GAS TO II{DUSTRIAL CTJSTOMERS:

$PER MCF

POPUI-ATION DATA:000'S OF PERSONS

RES IDENTIAL CTJSTOMERS :NUMBER OF CTISTOMERS

INSTRUMENT FOR RESIDENTIAL COOLING DEGREE DAYS

INSTRUMENT FOR RESIDENTIAL HEATING DEGREE DAYS

REAL PERSONAL INCOME:BILLIONS OF $

FT.'EL COST TO PRODUCE ONE KWH OFtrT ECTRICITY IN
NATURAL GAS PLAI{T:OOO'S OF $

FUEL COST TO PRODUCE ONE lvI\MH OFELECTRICITY IN
PI-AI{T A:000'S OF $

FUEL COST TO PRODUCE ONE IvIWH OFELECTRICITY IN
PI-AI{T B:000'S OF $

FUEL COST TO PRODUCE ONE IvIWH OFF'T ECTRICITY IN
PI-AIXT C:000'S OF $

FUEL COST TOPRODUCE ONEIvfWH OFELECTRICITY IN
PLAI$T D:000'S OF $

FUEL COST TO PRODUCE ONE MWH OF ELECTRICITY IN
PI-AI{TE:000'S OF S

FUEL COST TO PRODUCE OI.[E lvf\ilH OFELECTRICIIY IN
PI-AIIT F:000'S OF S

FUEL COST TO PRODUCE ONE lvI\MH OFELECTRICITY IN
PLAI{T G:000'S OF $



EOONOMIC MODELS : STATISTICAL EQAATION ESTIMATION

I.'FCPPNU - I'MT COST OF PURCHASED POWER FROM NON-UTILITY
SOIIRCES:O0O'S OF $

WAPDUM1 - WHOLESALEATERAGEPRICEDI'MIVfY#I

WAPDUTVI2 - WHOLESAIJAVERAGEPRICEDITMIVfY#2

WSDUM - WHOLESALE SALES DUMlvfY

IDENTITIES

RAPINST = EAPCPL(4yCPITX(4)*RCCPL

CAPINST = (CAPCPL(-2\?NGCOM(-2))*CCCPL

IAPINST = IAPCPL/"NGIND

WAPINST = WAPCPUGNPD

OAPINST = OAPCPUGNPD

TSCPL = RSCPL+CSCPL+ISCPL+V/SCPL+OSCPL

AQTCPL = QTCPL/TSCPL

AFCCPL = T4ATFCCPUCTSCPL+TSCPL(-1)+TSCPL(2)+
rscPL(-3))

GEI{RCPL = RSCPL*ILFRSCPL+CSCPL*ILFCSCPL+ISCPL*
ILFISCFL+IVSCPLr'ILF'WSCPL+OSCPL*ILFOSCPL

PPNUC = GEI{RCPLGCPPNU

PLNTAC = PPNUC-GCPLNTA

PLNTBC = PLNTAC-GCPLNTB

PLNTCC = PLNTBC-GCPLNTC

PIIITDC = PLNTCGGCPLNTD

PLNTEC = PINTDC-GCPLNTE

PLNTFC = PLNTEC-GCPLNTF

PLNTGC = PLNTFC-GCPLNTG

GRPPNU = (PPNUG0)*GCPPNU+{PPNUC4)r'GENRCPL

VCPPNU = GRPPNU*IIFCPPNU

GRPLNTA = (PPNU60)*((PLNTAO0)*GCPLNTA+(PLNTAC<0){'
PPNUC)

VCPLNTA = GRPLNTA*IJFCPLNTA

GRPLNTB = (PPNUC>0)*(PLNTAC>0)r'(PLNTBS0)*GCPLI'{TB+
(PLNTBC<O){'PLNTAC)

VCPLNTB = GRPLNTB{'UFCPLNTB

GRPLI\ITC = (PPNU60)*(PLNTA60)*(PLNTB$0){'((PLNTCS01*
GCPLNTC+(PLNTCC<0){'PLNTB C)

VCPLNTC = GRPINTC{'UFCPLNTC
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GRPLNTD

VCPLI.ITD

GRPLNTE

VCPLNTE

GRPLNTF

VCPINTF

GRPINTG

VCPLNTG

GRNG

VCNG

TvCCPL

-O
--

--
--

I-
--

--
-O

I-
--

A4 CENTRAL POWER AT,TD LIGHT COMPAIVY

(ppNuc>o) * (PLNTAC>0) * 6eUNTBc>91 * 6PLNTC$O;t'
((PLNTD$0) * GCPLNTD+(PLNTDC<0) *PL}.ITCC)

GRPLNTD*UFCPLNTD

eplrus 0 ) 
r, eLNTA$ 0 ) 

{' (PLNTB c>0 ) 
r' (PLNTC C>0 ) *

(PLNTDC>0 ) 
* ((PLNTE C>0 ) 

* CTCPLNTE+(PLNTEC <0 ) 
r' PLNTD C)

GRPLNTE*UFCPINTE

(ppNtJ60) {, (PINTAS0) {. (PINTB C>gI' PLNTCc>0) *(PLNTD$0)
{. (PLNTEC>0){, ((PLNTF$O) * GCPLNTF+(PLNTFC<0) *PLNTEC)

GRPLNTF*UFCPLNTF

(ppl.nJso)*(PLNTAC>o1*CPLNTBCIQIt',(PLNTCC>o){'
(PLNTDC>0) {, (PLNTEC501 * 6pLNlF$0) *((PLNTGC>$;*

GCPLNTG+ (PLNTGC<0) {'PLNTFC)

GRPLNTGT'UFCPLNTG

Gplruc>0)*(PLNTAC>o)*(PLI.ITBc>0)t'IPLNTCC>0)*
(PLNTD$0) * (PLNTE$o) * (PLNTF$0) * (PLNTGC>01 *pLNTGC

GRNG,TUFC}IG

VCPPNU+VCPLNTA+VCPLNTB +VCPL}.ITC+VCPLNTD+
VCPLNTE+VCPINTF+VCPINT G+VCbIG

EQUATIONESTIMATES

2SIS ESTII4ATION USING COCXTRA}\TF'ORCUTT NEru$TVE TECHMQI'E

EOUATIONl: RESIDENTIALSALES

RSCPL = a0 + a1*RSCPL(.1) aZ*RAPINST + a3{'RPICPL +
a4*RCDDINST + a4*RHDDINST

FINALVALUE OFRHO

STAI{DARDERROR OFRHO

T.STATTSTICFOR RHO

SUM OF SQUARED RESIDUAIS

STAI{DARD ERROR OFTTIE
REGRESSION

MEA}I OFDEPEI{DENT
VARIABLE

STAT-IDARD DEVIATION

A2

ADruSTEDR2

I-
--
--
--

-0.959796

0.4138678-01

-23.1909

0.112636E+12

53065.0

0.2M53?E+07

409@0.

0.985040

0.983 L70

--
--
--
--



E C O N O M IC M ODELS; S?t T I ST ICAL E $UAT I O N E ST ItuIAT I ON

DURB IN-WATS ON STATISTIC

I.OG OF LIKELIHOOD FUNCTION

NUMBER OFOBSERVATIONS

FINALVALUE OFRHO

STAI{DARDERROR OFRHO

T-STATISTICFOR RHO

suM oFSQUAREDneSpUATS

STA}IDARD ERROR OFTTM,
REGRESSION

MEA}I OF DEPENDENT
VARIABLE

STAI{DARD DEVIATION

g2

ADruSTEDR2

DURBIN-WATSON STATISTIC

LOG OF LIKELIHOOD FUNCTION

NUMBER OFOBSERVATIONS

--
--
--

L.2390

-562.503

46

2SIS ESTTMATION USING COCTIRAT.IF-ORCUTT ITERATTVE TECHMQITE

EOUATION2: COMMERCIALSALES

CSCPL = b0 + bf'CSCPL(.4) + b*CAPINST + b3*POPCPL +

b4*CCDDINST

--
--
--
--

--
I-
--
--

--
--

0.436480

0.132656

3.29032

0.2330658+11

23842.2

485795.

121266.

0.966625

0.963369

L.9294

-526.268

46

VARIABLE
ESTIMATED

COEFT'TCIENT
STA}IDARD

ERROR T.STATTSTIC

c

RSCL(-1)

RAPINST

RPICPL

RCDDINST

RTIDDINST

-0.n2358+06

0.5677L

-8.5426

0.229948+06

0.12083F',02

0.800978-A3

0.13489E+06

050345E-01

4.4132

0.153498+06

0.823398-04

0.19094E 03

-2.0191

LL.N6

-L.9357

1.4981

L4.675

4.L949
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A4 CENTRAL POWER AI{D LIGHT COMPANY

VARIABLE
ESTIIVTATED

COEFFICIENT
STAI{DARD

ERROR T.STATISTIC

c

cscPL(4)

CAPINST

POPCPL

CCDDINST

2358.6

0.93915

-116.69

109.66

0.23267E-03

99A39.

0.606358-01

85.390

82.150

0.14956E-03

0.23815E-01

15.489

-1.3665

L.3349

1.5557

2SIS ESTIIvIATION

EOUATION 3: INDUSTRIALSALES

$CPL

SIJM OF SQUARED RESIDUALS

STAI{DARD ERROR OFTIIE
REGRESSION

MEA}I OFDEPEI{DENT
VARIABLE

STA}IDARD DEVIATION

p2

ADruSTEDR2

DURB IN.WATS ON S TATISTIC

F.STATISTIC

NUMBER OF OBSERVATIONS

= c0 + c1*ISCPL(.1) + c2*IAPINST + c3I'POPCPL +

c*CDDCPL + cS*ISDLJM

--
--

A.2V+120E+L2

73049.3

0.13200?E+47

178068.

0.850003

0.832146

2.1575

47.4556

48

--
--
--
-I
--

VARIABLE
ESTIIVTATED

COETTTCIENT
STAI{DARD

ERROR T.STATISTIC

c
ISCPL(-1)

IAPINST

POPCPL

CDDCPL

ISDI.]M

0.529128+06

0.47r43

-0Jn47E+08

20L.67

66.131

-0.196208+06

0.2?SZTE+06

0.13530

0.933498+07

L26.16

L7.7r7

60972.

2.3499

3.4842

-1.3655

1.5985

3.7326

-3.2180



ECONOMIC MODELS : STATISTICAL EQAATION ESTIITIATION

2SlS ESTIIvIATION

EOUATION 4: WHOLFSALE SALES

WSCPL = d0 + d1*WAPINST + d2TPOPCPL + dil*CDDCPL + d4*HDDCPL +

d4*wsDLiM

SUM OFSQUARED RESIDUALS = 0.n67958+10

STA}IDARD ERROR OFTIIE
REGRESSION = 8118.11

MEA}I OFDEPENDENT
VARI.ABLE - 100366.

STAIIDARDDE\nUION = 38938.9

32 = 0.961159

ADJUSTED R2 = 0.956535

DURBIN-WATSON STATISTIC = 2.1098

F-STATISTIC = 207.865

NUMBER OFOBSERVATIONS = 48

2SIS ESTIIvIATION USING T4AXIMT'M LIKELIHOOD ITERATTI/E IECHNIQI'E

EOUATIONS: OTHERSALES

OSCPL = e0 + e1*OAPINST + e2*PTOPCPL + eSTCDDCPL +
e4iHDDCPL

FINALVALITE.OFRHO = 0.215916

STAI{DARDERROR OFRHO = 0.153081

T-STATISTIC FOR RHO = t.4t047

VARIABLE
ESTIIVIATED

COEFFICIENT
STAI.IDARI)

ERROR T.STATISTIC

c
WAPINST

POPCPL

CDDCPL

HDDCPL

WSDUM

-0.151908+06

-78009.

138.34

19342

23.562

58842.

32937.

49259.

16.350

4.499L

9.9658

4058.2

4.6L24

-1.5836

8.46L4

4.290L

2.3&3

l4.4gg
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VARIABLE
ESTIMATED

COETTTCIENT
STA}[DARD

ERROR T.STATISTIC

c
OAPINST

POPCPL

CDDCPL

HDDCPL

-61070.

-62001.

72.0&

54.259

42.4L8

3353 1.

48708.

18.677

6.1460

14.L93

-L.82L3

-L.z',l-29

3.8585

8.8282

2.9887

SUM OFSQUARED RESIDUALS =

STA}IDARD ERROR OFTHE
REGRESSION =

MEA}I OF DEPENDENT VARI.ABLE =

STAI{DARD DEVIATION

P2=
ADJUSTED R2 =

DURBIN-Y/ATSONSTATISTIC =

I.oG OF LIKELIHOOD FUNCTION =

NUMBER OFOBSERVATIONS =

2SIS ESTIIvIATION

EOIJATION 6: RESIDENTIAL A\ERAGE PRICE

RAPCPL = fl)+fI{'AQTCPL+f2{'AIICCPL

A4 CENTRAL POWER AIVD LIGHT COMPAATY

0.566358E+10

LL6T2.4

914n.6

27L99.5

0.833814

0.817987

1.7868

-503.983

47

SUM OF SQUARED RESIDUALS

STANIDARD ERROR OFTIIE
REGRESSION

MEAI{ OFDEPENDENT
VARIABLE

STA}IDARD DEVIATION

p2

ADruSTEDR2

DURBIN-WATS ON STATISTIC

F-STATISTIC

NUMBER OFOBSERVATIONS

0.4a2266E-03

0.3297288-02

0.6547 61E-01

0.70443?l.42

0.7945L2

0.783404

L.6697

70.5024

40
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EC O N O M IC M O DE LS ; SIA T I ST ICAL E QUAT I ON E ST IfuIAT IO N

2SrS ESTUT4ATION USING MA)SMUM LIKELIHOOD ITERATM TECIINIQIIE

EOUATION 7: COMMERCIAL A\IERAGE PRICE

CAPCPL = g0+g1*AQTCPL+g2*AFCCPL

FINALVALUE OFRHO =

STAITDARDERROR OFRHO =

T-STATISTICFOR RHO =

SUMOFSQUAREDRESIDUALS =

STAI{DARDERROR OFTTIE
REGRESSION =

MEA}I OFDEPENDENT
VARIABLE =

STAIIDARDDEVIATION =

32=
ADruSTEDR2 =

DURBIN-WATSONSTATISTIC =

LOG OF LIKELIHOOD FUNCTION =

NUMBER OFOBSERVATIONS =

0.150623

0.164336

0.916557

0.3614838 03

0.316878b02

0.5845578-01

0.54V+8?J,-42

0.679876

0.662091

1.8625

170.633

39

VARHBLE
ESTIII,IATED

COEFT"ICIENT
STAI{DARD

ERROR T.STATISTIC

c
AQTCPL

AFCCPL

0.6640L8-02

1.0614

0.95 37L

0533668-02

0.882868-01

0.12555

!.2442

12.423

7.5960

VARHBLE
ESTIIVTATED

COEFFICIENT
STAI{DARD

ERROR T.STATISTIC

c
AQTCPL

AFCCPL

0.154578-01

0.96169

0.84280

0.676358-42

0.L0423

0.15953

2.2953

9.2267

5.2830
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A4 CENTRAL POWER AT'ID LIGflT COMPAATY

2SrS ESTnyTATION USING MAXIMUM LIKELIHOOD ITERATnIE TECFIMQUE

EOUATION8: INDUSTRIALAVERAGEPRICE

HPCPL = h0+h1*AQTCPL+h2{AF€CPL

FINALVALT'E OFRTIO

STAI{DARDERROR OFRHO

T.STATISTICFOR RHO

suM oF SQUARED RESIDUALS

STA}IDARDERROR OFTHE
REGRESSION

MEA}.I OFDEPENDENT
VARIABLE

STAI{DARD DEVIATION

R2

ADruSTEDR2

DURB IN.WATS ON STATISTIC

I,oG OF LIKELIHOOD FUNCTION

NT,JMBER OF OBSERVATIONS

2SIS ESTIil4ATION

EQUATION O: \I/HOLESALE AVERAGE PRICE

WAPCPL

suM oF SQUARED RESIDUAIS

STA}IDARD ERROR OFTIIE
REGRESSION

--
--
-I
--

--
--
I-
I-

-I
--

0.343343

0.154096

2.228Lr

0.4131658 03

0.3387748-42

0.33825?J.-0L

0.4628298-42

0.506175

0.47874r

1.9008

167.976

39

= i0 + i1*AQTCPL + 12*AFCCPL + i3*WAPDUM1 +
i4*WAPDI.]M2

0.8110978-02

0.152231E-01

VARHBLE
ESTIIVIATED

COEFHCIENT
STAI{DARD

ERROR T.STATISTIC

c
AQTCPL

AFCCPL

0.n7968-42

0.88214

0.75386

0.8756L8-42

0.13490

a.2L038

0.31745

6.5392

3.5833



EC ONOM IC M ODELS : STATISTICAL EOAATION ESTIITTATION

MEA}.I OFDEPENDENT
VARIABLE = 0.10698E

STA}.IDARD DEVIATION O.4O3OO1E.O1

A2 . = 0.E72035

ADruSTEDR2 = 0.857410

DIIRBIN-WATSONSTATISTIC = 1.7486

F-STATISTIC = 595802

NLTMBER OFOBSERVATIONS = 40

2SIS ESTIil4ATION

EOUATION 10: OTTIER AVERAGE PRICE

OAPCPL = j0+j1{'AQTCPL+j2*AFCCPL+j3*OAPDLIM

SUM OFSQUARED RESIDUAIS = 0.?549098-01

STA}{DARD ERROR OFTTIE
REGRESSION = 0.266098E-01

MEAI{ OFDEPEI{DENT
VARLABLE = 4304743E-01

STAI.IDARD DEVIATION = 0.602930E-01

g2 - 0.823031

ADruSTED R2 = 0.808283

DURBIN-WATSONSTATISTIC = 2.0474

F-STATISTIC = 54.74L3

NUMBER OFOBSERVATIONS = 40

\

VARHBLE
ESTIII{ATED

COEFT'ICIENT
STAhIDARD

ERROR T.STATISTIC

c
AQTCPL

AFCCPL

WAPDT]M1

WAPDUI{2

053694E"01

0.89072

1.0639

0.65036E-01

-0.445068-01

0.37738E 01

0.67453

1.0628

0.11691E 01

0.11895E 01

L.4228

L.3205

1.0010

5.5630

-3.74t6
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A4 CENTRAL POWER AI,TD LIGHT COMPAATY

2SI^S ESTIIVIATION

EOUATION 11: TOTAL FIIEL E)(PENSE & PURCIIASED-POWER COST

QTCPL = k0 +kFTVCCPL

suM oF SQUARED RESIDUAIS

STAI{DARD ERROR OFTIIE
REGRESSION

MEAI{ OF DEPEI{DENT
VARI,ABLE

STAI{DARD DEVIATION

R2

ADruSTEDR2

DURB IN.WATS ON STATISTIC

F.STATISTIC

NUMBER OFOBSERVATIONS

--
--

0.239059E+10

7931.60

109964.

n030.3

0.917584

0.915416

2.M96

4L4.945

40

--
--
--
--
--

VARHBLE
ESTIIVTATED

COETHCIENT
STAI{DARD

ERROR T,STATISTIC

c
A([rcPL

AFCCPL

OAPDUM

0.784558"03

059610

1.9690

-0.1n53

0.452l,58-01

0.72096

1.1506

0.125158-01

0.r7336E 01

0.82681

L.7TLz

-10.190

VARHBLE
ESTIMATEI)

COEFT"ICIENT
STAI{DARD

ERROR T.STATISTIC

c
TvCCPL

4759.L

1.0968

5767.1

0.53819E-01

-0.8?s2L

20.380
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A.5 CITY PUBLIC SERYICE BOARD OF SAFI ANTOMO

MODEL: CPSB/SA

SWIBOL DECI-ARATIONS

EI{DOGENOUS:

AFCSA

AQTSA

CAPINST

CAPSA

CSSA

GEI{RSA

GRNG

GRPLNTA

GRPINTB

GRPINTC

GRPLNTD

GRPLNTE

GRPLNTF

GRPLNTG

GRPPNU

IAPSA

il4ATSSA

PLNTAC

PLNTBC

PLNTCC

PLNTDC

PLNTEC

PLNTFC

PLNTGC

PPNUC

grsA

-

-

-

-

A\IERAGE FDGD COSTS:0O0'S OF $ PER lvf\MH

A\TERAGE FUEL EA}.ID PURCHASED POWER COSTS:

000'5 OF $ PER lvf\ilH

INSTRUMENTFOR CAPSA

COMMERCIAL A\IERAGE PRICE :000'5 OF $ PER lvf\ilH

COMMERCIAL SALES :lv[WH

GENERATION REQLIREMENTS :lvf$lH

GENERATIONREQWS FROM NATURAL GAS

PLAI{T:lvfWH

GENERATION REQI.'IREMENT FROM PI-A}IT AMWH

GENERATION REQIIREMENT FROM PI-AI{T B:lvfWH

GENERATION REQIIREMENT FROM PI-A]IT C:lvfV{H

GENERATION REQW FROM PI-AI{T D:lvfIMH

GENERATION REQI'IREMENT FROM PI,A}IT EJ\/IWH

GENERATION REQUIREMENT FROM PI-A}TT F:IVTWH

GENERATION REQM FROM PI-AIIT G:lvf\ilH

GENERATION REQUIREMENTS FROM PURCHASED POWER

FROM NQN-UTILITY S OURCES :lvf$lH

II{DUSTRIALAVERAGE PRICE:00O'S OF $ PERVflilH

FOLJR-QUARTER MO\INIG A\IERAGE OF TOTAL SALES:lvf\trlH

COI{DTNONAL VARIABLE

CONDITIONAL VARIABLE

CONDITIONAL VARIABLE

CONDTNONAL VARIABLE

CONDTNONAL VARHRLE

COI.TD ITIONAL VARIABLE

CONDITIONAL VARIABLE

CONDITIONAL VARIABLE

TOTAL FI.'EL E)(PENSE A}.ID PI,'RCHASED POWER COST

ESTIIvIATE:000'S OF S



ECONOMIC MODELS : STATISTICAL E$UATION ESTIMATION

RAPINST . INSTRTIMENTFORRAPSA

RAPSA - RESIDENTIAL A\aERAGE PRICE:000'S OF PER lvlrilH

RSSA . RESIDENTIALSALESMWH

TSSA . TOTALSYSTEMSALESMWII

TVCSA . TOTAL FT'EL A}ID PI.]RCHASED POWER E)(PENSE
REQUIREMENTS:O00'S OF S

VCNG NATITRALGAS COST:000'S OF$

VCPLNTA - VARIABLE COST FOR PLAI{T A:000'S OF $

VCPLNTB - VARIABLECOSTFORPLANTB:000'S OF$

VCPLNTC . VARIABLE COSTFOR PI.AI\TT C:OOO'S OF $

VCPLNTD - VARLABLE COST FOR PLAI.IT D:000'S OF $

VCPLNTE - VARIABLE COST FOR PI/A'I'IT E:000'S OF $

VCPLNTF - VARLABLE COST FOR PLAl.lT F:000'S OF $

VCPLNTG - VARIABLE COSTFOR PI-AI{T G:000'S OF$

VCPPNU . PI'RCIIASEDPOWERCOSTFROMNON.UTILITYSOURCES:
000's oF s

EKOGENOUS:

C . CONSTAI{T

CCDDINST . INSTRI'MENT FOR COMMERCIAL COOLING DEGREE DAYS

CCSA - COMMERCIALCT'STOMERS'NI'MBEROFCT'STOMERS

CHDDINST - INSTRIJMENTFORCOMMERCIALHEATINGDEGREEDAYS

CPrIX . TE:GSCO'NSIJMERPRICEINDH(

GCPI.AI{TA - GENERATION CAPABILITY OF PI-AT{T AMWTI

GCPLAI{TA . GENERATION CAPABILITY OFPI-A}IT A:IVIWTI

CCPI-AI.ITB - GENERATION CAPABILITY OFPI-AI$T B:lvfWII

GCPLANTC - GENERATIONCAPABILITYOF C{\,IWH

CTCPLAI{ID - GENERATIONCAPABILITYOFPLA}'ITD:MWH

C'CPLAI{TE - GENERATIONCAPABILITYOFPLA}'ITEMWII

GCPLAIITF - GENERATIONCAPABILITYOFPLAI.TTF:MWH

GCPI.AI.ITG - GENERATION CAPABILITY OFPI.AI{T GjvIWIT

GCPPNU - GENERATIONCAPABILITYOFPT]RCIiTASEDPOWER
FROM NON-UTILITY S OURCES :lvfWH

ILFSA - SYSTEMLOSSFACTOR

ISSA - II{DUSTRIALSALES:IvfWH

IvIATFCSA - FOITR QUARTER MOVING SIJM TOTAL FDGD COSTS:
000's oF $
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NAC'CPS

ossA

PPIF

RCDDINST

RCSA

RTIDDINST

RPICPS

UFCX{G

UFCPLAI$TA.

I,TFCPI,A}ITB .

T,JFCPI.AI{TC -

UFCPI-AI$TD .

I,JFCPI-AI{TE O

I,'FCPI-AI{TF .

I,'FCPI.A}ITG .

T'FCPPNU

A.5 CNY PUBLIC SERVICE BOARD OF SANAT,TTONIO

NON-AGRIST]LTURAL EMPLOT'N{ENT IN CPS

SERVICE AREA:000'S OFS

OTHER SALES:}vfWH

PRODUCER PRICE INDE*FINISHED GOODS

INSTRI.JMENT FOR RESIDENTIAL COOLING DEGREE DAYS

RE.S IDENTIAL CTISTOMERS :NUMBER OF CTJSTOMERS

INSTRT]MEI{T FOR RESIDENTIAL HEATING DEGREE DAYS

REAL PERSONAL INCOME (BILUONS OF $)

FUEL COST TO PRODUCE ON IyI\MH OF tr'LECTRICITY

INNATURAL GAS PLAI{TS:000'S OF $

VARIABLE COSTTO PRODUCE ONE lv[VrH OFELECTRICTTY IN
PLAI{T A:000'S OF S PER NnilH

VAITT\EILE COSTTO PRODUCE ONElvfUrH OFELECTRICITY IN
PI*AI{T B:000'S OF $ PER IYIWH

VARIABLE COST TO PRODUCE ONE lvfWH OF EI*ECTRICTTY IN
PI-AI{T C:000'S OF S PER NnilH

VARIABLE COSTTO PRODUCE ONE lvf\IrH OFELECTRICTTY IN
PI-AI{T D:000'S OF $ PER IvfWH

VARIABLE COSTTO PRODUCE ONElvfurH OFELECTRICITY IN
PI-AI{T E:000'S OF $ PER }YfWH

VARIABLE COST TO PRODUCE ONE lvf$rH OF ELECTRICITY IN
PLAI{T F:000'S OF $ PER IW\ilH

VARIABLE COST TO PRODUCE ONE lvfwH OF ELECTRICFY W
PI-AI{T G:000'S OF $ PER lvfWH

UNIT COST OF PI'RCHASED POWER FROM NON.IJ:ilLITY
SOURCES:00O'S OF $ PER tvfwH

(RAPSA(4)/CPrrX(-4)) *RCSA

( CAPS L(-2) IPPIF(- 2) ) 
* CCS A

RSSA+CSSA+ISSA+OSSA

(TS SA+TS SA(- 1 )+TS SA(-2)+TS SA(- 3 ))/4

QTSA/TSSA

TvIATFCSAMATSSA

TSSA T. ILFSA

GEI{RSA-GCPPNU

PPNUC-GCPLNTA

PLNTAC-GCPLNTB

PLNTBC.GCPLNTC

IDENTITIES:

RAPINST

CAPINST

TSSA

il4ATSSA

AQTSA

AFqSA

GEI{RSA

PPNUC

PLNTAC

PINTBC

PLNTCC

--
--
-I
--
-O
--
--
-
--
--
--



ECONOMIC MODELS : STATISTICAL EOAATION ESTIMATION

PLNTDC = PLNTCC-GCPLNTD

PLNIEC = PLNTDC-CTCPLNTE

PLNTFC = PLNTEC-GCPLNTF

PLNTGC = PLNTFC-GCPLNTG

GRPPNU = (PPNUO0)*GCPPNU+(PPNUC4)*GEI'IRSA

VCPPNU = GRPPNU*UFCPPNU

GRPLNTA = (PPNU$0)''((PLNTA$0){'GCPLI'ITA+(PLNTAC<0){'PPNUC)

VCPLNTA = GRPINTA{'IJFCPLNTA

GRPLNTB = (PPNU60){'(PLNTAC50)i'((PLNTBO0){'GCPLIITB+(PLNTBC<0){'PLNTAC)

VCPLNTB = GRPLNTB{'UFCPLNTB

GRPLNTC = (PPNUSO){' (PLNTA60){'(PLNTB$O){'((PLNTCC>0)r'GCpI'hffg*
(PINTCC<o)*PLNTBC)

VCPLNTC = GRPLNTC*UFCPLNTC

GRPINTD = (PPNU$0){'(PLNTA$0)*(PI}ITB$0){'(PLNTCO0)'F((PLNTD60)*
GCPLNTD+(PLNTDC<0)*PLIITCC)

VCPLNTD = GRPLNTD*UFCPLNTD

. GRPLNTE = (PPNU60)*(PLNTAO0)*(PLNTBO0)*(PINTCS01*PLNTDS0)*
(eI.NreC>O)* GCPLT'ITE+(PLNTEC<0)*PLNTDC)

VCPLNTE = GRPLNTE*UFCPLNTE

cRPLNtf = PPNUG0)*(PLNTAO0)*(PLNTBC>0)*(PLNTCO0){'(PLNTDC>0)*
(P[-NTB60){' ((PLNTFOQ){'GCX'LI[[F+G'LNTFC<0)*PLNTEC)

VCPLNTF = GRPLNTF*UF@LNTF

GRPLNTC = (PPNUG0)r'GLNTA60)*(PLNTBC>0)*(PLNTCO0)*(PLNTD60)*
(PLNTEO0)I (PLNTFC>0) *((PLNTGG0){'GCPLNTG+(PLNTGC<{)''PLNTFC)

VCPLNTG = GRPLNTGT'UFCPINTG

cRNc = (PPNU$0)'TPLNTAC>0)*(PLNTB$0){'(PLNTCO)0)*(PLNTDO0)*
(PLNTES0)*(PLNTFOo)r, eLNTGG0) *PLNTGC

VCNG = GRNG#LF(I'IG

TVCSA VCPPNU+VCPLNTA+VCPLNTB+VCPLNTC+VCPLNTD+VCPLNTE+
VCPLNTF+VCPLNTG+VCbIG
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