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AN ECONOMETRIC MODEL OF MONTHLY PEAK LOAD:

CASE STUDY FOR AN ELECTRIC UTILITY SYSTEM

CHAPTER I 

INTRODUCTION

The d ra s t ic  changes in energy m arkets s in ce  th e  1973-1974 energy 

c r i s i s  and th e  ex p ec ta tio n  o f con tinu ing  change in th e  forthcom ing years  

have made cap ac ity  p lanning by e l e c t r i c  u t i l i t i e s  in c reas in g ly  d i f f i c u l t .  

Along w ith growing u n c e r ta in ty  in th e  cap ac ity  p lan n in g , th e  c o s ts  o f 

e l e c t r i c  g enera tion  i s  a lso  ra p id ly  in creasing  because o f r i s in g  f u e l ,  

c a p i ta l  and co n stru c tio n  c o s ts .  According to  a study of c a p ita l  and fu e l 

c o s ts  fo r  u t i l i t i e s  conducted a f t e r  th e  energy c r i s i s ,  th e  in te r e s t  r a te  

f o r  new u t i l i t y  bonds more than doubled and th e  average e l e c t r i c  u t i l i t y  

c o s t  of fu e l quadrupled during th e  te n -y e a r period  o f 1965 and 1975.^

As th e  u n c e r ta in ty  of fo re c a s tin g  expands, a lso  e s c a la te s  th e  

consequen tia l c o s t o f p lanning based on in accu ra te  fo r e c a s ts .  U t i l i ty  

p lanners th e re fo re  have begun to  a c c e le ra te  e f f o r t s  to  develop new and

^ E lec tric  U t i l i ty  Rate Design Study, Rate Design and Load 
C ontro l: Issues and D irec tions (Palo A lto , C a l ifo rn ia :  E le c tr ic  Power
Research I n s t i tu te ,  Nov. 1977), pp . 10-11.
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more e f f e c t iv e  m ethodologies fo r  load fo re c a s t in g . The need fo r  accu

r a te  in te rm ed ia te  and long-range fo re c a s ts  in c ap ac ity  p lanning is  

becoming more im portant than  ever as the  lead tim es re q u ire d  fo r  c ap a c ity  

a d d itio n s  in c re a se . New environm ental concerns, g r e a te r  com plexity in 

new g en e ra tio n  tech n o lo g ie s  and longer re g u la to ry  proceed ings have alm ost 

doubled n u c lea r power p la n t  lead tim es in th e  l a s t  decad e .^  C o a l-fired  

power p la n t  lead tim es a lso  have increased  from s ix  y e a rs  in 1974 to  

e ig h t y e a rs  in 1977.*

Estim ates o f both peak load (K ilow atts) and energy (k ilo w a tt-  

hours) requirem ents in th e  fu tu re  c o n s t i tu te  th e  fo u ndation  fo r  p lanning 

in e l e c t r i c  u t i l i t i e s .  Even though th e  m a jo rity  of e x is t in g  econom etric 

s tu d ie s  o f  th e  demand f o r  e l e c t r i c i t y  a re  co n cen tra ted  on th e  e s tim a tio n

of k ilo w a tt-h o u r demand, th e  energy demand fo re c a s tin g  is  only p a r t i a l ly  

usefu l f o r  th e  u t i l i t y  p lanning  purposes.^  Because c a p a c ity  is  b u i l t  to  

meet system  peak demand, u t i l i t i e s  must be concerned in th e  maximum le v e l

2The imminent n e c e s s ity  o f new and more com plicated  fo re c a s tin g  
methods led th e  E le c tr ic  Power Research I n s t i tu te  (EPRI) to  c re a te  th e  
Energy Modeling Forum in 1977. The forum was in tended to  help u t i l i t i e s  
deal w ith  th e  new com plexity and u n c e r ta in ty  of fo re c a s t in g  and opera ted  
through a working group w ith p a r t ic ip a n ts  from u t i l i t i e s ,  government 
a g en c ie s , u n iv e r s i t i e s ,  and co n su ltin g  f irm s . Energy Modeling Forum, 
E le c tr ic  Load F o recas tin g : Probing th e  Issues w ith Models (Palo A lto , 
C a lifo rn ia :  E le c tr ic  Power Research i n s t i t u t e ,  A p r i l 1979),

^At le a s t  te n  y ears  a re  expected now fo r  n u c le a r  power p la n t 
lead tim e which was f iv e  and o n e -h a lf y ea rs  in 1967. I b id . ,  p . 2 .

* Ib id . ,  p . 41.

®In h is  1975 survey of th e  econom etric models o f e l e c t r i c i t y  
demand, Taylor found th a t  a l l  of th e  econom etric s tu d ie s  are  concerned 
about th e  energy demand w ith only one excep tion  o f C a rg il l  and M eyer's. 
L. 0 . T ay lo r, "The Demand fo r  E le c t r ic i ty :  A S urvey ,"  The Bell Journal 
of Economics. Vol. 6 , No. 1 (Spring 1975), p . 92; and T. F. C arg ill and 
k. A. Meyer, "Estim ating th e  Demand fo r  E le c t r ic i ty  by Time of Day," 
Applied Economics, Vol. 3 . No. 4 , pp. 233-246.
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of.demand as w ell as th e  to t a l  energy to  be consumed. However, th e re  has 

been very l i t t l e  em pirical a t te n tio n  to  provide d e ta i le d  in v e s tig a tio n s  

o f th e  fa c to rs  determ ining lev e l o f peak demand w hile th e o re t ic a l  aspec ts  

o f th e  peak load problem in e l e c t r i c i t y  g enera tion  have been analyzed by 

many economists.® Consequently, th e  d e s ire  o f e l e c t r i c  u t i l i t y  p lanners 

to  develop a w ell-defined  model o f peak load has been in c reasin g  over 

th e  recen t y e a r s .

The prim ary goal o f t h i s  d is s e r ta t io n  is  to  id e n tify  and ap p ra ise  

th e  e f fe c ts  o f economic, demographic and w eather v a r ia b le s  on th e  lev e l of 

peak e l e c t r i c i t y  demand. An a ffo rd ab le  and f le x ib le  model is  developed 

by an econom etric modeling technique fo r  th e  s e n s i t iv i ty  analyses and 

th e  load fo re c a s t in g . In th e  s tu d y , th e  e n t i r e  p rocess o f peak load 

form ation i s  d iv ided  in to  th re e  tim e h o rizo n s: 1) s h o r t  ru n , 2) long- 

run adjustm ent period and 3) long-run equ ilib rium  s ta g e .

Chapter 11 provides a thorough review  of th e  l i t e r a tu r e  con

cerning th e  peak load fo re c a s t in g . Each fo re c a s tin g  model is  c la s s i f ie d  

by th e  methodology used and evaluated  fo r  th e  ap p ro p ria ten ess  o f i t s  

a p p lic a tio n  and i t s  s e le c tio n  o f exp lanato ry  v a r ia b le s .  Shortcomings of 

th e  models a re  a lso  d iscu ssed .

Chapter I I I  p re sen ts  an a n a ly t ic a l  framework to  be used in th i s  

study fo r  analyzing  th e  determ ining fa c to r s  o f th e  peak demand fo r

®For example, see H. S. Houthakker, " E le c tr ic i ty  T a r if fs  in 
Theory and P ra c t ic e ,"  The Economic Jo u rn a l, Vol. 61, No. 241 (March 1951), 
pp . 1-25; P . 0 .  S te in e r , "Peak Loads and E f f ic ie n t  P r ic in g ."  Q uarterly  
Journal o f Economics,V ol. 71, No. 4 (Nov. 1957), pp . 585-610; Ralph 
rurvey, "Peak-load P r ic in g ,"  Journal o f  P o l i t ic a l  Economy, Vol. 76, No. 1
(Ja n ./F e b . 1968), pp. 101-113; J .  T. Wenders, "Peak Load P ric ing  in th e
E le c tr ic  U t i l i ty  In d u s try ,"  The Bell Journal o f Economics, Vol. 7 , No. 1 
(Spring 1976), pp. 232-241; and 0 . E .W illiam so n , "Peak-Load P ric in g  and 
Optimal C apacity under I n d iv i s ib i l i ty  C o n s tra in ts ,"  The American Economic
Review, Vol. 56, No. 4 (S ep t. 1966), pp. 810-827.
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e l e t r i c i t y .  An econom etric model is  developed by adopting a n e o c la ss ic a l 

concept o f stock  adjustm ent f o r  e lec tric ity -co n su m in g  ap p lia n ce s .

In c h a p te r  IV, th e  econom etric model equations developed in the  

previous c h ap te r a re  e m p irica lly  estim ated  f o r  an e l e c t r i c  u t i l i t y  system . 

Some p ra c t ic a l  is su e s  fo r  th e  model e s tim atio n  a re  d iscu ssed . The th e o re 

t i c a l  model s p e c if ic a t io n s  a re  then  ad ju sted  and re fin e d  through th e  

em pirical s tu d y . The s t a t i s t i c a l  v a l id i ty  o f th e  exp lanato ry  v a ria b le s  

i s  te s te d  and th e  accuracy of th e  model fo re c a s ts  is  a sse ssed . Based on 

monthly da ta  over th e  1969-1982 p e rio d , s h o r t- ru n , long-run adjustm ent 

and long-run eq u ilib riu m  e l a s t i c i t i e s  of th e  peak load a re  examined fo r  

th e  v a riab les  included  in th e  model. Some p o licy  im p lica tio n s  f o r  capac ity  

p lann ing , peak load p ric in g  and d i r e c t  load management measures a re  a lso  

d iscussed  in t h i s  c h ap te r .

Chapter V sy n th esizes  th e  conclusions drawn from th e  previous 

chap ters  and proposes some suggestions f o r  improvement in peak load 

fo re c a s tin g .



CHAPTER II

PRESENT STATE OF THE ART FOR PEAK LOAD FORECASTING

Comprehensive surveys of th e  e l e c t r i c  load fo re c a s tin g  models 

conducted in  1975 and 1976 uncovered alm ost no l i t e r a tu r e  o f peak load 

fo re c a s tin g .^  This lack  of concern in peak load fo re c a s tin g  p r io r  to  

1973 was m ainly due to  th e  low co sts  o f e l e c t r i c  g en era tio n  and th e  s ta b le  

growth tre n d s  experienced by most o f  e l e c t r i c  u t i l i t i e s .  In many in s ta n c e s , 

energy s a le s  were s te a d i ly  increasing  and load f a c to r s  remained s ta b le
g

over th e  y e a r s .  There has been a s iz a b le  increase  in resources devoted 

to  th e  peak load fo re c a s tin g  since  th e  1973-1974 energy c r i s i s .  However, 

n early  a l l  peak load modeling research  is  s t i l l  performed by u t i l i t i e s .  

While academic models ten d  to  be b e t te r  s tru c tu re d  and documented, th e  

in te r e s t  o f academ icians has been p rim arily  confined to  in v e s tig a tin g  

th e  im pacts of peak load p ric in g  r a th e r  than  fo re c a s tin g  th e  lo a d s .

^L. D. T aylor, "The Demand f o r  E le c t r ic i ty :  A Survey," The 
Bell Journal o f Economics, Vol. 6, No. 1 (Spring 1975), pp. 74-11ÜT”  
and C harles River A sso c ia te s , Long-Range F orecasting  P ro p ertie s  of 
S ta te -o f- th e -A rt Models o f  Demand f o r  E le c tr ic  g ie rgy  (Palo A lto ,
C a lifo rn ia :  E le c tr ic  Power Research I n s t i tu t e ,  December 1976).

2
Load fa c to r  i s  a r a t io  o f average hourly demand to  peak hour

demand in  a given p e rio d .
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D espite a sh o rt h is to ry  o f re sea rch , a wide v a rie ty  o f methodol

og ies have been t r i e d  fo r  peak load m odeling. Although f u r th e r  c l a s s i f i 

c a tio n  w ith in  a group is  n ecessa ry , th e  various approaches used f o r  peak 

load fo re c a s tin g  a re  b a s ic a lly  grouped in to  in d ir e c t  methods and d i r e c t  

methods.

A. In d ire c t Methods

According to  th e  survey of load fo re c a s tin g  m ethodologies con

ducted by Federal Power Commission in 1969, about h a lf  of th e  t h i r t y  

u t i l i t i e s  responded p repare  an energy fo re c a s t  as th e  prim ary fo re c a s t  

and produce a peak load fo r e c a s t  by using th e  energy fo re c a s t  and load
3

fa c to r  r e la t io n s h ip .  Advantages argued f o r  th e  in d ir e c t  fo re c a s tin g  

methods a re ;  I )  t h a t  energy use d a ta  a re  u su a lly  le s s  e r r a t i c  over 

tim e than peak demand da ta  and a re  th e re fo re  a b e t te r  in d ic a to r  of 

underly ing  growth tre n d s ;  2 ) th a t  load fa c to r s  a re  no more v o la t i le  than 

peak loads in  th e  sh o r t run and in many cases tend  to  be s ta b le  over th e  

long run ; and 3) th a t  d e ta i le d  d a ta  a re  a v a ila b le  f o r  energy , but not 

f o r  peak demand, by c la s se s  o f  se rv ice s  and geograph ica l su b -d iv is io n s  

and can be e a s i ly  r e la te d  to  ap p ro p ria te  ex p lan a to ry  v a r ia b le s ,  such as 

w eather, income and p o p u la tio n .*  Based on modeling s o p h is t ic a t io n , th e  

in d ir e c t  fo re c a s tin g  methods a re  fu r th e r  c la s s i f i e d  by th e  system load 

f a c to r  approach and th e  c la s s  of se rv ice  co in c id en t load f a c to r  approach.

3L. D. T aylor, "A Review of Load-Forecasting M ethodologies in 
th e  E le c tr ic  U ti1i ty  Industry^"  Proceedings on Forecasting  ^ th o d o lo g y

4

xne t i e c t r i c  u t i l i t y  in o u s try ,"  proceedings on Forecasting  Methodology 
fo r  Time-of-Day and Seasonal E le c tr ic  U t i l i ty  Needs (Palo A lto , C a lifo r 
n ia :  E le c tr ic  Power Research I n s t i tu t e ,  March 1976), p . 85.

I b id . ,  p . 86.
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1. System Load Factor Approach

The s im p le s t peak load  fo re c a s tin g  techn ique employed by 

u t i l i t i e s  is  a tre n d  e x tra p o la tio n  o f system load f a c to r .  The tre n d -  

fo re c a s te d  load f a c to r  is  then  ap p lied  a g in s t th e  energy demand fo re c a s t  

to  generate  th e  peak load f o r e c a s t .  Since much of peak load and energy 

s a le s  f lu c tu a tio n s  from trend-determ ined  values is  due to  abnormal w eather 

s i tu a t io n s ,  d i r e c t  use of h i s to r ic a l  load fa c to r s  fo r  th e  tre n d  a n a ly s is  

w il l  impede e s ta b lis h in g  a t r u e  t r e n d . T herefo re , h is to r ic a l  values of 

th e  peak load and th e  energy use need to  be w eather-norm alized by th e  

w eather s e n s i t iv i ty  determ ined f o r  each y e a r .  The w eather-norm alized 

h i s to r ic a l  load f a c to r s  a re  then  computed and tre n d s  a re  e s ta b lis h e d .

This approach emphasizes th e  s t a b i l i t y  o f th e  w eather-co rrec ted  

load  fa c to rs  and suggests  a sim ple e x tra p o la tio n  technique f o r  th e  tren d  

s e t t i n g .  However, th e  p o s t-e n e rg y -c r is is  experience  in th e  l a s t  decade 

shows th a t  load f a c to r s  a re  f re q u e n tly  e r r a t i c  and d i f f i c u l t  to  p ro je c t .  

While i t  may be t r u e  th a t  energy demand can be p ro jec ted  w ith g re a te r  

accuracy than peak demand, fo re c a s tin g  th e  load f a c to r ,  which i s  neces

sa ry  to  convert energy to  peak demand fo r e c a s t ,  may involve more work 

th an  a d i r e c t  fo r e c a s t  o f peak demand. A fte r  attem pting  to  f o r e c a s t  th e  

peak demand both d i r e c t ly  and in d ir e c t ly ,  a re c e n t em pirica l study o f 

peak e l e c t r i c i t y  demand with th e  monthly load d a ta  of tw elve d i f f e r e n t  

u t i l i t i e s  concludes t h a t  i t  i s  more d i f f i c u l t  to  p re d ic t th e  load f a c to r  

th an  e i th e r  peak demand o r average demand. The second d isadvan tage of

5
R. R. B etancourt, "An Econometric A nalysis of Peak E le c t r ic i ty  

Demand in th e  S ho rt Run," Energy Economics, Vol. 3 , No. 1 (January 1981), 
p .  25.
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t h i s  approach is  th a t  a lack  o f behav ioral s t ru c tu re  p ro h ib its  any impact 

a n a ly s is  o f p o licy  changes on peak load grow th.

2 . C lass of S erv ice  Coincident Load Factor Approach

One way to  r e f in e  th e  system load f a c to r  fo re c a s t  d iscu ssed  above

is  to  se p a ra te ly  fo re c a s t  load fa c to rs  by c la s s  o f s e rv ic e -  System peak

load fo re c a s t  is  then produced by m u ltip ly in g  th e  p ro jec ted  c la s s  o f s e r 

v ice  c o in c id en t load fa c to r s  by fo re c a s ts  o f  energy usage by c la s s  o f 

serv ice .®  An advantage o f t h i s  approach is  t h a t  i t  provides more s t r u c 

tu re  than  th e  system load f a c to r  approach and is  amenable to  p iecew ise 

improvement.

Changes in th e  system load f a c to r  a re  a t t r ib u ta b le  to  e i th e r  o r 

both o f th e  two f a c to r s :  1) changes in th e  p ro portions o f energy s a le s  

to  c la s s e s  o f s e rv ice  which have d i f f e r e n t  load f a c to r s ;  and 2) changes 

in th e  load fa c to rs  o f in d iv id u a l se rv ice  c la s s e s .  The c la s s  o f s e rv ice  

load f a c to r  approach was used by N ortheast U t i l i t i e s  Serv ice  Company (NUSC) 

f o r  t h e i r  long-range load fo re c a s t in g .^  The NUSC model measures th e  e f f e c t  

o f changes in th e  p ro p o rtio n s  o f energy s a le s  to  se rv ice  c la s s e s  on th e  

system load f a c to r  but does no t a ttem pt to  e s tim a te  th e  changes in th e  

c la s s  load f a c to r s .  Nebraska Public Power D is t r i c t  (NPPD) is  ano ther 

u t i l i t y  which adopted th e  c la s s  load f a c to r  approach f o r  t h e i r  peak load 

fo r e c a s t in g .  Like NUSC, NPPD a lso  used c o n s ta n t c la s s  load f a c to r s  f o r

®The co in c id en t load fa c to rs  by c la s s  o f se rv ic e  a r e ,  in  t h i s  
c a se , th e  c la s s  o f  s e rv ic e  load fa c to rs  a t  th e  tim e o f system peak demand.

^N ortheast U t i l i t i e s  Service Cotripa-.'y, The N ortheast U t i l i t i e s  
System Ten- and Twenty-Year F orecasts of Loads ana Resources (H artfo rd , 
C onnecticu t: N ortheast U t i l i t i e s  Serv ice Company, January 1976).
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t h e i r  fo re c a s t  o f annual peaks f o r  a tw enty-year p e rio d . In th e  NPPD 

model, th e  c la s s  load fa c to r s  a re  not based on NPPD-specific d a ta  because 

such d a ta  a re  not a v a i la b le .  R ather, they used th e  load re sea rch  d a ta  

compiled by o th e r u t i l i t i e s  which have s im ila r  s e rv ic e  c h a r a c te r i s t i c s .  

Since th e  e f f e c t s  o f changes in  c la s s  load f a c to r s  a re  ignored , both of 

th e  u t i l i t y  models a re  only p a r t i a l  models.

The major d a ta  requirem ents fo r  e s tim a tin g  th e  model a re  c la s s  of 

se rv ice  co in c id en t load p r o f i l e s .  While many u t i l i t i e s  have th e  tim e of 

day load d a ta  req u ired  f o r  e s tim a tin g  co in c id en t load r e s p o n s ib i l i t ie s  

fo r  la rg e  in d u s tr ia l  custom ers, l i t t l e  d a ta  on co in c id en t loads fo r  

r e s id e n t ia l  and commercial custom ers e x is ts  u n t i l  re c e n tly . Besides th e  

estim atio n  problem, use o f th e  model fo r  fo re c a s tin g  may be eq u a lly  o r 

even more d i f f i c u l t  than  most o f th e  d i r e c t  fo re c a s tin g  methods. This 

is  because th e  model re q u ire s  fo re c a s ts  o f changes in th e  co in c id en t load 

fa c to rs  and changes in energy s a le s  by c la s s  o f  se rv ic e  a t  th e  same tim e .

B. D irec t Methods

A co u n te rp a rt o f th e  load fa c to r  approach is  d i r e c t  modeling of 

peak lo a d s . In th e  d i r e c t  m odels, peak load i s  fo rec a s te d  independently  

o f  underly ing  energy demand. Reasons c ite d  f o r  using th e  d i r e c t  modeling 

method a re :  1) i t  i s  reasonab le  to  model d i r e c t ly  what a u t i l i t y  system 

co nsiders  th e  most im portant fo re c a s t  fo r  c ap a c ity  p lann ing ; 2 ) load 

fa c to rs  a re  freq u e n tly  e r r a t i c  and d i f f i c u l t  to  p ro je c t ;  and 3 ) peak 

demand d a ta  can be more d i r e c t ly  re la te d  to  c e r ta in  v i ta l  v a r ia b le s  such

Q
ICF, In c .,  Nebraska Public Power D is t r ic t  System Demand and 

Energy Requirem ents: Ibwi P ro jec tio n s  (Columbus, Nebraska: Nebraska 
Public Power D is t r i c t ,  May I9 b 2 j.



10
g

as weather and app liance  stocks th an  energy usage d a ta .  Depending on 

th e  exp lanatory  v a r ia b le s  used f o r  modeling and th e  design  o f model s t r u c 

tu r e ,  d i r e c t  models a re  c la s s i f ie d  in to  t im e -se r ie s  approaches, end-use 

approaches, econom etric approaches and hybrid approaches.

1. T im e-Series Approaches 

T im e-series techniques a re  designed to  p ro je c t  fu tu re  values of 

a v a ria b le  such as peak load of e l e c t r i c i t y  on th e  b a s is  o f a  h is to r ic a l  

trend  of th a t  v a r ia b le .  The main advantage f o r  t h i s  method is  th a t  d a ta  

requirem ent fo r  modeling is  m inim al. However, th e  model param eters a re  

not in tu i t iv e ly  meaningful because th ey  do not p rov ide  any in s ig h t in to  

c a u s a l i ty .  Given th e  expected changes in fu tu re  tre n d s  o f causa l f a c to r s ,  

tim e -se r ie s  models a re  g en e ra lly  ap p ro p ria te  f o r  sh o rt-ru n  fo re c a s tin g  

s i tu a t io n s .  The models a re  r e l a t iv e ly  unstab le  and accuracy o f th e  

model fo re c a s ts  d ecreases  over tim e . Despite i t s  problem fo r  long-run 

fo re c a s tin g , t im e -s e r ie s  a n a ly s is  has been widely used f o r  both sh o rt-ru n  

and long-run fo re c a s tin g  o f peak e l e c t r i c i t y  demand. Model ty pes range 

from sim ple e x tra p o la tio n  techn iques to  more s o p h is tic a te d  models such 

as autoregressive-m oving  average (ARMA) models. Three d i f f e r e n t  types 

of tim e -s e r ie s  a n a ly s is  w ill be d iscu ssed  in t h i s  s e c t io n :  1) tren d  

a n a ly s is . 2 ) s to c h a s tic  a n a ly s is  and 3) ARMA (o r Box-Jenkins) m odeling. 

The models reviewed below a re  s e le c te d  because th ey  a re  considered  to  be 

m ilestones in th e  a p p lic a tio n  o f s t a t e  of th e  a r t  f o r  peak load fo re c a s tin g ,

a )  Trend a n a ly s is . Simple trend  e x tra p o la t io n  techn ique was a 

popular method o f load fo re c a s tin g  shared by many u t i l i t i e s  in e a r ly  d ay s.

g
L. D. T ay lo r, "A Review o f  Load-Forecasting M ethodologies in 

th e  E le c tr ic  U t i l i ty  In d u s try ,"  p .  86 .
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The procedure here is  to  f i t  a tre n d  curve to  h is to r ic a l  values o f peak 

load and g en era te  a fo re c a s t  by e x tra p o la tin g  th i s  tre n d  curve forward to  

th e  d e sired  h o rizo n . The e f f e c t  o f w eather on th e  peak i s  ignored assum

ing th a t  s im ila r  w eather co n d itio n s  w ill  p re v a il every y ear a t  th e  tim e of 

peak demands. However, th e  environm ents which produce th e  peak demand 

can change s ig n i f ic a n t ly .  For example, in c reasin g  r a te s  o f s a tu ra tio n  fo r  

a ir -c o n d itio n in g  app liances makes th e  e l e c t r i c  load more w e a th e r-se n s it iv e . 

Under t h i s  c ircum stance , th e  load fo r e c a s t  based on th e  sim ple tre n d  an a ly 

s i s  w ill be le s s  r e l i a b le  w ith more d i s ta n t  h is to ry  o f load to  be analyzed .

Recognizing th e  need of seasonal adjustm ent o r  w eather-norm ali- 

zation  o f th e  load d a ta  to  be used f o r  a tren d  a n a ly s is ,  Gupta proposes 

a load fo re c a s tin g  procedure based on sep a ra tio n  o f sea so n a lly  ad ju sted  

and seasonal components of peak d e m a n d . W i t h  weekly peak demand da ta  

of a p a r t ic u la r  u t i l i t y  and a sso c ia te d  w eather d a ta  f o r  a 12-year p e rio d , 

th e  demand d a ta  a re  deseasonalized  using  a moving average te ch n iq u e . A 

second-order polynomial tren d  is  then  f i t t e d  f o r  th e  sea so n a lly  ad justed  

demand d a ta  using a g en era lized  le a s t  square e s tim atio n  method, by which 

th e  ob serv atio n s  a re  weighted e x p o n en tia lly  w ith a d e c lin in g  scheme s t a r t 

ing from th e  most re c e n t o b se rv a tio n . On th e  o th e r  hand, th e  seasonal 

component i s  d iv ided  in to  a summer component and a w in te r  component. The 

sep a ra tio n  o f seasonal components i s  n ecess ia ted  by th e  d iffe re n c e  between 

cooling  load and h ea tin g  lo ad . T herefo re , two d i f f e r e n t  w eather-load 

models a re  needed. Two w eather-load  models a re  sp e c if ie d  f o r  each year 

by reg re ss io n  c o e f f ic ie n ts ,  and K^, which a re  e stim ated  by c o rre la tin g

C. Gupta, " S ta t i s t i c a l  and S to ch astic  Techniques fo r  Peak 
Power Demand F o recasting  in E le c tr ic  U t i l i ty  System s," PEREC Report No.
51, Engineering Experiment S ta t io n , Purdue U n iv e rs ity , August 1969.
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th e  summer and th e  w in te r components of th e  w e a th e r-se n s itiv e  demand w ith 

co in c id en t dry bulb tem perature measured as a d e v ia tio n  from i t s  mean, 

re s p e c tiv e ly . T herefo re , th e  values of and estim ated  in th e  r e g re s 

s io n  an a ly s is  a re  expected to  vary year to  y e a r .  In o rd e r to  r e f l e c t  t h e i r  

e v o lu tio n  in load f o r e c a s ts ,  fu tu r e  values o f and a re  p ro jec ted  by a 

tre n d  e x tra p o la tio n  based on Gompertz o r polynomial curve f i t t i n g .

The to t a l  peak demand fo re c a s t  i s  then obtained  by combining th e  fo re c a s ts  

o f seasonally  ad ju sted  and seasonal components.

Along w ith th e  procedure described above, Gupta d iscu sses  an

approach in which th e  load is  decomposed d i r e c t ly  in to  w ea th e r-sen stiv e
12and non -w eath er-sen sitiv e  components. F i r s t ,  weekday peak demand and

w eather d a ta  a re  used to  determ ine w eather-load models y ear by y e a r o r 
13season by season . Once th e  w eather-load models a re  determ ined, i t  is  

p o ss ib le  to  sep a ra te  th e  observed values of weekly peak demand in to  

w ea th e r-se n s itiv e  and no n -w eath er-sen sitiv e  components. A tre n d  curve 

i s  f i t t e d  to  th e  n o n -w eath er-sen sitiv e  component o f demand and then  

e x trap o la ted  to  th e  f u tu r e .  The changing c o e f f ic ie n ts  o f th e  w eather-load  

models a re  f i t t e d  by a growth curve and th e  expected values o f th e  co

e f f ic ie n t s  a t  th e  d e s ired  tim e o f th e  fo re c a s t  a re  ob tained  by ex tra p o 

la t in g  th e  growth cu rv e . H is to r ic a l  means and v ariances o f th e  w eather 

11Gompertz curve is  p re fe ra b le  to  sim ple tim e polynom ials in th e  
cases where th e  development o f  a ir-c o n d itio n in g  load is  w ell e s ta b lis h e d , 
because th e  m arket f o r  a ir -c o n d itio n in g  equipment Is  near s a tu r a t io n .

^^Gupta, " S ta t i s t i c a l  and S to ch astic  Techniques."

^^Gupta uses th e  dry bulb tem peratures o f 50“F and 70°F as th e  
th re sh o ld  tem peratu res f o r  h ea tin g  load and coo ling  lo ad , r e s p e c tiv e ly . 
Therefore, h is  w eather-load model would be

D = Dq + K^(T -  5 0 )a , + Kg(T -  70)6^ + u
where a 's  are  b inary  dummy v a ria b le s  and u is  a re s id u a l te rm .



13

v a ria b le s  a t  th e  tim es o f weekly peak loads a re  then  used to  fo r e c a s t  th e  

w e a th e r-se n s itiv e  component o f fu tu re  peak demand. F in a lly , th e  w eather- 

s e n s i t iv e  demand fo re c a s t  is  combined with th e  n o n -w ea th e r-sen s itiv e  

demand fo re c a s t  to  y ie ld  an e s tim a te  of fu tu re  peak .

b) S to ch astic  a n a ly s is . The th i r d  fo re c a s tin g  approach co n sid 

ered  by Gupta is  a s to c h a s tic  model which assumes th a t  peak demand is  th e  

sum of tre n d , seasonal and I r re g u la r  c o m p o n e n t s . A  base model f o r  peak 

demand in  month t  w ill  be then

^ t ■ \  \  ^t (1)
where T, S and I denote th e  t r e n d , seasonal and ir r e g u la r  components o f D,

re s p e c tiv e ly . The s to c h a s tic  model is  form ulated  by sp ec ify in g  models

f o r  each of th e se  components. The tren d  component is

^ t  " \ ~ l  ^ t

^  ’  ̂ t-1  " t  (3)
where is  th e  change in tre n d  from tim e t - 1  to  tim e t  and u^ i s  a

2
random e r ro r  term  with zero mean and unknown v arian ce  . Combining 

(2) and (3 ) ,

^t “ * 9 t - l  + " t  = ^ \ - l  ■ ^ t -2  + " t '

L ettin g  U denote th e  one-period  lag o p e ra to r , (4) can be w ritte n  as

T  ̂ -  2UT^ + U^T^ = u^ (5)

o r (1 -  U ) \  = u ^ . (6)

The model p o s tu la ted  f o r  th e  seasonal component i s

^ t '  \ - 1 2  *"t

f t  -  f t . 12 + ' I ' t  + Vt-l- (8)

K. N. S tanton and P . C. Gupta, "F orecasting  Annual o r  Seasonal 
Peak Demand in E le c tr ic  U t i l i ty  System," IEEE T ransactions on Power 
Apparatus and Systems, Vol. PAS-89, No. 5 (May/June 1970), pp . 954-959.
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is  th e re fo re  assumed to  be changing with a l in e a r  tre n d  of random s lo p e ,

p , which can vary between zero  and one. This model connects th e  su ccessiv e

monthly peak demands in  a re g re s s iv e  manner w ith  p and v ^ _ j. v^ is  a
2

s ta t io n a ry  zero-mean w h ite -n o ise  process w ith unknown variance  o ^ .

Combining (7) and (8 ) ,

(1 -  = (1 - P  + PU)v^. (9)

The ir r e g u la r  component i s  assumed to  be sampled from a p u re ly  random
2process w  ̂ w ith zero mean and unknown variance  o^:

I t  = w^. (10)

From equations (6 ) , (9) and (1 0 ), equation (1.) can be w ritte n  as

2 2 2Four unknown param eters, Oy , %  and p , must be estim ated  f o r  th e

p o s tu la ted  model (11) to  be com plete. This involves matching th e  s t a t i 

s t i c s  of th e  h is to r ic a l  demand d a ta  w ith corresponding s t a t i s t i c s  f o r  th e  

ou tpu t o f th e  p o s tu la ted  m odel. However, no m eaningful s t a t i s t i c s  can 

be produced from th e  h i s to r i c a l  d a ta  o r th e  model o u tp u t because o f 

t h e i r  n o n s ta t io n a r i ty .  S ince th e  seasonal component in  equation  (8) 

involves a l in e a r  t re n d , S+ i s  n o n sta tio n ary  and T  ̂ has a s im ila r  problem . 

Hence an in d ir e c t  approach is  undertaken by using  a re v e rs ib le  t r a n s f o r 

mation which co nverts  th e  n o n s ta tio n a ry  p ro cess  in to  a s ta t io n a ry  tim e 
*

s e r ie s  D^;

D* = (1 -  U)2(l -  U ^ ^ ) \  (12)

From equation (11),

D* = (1 -  + (1 -  p +p U) ( l  -  U)%Vt

+ (1 -  U)2(l -  (13)
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which is  th e  s to c h a s t ic  model producing the  s ta t io n a ry  random p rocess D^. 

The fo u r  unknown param eters o f  th e  s to c h a s tic  model a re  now determ ined 

by matching th e  pow er-density  sp e c tra  of th e  model ou tpu t and th e  t r a n s 

formed h is to r ic a l  demand d a ta .

Once th e  model param eters a re  e s tim a te d , fo re c a s ts  a re  produced

in e i th e r  o f two ways. The f i r s t  method is  to  o b ta in  th e  moving-average
★ .

re p re se n ta tio n  o f th e  p rocess and to  fo re c a s t  by using equation

(1 2 ). The second way is  to  apply a Monte Carlo gaming approach, assuming
2 2

th e  e r r o r  terms u , v and w a re  a l l  Gaussian w ith  variances 9 ^ , 9^ and 

1, re sp e c tiv e ly  and using  th e  estim ated  value f o r  p .  A la rg e  number of 

r e a l iz a t io n s  of th e  process a re  g en era ted . The mean o f th e  r e a l iz a t io n s  

f o r  th e  d esired  t  i s  used as th e  fo re c a s t .

Regarding p ra c t ic a l  a p p lic a tio n , a p u re ly  s to c h a s tic  model, such 

as th e  model d iscu ssed  above, appears to  have lim ite d  s ig n if ic a n c e  fo r  

th e  demand fo r e c a s t in g .  S erious com putational d i f f i c u l t i e s  a re  a sso c ia 

te d  w ith  conversion o f th e  s to c h a s t ic  model to  a s u i ta b le  form f o r  

fo re c a s tin g  purpose . However, once an a p p ro p ria te  model is  o b ta in ed , 

fo re c a s ts  a re  produced q u ite  ra p id ly .  Since th e  model is  n o n s ta tio n a ry , 

i t  does not have to  be updated as freq u en tly  as th e  tren d  curves and th e  

w eather-load  models d iscu ssed  e a r l i e r .  T h e re fo re , th e  combination of 

sim ple s to c h a s tic  models w ith more conventional techn iques such as w eather

load models may have a g re a t  p o te n t ia l .

c ) ARMA (or B ox-Jenkins) modeling. Econometric models a re  o ften  

m issp ec ified  due to  o v e r-s im p lif ic a tio n , d a ta  l im ita t io n s  o r th e  p ra c t ic e  

o f p r a f i l t e r in g  d a ta .  This i s  e sp e c ia lly  t r u e  f o r  u t i l i t y  load fo re c a s tin g
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where u n iv a r ia te  adjustm ents o f load d a ta  f o r  th e  impacts o f w eather,

s e a s o n a lity , and ra te s  a re  o fte n  a ttem pted . Data l im ita t io n  is  a common

problem f o r  small u t i l i t i e s  where r e l i a b le  se rv ic e  a re a  d a ta  e x is t s  on

only a su b se t o f th e  th e o r e t ic a l ly  im portant causal v a r ia b le s .  Claiming

th a t  econom etric models a re  n o t th e  f in a l  answer to  good fo r e c a s ts ,  Uri

poineered th e  a p p lic a tio n  o f ARMA (or Box-Jenkins) modeling tech n iq u es  to
15e le c t r i c  load fo re c a s tin g  as an a l te rn a t iv e  to  econom etric m odels.

In h is  e f f o r t  to  b u ild  a Box-Jenkins model f o r  in te rm ed ia te  

term fo re c a s tin g  o f system lo ad s , t im e -s e r ie s  d a ta  o f monthly average 

d a ily  peak system loads ob ta ined  from a la rg e  e l e c t r i c  u t i l i t y  in th e  

western United S ta te s  f o r  th e  y ears  196i through 1973 were analyzed .

Since he no ticed  th a t  th e  s iz e  o f seasonal e f f e c t  in c reases  w ith an 

in c rease  in th e  level o f  th e  s e r ie s ,  logarithm s o f th e  o r ig in a l o b serva

tio n s  were taken in o rd e r to  f i t  a model w ith an a d d it iv e  seasonal e f f e c t .  

L etting  th e  observed monthly average d a ily  peak load a t  tim e t  be 

denoted by x^ and th e  log-transform ed  value by z^ .

The f i r s t  s tag e  of th e  Box-Jenkins procedure is  to  d if fe re n c e  th e  s e r ie s  

z^ u n t i l  a s ta t io n a ry  s e r ie s  w  ̂ is  o b ta in ed . Because th e  s e r ie s  has a 

tren d  and seasonal p a tte rn s  com pleting one cy cle  every  tw elve o b se rv a tio n s , 

th e  sample a u to c o rre la tio n  fa c tio n s  o f  th e  s e r ie s  need to  be

examined, where in d ic a te s  th a t  th e  d iffe re n c e  o p e ra to r ,

1 s
N. D. U ri, "A New Approach to  Load F o recasting  in th e  E le c tr ic a l  

Energy In d u s try ,"  Working Paper No. 31 , U. S . Department o f Labor, Bureau 
of Labor S t a t i s t i c s ,  November 1974.

16N. D. U ri, "In term ed ia te  Term F orecasting  o f System Loads Using
Box-Jenkins Time S eries  A n a ly s is ,"  Proceedings on F o rec a s ting Methodology 
fo r  Time-of-Day and Seasonal E le c tr ic  U t i l i ty  Needs (Palo A lto ,
E le c tr ic  Power Research I n s t i t u t e ,  March 197b), pp . 60-76.
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= 0  -  '  4  -  4 - s "
is  ap p lied  D tim es and B is  th e  lag  o p e ra to r . The o p e ra to r  w ^ g w ill remove

a l in e a r  tre n d  and a s ta b le  seasonal p a t te rn . The tim e -s e r ie s  d a ta  used 

in th e  study showed th a t  th e  a u to c o rre la tio n  c o e f f ic ie n ts  a t  lags 1 and 12 

a re  s ig n if ic a n t  and th a t  a lag o f  g re a te r  than 12 can be regarded to  e x e r t  

no in f lu e n c e . Given th e se  r e s u l t s ,  th e  fo llow ing  sim ple model was te n ta 

t iv e ly  e n te r ta in e d  to  re p re se n t th e  seasonal dependence in th e  s e r ie s :

(1 -  =  (1 -

where e^ a re  independently  d is t r ib u te d  random d is tu rb a n c e s . A fte r removing 

th e  betw een-years seasonal c o r r e la t io n ,  th e  between-months s e r ia l  c o r r e la 

t io n  in  th e  e^ must a lso  be removed. The between-months c o r re la tio n s  could 

be exp lained  by a moving-average model of o rd e r q = 1 . That i s ,

(1 -  B)e^ = (1 -  e^B)a^ 

where a^ i s  w hite n o ise . Then, a m odified model f o r  th e  observations 

wi l l  be

(1 -  B)( l  -  B^^)z^= (1 -  e ,B )(l -  G^gB'Zlat 

where th e  param eters , Bj and a re  em p irica lly  e s tim a te d .

Using th e  model s p e c if ie d  above w ith th e  estim ated  param eters, 

and fo re c a s ts  o f th e  m onthly average d a i ly  peak loads f o r  th e

years  1971 through 1973 were g e n e ra te d . Since th e  d a ta  used to  e s tim ate  

th e  model ran  from January 1961 to  December 1970, re s id u a l a n a ly s is  o f th e  

fo re c a s ts  is  an em pirica l t e s t  o f  th e  fo re c a s tin g  a b i l i t y  o f th e  model. 

During th e  p eriod  o f r e la t iv e ly  smooth growth, th e  Box-Jenkins model

17 In f a c t ,  th e  between-months c o r re la t io n s  can be more e f f e c t iv e ly  
removed by using  th e  f i r s t  d i f f e r e n t i a l  terms o f  and e ^ . Then, th e  model 
can be fu r th e r  re f in e d  to  ex p la in  th e  se a so n a lity  o f a u to reg re ss iv e  te rm s:

12 12 (1 -  = (1 -  e^gB )Ae^ where th e  p a ram ete rs , ?^g and e^g, a re
to  be e s tim a te d .
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p re d ic ts  remarkably wel l -  However, th e  model is  n o t expected to  perform

so well over th e  tu rb u le n t  years l ik e  1974-1977 because no causal v a ria b le s

a re  included in th e  model to  ex p la in  d i f f e r e n t  s t r u c tu r a l  e f f e c t s .

The Box-Jenkins method d iscu ssed  above uses a th re e -s ta g e  model

bu ild ing  procedure—id e n t i f ic a t io n ,  e s tim atio n  and d ia g n o s tic  check ing .

Since th e  model id e n t i f ic a t io n  is  based on exam ination o f th e  various

p a tte rn s  formed by a u to c o rre la tio n  and p a r t ia l  a u to c o r re la tio n  fu n c tio n s

of AR, MA and ARMA m odels, th e  Box-Jenkins method has lim ited  use fo r

o n -lin e  fo re c a s tin g  and does not n e c e s sa r i ly  s e le c t  th e  model which

produces th e  b e st r e s u l t s .  As an advanced techn ique to  th e  conventional

Box-Jenkins tech n iq u e . Nelson and Vemuri p resen ted  a method w ith which

th e  model s e le c tio n  p rocess is  very sim ple and o n - lin e  fo re c a s tin g  o f
18hourly e l e c t r i c  loads is  au to m atica lly  p o s s ib le . The method p rocesses 

th e  h i s to r ic a l  hourly  loads w ith a seq u en tia l le a s t-s q u a re s  e s tim a to r  to  

id e n tify  a f in i t e - o r d e r  au to re g re ss iv e  model which in  tu rn  is  used to  

ob tain  a parsim onious ARMA model. A procedure i s  a lso  provided f o r  

in co rp o ra tin g  tem peratu re  as a v a r ia b le  to  improve fo re c a s ts  o f  w eather- 

s e n s i t iv e  lo ad s . Compared w ith th e  Box-Jenkins method, th e  advanced 

method involves much le s s  human in te rv e n tio n  and improved model i d e n t i f i 

ca tio n  .

The ARMA model o f (p , q) can be w ritte n  as

w(B)z. = e(B)a^. (1)
P i

where tu(B) = 2 u,B , «u = 1 and 
i=0  ̂ ^
q 4

6(8 ) = 2 e.BJ, 8 .  = 1.
1=0 J ^

18D. J .  Nelson and S. Vemuri, Automatic Load F orecasting  (Palo 
A lto , C a lifo rn ia : E le c tr ic  Power Research i n s t i t u t e ,  March 1981).
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A lte rn a tiv e ly , th e  above model can be rep resen ted  by th e  In f in i te -o rd e r  

AR model of
x ( B ) z ^  = a^  (2)

where x(B) = e '^ (B )u{B ) = z * ,b\  = 1-
1=0 *  "

For p ra c t ic a l  a p p lic a tio n , assuming a f i n i t e  o rder f o r  th e  AR model,

%h(B) = (3)
" 1=0 1

where h is  th e  o rd e r of th e  AR p ro c e ss . In a m atrix  form ,

Zt = + 4
where ^  = [-X p  -Xg, .........

h  ~ * -^ t- r  4 - 2 '  .........4 - h ^
and T Is  th e  tra n sp o se .

For a given o rd er h , th e  e stim a te  of %, % which minimizes th e  variance of

th e  re s id u a ls  o f th e  AR model. Is  ob tained  by using th e  fo llow ing

seq u en tia l le a s t-sq u a re s  e s tim a to r :

*N = ^N-1 + -  iN ^N -l) (S)

where ^  + zJBn- i 4 j  ̂ ^ i k - i

and R  ̂ = C 

fo r  N measurements o f z^ .

Without any Inform ation on ^  and *q , th e  I t e r a t iv e  procedure Is  

s ta r te d  by assuming la rg e  values f o r  ^  and *q = 0 . The components o f 

th e  v ec to r x^ a re  th e  es tim ates  f o r  h o f  th e  param eters o f th e  tru e  I n f in i te  

ordered AR p ro c e ss . Value o f h is  a lso  determ ined I t e r a t iv e ly  such th a t  

th e  variance  o f th e  e r ro r  between a^ and a^ Is  m inim ized. In p ra c t ic e ,  th e  

re s id u a l variance has approxim ately th e  same value f o r  many values o f  h .

The low est value o f  h is  chosen from th o se  values o f  h f o r  which th e  r e s i 

dual variance  Is  about th e  same.
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For a parsimonious model, th e  next s tep  is  to  id e n t i fy  th e  

parameters of th e  ARMA model of equation  (1) from th e  h ordered AR 

process determined in the^prev ious  s t e p .  From equation (2 ) ,

Treating as th e  measurable in p u t ,  equation  (1) can be modified as

where z^_g..........* H -p ’ ® t’ * t - l ............^ t-q^

and ^ 2 * '^q^

Equation (7 ) i s  s im i la r  to  equation  (4 ) .  The parameter v ec to r  £  can be 

estim ated by th e  le a s t-sq u a re s  seq u en tia l  e s t im a to r :

i n  = 1 n - i  * " ^ & - i )

£ n = n  -  P ^ _ 2 ^ ( l  + y ^ f u - 1

The e s t im a te  £  g ives th e  d e s ired  parameters f o r  th e  ARMA model o f  equation 

(1 ) .  The o rd e r  (p, q ) of th e  ARMA model i s  determined by a search pro 

cedure to  g ive  th e  o rders  which b e s t  f i t  th e  h ig h e r-o rd e r  AR model

id e n t i f i e d  in th e  previous s t e p .

There a re  th re e  a l t e r n a t iv e s  proposed to  inco rpo ra te  weather 

v a r ia b le s  in to  th e  t im e -s e r ie s  model d iscussed  above. The f i r s t  method is  

t o  expand th e  le a s t - sq u a re s  e s t im atio n  so as to  include dependence, not 

only on p a s t  values o f  load but a l s o  on c u r re n t  and previous values of

weather v a r ia b le s .  Then, th e  modified AR model w i l l  be 
m . n .

(1 + z  quB )Zf = (1 + Z BiBJ)w^ + v^ (9 )
1=1 ‘ ^  j= l  J t  t

where = hourly load

w^ = hourly weather v a r ia b le  

v^ = re s id u a l  noise
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B = lag opera to r

ttj = th e  c o e f f ic ie n t  f o r  th e  i th  delayed load

Bj = th e  c o e f f ic ie n t  f o r  th e  j t h  delayed weather v a r ia b le .

The second method is  to  inco rpo ra te  th e  weather v a r iab le s  in to  the  moving

average p o r t io n  of th e  a lg o ri th m . Tbe model w i l l  be th e  same as (9) but

th e  way t o  develop th e  Bj is  d i f f e r e n t .  The t h i r d  method i s  to  use th e

ARMA model as developed in th e  previous s t e p s .  The r e s id u a l s  of th e  ARMA

model a re  then analyzed in p lace  o f  z^ in equation (9 ) .  This ana lys is

would provide a co rrec t io n  to  be added to  th e  o r ig in a l  f o r e c a s t  in a

stepwise fa s h io n .

Nelson and Vemuri t e s t e d  th e  o n - l in e  fo re c a s t in g  method using 

th re e  hourly  da ta  from th e  Lincoln E le c t r ic  System, Lincoln , Nebraska.

In the  exhaustive  analyses performed on t h i s  d a ta  base, th ey  demonstrated 

th a t  t h e i r  method produced s ig n i f i c a n t ly  b e t t e r  r e s u l t s  than  th e  Box- 

Jenkins method. Although they  improved th e  da ta  p rocessing  c a p a b i l i ty  of 

th e  commonly used Box-Jenkins method by minimizing th e  human in te rv en tio n  

in developing th e  s to c h a s t ic  models and introduced a p o s s ib le  means of 

incorpora ting  weather v a r ia b le s  in to  a pure t im e -s e r ie s  model, t h e i r  

method i s  s t i l l  sh o r t  of a mechanism to  tak e  account o f  s t r u c tu r a l  changes. 

The method was designed only f o r  fo re c a s t in g  sho rt- te rm  (hourly ) load .

2 .  End-Use (o r Engineering) Approaches

End-use modeling approaches a re  ch a rac te r iz ed  by t h e i r  primary 

re l ia n ce  on physical analyses o f  th e  energy-consuming equipment. Models 

are  developed as fu n c tio n s  o f  th e  capac ity  and e f f ic ie n c y  o f  equipment, 

ra te s  of s a tu ra t io n  (ownerships) f o r  th e  equipment, r a t e s  o f  u t i l i z a t i o n  

a t  the  tim e of peak demand, w eather, e t c .  Engineering p r in c ip le s  are
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ty p ic a l ly  used to  develop a s im p lif ie d  mathematical r e p re se n ta t io n  which 

r e l a t e s  energy u t i l i z a t i o n  to  th e  thermal p ro p e r t ie s  of environments and 

th e  e lec tro -m echan ica l c h a r a c t e r i s t i c s  of th e  energy-using equipment.

End-use models a re  a t t r a c t e d  by t h e i r  a b i l i t y  to  e x p l i c i t l y  ev a lu a te  

various conserva tion  p o l ic ie s  and load management programs and to  provide 

d e ta i le d  analyses  of new technology impacts on e l e c t r i c  energy demand.

For load fo re c a s t in g  purpose, t h i s  approach would produce accu ra te  f o r e 

c a s ts  provided t h a t  a u ser  can make accu ra te  fo re c a s ts  of end-use inven

t o r i e s .  Estim ation of the  eng ineering  models, however, re q u ire s  c re a t io n  

of a v a s t  d a ta  base of end-use in v en to r ie s  and load cu rv es .  Therefore, 

the  la rge  da ta  requirem ents and in tense  modeling e f f o r t s  imply a t r a d e 

o f f  between leve l of d isag g reg a tio n  and q u a l i ty  of component f o r e c a s t s .

While the  lack of adequate d a ta  continues to  in h ib i t  a wide-spread 

a p p l ic a t io n  o f  th e  end-use models, the  ro le  of end-use models has expanded 

g re a t ly  s ince  th e  o i l  embargo. For example, they a re  in te n s iv e ly  used

in eva lua ting  th e  impacts of conserva tion  programs e s ta b l is h e d  by Congress
10

and s t a t e  l e g i s l a t u r e s .

A pplication  o f  th e  end-use modeling approaches to  peak load fo r e -
20c as t in g  was pioneered by the  C a l ifo rn ia  Energy Commission (CEC) in 1976.

In i t s  e f f o r t s  to  bu ild  a peak-load fo re c a s t in g  model fo r  the  e l e c t r i c

19 See S. C. C arhart ,  S. S. Mulherkar and S. Yasuko, The Brookhaven 
Buildings Energy Conservation Optimization Model, prepared f o r  the  D ivision 
of Buildings and Community Systems, U.S. Department of Energy, January 1978; 
J .  R. Jackson, An Econometric -  Engineering Analysis of Federal Energy 
Conservation Programs in th e  Commercial Sec tor [Oak Ridge, Tennessee : Oak 
Ridge National Laboratory, January 1979); and U.S. Department of Energy. 
N onresidentia l Buildings Energy Consumption Survey: Build ings Character-
r i s f i c s ,  D0E7EIA1I278T June 1981. ---------------- ----------------- --------------------

^^C a lifo rn ia  Energy Commission, "Technical Documentation of 
Procedures f o r  Estim ating Peak Demand,"  Mimeograph, October 4, 19/6.
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u t i l i t i e s  in C a l i fo rn ia ,  CEC used th e  d a i ly  peak load h is to ry  o f  P ac if ic  

Gas and E le c t r ic  Co. (PG&E) f o r  Ju ly  and August of th e  years  1961-1975 

to  es tim ate  th e  following equation :

D = NWD + BIAS + e 

where D = d a i ly  peak demand in megawatts, excluding weekends and 

h o lidays ;

NWD = n o n-w eather-sens it ive  demand to  be e s tim ated ;

TAS = a composite tem pera ture-app liance  s a tu ra t io n  index
n

c a lc u la te d  as z [ (TEMP.> 75°) x AC.]
1=1  ̂ 1 

with TEMP. = d a i ly  average dry-bulb  tem perature a t

weather s t a t i o n  i ;

ACj = number of e l e c t r i c  c e n t r a l  a i r  c o n d i t io n e rs  in 

region i ;  and 

n = number o f  sub-regions in th e  system ; f o r  the  

case of PG&E, n = 3 ;

B = parameter t o  be e s t im a te d ;  and 

c = random e r r o r  term .

The above model s p e c i f ic a t io n  involves two s trong  p r io r  assum ptions:

1 ) th e  common p c o e f f i c i e n t  f o r  a l l  o f  the  sub-regions presumes t h a t  the  

dependence of w ea th e r -se n s i t iv e  peak demands on d a i ly  summer tem peratures 

i s  the  same f o r  each o f  th e  su b -reg io n s ;  and 2 )  tem peratures above 75°F 

only in te r a c t s  with a i r  co n d it io n e r  s a tu ra t io n  in th e  e q u a t io n .  A fter 

es tim ating  th e  equation f o r  each o f th e  years  1961-1975, th e  non-weather- 

s e n s i t iv e  demand component, NWD, as estim ated  from each y e a r ' s  PEAK re g re s 

s ion , was then reg ressed  on annual KWh sa le s  in a b iv a r ia te  equ a tio n ,

NWD = T + 6 ES
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where ES = annual KWh s a le s  and

T, 6 = param eters to  be e s t im a ted .

In o rd e r  to  use th e  above equations  f o r  peak-load fo r e c a s t in g ,  energy(kWh) 

s a le s  must be fo re c a s te d  independently . With th e  fo rec as te d  value of NWD 

and app liance  s a tu r a t i o n s  in hand, s t a b i l i t y  of th e  B c o e f f i c i e n t  is  now 

q u e s t io n a b le .  E ff ic ien cy  and u t i l i z a t i o n  r a t e s  o f  a i r  c o n d i t io n e rs  r e p r e 

sented by th e  magnitude of th e  B c o e f f i c i e n t  a c tu a l ly  change over time as 

a fu n c tio n  o f  th e  socioeconomic v a r ia b le s ,  such as p r ic e  of e l e c t r i c i t y ,  

income, household s i z e ,  business  cond itions  in commercial and in d u s t r ia l  

s e c to r s ,  e t c .  G enerally  speaking, th e  CEC model has an obvious weakness 

caused by o v e r - s im p l i f i c a t io n .  The presence o f  p o s i t iv e  f i r s t - o r d e r  

s e r i a l  c o r r é la t io n  in the  f i r s t  equation  rev e a ls  the  m is sp e c i f ic a t io n  

problem. However, the  model served as a s tepp ing  stone to  the  imporved 

methods th a t  appeared l a t e r .

A more formal and in te g ra te d  end-use model was developed f o r  the
21New England Power Pool by B atte l  le  Columbus L abora to ries  in 1977.

Although the  model is  an in te g ra te d  load curve fo re c a s t in g  model, peak load 

is  determined by f in d in g  the  peak on the cu rve . The model has hourly  load 

curve fo r  each d e ta i l e d  end u s e s .  Hourly load on the  curve fo r  a given 

end use is  de r ived  by m u ltip ly ing  p e r -u n i t  use value fo r  the  end use 

times th e  number of app liances  of the  type times the  p ro b a b i l i ty  of the  

equipment being in use a t  a p a r t i c u l a r  hour. S easonality  is  accounted fo r  

by making the  use p r o b a b i l i t i e s  a func tion  of tem perature  f o r  w eather-

21 New England Power Pool Load Forecasting  Task Force and 
B atte l le  Columbus L ab o ra to rie s .  Model fo r  Long-Range Forecasting  of 
E le c t r i c  Energy Demand (West S p r in g f ie ld .  HA: NEPLAn, June 1 9 / / ) .
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s e n s i t iv e  a p p lian ces .  The p r in c ip a l  da ta  requirements f o r  the  model 

e s tim atio n  a re  end-use inventory d a ta  and u n i t  load cu rv es .  These fo rm i

dable d a ta  requirem ents pose a re a l  impediment f o r  p ra c t ic a l  a p p l ic a t io n  

of the  modeling approach. The inventory  da ta  s e t  a lone req u ire s  an 

extremely expensive survey and maintenance c o s t .  Furthermore, th e  u n i t  

load curve data  a re  v i r t u a l l y  unavailab le  f o r  some ap p lian ces .  Therefore , 

th e  model estim ation  i s  s ta r te d  with i n i t i a l  guesses of the  model p a ra 

meters and then re f in e d  by sim ulation  with ac tua l system load d a t a .  To 

produce a load f o r e c a s t ,  th e  model re q u ire s  th e  fo r e c a s t s  of app liance  

stocks and u n i t  load c u rv es .  Without any major p o licy  o r  energy market 

changes, th e  u n i t  load curves are  assumed to  remain c o n s ta n t .  For th e  

appliance inventory f o r e c a s t s ,  B a t te l l e  uses a s a tu r a t io n  curve f i t t i n g  

method. A major advantage with th e  model i s  t h a t  i t s  end use d e t a i l  

provides a cons ide rab le  p o te n t ia l  f o r  impact a n a ly s is  of various load 

management measures. However, th e  in e v i ta b le  compromises with d a ta  

a v a i l a b i l i t y  r e s u l t s  in  s u b s ta n t ia l  in accu rac ie s -  Complete absence of 

economic f a c to r s  i s  ano ther shortcoming of th e  model. The use o f 

cons tan t u n i t  load curves and s a tu r a t io n  curve f i t t i n g  f o r  th e  app liance  

inventory fo re c a s ts  make th e  model in s e n s i t iv e  to  changes in energy market 

co n d it io n s .

The main advantage of an end-use model i s  recognized t o  be the  

c a p a b i l i ty  to  in co rp o ra te  th e  impact o f  a given conservation  program in to  

th e  load f o r e c a s t .  However, th e  energy reducing e f f e c t s  of conserva tion  

programs o r  improved appliance e f f ic ie n c y  a re  a c tu a l ly  o v e rs ta ted  by end- 

use models. By ignoring  th e  in te ra c t io n  between economic and eng ineering  

e f f e c t s ,  end-use models f a i l  to  account f o r  increased  e l e c t r i c i t y  use by
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22consumers who have in s t a l l e d  conservation  m easures. When a consumer 

rep laces  an old a i r  co n d it io n e r  w ith  one which i s  tw ice  as e f f i c i e n t ,  th e  

e f f e c t iv e  p r ic e  o f  e l e c t r i c i t y  f o r  a i r  cond ition ing  drops to  h a l f  o f  what 

i t  used to  be- I f  th e  consumer's p r ic e  e l a s t i c i t y  of demand f o r  e l e c t r i c i t y  

is  no t zero , he w i l l  r e a c t  to  th e  lower e f f e c t iv e  p r ic e  by in c reas in g  th e  

number of hours in usage of th e  a i r  c o n d i t io n e r .  Therefore , engineering  

models tend to  overestim ate  th e  energy reduc tion  achieved by th e  e f f ic ie n c y  

improvement by ignoring  th e  feedback from th e  engineering  s id e  t o  th e  

economic s id e .  Another problem encountered when an end-use model i s  used 

t o  a ssess  th e  impact of conservation  measures i s  a double counting problem. 

Since end-use models im p l ic i t ly  assume c e t e r i s  paribus  co n d it io n s  f o r  o th e r  

re le v a n t  f a c to r s  such as weather, income, and p r i c e ,  one can make a mistake 

o f  double counting i f  those  o th e r  re le v a n t  f a c to r s  do not a c tu a l ly  remain 

c o n s ta n t .  Load reduc tion  a t t r ib u te d  to  an a u d i t  program can be o v e rs ta te d  

by an engineering  model because th e  model does no t take  in to  account the  

conservation  e f f e c t  induced by r i s i n g  p r ic e  of e l e c t r i c i t y .

A re a l  d isadvantage o f  an end-use model is  th e  high c o s t  o f  da ta  

g a th e r in g .  Given resource  l im i ta t io n s  and th e  b e n e f i t  o f  increased  accu

racy , th e  app rop ria teness  of th e  end-use modeling approach needs t o  be 

evaluated  case  by case  on th e  b a s is  of c o s t - b e n e f i t  c o n s id e ra t io n s .

22This problem was po in ted  ou t by B entley , Cosgrove and S ta llcup  
a t  th e  th i r d  EPRI Load-Forecasting Symposiim held  in March 1981. Recently, 
t h e  problem has been re issued  w ith p r a c t ic a l  examples by Khazzoom. See 
W. G. Gently, C. E. Cosgrove and P. W. S ta l lc u p ,  " In te g ra t in g  Econometric 
and End-Use Models: A R e a l i s t ic  Approach t o  Conservation Programs,"  
Approaches to  Load Forecasting : Proceedings of th e  Third EPRI Load- 
Forecasting symposium (Palo A lto , c a l i f o r n i a :  E le c t r i c  Power Research 
i n s t i t u t e ,  duly 198Z), pp. 44-76; and J .  D. Khazzoom, " In te g ra t in g  R esi
d e n t ia l  Conservation Measures in to  U t i l i t y  Demand F o re c a s ts ,"  Public  
U t i l i t i e s  F o r tn ig h t ly , March 31, 1983, pp . 23-30.
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Another disadvantage o f  an engineering  model i s  t h a t  no p ro b a b i l i ty  

s ta tem ent can be a t ta ch ed  to  th e  r e s u l t s  of impact ana lys is  o r  th e  f o r e 

c a s t s  of end-use models.

3 . Econometric Approaches 

Econometric methods re ly  on th e  s t a t i s t i c a l  ana lys is  o f  h i s t o 

r i c a l  t im e -s e r ie s  an d /o r  cross  s e c t io n  data  to  develop a model o f  peak 

load-as  a func tion  o f  behavioral and s t r u c tu r a l  v a r iab le s  such as economic 

a c t i v i t i e s ,  popu la tion  and weather. Economic th e o ry  is  u sa l ly  used to  

develop a mathematical s t ru c tu re  o f  th e  model and th e  model param eters 

a re  estim ated by some type of re g re ss io n  a n a ly s i s .  Econometric approach 

i s  the  most popular method of peak-load fo r e c a s t in g  in the  e l e c t r i c  

U t i l i t y  in d u s try .  Since the  econometric approach requ ires  modest 

e f f o r t s  f o r  da ta  development and model e s t im a tio n  to  be implemented, i t  

i s  a w ell-accepted  approach. Compared with th e  t im e -se r ie s  methods and 

th e  end-use methods, econometric methods a re  much b e t te r  s u i te d  f o r  long- 

run fo recas t in g  because long-run analyses  should include econom etric-type 

s t r u c tu r a l  r e l a t i o n s h ip s .  Evaluation of th e  modeling r e s u l t s  with 

s t a t i s t i c a l  c r i t e r i a  i s  another advantage. However, estim ated model 

c o e f f ic ie n ts  a re  f r e q u e n t ly  b iased  due to  om itted  v a r ia b le s ,  m is s p e c i f i -  

c a t io n  of fu n c t io n a l  form, e r r o r s  in v a r ia b le s  and /o r inadequate dynamic 

r e p re se n ta t io n .  M u l t ic o i l in e a r i ty  i s  a lso  a common problem which 

discourages th e  use  o f  econometric models.

23According to  a re cen t  survey o f e l e c t r i c  u t i l i t y  load f o r e 
c a s t e r s ,  more than  60 percen t of th e  p a r t i c ip a t i n g  u t i l i t i e s  l i s t  th e  
econometric method as th e  most important method t o  be used f o r  peak load 
fo r e c a s t in g .  See A. G. Lawrence, A Survey o f  E le c t r i c  U t i l i t y  Load 
Forecasting Methods, Preliminary Issues (Los A l to s ,  C a l i fo rn ia :  Applied 
Forecasting & Analysis In c . ,  January 1983).
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There has been a rap id  ev o lu tio n  o f th e  econometric techn iques  

o f  peak load fo re c a s t in g  during th e  l a s t  decade. Depending on how th e  

model is  s e t  up to  t r e a t  th e  r e la t io n s h ip  o f demand f o r  e l e c t r i c i t y  and 

th e  r e q u is i t e  ap p liances  in th e  sh o r t- ru n  and the  long-run , various  

econometric models developed so f a r  a re  c l a s s i f i e d  in to  fo u r  ty p e s :

1) s t a t i c  eq u il ib r iu m  model, 2) flow -adjustm ent model, 3) s to ck -  

adjustment model and 4) two-stage model. Aside from th e  problem of 

sh o r t- ru n  v s . long-run analyses of peak load fo rm ation , sh o r t- ru n  v a r i 

a b i l i t y  of p r ic e  e l a s t i c i t y  and weather s e n s i t i v i t y  is  evalua ted  in an 

econometric model r e c e n t ly  developed.

a) S ta t ic  e q u il ib r iu m  model. A pplica tion  of the  econometric 

techniques to  hourly load fo re c a s t in g  was pioneered by C arg i l l  and Meyer 

in 1971.2* In an a ttem pt to  provide d e ta i l e d  em pirica l in v e s t ig a t io n s  of 

th e  fa c to r s  determ ining  the  peak load demand, they developed the  fo llowing 

hourly  load demand model :

^ i  = ® l i  +  ® 2 i p |  +  * 6 ; t  + u .

where y = t o t a l  system load per c a p i ta  a t  time i in Kw 

PE = average revenue per KWh 

PG = average p r ic e  per th e rm 'fo r  gas 

Y = rea l  per c a p i ta  personal income 

M = employment of production workers in manufacturing 

t  = monthly tren d  v a r ia b le  

u = random e r r o r  term .

2*Cargill and Meyer, "Estimating the  Demand f o r  E l e c t r i c i t y  
by Time of Day," pp. 233-246.
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C arg ill  and Meyer es tim ated  th e  equation  fo r  each o f th e  24 hours in a 

day using seaso n a lly -ad ju s ted  monthly means o f  each hourly  loads f o r  a 

fo u r -y ea r  period from January 1965 through December 1968. There a re  48 

observations  and the  equations  were estim ated f o r  two regions markedly 

d i f f e r e n t  in terms of c l im ate  and in d u s t r ia l  a c t i v i t y .  The f i r s t  region 

is  a midwest in d u s t r ia l  c i t y  and th e  second is  a west co as t  c i t y .  Accord

ing t o  th e  modeling r e s u l t s ,  t h e i r  equations ex p la in  about 90 pe rcen t of 

th e  t o t a l  v a r ia t io n  in monthly hourly demand in both reg io n s .  The p r ic e  

of e l e c t r i c i t y  r e l a t i v e  t o  p r ic e  of gas has a n eg a tiv e  e f f e c t  as expected 

but is  s t a t i s t i c a l l y  s ig n i f i c a n t  f o r  th e  f i r s t  reg ion  o n ly . The income 

v a r ia b le  shows l i t t l e  s ig n if ic a n c e  f o r  both r e g io n s .

C arg il l  and Meyer's model was p r im ari ly  motivated by q u a n t i f i 

ca tio n  of th e  impact o f  e l e c t r i c i t y  p r ic e  on th e  load curve . However, 

t h e i r  goal i s  m itiga ted  by th e  f a c t  t h a t  e l e c t i r i c y  p r ic e  d id  no t vary 

by hour o f  day. Another problem with t h e i r  model i s  th e  assumption of 

independence between th e  hourly loads; which i s  no t l ik e ly  in a re a l  

s i t u a t i o n .  Moreover, they  f a i l e d  to  see th e  dynamic fe a tu re s  of e l e c t r i 

c i t y  demand form ation . By not d is t in g u ish in g  between sh o rt-ru n  and 

long-run e f f e c t s  of th e  economic v a r ia b le s ,  th e  model im p l ic i t ly  assumes 

instan taneous adjustment in th e  e l e c t i c i ty - u s in g  c a p i t a l  s tock to  

change in th e  economic v a r ia b le s .  Consequently, t h e i r  model becomes a 

s t a t i c  equilibrium  model, l ik e  many e a r l i e r  model. Since th e  s t a t i c  

equ ilib r ium  models a re  no t designed to  tra c k  sh o r t- ru n  t im e -s e r ie s  v a r i a 

t io n  in e l e c t r i c i t y  demand nor designed to  in co rp o ra te  th e  s iz e  o r  

c h a r a c t e r i s t i c s  of th e  e lec tr ic i ty -co n su m in g  c a p i t a l  s tock , they can not 

provide accura te  measurements o f  p r ic e  and income e l a s t i c i t i e s .
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b) Flow-adjustment model. E l e c t r i c i ty  i s  requ ired  as an energy 

Input to  u t i l i z e  c a p i t a l  s tock  o f  some d u r a b i l i ty  and does no t y ie ld  any 

u t i l i t y  in and o f i t s e l f .  The demand fo r  e l e c t r i c i t y  i s  th e re fo re  a 

derived demand—derived  from th e  demand f o r  th e  se rv ice s  produced by 

e l e c t r i c  equipment which y ie ld s  u t i l i t y .  Since durab le  goods a re  involved 

in th e  process of e l e c t r i c  demand, th e re  i s  a need to  d is t in g u is h  between 

a sh o rt-ru n  demand f o r  e l e c t r i c i t y  and a long-run demand.

Rather than assuming instan taneous adjustment o f  th e  c a p i ta l  

s tock , dynamic models take  account o f  p o ss ib le  sh o r t- ru n  d iseq u i l ib r iu m  

in the  demand f o r  e l e c t r i c i t y .  As e l e c t r i c  demand responds to  changing 

economic c o n d it io n s ,  the . s tock  o f appliances does no t a d ju s t  as rap id ly  

because of i t s  d u r a b i l i t y .  Due to  th e  time lags involved f o r  th e  c a p i ta l  

stock ad justm ent, th e  level o f  e l e c t r i c  demand can only p a r t i a l l y  a d ju s t  

in th e  s h o r t - r u n .  Flow-adjustment models assume t h a t  a c tu a l  change in 

demand is  p ro p or tiona l to  th e  d i f fe ren c e  between d e s ired  and previous 

lev e ls  of demand. Therefore , in th e  sh o r t - ru n ,

*
where i s  ac tu a l  demand in  period  t ,  i s  d e s ired  demand and x i s  an

adjustment f a c to r  which ta k es  a value between 0 and 1. Given s u f f i c i e n t

time to  a d ju s t ,  x becomes 1 and th e  equ ilib rium  q u a n t i ty ,  D^, w i l l  be

demanded. The concept of flow-adjustm ent modeling o r ig in a te d  with
25Houthakker and Taylor. In th e  flow-adjustm ent model o r ig in a l ly  formu

la ted  by Houthakker and T aylor, th e  demand f o r  e l e c t r i c i t y  i s  expressed 

as a fu n c tio n  of th e  e l e c t r i c i t y  consumption lagged one period and the

25H. S. Houthakker and L. D. Taylor, Consumer Demand in th e  
United S ta te s ,  2nd ed .  (Cambridge, Mass.: Harvard U nivers ity  P ress , 1970),
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exogeneous v a r ia b le s  measured as sum of t h e i r  c u r re n t  and one-period 

lagged v a lu e s .  For example, both cu r re n t  and lagged p r ic e s  of e l e c t r i 

c i ty  a re  included as exogeneous v a r ia b le s  but th e  c o e f f i c i e n t s  of those 

two v a r ia b le s  a re  co n s tra in ed  to  be e q u a l .  L a te r ,  th e  Koyck version  of

th e  flow -adjustm ent model was in v es t ig a ted  by Taylor, B la t ten b e rg e r  and
26

Verleger in an em pirica l study o f r e s id e n t i a l  demand f o r  e l e c t r i c i t y .

The Koyck lag d i s t r i b u t e d  model is  derived by spec ify ing  the  flow a d ju s t 

ment process d i r e c t l y  in d i s c r e t e  time as shown in euqation  ( 1 ) while the  

o r ig in a l  Houthakker-Taylor model is  based on the  s p e c i f i c a t io n  in c o n t in 

uous time w ith  a t r a n s l a t i o n  to  d i s c r e te  tim e.^^  The Koyck model takes 

the  demand f o r  e l e c t r i c i t y  as a func tion  of th e  e l e c t r i c i t y  consumption 

lagged one period  and c u r re n t  values of th e  exogenous v a r i a b le s .

Acknowledging the  time requ ired  to  a d ju s t  c a p i t a l  s tocks  and 

usage. Spann and Beauvais developed a dynamic model of monthly peak demand

fo r  V irg in ia  E le c t r ic  Power Company (VEPCO) by u t i l i z i n g  a Koyck type of
28d i s t r ib u te d  lag s t r u c tu r e .  The monthly peak demand model es tim ated  with 

the  time s e r i e s  d a ta  of VEPCO f o r  the  period

In KW = a  + Bjln E + Bgln D + In l + B^T + B^In INDEX + BgInO 

+ Xjin KWj + Agin KŴ g + e 

where InKW= log o f peak k i lo w a t t  demand

26 L. D. Taylor. G. R. B la ttenberger and P. K. v e r le g e r .  J r .  of 
Data Resources. In c . ,  The R es iden tia l  Demand f o r  Energy (Palo A lto . C a l i 
fo rn ia :  E l e c t r i c  Power Research i n s t i t u t e ,  January 1 97 /) .  Chapter 5.

27 See Houthakker and Taylor. Consumer Demand in th e  United 
S ta te^ ,  pp. 13-17, 26-27.

28 R. M. Spann and E. C. Beauvais, "Econometric Estimation of 
Peak E l e c t r i c i t y  Demands," Forecasting  and Modeling Time-of-Day and 
^ a s o n a l  E l e c t r i c i t y  Demands (Falo Alto, C a l i fo rn ia :  E le c t r ic  Power 
Research I n s t i t u t e ,  December 1977), Section 2. pp. 3-22.
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In E = sum o f  th e  logs of th e  marginal energy p r ic e s  fo r  r e s i d e n t i a l ,  

in d u s t r i a l  and commercial revenue c la s s e s  

In D = sun o f  the  logs of th e  marginal demand p r ic e s  f o r  commercial 

and in d u s t r i a l  revenue c la s s e s  

In I = log o f  t o t a l  ta x ab le  income 

T = tem perature

In INDEX = log of the  a c t i v i t y  index f o r  e l e c t r i c i t y - i n t e n s i v e  in d u s t r ie s

In 0  = log of the  p r ic e  of re s id u a l  fue l o i l

In KWj = log o f  peak demand in th e  previoud month

In KWj2 = log o f  peak demand lagged twelve months

c = a random re s id u a l  term .

Since the  model equation i s  double-logarithm ic  and involves a d i s t r ib u te d  

lag s t r u c tu r e ,  c o e f f i c i e n t s  of the  economic v a r ia b le s  a re  tne  sh o r t- ru n  

e l a s t i c i t i e s  of demand. C o e f f ic ien ts  of the  lagged dependent v a r ia b le s .

Xj and Xg re p re se n t  a p a r t i a l  adjustment of the  demand flow and the  sum of 

these  two c o e f f i c i e n t s  is  in te rp re te d  as the  percentage  of any adjustment 

to  a change in th e  economic v a r ia b le s  which does not take p lace  in the 

s h o r t - ru n .  Long-run e l a s t i c i t i e s  a re  computed by d iv id ing  the  sh o rt-ru n  

e l a s t i c i t i e s  by 1 - x ,  - Xg.

Besides the  sep a ra te  es tim atio n  of sh o r t- ru n  and long-run 

e l a s t i c i t i e s .  Spann and Beauvais p re sen t the  fo llow ing important empirical 

f ind ings  ob ta ined  through the  s tudy :

i )  P rice  e l a s t i c i t i e s  of peak demand a re  sm alle r  than e x i s t in g  e s t i 

mates of p r ic e  e l a s t i c i t i e s  of KWh s a le s .  This means th a t  u t i l i t y  load 

fa c to r s  may d e t e r io r a t e  with r i s in g  rea l  p r ic e s  of e l e c t r i c i t y  and the 

optimal c ap ac ity  mix should move toward more peaking u n i t s .  However,
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implementation of peak load p r ic in g  o r  any e f f e c t i v e  load management 

measure could reduce th e  p ressu re  o f capac ity  a d d i t io n s .  Absolute magni

tudes of th e  p r ic e  e l a s t i c i t i e s  f a r  sm alle r  than 1 . 0  a lso  imply th a t  peak 

load p r ic in g  may in c re a se  th e  t o t a l  revenues of e l e c t r i c  u t i l i t i e s .

i i )  Income e l a s t i c i t y  of peak demand is  l a rg e r  than income e l a s t i c i t y  

o f KWh s a l e s .  T here fo re , increas ing  re a l  incomes would lead to  more 

purchases and u t i l i z a t i o n  of ap p liances  which tend to  be o p e ra t in g  a t  

the  time of peak demand. Air c o n d i t io n e r  is  a good example.

i i i )  Peak demands a re  s e n s i t iv e  to  a l t e r n a t i v e  fue l p r i c e s .  This 

r e s u l t  in d ica te s  a s trong  s u b s t i t u t io n  p o s s i b i l i t y  between e l e c t r i c i t y  

and o th e r  f u e l s .

One d i f f i c u l t y  with the  simple flow -adjustm ent model described  

above is  i t s  im p l i c i t  assumption of s t a t i c  e x p e c ta t io n s .  The model im pli

c i t l y  assumes th a t  consumers expect c u r re n t  le v e ls  of p r ic e s  and income to 

m aintain  and p e r s i s t  i n d e f in i t e ly .  I t  i s .  however, im plausib le  to  assume 

t h a t  the  c u rre n t  KW demand depends so le ly  on th e  c u r re n t  values of the 

economic v a r i a b le s .  Since the  economic v a r ia b le s  a re  su b je c t  to  change 

from period to  p e r io d ,  i t  might not be r a t io n a l  to  base im portant dec is ions  

e n t i r e ly  on the  c u r r e n t  v a lues . One p o ss ib le  way to  in troduce  a concept 

of dynamic e x p ec ta t io n  in to  the  model is to  apply an adoptive  expec ta tion  

scheme, which assumes t h a t  ex p ec ta t io n s  are  updated each period  by a

f r a c t io n  of the  d iscrepancy  between the  c u r re n t  observed value of the
29v a r ia b le  and th e  prev ious expected va lue . With adoptive  e x p e c ta t io n s ,  

th e  c u r re n t  va lues of the  economic v a r ia b le s  in th e  model a re  rep laced  by

29J .  Johnston , Econometric Methods, 2nd ed . (New York : McGraw- 
H ill Book Co.. 1972), p."10T:
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th e  expected v a lu es .  Each of th e  expected values is  obtained from a

geom etrica lly  dec lin in g  lag d i s t r i b u t io n  s im ila r  to  th e  Koyck scheme.

c )  Stock-adjustment model. While c a p i ta l  s tock  adjustment is

in d i r e c t ly  r e f le c te d  in  th e  flow -adjustm ent models, c a p i t a l  s tock i s  an

e x p l i c i t  argument in th e  s tock-ad justm ent models. Following F isher and

Kaysen, stock  o f e l e c t r i c i t y - u s i n g  app liances  i s  measured by th e  number
30of watts  t h a t  th e  s tock can p o te n t i a l ly  draw. In th e  c a p i ta l  s tock 

model, consumption of e l e c t r i c i t y  i s  expressed as a product of u t i l i z a t i o n  

r a t e  times th e  stock o f a p p lian ces .  Rather than fo rc in g  a s in g le  equation 

to  deal with th e  p o te n t ia l  d i s e q u i l i b r i a  in e l e c t r i c i t y  and c a p i t a l  

demand as in th e  case o f  th e  flow-adjustm ent model, th e  s tock-adjustm ent 

model u t i l i z e s  e x p l i c i t  and sep a ra te  equations  f o r  each d e c is io n .  

Therefore, th e  model i s  composed of a s e t  of app liance  s tock and u t i l i 

zation  e q u a t io n s .  For example, a simple form of th e  model could be 

D = U(x, Ï ,  z)S (1)

U = oq + oijX + «2® + dgZ (2)
.  n 
S = Z W.S; 

i=l  ̂ 1
$1= Bq + + Bg* + B g (r  + 6 ) P j  + B^z (4 )

where D = demand f o r  e l e c t r i c i t y

U = composite r a t e  o f  u t i l i z a t i o n  f o r  a l l  end uses  as an aggregate  

S = stock of e l e c t r i c  app liances  measured in term s o f p o te n t ia l  use 

of w atts  

X = income

ti = p r ic e  of e l e c t r i c i t y

^®F. M. F isher  and C. Kaysen, A Study in Econometrics: The 
Demand f o r  E l e c t r i c i t y  in th e  United S ta te s  j/Vnsterdam: North Holland 
Publishing Co., 1952J.
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z = any o th e r  f a c to r s  t h a t  might be re le v an t

s .  = stock of th e  type of appliance  *
th  “ iw. = weight f o r  th e  1 app liance , defined as Wj = j - y  where

U-
^ thUj denotes th e  normal r a t e  of u t i l i z a t i o n  f o r  th e  i app liance

r  = market r a t e  o f  i n t e r e s t

6  = r a t e  of d e p re c ia t io n  o f  th e  i *̂̂  appliance  stock 
* t  h

p. = p r ice  per w att o f  ad d it io n s  to  th e  i app liance  so tck .

In th e  stock-adjustm ent model, th e  d i s t i n c t io n  between sh o r t- ru n  and 

long-run i s  made by f i x i t y  o f  th e  c a p i t a l  s to c k .  The stock of e l e c t r i c  

appliances is  assumed to  be f ix ed  in th e  s h o r t - ru n .  Therefore , th e  

sh o r t- ru n  demand f o r  e l e c t r i c i t y  can be regarded as a choice of u t i l i z a t i o n  

r a t e  f o r  th e  e x is t in g  s to c k .  Since th e  c a p i ta l  s tock  i s  v a r ia b le  and th e  

u t i l i z a t i o n  r a t e  i s  a t  equ ilib rium  in th e  long-run , th e  long-run demand 

f o r  e l e c t r i c i t y  i s  e q u iv a len t  to  th e  demand f o r  an eq u il ib r iu m  stock  of 

e lec tr ic ity -co n su m in g  c a p i t a l  goods.

The s tock-adjustm ent model described  above was o r ig in a l ly  

conceived by Taylor and l a t e r  used f o r  r e s id e n t i a l  e l e c t r i c i t y  demand 

fo rec as t in g .^ ^  In t h e i r  modeling e f f o r t s , th e  u t i l i z a t i o n  equations  were

aggregated over a l l  app liances  by weighting th e  in d iv id u a l  app liances  

with normal KWh usage. The s tock  equations  were e s tim ated  s e p a ra te ly  ft  

ten  of th e  eleven most popular e l e c t r i c  app liances  f o r  r e s id e n t i a l  u s e . '

^^Taylor, "The Demand f o r  E l e c t r i c i t y :  A Survey,"  pp. 80-83; 
and Taylor e t  a l . .  The R esiden tia l  Demand f o r  Energy. Chapters 3 and 6 .

32 The eleven app liances  a re  r e f r i g e r a t o r s ,  room a i r  c o n d i t io n e rs ,  
e l e c t r i c  water h e a te r s ,  e l e c t r i c  s to v e s ,  automatic c lo th e s  washers, con
ven tional c lo th es  washers, e l e c t r i c  c lo th e s  d ry e r s ,  d ishw ashers, e l e c t r i c  
space heating  and c e n t r a l  a i r  c o n d i t io n e rs .  Among th o se  eleven ap p lian ces ,  
no equation was es tim ated  f o r  d ishw ashers.
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The major concern with s tock-ad justm ent models is  th e  d a ta  a v a i l a b i l i t y

f o r  d e ta i le d  appliance s to c k s .  The app liance  data  requirem ents become

formidable in th e  case o f  peak demand modeling which covers a l l  s e c to r s

of th e  u t i l i t y  system. There a re  a l l  k inds of appliances to  be an a lized

f o r  th e  e n t i r e  system. Although Taylor and o thers  were lucky enough t o

obtain  a good da ta  base o f  appliance s tocks  constructed  by Data Resources,

In c . ,  they  a re  s t i l l  concerned about th e  p o te n t ia l  h e te r o s c e d a s t ic i ty  in
33th e  e r r o r  terms of th e  app liance  s tock  eq u a tio n s .  This problem is  

g en era lly  a t t r ib u te d  t o  weaknesses in  th e  estim ation  d a ta  base . While a 

g rea t  deal of time and e f f o r t s  were pu t in to  con s tru c t io n  o f th e  a p p l i 

ance d a ta  base , th e re  s t i l l  remains much room fo r  improvement. Since 

th e  da ta  r e f e r  to  s a tu r a t io n  ra te s  r a t h e r  than to  c a p a c i ty ,  they do no t 

r e f l e c t  m u lt ip le  ownership of app liances  and changes in  ra te d  e f f i c i e n c y .  

Another de fic ien cy  in th e  da ta  base i s  th e  absence o f  inform ation on th e  

amount o f  l iv in g  space and th e  thermal c h a r a c te r i s t i c s  o f  e x is t in g  housing 

s t r u c tu r e s .  A v a i la b i l i ty  of th a t  inform ation should considerab ly  improve 

th e  m odel's  a b i l i t y  t o  exp la in  th e  amount of space coo ling  and hea ting  

energy u se .

While th e  s tock-ad justm ent model is  concep tua lly  su p e r io r  to  

th e  flow-adjustm ent model, i t s  s e r io u s  em pirical weakness i s  th e  fo rm i

dable d a ta  requ irem en ts . Data l im i ta t io n s  o ften  lead t o  a number o f  

bold assumptions t h a t  could produce b iased  f o r e c a s t s .  Use o f  th e  s to c k -  

adjustment approach f o r  peak load modeling is  much more d i f f i c u l t  than  

the  case  o f  r e s id e n t i a l  energy s a le s  modeling. Because a system 's  peak 

demand i s  th e  maximum le v e l  of demand which is  achieved c o in c id en tly  by

^^Taylor e t  a l . ,  p .  5 of Chapter 10.



37

a l l  s e c to rs  of a u t i l i t y  system, th e  peak demand fo r e c a s t  should be 

derived  by s e le c t in g  th e  h ig h e s t  value o f  th e  hourly load f o r e c a s t s .  

T herefore , hourly load p r o f i l e s  f o r  each o f th e  app liances  a re  requ ired  

f o r  th e  modeling, in ad d it io n  t o  th e  s tock  d a t a .  Due to  th e se  v i r t u a l l y  

impossible da ta  requ irem ents , no s tock-ad jus tm en t model of peak demand 

has been developed so f a r .

d) Two-stage (or tim e-vary ing  param eter) model. -A ty p ic a l  

hourly load demand i s  decomposed in to  base and w e a th e r -se n s i t iv e  compo

n e n ts .  The base component i s  demanded to  meet d a i ly  l i f e  s ty le  and 

business requirem ents while th e  w e a th e r-se n s i t iv e  component corresponds 

t o  space cooling and heating  requ irem ents .  S hort-run  f lu c tu a t io n s  o f  th e  

load demand a t  a s p e c i f i c  hour o f  a day o f  th e  week a re  mainly induced by 

changes in weather c o n d i t io n s .  In th e  long-run , however, impacts of th e  

weather v a r ia b le s  normalized over time and long-run a t t r i b u t e s ,  such as 

changes in income, p o p u la t io n ,  app liance  s tock  and in d u s t r i a l  mix, become 

predominant f a c to r s  t o  determine th e  leve l o f  load demand. To produce 

long-term f o r e c a s ts  o f  hourly  e l e c t r i c i t y  consumption. Q uan ti ta t iv e  

Economic Research, In c .  (QUERI) used a tw o-stage  modeling m e t h o d T h e  

tw o-stage  (or tim e-vary ing  param eter) model o f  e l e c t r i c i t y  demand was 

estim ated  with hourly  load , weather, economic and demographic da ta  f o r  

32 reg ions  of th e  U.S. f o r  th e  period 1962-1974. In th e  f i r s t  s ta g e ,  a 

s h o r t- ru n  model was es tim ated  by r e l a t i n g  th e  hourly  demand in each region 

to  weather and t im e-o f-day  v a r ia b le s .  The s e t  of sh o r t- ru n  parameters

Q u an ti ta t iv e  Economic Research, I n c . ,  Regional Load-Curve 
i W e l s :  QUERI's Model S p e c if ic a t io n ,  Estim ation , and V alidation (Palo 
A lto , C a l i fo rn ia :  E le c t r i c  Power Research I n s t i t u t e ,  August 1981),
Volume 2 .
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estim ated  in th e  f i r s t  s tage  were then  re la te d  to  th e  long-run v a r ia b le s  

in th e  second s t a g e .

A s im p lif ie d  version o f th e  QUERI's model estim ated  in th e  f i r s t

s tag e  i s

Yt = Bq + B^HOURU + ggCOMFORT INDEX  ̂ + 

where is  th e  load demand a t  hour t ,  H0UR14 i s  a dummy v a r ia b le  which 

takes  on the  value o f  un ity  from one to  two o 'c lo c k  in th e  a fte rnoon  and 

zero o therw ise , COMFORT INDEX̂  i s  a tem perature-hum idity  index measured 

a t  hour t  and u^ i s  a random d is tu rb an ce  te rm . Since a l l  o f  th e  B's a re  

expected to  have p o s i t iv e  s ig n s ,  th e  d a i ly  peak in th e  summer would n o r

mally occur a t  2 p.m. f o r  t h i s  s im p lif ied  system. But abnormal weather 

o r  a la rge  value o f  u can change th e  time of peak. The a c tu a l  model 

estim ated  by QUERI i s  much more complicated and re p re se n ts  th e  average 

hourly  load curve in a given region  f o r  a given q u a r te r  o f  th e  y e a r .

The sh o rt-run  model has a t o t a l  of 55 explanatory  v a r ia b le s :  cons tan t 

te rm , 23 hourly b in a r ie s ,  a b inary  f o r  e a r ly  Monday morning hours , 6  day 

b in a r ie s ,  8  s in e  and cosine terms f o r  Saturdays and Sundays, a time tren d  

and 15 weather v a r ia b le s  inc luding  a 24-hour moving average tem perature  

and a moving average o f  5 past-m idnigh t tem peratu res  to  account fo r  

cumulative tem perature  e f f e c t s .

In th e  second s ta g e ,  a pooled t im e - s e r ie s  c ro s s - s e c t io n  a n a ly s is  

was performed t o  exp la in  th e  d i f f e re n c e s  in th e  shapes o f  th e  load curves 

across  regions and a lso  over t im e , by r e l a t in g  th e  B c o e f f i c i e n t s  e s t i 

mated in th e  f i r s t  s tag e  to  th e  economic and demographic v a r i a b le s .  A 

s im p lif ied  vers ion  of th e  QUERI's second s tag e  model f o r  reg ion  k and 

y ear  v and season s is
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®ikvs = -^10 + -fil app liance  s to ck

®2kvs " ^20 ^21 CENTRAL AIR.

Again, th e  ac tua l equa tions  estim ated  a re  much more com plicated. In

t o t a l ,  50 socioeconomic v a r iab les  a re  included: co n s ta n t  term, 32 

reg iona l b in a r ie s ,  3  demographic v a r ia b le s ,  employment per thousand 

population in e ig h t  en e rg y - in ten s iv e  in d u s t r ie s  to  cap tu re  th e  in d u s try  

mix, pe r  c a p i ta  income, number of e l e c t r i c a l l y  heated homes, s tocks  of 

c e n tr a l  and room a i r  c o n d i t io n e rs ,  a weighted average stock of e ig h t  

commonly used w ea th e r - in se n s i t iv e  a p p lian ces ,  and th e  average r e s id e n 

t i a l  and in d u s t r ia l  p r ic e s  of e l e c t r i c i t y .

Although th e  two-stage modeling method was designed f o r  a big 

geographical region which has both t im e -s e r ie s  and c ro s s -s e c t io n  d a ta ,  

th e  tim e-varying param eter model can be a lso  su c c e ss fu l ly  implemented a t  

a u t i l i t y  se rv ice  a rea  le v e l .  With th e  t im e -s e r ie s  d a ta  on ly , th e  two- 

s tage  modeling is  achieved by e s t im a tin g  th e  sh o r t- ru n  model c o e f f i c i e n t s  

with th e  hourly  load and weather d a ta  f o r  each y ea r  and then re g re ss in g  

th e  sh o r t- ru n  model c o e f f ic ie n t s  es tim ated  in th e  f i r s t  s tage  with th e  

annual economic and demographic d a ta  to  e s tim ate  th e  long-run model c o e f 

f i c i e n t s .  Although th e  examples provided f o r  two- s ta g e  modeling a re  

confined to  th e  hourly - load  curve fo r e c a s t in g ,  th e  methodology d iscussed  

above i s  a l so  a p p l ic ab le  to  th e  case  o f  peak load modeling.

So f a r ,  most o f  the  hourly  demand models developed by th e  u t i l i 

t i e s  have been only f o r  sh o rt- te rm  fo re c a s t in g  and can not exp la in  th e  

s h i f t s  of th e  hourly load curves over t im e . To meet both th e  sh o r t- te rm  

and th e  long-term needs of hourly load o r  d a i ly  peak load fo r e c a s t in g ,  

QUERI's tw o-stage model i s  q u i te  prom ising. Building a long-range hourly
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load model req u ire s  t h a t  a tremendous amount of da ta  be analyzed . For 

example, th e  number o f  observations  on each o f th e  load and th e  weather 

v a r ia b le s  w il l  equal 8,760 values per y e a r  o f  the  h i s to ry  used . This 

sums t o  be 113,880 when th e  sampling period  covers t h i r t e e n  years  as in 

th e  case  of QUERI's s tu d y . Rather than model t h i s  huge da ta  in one 

expensive and unwieldy s te p ,  th e  tw o-stage  method sy n th es izes  th e  o r i g i 

nal da ta  in to  fewer d a ta  p o in ts  through a t im e -se r ie s  pa ram ete r iza tion  

phase before g e t t in g  in to  an econometric estim ation  phase .

Although th e  estim ated  r e s u l t s  w ith th e  QUERi model a re  g en er

a l l y  encouraging, some of th e  model c o e f f i c i e n t s  involve s ign  problems. 

P a r t i c u la r ly ,  th e  e f f e c t  of per c a p i ta  income on th e  co n s tan t  term of 

th e  f i r s t - s t a g e  equation  was s ig n i f i c a n t ly  negative f o r  summer and th e  

in d u s t r ia l  e l e c t r i c i t y  p r ic e  c o e f f i c i e n t  was s ig n i f i c a n t ly  p o s i t iv e  

during th e  evenings o f  spring  and summer q u a r te r s .  However, s ince  th e  

income v a r iab le  has s ig n i f i c a n t  p o s i t iv e  e f f e c t s  in many of th e  hourly 

b in a r ie s  and some weather v a r iab le s  as w e l l ,  th e  combined e f f e c t  of 

income was d e f in i t e l y  p o s i t i v e .  This i s  why QUERI es tim ated  th e  income 

e l a s t i c i t i e s  not from p a r t i a l  reg re ss io n  c o e f f ic ie n ts  bu t from t o t a l  

s im ula tion  e f f e c t s .  The s im ulation  e x e rc is e s  a lso  in d ic a te  t h a t  th e  

combined p r ice  e l a s t i c i t y  i s  indeed n eg a tiv e  as one would e x p ec t .  One 

p o ss ib le  reason f o r  th e  s ign problems might be th e  m u l t i c o l l i n e a r i ty  

among th e  v a r iab le s  in th e  second-stage e q u a tio n .  The m u l t i c o l l i n e a r i ty  

was caused by mixing appliance  stock v a r ia b le s  with income, p r ic e  and 

demographic v a r ia b le s  which a re  in tu rn  determining f a c to r s  of th e  s iz e s  

of appliance  s to c k s .



41

A s im ila r  type  of two-stage model was independently developed
35by Data Resources, In c .  (DRI) and estim ated  over a common da ta  base .

The DRI model d i f f e r s  in th e  choice o f  fu n c tio n a l  form used to  decompose 

hourly loads in to  w e a th e r -se n s i t iv e  and base components and in th e  s p e c i 

f i c a t io n  used to  model economic and sociodemographic e f f e c t s .  While th e  

DRI model is  f r e e  o f  th e  sign problems, th e  load c h a r a c t e r i s t i c s  of th e  

commercial and in d u s t r i a l  sec to rs  need to  be modeled in g r e a te r  d e t a i l .

e )  Variable e l a s t i c i t y  model. The fu n c tio n a l  form most widely 

used f o r  e l e c t r i c i t y  demand modeling i s  double lo g a ri th m ic .  In a double

log demand model, e l a s t i c i t y  of th e  demand with re sp ec t  to  each of th e  

v a r ia b le s  in th e  model i s  d i r e c t ly  rep resen ted  by th e  model c o e f f i c i e n t  

fo r  th e  corresponding v a r ia b le .  Since th e  model c o e f f i c i e n t s  a re  f ix e d ,  

th e  double-log demand model i s  a lso  c a l le d  a " C o n s ta n t-e la s t ic i ty  model." 

However, t h i s  c o n s t a n t - e l a s t i c i t y  assumption c o n f l i c t s  with th e  ac tua l 

phenomena observed in th e  recen t y e a r s .  The s e n s i t i v i t y  of e l e c t r i c i t y  

demand to  p r ic e  changes has increased with th e  s u b s ta n t ia l  r i s e  in energy 

co s ts  a f t e r  th e  energy c r i s i s .  In f a c t ,  t h i s  experience can be explained 

by th e  S lutsky equation  in which th e  p r ic e  e l a s t i c i t y  o f  th e  o rd ina ry  

demand curve equals th e  p r ic e  e l a s t i c i t y  of th e  compensated demand curve

minus th e  corresponding income e l a s t i c i t y  m u lt ip l ied  by th e  p o r t io n  of
OC

t o t a l  expenditu res  sp en t  on th e  commodity in q u es t io n .  Since e l e c t r i 

c i ty  demand is  commonly believed to  be p r ic e  i n e l a s t i c ,  th e  share  o f  th e

Data Resources, In c . ,  Regional Load Curve Models: S p e c if ic a t io n
Pale

35

and Estimation of th e  DRÎ model (Palo A lto , C a l i fo rn ia :  E l e c t r i c  Power 
Research I n s t i t u t e ,  January 1901), Volume 1.

3SJ .  M. Henderson and R. E. Quandt. Microeconomic Theory: A 
Mathematical Approach, 2nd ed . (New York: McGraw-Hiii, m e . ,  1&/1), 
pp. 31-32.



42

commodity in th e  consumer's budget w il l  inc rease  as th e  p r ic e  of e l e c t r i 

c i ty  goes up. Therefore, th e  p r ic e  e l a s t i c i t y  o f  th e  uncompensated demand 

f o r  e l e c t r i c i t y  is  g e t t in g  la r g e r  with th e  in c rease  in e l e c t r i c i t y  p r ic e ,  

with o th e r  th in g s  being e q u a l .  Another phenomenon f req u e n t ly  observed 

but c o n f l ic t in g  with th e  c o n s t a n t - e l a s t i c i t y  assumption i s  t h a t  th e  p r ic e  

e l a s t i c i t y  becomes lower in th e  peak demand period than in th e  average 

demand p e r io d .  This i s  because th e  need f o r  e l e c t r i c i t y  i s  g r e a te r  a t  

th e  time o f peak when weather cond itions  a re  more extrem e. In terms of 

th e  Slutsky equation , th e  income e l a s t i c i t y  o f  e l e c t r i c i t y  demand decreases 

as the  weather becomes more extreme and th e  e l e c t r i c i t y  becomes more of 

a n e c e s s i ty .  Therefore, th e  uncompensated p r ic e  e l a s t i c i t y  o f  e l e c t r i c i t y  

demand should be lower with more extreme weather c o n d it io n s .

The above two p ro p e r t ie s  of th e  p r ic e  e l a s t i c i t y  of e l e c t r i c i t y  

demand a re  well embodied in t h e  sh o rt-ru n  model of monthly peak demand 

developed by B e t a n c o u r t U s i n g  th e  monthly d a ta  of 12 d i f f e r e n t  u t i l i 

t i e s  over 1972-76 p e r io d ,  some usefu l a l t e r n a t iv e  fu n c t io n a l  forms to  the  

t r a d i t i o n a l  double-log model a re  estim ated and analyzed . These a l t e r n a 

t i v e  fu n c t io n a l  forms a re  c h a rac te r iz ed  by an increas ing  e l a s t i c i t y  of 

th e  demand t o  p r ic e  changes as p r ic e  increase  and a decreasing  e l a s t i c i t y  

as th e  weather becomes more extrem e. The new fu n c t io n a l  forms employed 

in B etancourt 's  study r e s u l t  from a simple g e n e ra l iz a t io n  of th e  double

log demand fu n c tio n s  with c o n s ta n t  c o e f f i c i e n t s  to  allow th e  p r ic e  

e l a s t i c i t y  o f  th e  demand to  vary with co n s tan t  c o e f f ic ie n ts  to  allow th e  

p r ice  e l a s t i c i t y  of th e  demand t o  vary with th e  previous le v e ls  of th e

37
R. R. Betancourt, "An Econometric Analysis o f  Peak E l e c t r i c i t y  

Demand in th e  Short Run," Energy Economics, Vol. 3, No. 1, January 1981, 
pp. 14-29.
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e l e c t r i c i t y  p r ic e  and weather v a r ia b le s .  In h i s  s tudy , th e  sh o r t- ru n  

period  is  d e f in ed  as the  tim e period in which th e  composition of the  

s tocks  of e l e c t r i c  app liances  is  s t a b l e .  Changes in th e  'av e rag e ' 

u t i l i z a t i o n  r a t e  of the  u n i t s  o f  e l e c t r i c  equipment in th e  study area  

a r e ,  th e r e f o r e ,  mainly due to  changes in th e  u t i l i z a t i o n  r a te s  of th e  

equipment.^® With the  above d e f in i t i o n ,  s p e c i f i c a t io n  of the  sh o r t- ru n  

demand fo r  e l e c t r i c i t y  is  e q u iv a len t  to  the  s p e c i f i c a t io n  of a fu n c tio n a l  

form f o r  the  average u t i l i z a t i o n  r a t e .  In a simple form, h is  model 

descrived  as
®  I o < j (  P I t  Z a ?

= U^(Y, P. X)S = (oqY 'P  ^ X -^IS ( I )

where = e l e c t r i c i t y  demand a t  th e  time of peak 

Y = income

P = p r ic e  of e l e c t r i c i t y  

P_j = one-period  lagged p r ic e  of e l e c t r i c i t y  

X = o th e r  exogenous v a r ia b le s  such as weather cond itions  

= hourly  average of heating  and coo ling  degrees fo r  the  day of 

monthly peak and th e  day before th e  peak 

S = th e  maximum number of KW th a t  can be consumed by the  u n i t s  of 

equipment in th e  study area 

a ' s  = c o e f f i c i e n t s  to  be es tim ated .

Several a l t e r n a t i v e  s p e c i f i c a t io n s  were se le c te d  fo r  the  func tion  

t tg lP .p  Z^) in t h i s  s tudy . They are

* 2 ( P _ i ' Z^) = * 2  (2)

*3(^-1'  t̂  ̂ " *2(^-1 ) ~®^-l )

38The average u t i l i z a t i o n  ra te  is  a weighted average of the  
u t i l i z a t i o n  r a t e s  of th e  d i f f e r e n t  u n i ts  of equipment in the  study area 
where the  c u r r e n t  stocks o f  th e  u n i ts  of th e  equipment a re  used as the  
w eights.
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4 ) = = 2 (4 ) = *2 + T^t + (4)

* 2 (P -1 ' Z t) = *P-1 + + 6ZC (5)

H Cwhere and a re  average hea ting  degree hours and cooling  degree hours 

fo r  th e  day of monthly peak and th e  day before  th e  peak.

If  th e  e f f e c t s  of th e  lagged p r ic e  and th e  weather v a r ia b le s  

on th e  abso lu te  value of th e  p r ic e  e l a s t i c i t y  a re  both s i g n i f i c a n t ,  

equation (5) can be incorporated with equation (1 ) .  In t h i s  model, one 

would expect th e  c o e f f i c i e n t s ,  y and 6 , to  be p o s i t iv e  while th e  c o e f f i 

c ie n t  B i s  expected t o  be n e g a t iv e .  Without r e s t r i c t i o n s  on th e  values 

of 7 , 6  and B c o e f f i c i e n t s ,  i t  i s  th e re fo re  p o s s ib le  to  ob ta in  p o s i t iv e  

p r ice  e l a s t i c i t i e s  which a re  in c o n s is te n t  with th e  u t i l i t y  maximization 

th eo ry .  In a double logarithm ic  form, equation (1) w ill  be

In Dp = Ino^ + 0|  In Y + In P + o^ln X + In S. (6 )

For em pirical purposes, i t  would be advantageous to  convert equation  (6 ) 

in to  th e  f i r s t - d i f f e r e n c e  e q u a t io n .  With a t im e - s e r ie s  d a ta ,  e x is ten ce  

of l in e a r  time t re n d s  in th e  independent v a r ia b le s  i s  l ik e ly  to  cause 

m u l t i c o l l in e a r i ty  problems and th e  f i r s t - d i f f e r e n c i n g  of th e  equation  w il l  

take  care  of th e  problems. Combining equation (6 ) with equation  (5) and 

converting th e  re s u l t in g  equation  in to  year ly  f i r s t  d i f f e r e n c e ,

dp = «Q + Ojy + BP* + vŴ  + 8Ŵ  + OgX + s (7)

where th e  lower case  l e t t e r s ,  dp , y ,  x and s ,  denote  th e  y e a r ly  r a t e s  of 

growth in th e  re sp e c t iv e  v a r ia b le s  and

P* = P_i(p) + ( ln P _ i) (P _ i  -  P_g) (8 )

w” = zj(p) + ln P _ i ( z ” -  z”_ j)  (9)

Ŵ = Z^(p) + l n P _ j ( Z ^ -  Z^_j). (10)
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In the  absence of a time t r e n d ,  th e  in te rc e p t  term in equation (7 ) ,  Ôq . 

should be zero .

Betancourt estim ated  equation  (7) and th r e e  o th e r  equations  

formulated with th e  a l t e r n a t iv e  sp e c i f ic a t io n s  f o r  4 :  ̂ shown in

equations  (2 ) ,  (3) and (4 ) .  A p o in t  worth noting  i s  t h a t  th e  r a t e  o f  

growth o f  new r e s id e n t i a l  customers was used as a proxy f o r  th e  r a t e  of 

growth o f  th e  stock o f e l e c t r i c i t y - u s in g  equipment ( s ) .  I t  should be a lso  

noted t h a t  th e  weather v a r ia b le s  involved in x were suppressed because 

in th e  e a r ly  s tages  of th e  em pirica l research  they  led to  s u b s ta n t ia l  

m u l t ic o l l in e a r i ty  problems with th e  weather v a r ia b le s  in and W^. A 

s im ila r  problem arose when a co n s tan t  term was introduced in equations  

(3) and (5 ) .  Therefore, th e  models he a c tu a l ly  es tim ated  a re  n o t nested  

models. The most in te r e s t in g  a spec t o f  th e  em pirica l  r e s u l t s  i s  th e  

v a r ia t io n  in th e  p r ic e  e l a s t i c i t y  e s tim ates  under extreme c o n d i t io n s .  

Evaluating th e  p r ice  e l a s t i c i t y  a t  th e  mean value o f  p r ic e  in th e  sample, 

a l l  o f th e  fou r  models show th e  e s tim ates  of th e  p r ic e  e l a s t i c i t i e s  under 

normal cond itions  to  be f a i r l y  i n e l a s t i c .  However, an increase  in peak 

p r ice  to  two standard d ev ia t io n s  above the  sample mean r a is e s  th e  p r ic e  

e l a s t i c i t y  s u b s ta n t i a l ly .  Since th e  p r ic e  e l a s t i c i t i e s  under normal 

cond itions  a re  so low, a sharp p r ic e  d i f f e r e n t i a l  f o r  th e  peak period  may 

be requ ired  t o  su ccess fu l ly  manage peak demand. The impacts of extreme 

weather conditions  were a lso  t e s t e d  in th e  models. The p r io r i  expec ta 

t io n s  o f th e  le s s  p r ic e  e l a s t i c i t i e s  with th e  more cooling and heating  

degree hours were confirmed by th e  p o s i t iv e  value o f th e  estim ated  y  and 

0  c o e f f i c i e n t s .  In o rder  t o  measure th e  changes in p r ic e  e l a s t i c i t i e s ,  

th e  extreme heating  s i tu a t io n s  a re  defined by th e  temperatues ranging 9®F
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to  48®F depending on th e  lo c a t io n s  of the  d i f f e r e n t  u t i l i t y  se rv ice  a reas  

under th e  s tudy . The extreme coo ling  s i tu a t io n s  a re  s e t  f o r  th e  tempera

tu re s  o f  81°F to  90®F. Through th e  a n a ly s is ,  th e  extreme cooling is  found 

to  be f a r  more powerful in making th e  e l e c t r i c  load demand in e l a s t i c  than 

th e  extreme h e a t in g .  An im p lica tion  of t h i s  f in d in g  f o r  peak load manage

ment i s  t h a t  s u b s ta n t ia l ly  d i f f e r e n t  peak p r ic e s  f o r  the  summer and th e  

w in te r  peaks may be necessa ry . In sum, th e  v a r ia b le  e l a s t i c i t y  models 

developed by Betancourt provide valuable to o ls  to  eva lua te  th e  impacts 

of various t im -of-day  p r ic in g  schemes on e l e c t r i c i t y  consumption. The 

study r e s u l t s  suggest t h a t  even i f  th e  demand f o r  e l e c t r i c i t y  i s  not very 

s e n s i t iv e  to  th e  p r ic e  of e l e c t r i c i t y  under normal c ircum stances, i t  can 

be very s e n s i t iv e  when th e  p r ic e  increases  s u b s t a n t i a l l y . However, i t  

should be a lso  r s c o g r i n d  t h a t  th e  p r ic e  impact on the  e l e c t r i c i t y  demand 

is  p a r t i a l l y  can ce lled  by extreme weather con d tio n s .

A d e fe c t  o f  B e tan co u r t 's  peak demand model l i e s  in th e  trea tm en t 

of th e  weather v a r ia b le s .  In th e  model, th e  weather v a r iab le s  a re  viewed 

as th e  in d i r e c t  f a c to r s  which in fluence  th e  load demand formation only 

through changing th e  level o f  p r ic e  e l a s t i c i t y .  However, i t  may be unrea

sonable to  t r e a t  th e  weather v a r ia b le s  as only supplementary to  th e  p r ic e  

v a r ia b le  because w e a th e r - s e n s i t iv i ty  an a ly s is  i s  a lso  an important purpose 

of peak demand modeling. If  th e  weather e l a s t i c i t y  of the  load demand is 

la rg e r  than th e  p r ic e  e l a s t i c i t y  in abso lu te  terms as observed in many 

em pirica l s tu d ie s ,  th e  model c e r t a in ly  has a problem to  accomodate th e  

impacts of weather c o r r e c t ly .  Moreover, th e  weather v a r iab le s  used in 

th e  model a re  too  c rude . This i s  a main reason why th e  model e s t im atio n  

did not produce impressive s t a t i s t i c a l  r e s u l t s  f o r  explanatory  power.
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Considering a n e u tra l  zone o f  tem peratures which does no t re q u i re  any space 

a i r  co n d it io n in g , use of 65®F as th e  base tem perature f o r  both heating  and 

cooling in load demand modeling may no t be ap p ro p r ia te .  Another problem 

with th e  tem perature  v a r ia b le s  in th e  model i s  th e  assumption of a s t r i c t  

l in e a r  r e l a t i o n  between th e  tem peratures and th e  w e a th e r-se n s i t iv e  lo ad s .  

D ifferen t s lopes  f o r  various  tem perature ranges could be t r i e d  to  r e f l e c t  

a n o n - l i n e a r i ty .  By using th e  simple average heating degree hours and 

cooling degree hours c a lc u la te d  f o r  th e  peak day and th e  day before th e  

peak, th e  model a c tu a l ly  r e s t r a in e d  th e  c o e f f ic ie n ts  of th e  c u r re n t  d a y 's  

temperature v a r ia b le  and th e  previous d a y 's  temperature v a r ia b le  to  be 

equal.  However, impact o f  th e  cu rren t  d a y 's  weather i s  normally expected 

to  be b igger than th e  previous d ay 's  which is  included in th e  model to  

merely tak e  account of an accumulation e f f e c t .

4 .  Hybrid Approaches 

Evolution of th e  peak load modeling techniques has followed 

th re e  primary p a th s—tim e -s e r ie s  approaches, end-use approaches and 

econometric approaches. As discussed in th e  previous s e c t io n s ,  each of 

th e  methods has i t s  own s t re n g th s  and l im i t a t i o n s .  T im e-series  models 

requ ire  a minimal amount o f  th e  data  t o  be analyzed but do no t provide 

any in s ig h t  in to  c a u s a l i t y .  The models a re  r e l a t iv e ly  u n s tab le  and accu

racy o f th e  model fo r e c a s t s  decreases over t im e . Although end-use models 

have th e  c a p a b i l i ty  to  e x p l i c i t l y  e v a lu a te  various conserva tion  p o l ic ie s  

and load management programs and to  p rovide  d e ta i le d  an a ly ses  o f  new 

technology impacts on e l e c t r i c i t y  demand, enormous d a ta  requirem ents and 

in tense  modeling e f f o r t s  pose a t r a d e - o f f  problem between th e  level of 

d isaggrega tion  and th e  q u a l i ty  of component f o r e c a s t s .  Because of th e



48

huge data  requ irem ents , most e l e c t r i c  u t i l i t i e s  have been r e lu c ta n t  to  

undertake the  development o f  end-use models. Another major problem with 

end-use models is  th e  d i f f i c u l t y  in cap tu r ing  p r ic e  and income e f f e c t s  

on the  in te n s i ty  of app liance  usage and th e  stock  o f a p p l ia n c e s .  The 

econometric method is  a w idely-accepted approach and re q u ire s  only modest 

e f f o r t s  f o r  d a ta  development and model e s t im a t io n .  Inc lusion  of economic, 

demographic and weather v a r ia b le s  in the  model inc reases  p re c is io n  of the  

model f o r e c a s t s .  Evaluation of the  modeling r e s u l t s  with s t a t i s t i c a l  

c r i t e r i a  is  ano ther advantage. However, th e  models a re  aggregate  in 

nature  and can not provide the  d e ta i l e d  analyses  concerning conserva tion  

p o l ic ie s  and load management programs. Since the  model development is  

based on p a s t  behavioral r e l a t io n s h ip s ,  th e  models a re  a lso  lim ited  in 

t h e i r  a b i l i t y  to  respond to  abrupt s t r u c tu r a l  changes and new techno lo 

g ies  of energy u se .

None of the  th re e  modeling approaches is the  u l t im a te  so lu tio n  

to  the  load fo re c a s t in g  and demand a n a ly s is  problems. One way to  improve 

the  e x is t in g  modeling techniques is  to  develop an in te g ra te d  model by com

bining them f o r  the  advantages inheren t in each of the te ch n iq u es .  Recent 

e f f o r t s  to  in te g ra te  th e  th re e  primary modeling methods a re  c l a s s i f i e d  

in to  th re e  groups: 1 ) t im e-se r ie s /eco n o m etr ic  model, 2 ) econom etric/

t im e -se r ie s  model and 3) end-use/econom etric  model.

a) T im e-series/econom etric  model. Pure t im e - s e r ie s  approaches 

have been e x ten s iv e ly  c r i t i c i z e d  because one can not provide an exp lana

t io n  when th e  r e s u l t in g  fo re c a s ts  a re  poor. Since the  t im e - s e r ie s  models 

a re  void of economic th eo ry ,  they can not be used to  t e s t  hypotheses 

about economic phenomena. However, simple t im e -s e r ie s  models can o ften



49

outperform la rge  econometric models, e s p e c ia l ly  f o r  sho rt-range  f o r e c a s t 

ing purposes. To m it ig a te  th e  in te n s i ty  o f  th e  c r i t i c i s m s  of a pure 

t im e -s e r ie s  approach and t o  produce an improved method o f peak load 

fo re c a s t in g ,  Uri considered a hybrid model which combines a Box-Oenklns 

an a ly s is  with an econometric approach whereby v a r ia t io n  in th e  t im e - s e r ie s  

model c o e f f ic ie n t s  i s  exp la ined  by various independent v a r ia b le s  over 

t im e.^^

Following th e  U r i 's  ARMA model d iscussed  e a r l i e r  in ARMA model

ing sec tion  of t h i s  s tudy,

(1 -  B )(l -  = (1 -  e ,B ) ( l  -  3 , 2 8 )3% (1)

where z% = log-transform ed value o f  observed monthly peak system load 

B = backward s h i f t  o p e ra to r  

a% = white noise  

0 , ,  0 , 2  = parameters to  be em p ir ica l ly  e s t im a te d .

Assune t h a t  th e  parameters 0 , and 0 ^ 2  a re  es tim ated  by a Box-Jenkins 

procedure with a h i s t o r i c a l  da ta  s e t  o f  48 monthly peak system load o b se r

v a t io n s .  Also, assume t h a t  th e  fo re c a s t in g  equation  i s  rees tim ated  a t  

in te rv a ls  of th r e e  months and fo re c a s ts  made a t  time t  a re  based on 

parameters estim ated  with th e  preceding 48 o b se rv a t io n s .  The procedure 

j u s t  described  w i l l  produce a sequence o f  e s t im a te s  f o r  0 , and 0 , 2  which 

w il l  vary through t im e . A t im e -s e r ie s  approach could be u t i l i z e d  t o  ana- 

. l i z e  th e  evo lu tion  o f t h i s  sequence. However, Uri proposes an econometric 

approach in s te a d .  In h is  model, 0 , and 0 j2  a re  fu n c tio n s  of p r ic e  of 

e l e c t r i c i t y ,  income, tem pera tu re , e t c . ,  and a reg ress io n  a n a ly s is  i s

39
N. D. Uri, "A Mixed Time-Series/Econometric Approach to  

Forecasting Peak System Load," Annals of Applied Econometrics, January 
1979, pp. 155-174.
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performed accord ing ly . Therefore , l e t t i n g  and 2 ^g re p re se n t  vecto rs  

of 0  ̂ and 9 ^ 2  reestim ated  every th re e  months and X denote  a s e t  of econo

mic and w ea th e r-re la ted  v a r ia b le s ,

jBj = Xa + U (2 )

—12 = XB + V (3)

where a  and B a re  ap p ro p r ia te  vectors  o f  c o e f f i c i e n t s  and u and v a re

random e r r o r  te rm s.

Based on th e  assumption t h a t  th e  model equation  (1) i s  r e e s t i 

mated a t  q u a r te r ly  in t e r v a l s ,  the  e r r o r  terms u and v in th e  equations  (2) 

and (3) w il l  be n e c e ssa r i ly  a u to co r re la te d  and w il l  a l so  l ik e ly  be h e te -  

r o s c e d a s t ic .  The ex is ten ce  o f  a u to c o r re la t io n  is  due t o  th e  f a c t  t h a t ,  

with a d a ta  s e t  o f  48 o b se rv a tio n s ,  th e  d a ta  s e ts  u t i l i z e d  f o r  e s t im a tin g  

e 's  a t  th e  time t  and th e  tim e t - 3  have 45 observations  in common, th e  

da ta  s e t s  f o r  e ' s  a t  th e  tim e t  and th e  tim e t - 6  have 42 observations  In 

common, and so on. Consequently, th e  f i r s t  15 subdiagonals  of the  

covariance m atrices  of u and v w il l  be in th e  p ro p o r t io n s  o f  0.9375, 

0.8750, 0 .7 5 , . . . ,  r e s p e c t iv e ly ,  to  th e  main d iag o n a l .  Therefore, a

g enera lized  le a s t - sq u a re s  method is  t o  be used in e s t im a tin g  a  and B.

Namely, a  and B should be estim ated  by

a  = (X'O’ ^X)’ ^X'O"^0 J (4)

B = ( X ' , - l x ) - l x ' , - l e , 2  (5)

where (  0.9375o^ 0.8750o^ . . . .  0 0

0.93750% o |  0.93750% . . . .  0 0

0.87500% . . .

^ . 1  0 .9 3 7 5 ^ . ,

0    0 .9 3 7 5 ^ _ J  0^
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and ôj is  th e  estim ated  variance  of th e  i^^ element in . The co v a r i

ance m atrix  9  i s  defined s im i la r ly .

Uri used P a c if ic  Gas and E le c t r ic  Company (PG&E) d a ta  f o r  

January 1961 through December 1969 to  e s t im ate  h is  model. A f te r  th e  

model was e s tim ated  by both Box-Jenkins methods and econometric te c h n i

ques, a monthly load fo re c a s t  was produced f o r  th e  period January 1970 

through December 1973. F i r s t ,  th e  q u a r te r ly  fo re c a s ts  of and were 

made f o r  t h i s  p e r io d .  Then, fo r e c a s t s  of th e  monthly peak system load 

were made w ith  th e  fo re c a s t in g  equation being updated a t  q u a r te r ly  i n t e r 

v a ls .  The r e s u l t s  in d ic a te  t h a t  th e  hybrid model performs b e t t e r  in 42 

of 48 months than  th e  pure t im e -s e r ie s  model. The hybrid model outperforms 

th e  pure t im e - s e r ie s  model by ad ju s t in g  th e  model parameters t o  capture  

economic and demographic e f f e c t s .

The hybrid model d iscussed  above c le a r ly  provided an improvement 

over a conventional Box-Jenkins fo re c a s t in g  model. However, th e  approach 

involves some p i t f a l l s  and conceptual problems. In th e  f i r s t  s tage  of 

model e s t im a t io n ,  th e  t im e -s e r ie s  model i s  estim ated  f o r  subper iods .

Since th e  model i s  e x p l i c i t l y  n o n s ta t io n a ry ,  au tocovariances a re  not 

a v a i lab le  over th e  whole sample p e r io d .  Then, th e  model i d e n t i f i c a t io n  

becomes a l o t  more d i f f i c u l t  than in conventional t im e - s e r ie s  a n a ly s is .

In th e  second s tag e  of model e s t im a tio n ,  th e  dependent v a r ia b le  i s  the  

s e r ie s  of param eter e s t im a te s  from th e  t im e -s e r ie s  model. Since the  

absolu te  values of th e  dependent v a r ia b le  should be co n s tra in ed  to  be 

sm aller than 1 . 0 , th e re  may be problems with th e  l in e a r  re g re ss io n  

s p e c i f i c a t io n .  For example, i f  th e  e l e c t r i c i t y  p r ic e  in c rease s  d r a s t i 

c a l l y ,  th e  es tim ated  moving-average c o e f f ic ie n t  w il l  exceed u n i ty  and
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th e  model w il l  not be in v e r ta b le .  I f  the  model is  no t in v e r ta b le ,  th e  

f o r e c a s t  e r r o r  w il l  inc rease  over t im e . Another problem is  in th e  

in te rp re ta t io n  o f  th e  econometric model param eters . The independent 

v a r ia b le s  in th e  reg re ss io n  model a re  not used to  determine th e  le v e l  of 

peak demand. Rather, they  a re  used to  determine th e  s e r i a l  c o r r e la t io n  

p ro p e r t ie s  of th e  peak.

U r i 's  approach can be viewed as s tu r c t u r a l l y  es tim ating  th e  

parameters of a t im e -s e r ie s  model by supplanting a moving average f i l t e r  

with a s t r u c tu r a l  equation  model. Since th e  re g re ss io n  model t r i e s  to  

exp la in  the  seasonal component by s t r u c tu r a l  f a c t o r s ,  th e  model es tim atio n  

might be more usefu l a f t e r  deseasona liza tion  and d e tren d in g . In hybrid 

approach s im ila r  to  U r i ' s ,  Hendricks. Koenker and P o i r ie r  suggest a method 

f o r  th e  deseasonaliza tion .^®  In th e  f i r s t  s tage  o f  t h e i r  hourly load 

modeling e f f o r t s ,  d a i ly  load shape is  approximated by connecting ad jacen t 

periods  with a polynomial fu n c tio n —cubic s p l in e .  In b r i e f ,  a cub ic  

sp l in e  is  a continuous piecewise cubic polynomial with continuous f i r s t  

and second d e r iv a t iv e s  and allows jumps in i t s  t h i r d  d e r iv a t iv e  a t  p re 

determined k n o ts .  The cubic sp l in e  approach removes s e r i a l  c o r r e la t io n  

from th e  re s id u a ls  of th e  t im e -se r ie s  model. F in a l ly ,  innovations o f  the  

tim e s e r ie s  a re  s t r u c tu r a l ly  estim ated by r e l a t i n g  th e  knots o f  t h e  sp l in e  

fu n c tio n  to  explanatory  v a r iab le s  in an econometric model. The cubic  

sp l in e  an a ly s is  i s  su re ly  an improvement on th e  t im e -s e r ie s  techn iques  

used in load f o r e c a s t in g .  However, th e re  a re  two d isadvantages w ith  the  

a n a ly s i s .  F i r s t ,  th e  model i s  inheren tly  sh o r t- ru n  and no a ttem pt has been

*®W. Hendricks, R. Koenker, and D. J .  P o i r i e r ,  "R esiden tia l 
Demand fo r  E l e c t r i c i t y , "  Annals o f  Applied Econometrics, January 1979, 
pp . 33-57. -----------------  ----------------------------
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made to  exp la in  year to  y ea r  changes in th e  model param eters . Second, 

th e  model parameters a re  no t ro b u s t  and not n e c e s sa r i ly  i n t u i t i v e .  The 

authors presented  th e  em pirica l  r e s u l t s  f o r  1972 and 1573. The model 

c o e f f ic ie n t s  a re  d is s im i la r  in many p laces and imply very d i f f e r e n t  f o r e 

c a s t s .

b) E conom etric /tim e-series  model. Another hybrid approach 

considered by Uri i s  t h a t  one tak es  an econometric approach in  e s t im a t 

ing th e  parameters of a model, uses th e  estim ated  c o e f f i c i e n t s  to  compute 

th e  r e s id u a ls  between th e  a c tu a l  and ex pos t f o r e c a s t s ,  reduces th ese  

re s id u a ls  t o  white no ise  by a Box-Jenkins method and produces f in a l  f o r e 

c a s ts  using a combined m o d e l . U s i n g  a flow -adjustm ent model o f  demand, 

th e  econometric model equation  becomes

In = o + Bjôln P̂ _ 2  + BgOlny^ + Ggôln TMAX̂. + B^ôln TAVĜ

+ (1 -  ô ) ln  0^ 2 

where = peak demand in period t

\ - l  ” average p r ic e  o f  e l e c t r i c i t y  lagged one period

ŷ . = average weekly earn ings  f o r  period  t

TMAX̂. = maximum tem perature  in period t

TAV6j. = average tem perature  f o r  period t

e * an e r r o r  term 

a ,  6 . Bj, Bg, B3  and B  ̂ = parameters to  be e s t im a te d .

With th e  same P64E da ta  he used befo re , th e  logarithm ic  flow adjustment 

model was estim ated by an o rd inary  le a s t - sq u a re s  e s t im atio n  method. Once 

the  demand model was e s t im a te d ,  th e  r e s id u a ls  rep re sen tin g  d i f fe re n c e s

^^U ri, "A Mixed Time-Series/Econometric Approach t o  Forecasting 
Peak System Load," pp. 155-174.
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between th e  ac tu a l  and f i t t e d  values o f  th e  peak system load can be com

pu ted . Then, a Box-Jenkins t im e -s e r ie s  an a ly s is  was performed on the  

re s id u a l s  to  id e n t i fy  and e s tim ate  a second-order moving-average model,

(1 -  * i 2 B^^)Zt= -  GgB^lat

where re p re se n ts  th e  estim ated  re s id u a ls  and a^ re p re sen ts  independent
2

random d e v ia te s  with zero mean and variance  o^.
a

Once th e  t im e - s e r ie s  model was id e n t i f ie d  and es t im ated , the  

f in a l  s tep  in using th e  Box-Jenkins technique was to  fo re c a s t  with i t .

The fo r e c a s ts  of th e  r e s id u a ls  were then combined w ith the  f o r e c a s ts  of 

the  econometric model to  produce th e  f in a l  f o r e c a s t s .  A pure econom etri

c ian  might argue t h a t  any r e g u la r i ty  d iscovered in th e  re s id u a ls  is  the 

r e s u l t  of an improperly sp ec if ie d  econometric model. Given the goal of 

improved f o r e c a s ts  and a t  the  same time being constra ined  by the  a v a i l 

a b i l i t y  of sh o r t- ru n  d a ta ,  however, t h i s  approach can provide a good 

compromise. Comparing the  ex post f o r e c a s ts  fo r  the  period of January 

1970-December 1973, Uri found th a t  th e  combined model outperforms a pure 

econometric model in 37 of 48 p e r io d s .  When compared with the  tim e- 

se r ies /eco n o m etr ic  model, the  eco n o m etr ic / t im e-se r ie s  model re q u ire s  

s u b s ta n t ia l ly  le ss  e f f o r t s  to  e s t im a te ,  fo re c a s t  and combine the  various 

components.

The model d iscussed  above is  a spec ia l case  of d i s t r ib u te d  lag 

models. Since the  use of Box-Jenkins an a ly s is  fo r  th e  re s id u a ls  does 

not have any b a s is  in economic theory  o r  any p a r t i c u l a r  r e s t r i c t i o n s  to 

be used, th e re  appears to  be no n e c e s s i ty  to  be confined only to  the  

Box-Jenkins approach. A conventional d i s t r ib u te d  lag model may be even 

b e t t e r .  S e r ia l ly  c o r r e la te d  e r ro r s  in a reg ress ion  model with a lagged
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dependent v a r ia b le  lead t o  in c o n s is te n t  e s t im a te s  of th e  model parame

t e r s .  The tw o-stage  e s t im a tio n  of th e  combined model even s a c r i f i c e s  

asymtotic e f f i c i e n c y .  Therefore , j o i n t  e s t im a tio n  of th e  parameters i s  

t o  be done whenever i t  becomes p o ss ib le -  However, th e  fo re c a s t in g  p e r 

formance o f  th e  combined model appears to  be no t damaged by th e  tw o-s tage  

es tim ation  procedure because in c o n s is ten c ie s  among th e  estim ated  p a ra 

meters may have a c tu a l ly  can ce lled  each o th e r .

c )  End-use/econometric model. Econometric models allow 

important economic and demographic f a c to r s  t o  be incorporated in to  th e  

fo rec a s t in g  p ro cess .  But, they a re  lacking in th e  a b i l i t y  to  respond 

to  s t r u c tu r a l  and te ch n o lo g ica l  changes occuring over t im e . End-use 

models a re  capable to  e x p l i c i t l y  analyze impacts of conservation  and 

o th e r  changes in consumption p a t te rn s  and have been in c reas in g ly  used 

by th e  e l e c t r i c  u t i l i t i e s  l a t e l y .  They a r e ,  however, c o s t ly  t o  develop 

and m aintain  and mostly incapable  of inco rpo ra ting  economic and demogra

phic e f f e c t s .  With in c reas in g  n ece ss i ty  t o  ev a lu a te  a broad range of 

po licy  impacts in re c en t  y e a r s ,  u t i l i t y  p lanners  have been p u t t in g  much 

of t h e i r  e f f o r t s  to  develop more complex and s t r u c tu r a l l y  d e ta i l e d  

fo re c a s t in g  models by in te g ra t in g  th e  econometric and th e  end-use 

methods. Here again , most of th e  e f f o r t s  a re  concentra ted  in  energy 

sa le s  f o r e c a s t in g —e s p e c ia l ly  in s e c to ra l  s a le s  m o d e l s . T h e  in te g ra te d

A fter  studying e l e c t r i c  load fo r e c a s t in g  issues  and models, 
th e  f i r s t  U t i l i t y  Modeling Forum (UMF) working group, composed of 43 
u t i l i t y  members, concluded t h a t  development o f  ap p ro p r ia te  techniques 
fo r  in te g ra t in g  end-use and econometric models i s  a fo re c a s t in g  challenge  
o f th e  '8 0 s .  See Booz. A llen & Hamilton I n c . ,  E le c t r ic  Load F o rec a s t in g : 
Challenge f o r  th e  '80s (Palo A lto , C a l i fo rn ia :  E le c t r ic  Power Research 
i n s t i t u t e ,  September 1980), p .  5-11.

^^See, f o r  example. The U niversity  o f  Arizona Engineering Experi
ment S ta t io n ,  Proceedings: End-Use Models and Conservation Analysis (Palo 
Alto, C a l i fo rn ia :  E l e c t r i c  Power Research I n s t i t u t e ,  July  19821.
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models e x h ib i t  s t r u c tu r a l  d e t a i l s  which is  th e  s t re n g th  of t r a d i t i o n a l  

end-use approach while m ain ta in ing  firm  behavioral foundations in the  

economic theory o f consumer c h o ic e .  The models t r e a t  th e  major a p p l i 

ances e x p l i c i t l y ,  p ro jec t in g  t h e i r  re sp ec tiv e  market p e n e tr a t io n s ,  

opera ting  e f f i c i e n c ie s  and u t i l i z a t i o n  p a t te r n s -  Besides th e  usefu lness  

f o r  th e  impact an a ly s is  of va rious  load management and conservation  

measures, th e  model i s  a lso  expected to  produce a more accu ra te  fo r e c a s t  

because th e  aggregated type o f  econometric approach and th e  d isaggregated  

type  of end-use approach complement each o th e r  in a s in g le  model. Like 

a conventional end-use model, a major drawback t o  implement th e  model is  

huge requirem ents fo r  da ta  c o l l e c t io n  and param eter e s t im a t io n .  And th e  

expanded complexity of th e  model makes eva lu a tio n  of s im ula tion  r e s u l t s  

d i f f i c u l t .

Compared with th e  energy s a le s  models, th e re  have been q u i te  a 

few e f f o r t s  to  apply th e  in te g ra te d  approach t o  peak load modeling. The 

lack o f e f f o r t s  i s  no t due to  le s s  importance o f  peak load a n a ly s is  in 

u t i l i t y  p lann ing , but a t t r i b u t a b l e  to  te ch n ica l  d i f f i c u l t i e s  and data  

l im i ta t io n s  to  implement th e  modeling approach. Since lev e l o f  peak 

demand i s  determined by th e  energy use of a l l  customer c la s s e s  a t  th e  

peak hour, a sep a ra te  model f o r  c o n tr ib u tio n  o f  each customer c la s s  to  

peak i s  ideal bu t p r a c t i c a l ly  r e je c te d  a t  a u t i l i t y  level because of 

resource  and d a ta  l im i t a t i o n s .  Since peak demand modeling covers a l l  

revenue s e c to r s ,  th e  end-use and economic d a ta  requirem ents f o r  an i n t e 

g ra ted  model o f  peak load a re  tremendous when compared with a s ec to ra l  

energy s a le s  model.
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Georgia Power Company made an e a r ly  e f f o r t  o f  In te g ra t in g  end- 

use a n a ly s is  to  improve th e  fo r e c a s t s  of t h e i r  econometric model o f  annual 

system peak demand.** Georgia Power Company's model i s  a m u lt i - s ta g e  

process in .which a c tu a l  peaks were f i r s t  weather-normalized by using 

dry-bulb  tem pera tu re , a dummy v a r ia b le  r e f l e c t in g  th e  tim e o f day t h a t  

th e  annual peak occured and a tren d  term rep resen ted  by th e  Ju l ia n  da te  

of th e  y e a r .  The normalized h i s t o r i c a l  loads and s t a t e  macroeconomic 

da ta  were then analyzed using econometric a n a ly s is  techn iques  to  develop 

a long-range fo re c a s t in g  model. However, some change from h i s to r i c a l  

r e la t io n s h ip s ,  such as a i r  co n d it io n e rs  approaching s a tu r a t i o n ,  appliance  

e f f ic ie n c y  improvements, conservation as an e t h i c ,  th e  use o f  more s o la r  

energy and e l e c t r i c  v e h ic le s ,  can be expected during th e  f o r e c a s t  p e r io d . 

Therefore , adjustm ents t o  th e  econom etrica lly-based  f o r e c a s t s  were made 

by u t i l i z i n g  end-use inform ation, in o rd e r  to  cap tu re  th o se  expected 

s t r u c tu r a l  changes in to  th e  model. F in a l ly ,  th e  annual growth r a te s  

p ro jec ted  by th e  long-range model were combined with th e  sh o r t- ran g e  

model fo r e c a s ts  which were sep a ra te ly  derived  from th e  model developed 

by a m u l t iv a r ia te  t im e -s e r ie s  a n a ly s is  s im i la r  to  th e  econom etric /tim e- 

s e r ie s  approach d iscussed  in th e  previous s e c t io n .  Although f l e x i b i l i t y  

needed f o r  scenario  ev a lua tion  and th e  a b i l i t y  to  defend th e  r e s u l t s  

before both management and re g u la to rs  a re  increased  by ta k in g  in to  account 

th e  fa sh io n ab le  i s s u e s ,  th e  Georgia model i t s e l f  i s  s t i l l  viewed as an 

econometric model, no t an in teg ra ted  model. Even, some o f  th e  adjustment

**Charles Broder, "Method f o r  Forecasting Peak Demand," 
Approaches to  Load Forecasting : Proceedings of th e  Third EPRI Load- 
Forecasting Symposium (Palo A lto, C a l i fo rn ia ;  E le c t r ic  Power Research 
I n s t i t u t e ,  Ju ly  I982J, pp. 168-194.
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f a c to r s  covered in th e  f i n a l  s tage  could e n t e r  the  model d i r e c t l y .  For

example, a i r -c o n d i t io n in g  s a tu ra t io n  and weather v a r ia b le s  can be combined

and used as independent v a r ia b le s  of th e  econometric model. In t h a t  case ,

th e  w eather-norm aliza tion  done in the  f i r s t  s tag e  o f  the  modeling is  not

n ecessa ry .  Generally speak ing , the  Georgia model is  crude and i t s  f o r e -
45c a s ts  a re  exceedingly  based on judgements and a r b i t r a r y  assum ptions.

Because of th e  i n t r i n s i c  l im i ta t io n s  of the  macroeconometric 

approach to  ex p la in  th e  impacts of conse rva tion  and load management s ta n 

dards , th e  C a l i fo rn ia  Energy Commission (CEC) has re c en t ly  developed a 

peak demand model using a microeconometric end-use a p p r o a c h . T h e  CEC 

approach: I )  uses both eng ineering  and econometric techn iques , 2) is  a 

p a r t i a l l y  in d i r e c t  modeling method which i n i t i a l l y  fo re c a s ts  energy sa le s  

f o r  seven d i s t i n c t  s e c to r s  and takes th e  s e c to ra l  energy sa le s  fo re c a s ts  

as inpu ts  to  th re e  submodels o f  peak load a t  the  customer le v e l .  3) ana

lyzes and fo re c a s ts  e l e c t r i c i t y  as p a r t  o f  the  t o ta l  e n e r g y  p ic tu r e ,  and 

4) uses a very la rge  and d iv e rse  data  b a se .  To ob ta in  the  fo r e c a s t  of 

system peak demand, two components a re  added l a t e r  f o r  the transm ission  

and d i s t r i b u t i o n  lo sse s  and fo r  the e f f e c t  of voltage  re g u la t io n .* ^

*^Their econometric model has no th ing  but income v a r ia b le s  as 
exp lanatory  v a r ia b le s  and th e  fu tu re  ap p liance  e f f ic ie n c y  improvement 
assumed in the  adjustm ent s tag e  is too a r b i t r a r y .  With a su b jec t iv e  
judgement, i t  is  simply assumed th a t  a 15 percen t improvement over p re -  
1974 e f f ic ie n c y  s tandards  w i l l  come about in a l in e a r  fa sh io n , increasing  
by I pe rcen t per y ea r  u n t i l  i t  levels  o f f  in 1988. There a re  severa l 
o th e r  cases of a r b i t r a r y  assumptions made to  supplement the  lack of d a ta .

*®M. R. Jaske , "Analysis of Peak Load Demand Using An End Use 
Load Forecasting  Model," Proceedings: End-Use Models and Conservation 
A n a ly s is , Section I I ,  pp. 1-59.

*^The C a l i fo rn ia  Public  U t i l i t i e s  Commission (CPUC) and severa l 
municipal u t i l i t i e s  have a staged program to  more c lo se ly  re g u la te  f in a l  
l in e  vo ltages  and s u b s ta t io n  stepdown. These a c t i v i t i e s  a re  expected to  
save energy and peak load .
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The CEC energy sa le s  model has seven c a te g o r ie s  of customer 

types  which need sp ec ia l  model s t r u c tu r e ,  types of input d a ta ,  exp lan a 

to ry  v a r ia b le s ,  e t c .  The seven s a le s  c a te g o r ie s  a r e :  1) r e s id e n t i a l

energy s a le s ,  2) commercial b u ild in g  energy s a l e s ,  3 ) s t r e e t  l ig h t in g  

energy s a le s ,  4 ) t r a n s p o r ta t io n ,  communications, u t i l i t i e s  and n a t io n a l  

defense  energy s a l e s ,  4) in d u s t r i a l  energy s a l e s ,  6) a g r ic u l tu ra l  

energy sa le s  and 7) domestic w ater pumping energy s a l e s .  R es iden tia l  

energy sa le s  model c o n s is t s  of th re e  p r in c ip a l  components: I )  s a t u r a 

t io n s  of end uses o f  various competing fue l so u rces ,  2) numbers of 

households l iv in g  in a s in g le  fam ily , m u lt i- fam ily  and mobile homes and 

3) u n i t  energy consumption (UEC) of ind iv idua l end u s e s .  Total r e s i 

d e n t ia l  energy s a le s  in a given y ear  is then th e  product of t o t a l  number 

of households m u l t ip l ie d  by th e  f r a c t io n  of households using a p a r t i c u l a r  

e l e c t r i c  app liance  m u lt ip l ied  by th e  year average UEC fo r  th a t  a p p lian ce ,  

summed over a l l  o f  the  r e s id e n t i a l  end u se s .  Because the  choice of 

app liance  types and t h e i r  energy consumption v a r ie s  among d i f f e r e n t  

housing ty p es ,  th e  model s e p a ra te ly  considers  energy use in s in g le  fam ily , 

m u lti- fam ily  and mobile home d w e ll in g s .  The UEC e s t im a te s  are  based on 

s tu d ie s  of a c tu a l  app liance  e f f ic ie n c y  s tan d a rd s ,  fue l  p r ic e s ,  household 

income and household s i z e .  The commercial b u ild in g s  fo rec as t in g  model 

is  s im i la r  to  th e  r e s id e n t i a l  model. The model is  composed of th re e  

basic  components: 1) square f e e t  of f lo o r  space, 2) f r a c t io n  of f lo o r

space using each end use and fu e l  type and 3) energy consumption per 

square foo t of f l o o r  space. The commercial bu ild in g  energy s a le s  model 

is  d isaggregated  in to  11 bu ild ing  ty p es ,  e ig h t  end uses and th re e  fue l 

ty p e s .  The commercial model is  a re f in ed  version  of th e  Oak Ridge
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commercial bu ild ing  model developed by J .  Jackson and W. Johnson e a r l ie r .^ ®  

The s t r e e t  l ig h t in g  energy s a le s  model is  a simple fu n c t io n  of r e s id e n t i a l  

customers and s t r e e t  l ig h t in g  demand lagged one y e a r .  ' The lagged s t r e e t  

l ig h t in g  energy s a le s  i s  included to  ex p la in  th e  s tock  adjustm ent mecha

nism inhe ren t in demand f o r  du rab le  goods. For t r a n s p o r ta t io n ,  communi

c a t io n s ,  u t i l i t i e s  and n a tiona l defense energy s a l e s ,  each tw o -d ig i t  SIC 

code industry  is  modeled using a co n s tan t  energy e f f ic ie n c y  r a t i o  which 

is determined by d iv id in g  th e  1978 q u a r te r ly  fue l and energy summary 

consumption da ta  by values of each exp lanatory  v a r i a b le ,  such as employ

ment, personal income o r  hourseholds- Forecasts  a re  then simply the  product

of th e  r a t i o  times p ro jec ted  values of explanatory  v a r i a b le s .  The CEC 

in d u s t r ia l  energy s a le s  model uses an in d u s t ry - s p e c i f ic  macroeconometric 

approach, which sep a ra te ly  e s t im a te s  consumption f o r  20 d i f f e r e n t  

manufacturing in d u s t r i e s ,  5 mining and e x tra c t io n  in d u s t r ie s  and 3 

c o n s tru c tio n  i n d u s t r i e s .  The model incorpora tes  th e  energy consumption 

increase  a sso c ia te d  with complying with federa l  and s t a t e  a i r  p o l lu t io n  

requirem ents, th e  impact of n o n re s id e n t ia l  bu ild ing  s tandards  and tne  

in d u s t r ia l  energy-savings a u d i ts  conducted by th e  u t i l i t i e s .  A g ricu ltu ra l  

energy s a le s  model has two submodels: a crop production  model and a da iry  

and l iv e s to ck  production model. Crop production accounts fo r  80 percent 

of t o t a l  a g r i c u l tu r a l  energy consumption with i r r ig a t io n - w a te r  pumping 

using most of th e  energy. The crop production energy sa le s  fo re c a s ts  

a re  obta ined  by m ultip ly ing  th e  fo r e c a s ts  of fu tu re  acreage by e s tim ates  

of energy requirement per a c r e .  The energy demand f o r  d a iry  and l ives tock

48J .  Jackson and W. Johnson, Commercial Energy Use: A 
Disaggregation by Fuel, Building Type and End Use (Oak Ridge, Tennessee:
Oak Ridge National Laboratory, February 1978).
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production is  assumed to  be d i r e c t l y  r e la te d  to  the  level of beef and 

da iry  p ro d u c tio n .  In domestic w ater pumping energy s a le s  model, e s t im ates  

of fu tu re  domestic w ater demands in th e  11 hydrologie a reas  a re  m u l t ip l ie d  

by th e  amount of energy needed to  d i s t r i b u t e  su rface  and ground water to  

p ro je c t  energy use f o r  domestic w ater requ irem ents .

When used f o r  peak load f o r e c a s t in g ,  the  annual energy sa le s  

fo re c a s ts  f o r  a l l  s e c to rs  a re  d isaggrega ted  in to  monthly q u a n t i t i e s  using 

an a n a ly s is  of a c tu a l  b i l l i n g  re c o rd s .  Each monthly consumption is then 

p a r t i t io n e d  in to  d a i ly  energy u se .  The base energy uses in the  re s id e n 

t i a l  and th e  in d u s t r i a l  s ec to rs  a re  assumed to  be eq ually  d i s t r ib u te d  

fo r  each day in a g iven month. The amount of space con d it io n in g  energy 

depends on the  weather occured on- th a t  day. Commercial customers have 

various consumption p a t te rn s  depending on th e  type of b u s in e s s .  F in a l ly ,  

hourly loads on a given day a re  determined by using a load p r o f i l e  which 

is  d i s t i n c t  fo r  each r e s id e n t i a l  end use, each commercial end use by 

bu ild ing  type and each in d u s t r ia l  tw o -d ig i t  SIC code.

The peak load fo re c a s t in g  methodology comprises f iv e  p a r t s .

The f i r s t  two p a r t s  fo r e c a s t  hourly load in the  r e s id e n t i a l  and the 

commercial b u ild ings  sec to rs  where an end-use model was used to fo re c a s t  

s a l e s .  The th i r d  p a r t  produces hourly load fo re c a s ts  fo r  the  t r a n s p o r 

t a t i o n ,  communications, u t i l i t i e s  and n a tio n a l  defense s e c to r ,  s t r e e t  

l ig h t in g ,  i n d u s t r i a l ,  a g r ic u l tu ra l  and domestic water pumping sec to rs  

in which th e  fo r e c a s t s  a re  made fo r  each ind iv idual in d u s t ry .  The 

fo u r th  component a d ju s t s  the  hourly load fo re c a s ts  to  th e  system level 

by adding transm ission  and d i s t r i b u t io n  lo sse s  and su b tra c t in g  voltage 

re g u la t io n  sav in g s .  The f i f t h  component e x t r a c t s  annual peak load from
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th e  hourly load f o r e c a s ts  f o r  a l l  days, c a l i b r a t e s  to  th e  a c tu a l  observed 

peak f o r  1978 and a d ju s ts  th e  o r ig in a l  load fo re c a s ts  by th e  c a l i b r a t io n  

f a c to r  to  produce a f in a l  fo r e c a s t  f o r  each y e a r .

Empirical t e s t s  o f  th e  CEC model were conducted using  th e  da ta  

developed f o r  two southern C a l ifo rn ia  U t i l i t i e s —San Diego Gas and E le c t r ic  

Company and Southern C a l ifo rn ia  Edison Company. The con se rv a tio n  an a ly s is  

performed f o r  peak loads dem onstrates th e  c a p a b i l i ty  of th e  model to  quan

t i f y  the  sav ings  r e s u l t in g  from conserva tion  measures. The load f o r e c a s t 

ing model produces d e ta i le d  end use ou tpu t f o r  each of th e  major submodels 

—r e s i d e n t i a l ,  commercial b u i ld in g s ,  i n d u s t r i a l ,  e t c .  T herefo re , the  

model provides a b a s is  f o r  d e ta i l e d  a n a ly s is  of the  e f f e c t  o f  conserva tion  

measures on in d iv id u a l end u se s .  In te r s e c to r a l  s h i f t s  in load composition 

c a n 'a ls o  be analyzed conv en ien tly .

While th e  macroeconometric models re q u ire  r e l a t i v e l y  l i t t l e  d a ta ,  

the  microeconometric end-use models, such as the  CEC model, req u ire  

prodigious amounts of d a ta .  J o in t  C E C /u til i ty  surveys of over 50,000 

customers were conducted to  c o l l e c t  the  body of knowledge about how 

energy is  used in the  s t a t e ,  such as r e s id e n t i a l  app liance  ownership and 

use, household c h a r a c t e r i s t i c s ,  commercial bu ild ings  c h a r a c t e r i s t i c s  and 

fuel choices in b u s in e s se s .  In a d d i t io n ,  th e  CEC r e l ie d  on th e  data  from 

numerous sources not connected with the  u t i l i t i e s :  a d e ta i l e d  survey of 

energy use in 500 commercial bu ild ings  conducted by an independent con

t r a c t o r ,  end-use metering of a few se le c te d  commercial b u i ld in g s ,  f lo o r -  

space c o n s tru c t io n  data  on 280 bu ild ing  types  purchased from the  F. W. 

Dodge Company, d e ta i le d  hourly weather d a ta  from National Oceanic and 

Atmospheric A dm inis tra tion  (NOAA), end-use load p r o f i l e s  from th e  rep o r ts
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of Association  of Edison I llum inating  Companies (AEIC), opera ting  ch a rac 

t e r i s t i c s  of end uses rep o rted  by equipment m anufactu rers , e t c .  However, 

th e  data  base used by th e  CEC s t i l l  has much room to  be improved. For example, 

lack of b u ild in g s  energy use s im ula tion  d a ta  and end-use metering d a ta  

forced th e  CEC to  use th e  hourly  load p r o f i l e s  based on th e  AEIC load 

research  samples which does n o t n e c e s sa r i ly  f i t  fo r  the  study a re a .

Two important f a c to r s  in fluenc ing  th e  shape of fu tu re  hourly 

load curve and th e re fo re  th e  level of peak demand are  market p e n e tra t io n  

of e l e c t r i c  app liances  and s e c to ra l  d i f f e r e n c e  in load growth. While 

the  s e c to ra l  load growth d i f f e r e n t i a l  has rece ived  a f u l l  a t t e n t io n  in 

the  CEC peak demand model, v i r t u a l l y  nothing has been done to  take 

account o f  changes in app liance  s to c k s .  Use of the  f ixed  hourly load 

p r o f i l e s  f o r  hourly energy a l lo c a t io n  is  ano ther  problem, because changes 

in l i f e  s ty le  can s ig n i f i c a n t ly  a l t e r  the  shape of the  hourly load curve 

f o r  a given end use in the  long-run . Although the  CEC model has been 

used to  produce fo re c a s ts  through the  year 2000, the  absence of app liance  

p en e tra t io n  fu n c tio n s  and f i x i t y  of hourly load p r o f i l e s  make the model 

s t a t i c  and v a lid  only fo r  sh o r t- ru n  f o r e c a s t in g .  Modeling the  p e n e tra 

t io n  o f  new tech n o lo g ies ,  such as e l e c t r i c  heat pump and so la r  systems, 

is  a lso  an important f a c to r  to  be considered  as more new technologies  

become m arketab le .



CHAPTER I I I

DEVELOPMENT OF AN ECONOMETRIC MODEL OF MONTHLY PEAK LOAD

The survey of various  peak load modeling approahces, d iscussed  

in Chapter I I ,  ind ica ted  t h a t  th e  most re f in e d  and d e s i r a b le  way to  model 

th e  peak load demand is  th e  in teg ra ted  end-use/econom etric  approach. 

Although th e  modeling method is  s t i l l  a t  a p ioneering s ta g e ,  advantages 

of the  in te g ra te d  approach a re  q u i te  encouraging. By inco rpo ra ting  behav

io ra l  foundations  of econometric models and engineering  information con

cerning energy use and th e  opportun ity  f o r  c ap i ta l-en e rg y  s u b s t i tu t io n  

from end-use models, th e  in te g ra te d  model can provide e x p l i c i t  rep resen 

ta t io n  of conservation  and load con tro l measures. Since th e  aggregated 

ana ly s is  o f  econometric modeling is  combined with th e  d isaggrega ted  method 

of end-use modeling, the  in te g ra te d  model i s  expected to  provide a more 

accura te  f o r e c a s t  by reducing th e  e r ro r  r e s u l t in g  from aggregation  across 

end use, b u ild in g  type , equipment age, e t c .  The model a lso  has a c a p a b i l 

i ty  to  ev a lu a te  market p e n e tra t io n  of new te ch n o lo g ie s .  However, huge 

data  requirem ents and model es tim atio n  e f f o r t s  d iscourage  implementation 

of the  hybrid  modeling approach. Another disadvantage o f  th e  model, due 

to  i t s  com plexity , i s  th e  d i f f i c u l t y  to  conduct e l a s t i c i t y  an a ly se s .

64
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The end-use/econom etric  model can be viewed as a sp ec ia l  case  

of th e  s tock-ad justm ent model. Three main elements of the  e n d -u se /  

econometric model a re  r a t e  of u t i l i z a t i o n ,  e f f i c ie n c y  choice (o r  energy 

use requirem ent) and equipment cho ice  fo r  each end u se ,  while th e  main 

arguments of the  s tock-ad jus tm en t model a re  composite r a t e  of u t i l i z a t i o n  

f o r  a l l  end uses and app liance  s to c k s .  Since th e  e f f ic ie n c y  cho ice  and 

equipment choice equations  a re  e s s e n t i a l l y  two sep a ra te  exp ress ions  of 

th e  stock adjustm ent p ro cess ,  th e  in te g ra ted  modeling approach is  a 

h ighly  d isaggrega ted  vers ion  of th e  s tock-ad justm ent modeling method.

Besides being accu ra te  and d e fe n s ib le ,  a p ra c t ic a l  fo re c a s t in g  

model should be f l e x i b l e  and a f fo rd a b le .  In terms of the  a f f o r d a b i l i t y ,  

th e  end-use/econom etric  modeling approach has an obvious problem when 

used in a u t i l i t y  environm ent. As a m atte r  of co u rse , the  u t i l i t i e s  can 

g radua lly  improve and expand t h e i r  da ta  bases and ev en tu a lly  ready them

selves  fo r  the  in te g ra te d  modeling. The aggregate  s tock-ad justm ent model 

has a good p o te n t ia l  to  evolve to  a microeconometric end-use model by 

increasing  the  level of d isag g reg a tio n  through the  end-use and load 

research  data  th a t  become a v a i l a b le .  Since the  model is  f l e x i b l e ,  the 

lev e ls  of d isag g reg a tio n  fo r  both the  u t i l i z a t i o n  r a t e  and the  appliance  

stock v a r ia b le s  can be c o n tro l le d  by the da ta  a v a i l a b i l i t y .  Another 

advantage of the  aggregate  s tock-ad justm ent model is  th a t  s e n s i t i v i t y  

analyses of the  economic v a r ia b le s ,  such as p r ic e s  and income, a re  

r e l a t i v e ly  s tra ig h tfo rw a rd  because the  model handles the  system peak load 

as an aggregate , no t through s e c to ra l  energy s a le s  models.

The stock-ad justm ent modeling approach was sy s te m a tic a l ly  formu

la ted  by Taylor and l a t e r  adopted f o r  r e s id e n t i a l  e l e c t r i c i t y  demand
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m odeling.1 While the  s tock-adjustm ent model of r e s id e n t i a l  energy demand 

developed by Taylor e t  a l .  d is t in g u ish e s  th e  long-run demand from th e  

sh o rt-run  by th e  f i x i t y  o f  c a p i ta l  s to c k s ,  th e  c a p i ta l  s tock-ad justm ent 

process i t s e l f  is  not r e f l e c te d  in e i t h e r  th e  sh o rt-ru n  o r  th e  long-run 

e l a s t i c i t y  an a ly se s .  In t h e i r  th e o r e t ic a l  model, th e  sh o r t- ru n  demand 

f o r  e l e c t r i c i t y  is  viewed as th e  choice o f  a u t i l i z a t i o n  r a t e  f o r  the  

e x is t in g  stock of e l e c t r i c  ap p lian ces ,  while th e  long-run demand f o r  

e l e c t r i c i t y  i s  equ iva len t t o  th e  demand f o r  an equ ilib rium  stock  of 

e lec tr ic ity -consum ing  c a p i t a l  goods. There is  a missing l ink  between 

th e  sho rt-run  and th e  long-run demand form ation , which i s  th e  c a p i ta l  

s tock-adjustm ent s ta g e .  In th e  em pirical sec t io n  of th e  s tudy , however, 

Taylor and o th e rs  seem to  recognize th a t  th e  sh o rt-run  model developed

f o r  th e o re t ic a l  exposit ion  does not cover th e  sh o rt-ru n  e f f e c t s  o f  p r ic e
2

and income on appliance s to c k s .  The model equations they  a c tu a l ly  e s t i 

mated are  u t i l i z a t i o n  r a t e  equations and appliance  s a tu ra t io n  r a t e  equa

t io n s  in various fu n c tio n a l  forms. While th e  u t i l i z a t i o n  r a t e  equations  

a re  estim ated f o r  a composite r a t e  aggregated f o r  a l l  a p p lian ces ,  th e  

appliance s a tu ra t io n  r a t e  equations with a Koyck's d i s t r ib u te d  lag a re  

regressed  f o r  each of te n  major household ap p lian ces .  For em pirica l 

p re sen ta t io n  of th e  p r ic e  and income e l a s t i c i t i e s  o f  r e s id e n t i a l  e l e c t r i 

c i t y  s a le s ,  th e  e l a s t i c i t i e s  ca lcu la ted  from th e  sh o r t- ru n  equation 

holding th e  stock o f app liance  fixed  (or th e  u t i l i z a t i o n  r a t e  equation 

only) are  no longer c a l le d  sh o rt-ru n  e l a s t i c i t i e s .  The value defined  as

^Taylor, "The Demand f o r  E l e c t r i c i t y :  A Survey,"  pp. 80-83; 
and Taylor e t  a l . .  The R esiden tia l  Demand f o r  Energy, Chapter 3 .

2
Taylor e t  a l . .  The R esidentia l Demand f o r  Energy, Chapter 6 .
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a sho rt-run  e l a s t i c i t y  in th e  t h e o r e t i c a l  development of the  model i s  

now retermed to  be sh o r t- ru n  p a r t i a l  adjustment e l a s t i c i t y .  Total s h o r t -  

run e l a s t i c i t y  is  then measured by summing th e  p a r t i a l  adjustment e l a s t i 

c i t y  ca lcu la ted  from th e  u t i l i z a t i o n  r a t e  equation  and th e  weighted 

average of sh o rt-ru n  e l a s t i c i t i e s  of appliance s tocks  estim ated from the  

appliance s a tu ra t io n  r a t e  e q u a t io n s .  The weights used to  aggregate th e  

e l a s t i c i t i e s  of app liance  s tocks a re  th e  normal u t i l i z a t i o n  r a te s  of each 

app liances . Long-run e l a s t i c i t y  f o r  th e  e l e c t r i c i t y  s a le s  i s  c a lc u la te d  

by adding th e  sh o r t- ru n  p a r t i a l  adjustment e l a s t i c i t y  obtained from th e  

u t i l i z a t i o n  r a t e  equation and th e  weighted average o f  long-run e l a s t i c i 

t i e s  of appliance s tocks obtained from th e  app liance  s a tu ra t io n  r a t e  . 

equa tions .

The f a c t  t h a t  th e  app liance  da ta  used f o r  th e  em pirical study are  

in terms of s a tu ra t io n  r a t e s ,  while th e  th e o r e t i c a l  models have been 

formulated in terms o f c ap a c i ty ,  causes some p r a t i c a l  problems. Since 

th e  sa tu ra t io n  r a t e  i s  defined  as th e  p roportion  o f  households having th e  

appliance in q u es t io n ,  th e  r a t e s  would be e q u iv a len t  to  a stock s e r ie s  

only when c a p a c i t ie s  of th e  app liances  are co n s tan t  across  households 

and t im e . However, app liance  cap a c i ty  u sua lly  v a r ie s  among households 

and through t im e . An a d d i t io n a l  problem a sso c ia te d  with th e  use of 

s a tu ra t io n  r a te s  i s  t h a t  many households own more than one r e f r i g e r a t o r ,  

room a i r  co n d i t io n e r ,  e t c .  T herefore , th e  s a tu r a t io n  r a te s  provide only 

lower-bound e s t im ates  of th e  number o f app liances  in a reg io n . Because 

t ru e  values of th e  normal u t i l i z a t i o n  r a te s  a re  not observab le , th e  

aggregated sh o rt-ru n  and long-run e l a s t i c i t i e s  o f  appliance  s tocks  are  

destined  to  involve an approximation and a f f e c t  th e  accuracy of th e
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estim ated t o t a l  e l a s t i c i t i e s  of e l e c t r i c  demand. As a m a tte r  of f a c t ,  

th e  normal u t i l i z a t i o n  r a t e s  used f o r  weighting th e  e l a s t i c i t i e s  

ca lcu la ted  from the  ten  app liance  s a tu ra t io n  r a t e  equa tions  a re  th e

normal consumption e s t im ates  f o r  the  y ea r  1971 provided in  a Stanford
3

Research I n s t i t u t e  s tu d y . The data  used f o r  th e  em pir ica l  e s t im atio n  

i s ,  however, an annual s e r i e s  f o r  the  y ea rs  1960 through 1972. Since 

th e  aggregate appliance s a tu ra t io n  s e r i e s  used to  c a lc u la te  th e  h i s to r i c a l  

composite u t i l i z a t i o n  r a t e s  from th e  energy sa le s  d a ta  i s  a lso  obta ined  

by weighting th e  s a tu ra t io n  r a te s  of e leven  se lec ted  in d iv id u a l app liances  

with the  1971 normal usage r a t e s ,  th e  e s t im a te s  of th e  sh o r t- ru n  p a r t i a l  

adjustment e l a s t i c i t i e s  involve the  same approximation problem.* Accu

racy of th e  model fo r e c a s ts  of th e  energy sa le s  is  a lso  in  doubt, because 

the  energy s a le s  fo re c a s ts  a re  produced with th e  p ro je c ted  u t i l i z a t i o n  

races and app liance  s a tu r a t io n  r a t e s ,  no t with th e  p ro je c ted  p o te n t ia l  

load of a p p lian ces .

Most of th e  problems with T a y lo r 's  s tock-ad justm ent model a re  

due to  th e  lack of th e  app liance  usage and capac ity  d a ta  requ ired  to  

su ccess fu lly  implement th e  model. In t h i s  ch ap te r ,  an econometric model 

of peak load demand w il l  be developed by fo llowing a n e o c la s s ic a l  concept 

of c a p i ta l  s tock ad justm en t. The model i s  macroeconometric and th e re fo re  

does not involve th e  problem of ex ten s iv e  data  requirem ents and can be 

e a s i ly  implemented in a u t i l i t y  environment. Since th e  peak demand 

measured in megawatts i s  th e  dependent v a r iab le  in th e  model, e l a s t i c i t y

^ I b i d . ,  Appendix 1.

*Among th e  eleven major ap p lian ces ,  dishwashers were excluded 
in the  e s tim ation  of app liance  s a tu ra t io n  r a t e  eq u a t io n s .
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analyses and fo r e c a s t  genera tion  a re  s t ra ig h tfo rw a rd .  The c a p i t a l  s to c k -  

adjustment process is  e x p l i c i t l y  included in th e  model and plays a d i r e c t  

ro le  in th e  demand a n a ly s i s .  In th e  peak load model to  be developed, th e  

e n t i r e  process o f  e l e c t r i c i t y  demand form ation is  d iv ided  in to  th re e  time 

horizons: 1) sh o r t  run c h a rac te r iz ed  by v a r ia b le  u t i l i z a t i o n  r a t e  but 

f ixed  c a p i t a l  s to ck ,  2) long-run adjustment period fe a tu re d  by v a r ia b le  

u t i l i z a t i o n  r a t e  and c a p i t a l  s tock adjustm ent and 3) long-run e q u i l i 

brium s ta g e .

In a general fu n c tio n a l  form, peak load demand is  given by

Dt = UjKj (1 )

where = demand f o r  e l e c t r i c i t y  a t  th e  time of peak load

= stock of e l e c t r i c i t y - u s in g  c a p i t a l  goods measured in terms of 

p o te n t ia l  use o f w atts  

= composite r a t e  of u t i l i z a t i o n  f o r  a l l  e l e c t r i c  app liances  a t  

th e  time of peak load.

To ob ta in  th e  value of K^, i t  i s  necessary  to  aggregate  across  a p p l ia n ce s .  

Since th e  p ro b a b i l i ty  o f  opera tion  a t  th e  time o f system peak load i s  

d i f f e r e n t  among th e  ap p lian ces ,  a simple summation o f th e  p o te n t ia l  w a tt  

usage o f  th e  app liances  would be in a c c u ra te .  An obvious way to  aggregate  

th e  app liances  would be to  weight each appliance  by a long-run p ro b a b i l i ty  

of opera tion  a t  th e  time of peak lo ad . Then, 

n
K. = t  P . ( t ) k .  (2)
t  i=l 1 1

where kj denotes th e  stock of th e  i^^'appliance measured in p o te n t ia l  

watt usage and P . ( t )  i s  th e  long-run p ro b a b i l i ty  of o p e ra t io n  a t  th e  

time of peak f o r  th e  i^^ ap p lian ce .
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A. Short Run

The sh o r t  run i s  defined as th e  period in which a f ix ed  stock 

of e lec tr ic i ty -co n su m in g  c a p i t a l  goods e x i s t s  and, due to  time l im i ta t io n ,  

th e re  is  no p o s s ib i l i t y  f o r  th e  stock to  change. T herefore , th e  peak 

demand f o r  e l e c t r i c i t y  in t h i s  period can be viewed as th e  choice of 

u t i l i z a t i o n  r a t e  f o r  th e  e x is t in g  stock of e l e c t r i c i t y - u s in g  c a p i t a l  

goods.

Em pirically  assuming th a t  

Ut = u(PEt. = aqPEt Ht" (3)

where PE = p r ic e  of e l e c t r i c i t y

W = any o th e r  f a c to r s  th a t  might be re le v an t  ( e . g . ,  weather 

v a r ia b le s ) ,

“c = " t ^ t  = ( V ?  )K f  

Since i s  in v a r ia b le  in  th e  sh o rt  run ,

Dt = A P Ç w ^  (4)

where A = oqKj..

Allowing p r ic e  e l a s t i c i t y  o f  the  demand to  vary with th e  previous lev e ls  

o f  the  e l e c t r i c i t y  p r i c e ,

 ̂ (5)

Combining th e  equations (4) and (5 ) ,

®As d iscussed  in Chapter I I ,  th e  sec tion  on th e  v a r ia b le  e l a s 
t i c i t y  model, t h i s  hypothesis  is  explained by th e  S lutsky e q u a tio n .  The 
p rice  e l a s t i c i t y  o f  th e  ord inary  demand curve equals  th e  p r ic e  e l a s t i c i t y  
of the  compensated demand curve minus th e  corresponding income e l a s t i c i t y  
m u lt ip l ied  by th e  p o r t io n  of t o t a l  expenditu re  spent on th e  commodity in 
q u es t io n .  Since th e  demand f o r  e l e c t r i c i t y  i s  commonly be lieved  t o  be
p r ice  i n e l a s t i c  in th e  sh o r t  run, th e  share  of th e  e l e c t r i c  b i l l  in the
consumer's budget w il l  inc rease  with a h igher  p r ic e  o f  e l e c t r i c i t y .  
Consequently, th e  p r ic e  e l a s t i c i t y  of th e  uncompensated demand f o r  
e l e c t r i c i t y  g e ts  la rg e r  with the  inc rease  in th e  p r ic e  o f e l e c t r i c i t y  
i t s e l f .
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= APE^PEt-^^^; (6 )

The equation (6) can be e a s i ly  estim ated  in a doub le-logarithm ic  form 

and the  model e s tim ated  would ta k e  th e  form.

In = In A + *PE|._jln PEj. + o g ln  + c ^ .  (7)

With th e  model equation  (7 ) ,  th e  immediate-run demand f o r  e l e c t r i c i t y  a t  

th e  time o f system peak has a co n s tan t  weather e l a s t i c i t y ,  og* but 

v a r iab le  p r ic e  e l a s t i c i t y ,  $PE^

B. Long-Run Adjustment 

The long-run adjustment period is  defined  as th e  tim e du ra tion  

which is  long enough to  vary both th e  r a t e  o f  u t i l i z a t i o n  and th e  stock 

o f e l e c t r i c  app liances  w ithin  c e r t a in  l i m i t s .  The time d u ra t io n  i s ,

however, not long enough to  achieve  an eq u ilib r ium  s to ck . In th e  long-

run adjustment p e r io d ,  consumers a ttem pt to  b ring  t h e i r  a c tu a l  s tock of 

th e  c a p i ta l  goods in to  l in e  w ith  a c e r ta in  d e s ired  level which is  d e te r 

mined by th e  lev e l  o f  income, p r ic e s  and o th e r  f a c to r s .  However, the  

ac tua l level of th e  c a p i ta l  s to ck  w il l  be s t i l l  d i f f e r e n t  from th e  

desired  level because of p sy cho log ica l ,  i n s t i t u t i o n a l  o r  tech n o lo g ica l  

b a r r ie r s  to  th e  speed a t  which a descrepancy between ac tu a l  and d es ired

lev e ls  can be e l im in a ted .

Assuming a simple adjustm ent process given by

where = d e s ired  level of th e  c a p i ta l  stock

X = adjustment f a c to r  which takes  a value between 0  and 1 , 

h  = (9)

Let be determined by
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= k(PE^, PG^, PK^, Y^. 0^) = BqP ^  P (^  (10)

where PG = p r ice  of competing fu e l  source such as n u tu ra l  gas 

PK = p r ic e  of e lec tr ic i ty -co n su m in g  c a p i t a l  goods 

Y = per. c a p i ta  income

0 = o th e r  r e le v a n t  f a c to r s  such as popu la tion , d ep rec ia t io n  

r a t e  of th e  app liance  stock and market i n t e r e s t  r a t e .

Then,

h  = PG^^ Pl^®* Ŷ ®* 0^®» ( 1 1 )

Combining th e  e q u a tio n s ,  (1 ) ,  (3) and (11),

“t  =

= ô j0 qP E ^ ‘*‘̂ ®^W^PG^®»PI^®»Y^®* O ^ ^ K ^ 'j (12)

° t  1Since 1C , =
" w .

4 : '  = = 4 : 1 “ o ' ' C i " ‘ “‘ " 5 ^ ' "  • <‘3)

S u b s ti tu t in g  in th e  equation (12) with th e  equation  (13),

0^ = PE^ ^ t ^ t A ’ (14)

The long-run adjustment model equation in a double-logarithm ic  form w ill  

be t h e n ,

In = To + Tfjln PE  ̂ + Tgln PE^_i + Tgln + ir^ln W^_j + ?gln  PGj.

+ Tgln PK|. + Tyln Y.J.+ Tgln 0^ + Tgln + e.̂ . (15)

where Tq = 2  Ina^ + x i n ^

Tj = oij +

^ 2  = -®i +
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?3  =  *2

Tg =

Te = ^ 6 3  

T y  -  X B ^

'fQ -  ^®5

T g  = 1 -  X.

Therefore, th e  long-run adjustment model becomes a combination o f  th e  

s ta te -ad ju s tm en t model of Houthakker and Taylor and th e  geom etrica lly  

d is t r ib u te d  lag model o f  Koyck.®

The reduced model equation (15) involves an id e n t i f i c a t io n  

problem to  be used f o r  em pirica l e s tim ation  of th e  o r ig in a l  model 

parameters- The param eters, a ' s ,  b ' s  and x ,  a re  non linea r  fu n c tio n s  of 

th e  u n re s t r ic te d  c o e f f i c i e n t s ,  ? ' s .  A fter th e  equation (15) is  e s tim ated , 

so lu t io n  fo r  th e  r e s t r i c t e d  parameters of th e  long-run adjustm ent model 

w il l  be,

? 2  
=  -  - —

ou = Tg o r ------
^9

,  : i ^ 9  + J 2
T q (1 -  T q )

The s ta te -ad ju s tm en t model of Houthakker and Taylor d i f f e r s  
from t h e i r  flow-adjustm ent model in t h a t  th e  c o e f f i c i e n t s  of th e  one- 
period lagged exogenous v a r ia b le s  a re  not constra ined  t o  be equal to  
t h e i r  co u n te rp a r ts  f o r  the  c u r re n t  v a r ia b le s .  See Houthakker and Taylor, 
Consumer Demand in th e  United S ta te s ,  pp. 9-24.
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^5
Bp = -----------

1 - I f g

• < - î ^

1 -  7g 

I  = 1 -  Tg.

As shown above, ag i s  o v e r id e n t i f i e d .  The id e n t i f i c a t io n  problem can be 

solved by e s tim ating  th e  r e s t r i c t e d  parameters by the  n o n lin ea r  l e a s t -  

squres e s tim ation  method o r th e  maximum l ik e l ih o o d  e s tim ation  method.^ 

But with th e  n o n lin ea r  re g re ss io n  a n a ly s is ,  computations a re  very 

complicated and th e  maximum o f  th e  l ik e l ih o o d  func tion  can be a local 

one r a th e r  than a g lobal one . The v a r ia b le s  causing the  o v e r i d e n t i f i 

ca t io n  problem a re  th e  c u r re n t  and one-period lagged weather v a r i a b le s .  

Therefore, another way to  so lve  the  problem i s  to  remove th e  w eather- 

s e n s i t iv e  po rtion  from th e  demand o r w eather-norm alize th e  demand before 

reg ress ing  th e  model e q u a tio n .  Thus, re a rran g in g  the  equation  (15),

D*
In W ) = ?o + ''h * V "  + 5̂*" ’’®t * ■'e'" '‘h  * *t

‘  / “t  u+ Tgln 0; + Tgln - g :- )  + (16)

^ J .  Kmenta, Elements o f  Econometrics (New York: Macmillan 
Publishing Co. In c . ,  I 9 7 l ) ,  pp . 446-447.
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where y  s a re  as defined f o r  th e  equation (15). As f a r  as th e  value of 

0 2  i s  predetermined, th e  equation (16) is  ex ac tly  id e n t i f i e d .  In t h i s  

c a se ,  we can use th e  o rd inary  le a s t-sq u a re s  (OLS) e s tim ation  method to  

e s t im ate  the  u n re s t r ic te d  c o e f f ic ie n ts  of the  equation  (16) and use th e  

so lu t io n  f o r  t ' s to  ob ta in  th e  e s tim ates  o f  B's and& . The re s u l t in g  

e s t im a to rs  in h e r i t  the  d e s i r a b le  asym to tic , but no t small-sample p ro p e r t ie s  

from the  unconstrained e s tim ates  of t ' s .  This is  because th e  model para

meters a re  non linear  fu n c tio n s  o f  th e  unconstrained c o e f f ic ie n ts  and
Q

unbiasedness does not c a r ry  over v ia  non linear fu n c t io n s .  With th e  

equation (16), th e  unconstrained e s t im ato rs  themselves a re  not unbiased 

due to  the  presence of 0 ^ ^  among the  explanatory  v a r ia b le s ,  so t h a t  

none of th e  constra ined  e s t im a to rs  a re  unbiased. However, i f  th e  d i s 

turbance term s, a re  randomly d i s t r ib u te d ,  th e  presence o f  ̂ w il l  

produce the  OLS e s t i r a t o r s  which a re  s t i l l  c o n s is te n t  though b iased  in 

f i n i t e  samples. Since th e  negative  b ias  in th e  OLS es tim ato rs  is  an 

inverse  func tion  o f  sample s i z e ,  th e  problem of b iased e s t im a to rs  becomes
Q

n e g l ig ib le  with a s u f f i c i e n t ly  la rg e  number of o b se rv a tio n s .

To make th e  model equation (16) estim able  with th e  OLS method, 

th e  value of Og should be known in advance. Although th e  t ru e  value is  

unknown, th e  b e s t  l i n e a r  unbiased e s tim ate  (BLUE) of Og obtained by 

reg ress in g  th e  immediate-run model equation (7) can be used as a

o
Consistency of th e  e s t im a to rs  c a r r i e s  over through a continuous 

func tion  but th e  same does no t ,  in g en e ra l ,  apply t o  unbiasedness . Ib id . ,
p .  166.

Q
For a simple model, = 6 0 ^ ^  + v^, which has a lagged dependent

v a r iab le  but s e r i a l l y  unco rre la ted  v ' s ,  E(&) - 8  = -26/n where n = sample 
s i z e .  See Johnston, Econometric Methods, pp. 305-306.
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predetermined v a lu e .  Using th e  predetermined value o f  agCô^), th e  ac tua l 

le v e ls  of peak demand w il l  be seasonally  ad justed  by removing th e  weather 

impacts on th e  load . A fte r  th e  reduced model equation  (16) is  e s tim ated  

f o r  th e  non-w eather-sens it ive  p o rtion  of th e  demand, a l l  of th e  o r ig in a l  

model param eters, ®'s, B's and x, can be i d e n t i f i e d .  Since th e  model i s  

d o u b le - logarithm ic , long-run adjustment e l a s t i c i t i e s  of the  demand are  

d i r e c t ly  rep resen ted  by th e  estim ated  c o e f f i c i e n t s ,  tt' s , fo r  th e  c o r r e s 

ponding explanatory  v a r ia b le s .  F in a lly ,  th e  long-run fo re c a s t  o f  peak 

load w il l  be produced by combining the  base (or n o n -w ea th er-sen s i t iv e )  

load fo re c a s t  generated with th e  equation (16) and th e  w ea th e r-se n s i t iv e  

load fo r e c a s t  obta ined  by using and the  normal values of th e  weather 

v a r ia b le s .

C. Long Run Equilibrium

The long-run equ ilib r ium  w ill  be e s ta b l i s h e d  when th e  ac tu a l
*

level o f  th e  c a p i t a l  stock reaches th e  d es ired  l e v e l .  Since = K^,

X = 1 .0 .  From th e  equation (12), th e  long-run equ ilib r ium  model w il l  

be then ,

^ t  ■ " t"^  ■ ^t*^
= PK®‘ V®‘ Oj' (17)

Rewriting th e  model in a double-logarithm ic  form.

In Dj = .  » , ln  PEj .  .  «jPGj .  + « ,0^ (18)

As o ccas io n a lly  exampled in Chapter I I ,  sepa ra te  modeling of 
th e  base load and th e  weather load o r  w eather-norm alization o f th e  load 
h is to ry  before th e  model e s t im atio n  is  a common p ra c t ic e  in th e  u t i l i t y  
load fo r e c a s t in g .  For an in te n s iv e  study o f w eather-norm aliza tion  
te chn iques , see Cambridge System atics , Inc . and Q u an ti ta t iv e  Economic 
Research, In c . ,  Weather Normalization of E l e c t r i c i t y  Sales (Palo A lto , 
C a l i fo rn ia :  E le c t r ic  Power Research I n s t i t u t e ,  June 1983).
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where 6g = Inoy + inSg 

»i '  *, + ®i

«3 = «2 

«4 = 83 

«5 = 84

*6 '  *5‘
When matched with th e  long-run adjustment model equation  (16), long-run 

equ ilib rium  model equation w il l  be

i " ( ; 4 )  = *0 +  '1  +  8 3 ’’^ ;  +  +  %h * V t  * % ( 19)

where s ' s  a re  as defined f o r  th e  equation (18). Because th e  value of 

X was le s s  than 1 .0  in th e  long-run adjustment p e r io d ,  e l a s t i c i t y  of demand 

becomes la rg e r  in th e  long-run equ ilib rium  s tage  f o r  a l l  o f th e  exp lana

to ry  v a r ia b le s  except f o r  th e  weather v a r iab le  where th e  long-run c o e f f i 

c ie n t  i s  th e  same as th e  s h o r t - r u n 's .



CHAPTER IV 

EMPIRICAL APPLICATION

The peak load demand models developed in Chapter I I I  w i l l  be 

es tim ated  f o r  an e l e c t r i c  u t i l i t y  system. The e l e c t r i c  u t i l i t y  s e le c te d  

f o r  th e  em pirical study i s  Lincoln E le c t r ic  System (LES) opera ting  in a 

major m etropolitan  area  (Lincoln SMSA o r  Lancaster county) o f  Nebraska. 

LES i s  a summer peaking u t i l i t y  and experienced an annual peak load of 

428 megawatts (MW) in August 1983, excluding transm iss ion  lo s s e s .  The 

em pirica l r e s u l t s  of th e  model e s tim atio n  w il l  be used f o r  id e n t i fy in g  

and appra is ing  th e  e f f e c t s  o f  economic, demographic and weather v a r ia b le s  

on th e  level of monthly peak demand. The model fo r e c a s t s  of th e  peak 

loads f o r  1983-2000 w il l  be produced and e v a lu a te d .  F in a l ly ,  some po licy  

im p lica tions  of th e  em pirica l r e s u l t s  w ill  be explored  fo r  power supply 

p lann ing , peak-load p r ic in g  and d i r e c t  load co n tro l  measures.

A. P ra c t ic a l  Issues f o r  Model Estim ation

In o rder to  p r a c t i c a l ly  apply th e  th e o r e t i c a l  model equations  

presen ted  in th e  previous c h ap te r ,  they need to  be s u b s ta n t ia te d  f o r  

r e a l  world s i t u a t i o n s .  Before going in to  a model e s tim ation  s ta g e ,
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severa l p ra c t ic a l  issues  concerning the  explanatory  v a r iab les  of th e  

model w il l  be d iscu ssed .  Then, th e  model s p e c i f ic a t io n s  a re  to  be 

ad justed  f o r  em pirical e s t im a tio n .

1 . Marginal P r ice  vs . Average Price

In h is  1975 survey a r t i c l e ,  Taylor c r i t i c i z e d  the  conventional 

use of ex post average p rice  in th e  e l e c t r i c i t y  demand modeling and 

maintained t h a t  th e  use of ex pos t  p r ice  leads t o  th e  problem of s im ul

ta n e i ty  and id e n t i f i c a t io n .^  A c o r re c t  procedure i s ,  according to  him, 

to  include both a marginal and an average p r ic e s  taken from ac tu a l  t a r i f f  

schedules, not c a lc u la te d  ex p o s t ,  as p re d ic to rs  in th e  demand fu n c t io n .  

The marginal p r ic e  r e f e r s  to  th e  l a s t  block of th e  r a t e  t h a t  energy was 

consumed in ,  while th e  average p r ic e  is  the  average p r ic e  per KWh of th e  

e l e c t r i c i t y  consumed up t o ,  but no t inc luding , th e  f in a l  b lock . Empirical 

use of th e  e l e c t r i c i t y  p r ic e  represen ted  by th e  marginal p r ic e  p lus  th e

measure o f  in tram arginal expenditu re  has been s u cc e ss fu l ly  t e s t e d  f o r
2

r e s id e n t i a l  energy demand modeling by Taylor and o th e r s .

However, con s tru c t io n  o f  th e  composite p r ic e  v a r ia b le  f o r  peak 

load modeling is  no t so easy because system peak load is  th e  sum of 

co in c id en t  demands of a l l  revenue c la sses  a t  th e  time of system peak and 

u t i l i t i e s  usually  have d i f f e r e n t  r a t e  s t ru c tu re s  f o r  various c la s s e s  of 

custom ers. In th e  case  of LES, r e s id e n t i a l  and small commercial customers 

a re  charged with a seasonally  d i f f e r e n t i a t e d  r a t e  which is  h igher f o r  th e

^Taylor, "The Demand f o r  E le c t r i c i ty :  A Survey," p .  79.
2

Taylor e t  a l . .  The R esiden tia l Demand f o r  Energy; and L. D. 
Taylor, G. R. B la ttenberger and R. K. Rennhack of Data Resources, In c . ,  
R esiden tia l Demand f o r  Energy (Palo Alto, C a l i fo rn ia :  E le c t r ic  Power 
Research i n s t i t u t e ,  April 1982), Vol. 1.
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summer energy u se .^  The summer seasonal energy charge is  f l a t  re g a rd le ss  

o f usage amount and inc ludes a summer conserva tion  c r e d i t  p ro v is io n  to  low 

u sers  in  o rd e r to  minimize th e  impact o f th e  seasonal r a te  s t ru c tu re  on 

n o n -a ir  co nd ition ing  custom ers. In th e  w in te r months, r e s id e n t ia l  custom ers 

a re  c la s s i f ie d  in to  e l e c t r i c  space heating  custom ers and n o n -e le c tr ic  space 

h eatin g  custom ers. While n o n -e le c tr ic  sp ace  h ea tin g  custom ers pay a f l a t  

energy charge, e l e c t r i c  space heating  custom ers a re  charged w ith a one-step  

d ec lin in g -b lo ck  r a te  to  address th e  w in te r heatin g  energy s a le s .  E le c tr ic  

hea tin g  custom ers o f sm all commercial and in d u s tr ia l  c la s se s  can apply fo r  

a sp ec ia l end-use heatin g  s e rv ic e  r a te  in th e  w in te r  months. The energy 

charge f o r  th a t  heating  s e rv ic e  is  th e  same as th e  r e s id e n t ia l  h ea tin g  

custom ers' which is  lower than  th e  re g u la r  commercial r a t e .  Large commer

c ia l  and in d u s tr ia l  b i l l s  a re  determ ined by a th r e e - p a r t  t a r i f f  which 

c o n s is ts  o f energy, demand (o r c ap ac ity ) and custom er ch arg es . The demand 

charge f o r  la rg e  custom ers a re  based on th e  in d iv id u a l custom er's  monthly 

load f a c to r .

As i l lu s t r a te d  above, th e  r a te  s t ru c tu re  o f a p a r t ic u la r  u t i l i t y  

system is  complex and involves much more than  th e  d e c lin in g -b lo ck  r a te  

Taylor assumed. In o rd e r to  include th e  e f f e c t s  o f d if f e r in g  m arginal 

energy p r ic e s  w ith th e  d e c lin in g -b lo ck  r a te  and th e  tw o -p art (energy and 

demand charges) n a tu re  o f e l e c t r i c i t y  t a r i f f s  in th e  in d u s tr ia l  and commer

c ia l  s e c to r s ,  Spann and Beauvais used two p r ic e  v a r ia b le s ,  an aggregate  

energy p r ic e  and an aggregate  demand p r ic e ,  in t h e i r  econom etric model of 

peak load fo r  V irg in ia  E le c tr ic  Power Company (VEPCO).* The energy p ric e

^Lincoln E le c tr ic  System, Rate Schedules. Serv ice R egulations fo r  
1982 and 1983 (L incoln , Nebraska: Lincoln E le c tr ic  System, 1982).

*Spann and B eauvais, "Econometric E stim atio n ,"  p . 6 .
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i s  th e  sum of th e  logs of th e  m arginal energy p r ic e s  in th e  in d u s tr ia l  

and commercial s e c to rs  p lus th e  sum of th e  logs of two m arginal energy 

p r ic e s  in th e  r e s id e n t ia l  s e c to r .  U ti l iz a tio n  o f th e se  sim ple aggregate  

p r ic e  v a ria b le s  im p lic itly  assumes th a t  th e  e l a s t i c i t i e s  o f peak demand 

w ith  re sp ec t to  energy p r ic e s  and w ith re sp ec t to  demand p ric e s  a re  th e  

same f o r  a l l  c la s s e s  of custom ers. There is  no p r io r i  reason to  b e liev e  

th a t  t h i s  is  th e  c a se . An a l te r n a t iv e  approach-would be to  weight th e  

m arginal p r ic e  charged each custom er c la s s  w ith  th e  percen tage o f t o t a l  

system sa le s  to  th a t  custom er c l a s s .  This w eighting scheme could appro

p r ia te ly  include th e  e f fe c ts  o f d i f f e r e n t  growth ra te s  o f th e  p r ic e s  fo r  

d i f f e r e n t  c la s s e s  and th e  e f f e c t s  o f changes in custom er mix on th e  peak 

demand and th e  p r ic e  e l a s t i c i t y  a t  th e  tim e o f peak. Besides th e  problem 

o f w eighting , th e  VEPCO model i s  s t i l l  lacking  an in tram arg ina l p r ic e  

v a r ia b le  o r a p r ic e  v a ria b le  m easuring changes in th e  custom er ch arg e .

A co n sid e rab le  amount o f  e f f o r t  is  req u ired  to  o b ta in  inform ation  

on th e  m arginal and in tram arg ina l p ric e s  from th e  t a r i f f  s tru c tu re s  f o r  

va rio u s  custom er c la s s e s .  T a y lo r 's  c a l l  f o r  use o f  th e  m arginal p r ic e  in 

th e  l a s t  consumption block and th e  average p r ic e  to  t h a t  po in t i s  based on 

th e  conventional u t i l i t y  maximizing model f o r  an in d iv id u a l custom er. He 

d id  n o t d iscu ss  th e  d i f f i c u l ty  a sso c ia ted  w ith aggregation  across in d iv i

d u a ls  in d i f f e r e n t  f in a l  b lo c k s . E specia lly  f o r  peak demand m odeling, 

re lev an ce  o f such framework f o r  th e  data aggregated over ind iv idua l 

custom ers in d i f f e r e n t  custom er c la s s e s  w ith d i f f e r e n t  t a r i f f  schedules 

seems to  be q u es tio n ab le . Meanwhile, th e  inform ation  on average p r ic e  is  

re a d ily  a v a ila b le  from th e  u t i l i t i e s '  sa le s  and revenue d a ta .  B etancourt 

p rovides an in te re s t in g  a n a ly s is  of th e  problems w ith th e  ex post average
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p r ic e  v a riab le  by u t i l i z in g  th e  r e s u l t s  of L e v i's  study  on th e  e f f e c t s  of 

measurement e r ro rs  on Ordinary Least-Squares (OLS) e s tim a te s .^  The use 

of ex post average p r ic e  can be in te rp re te d  as in troducing  an e r r o r s - in -  

th e -v a r ia b le s  problem in to  a demand e q u a tio n . A pp lication  of OLS to  th e  

demand equation  lead s  to  in c o n s is te n t e s tim a te s  u n less  th e  e r r o r  i s  con

s ta n t  from o b servation  to  o b se rv a tio n . Extending th e  d e riv a tio n  given 

by Levi in h is  equation  (8 ),

J 3 t „

where Bj = estim ated  c o e f f ic ie n t  f o r  v a ria b le  j  

Bj = tru e  param eter f o r  v a ria b le  j  

Bj = tru e  c o e f f ic ie n t  o f monthly average p r ic e  

= variance  of th e  e r r o r  in th e  p r ic e  v a r ia b le  

®eu “ covariance  of th e  e r r o r  in th e  equation  and th e  e r ro r  in th e  

p ric e  v a r ia b le

I  = v a rian ce-co v arian ce  m atrix  of independent v a ria b le s  when using 

th e  t r u e  p r ic e  v a r ia b le  

and su b sc rip t 1 in d ic a te s  th e  p ric e  v a r ia b le  measured w ith e r r o r .^  

Because |z |  , and -B^ a re  p o s i t iv e , th e  e stim ated  c o e f f ic ie n t  of 

th e  p r ic e  v a ria b le  w ill  be a sy m to tica lly  b iased  toward zero w ith = 0 . 

S ince th e  e l e c t r i c i t y  consumption a t  th e  peak hour in  a month is  only a 

sm all p ro tion  of th e  to ta l  e l e c t r i c i t y  use du ring  th e  month, i t  may be 

reasonab le  to  assume = 0 . T herefore , th e  p r ic e  e l a s t i c i t y  o f  peak

^B etancourt, "An Econometric A nalysis o f Peak E le c t r ic i ty  Demand 
in th e  Short Run," p . 19 and p . 283; and M. Levi, "Measurement E rro rs  and 
Bounded OLS E s tim a te s ," Journal of Econom etrics, Vol. 6 , 1977, pp. 166-167.

^B etancourt, "An Econometric A n a ly s is ,"  p . 28.
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demand measured with th e  ex post average p ric e  is  n o t b iased in th e  p ro 

b a b i l i ty  l im i t .

The s p e c if ic a tio n  e r ro rs  r e s u lt in g  from using  th e  ex p o st average 

p rice  were measured and te s te d  by Smith fo r  27 investor-ow ned u t i l i t i e s  

over th e  period  1957-1972.^ Tbe t e s t  he conducted f o r  th e  e r ro rs  in  th e  

average p r ic e  models i s  th e  reg re ss io n  s p e c if ic a tio n  e r ro r  t e s t  (RESET) 

developed by Ramsey. RESET examines th e  n u ll hypo thesis  of f u l l  id ea l 

co n d itio n s  a g a in s t th e  a l te rn a t iv e  hypothesis o f a non-nu ll mean v ec to r
Q

fo r  th e  e r ro r  by applying th e  usual F t e s t .  Completing th e  t e s t s  f o r  

th e  r e s id e n t ia l  demand in each of 27 e le c t r i c  u t i l i t i e s ,  he concluded th a t  

th e  average revenue p r ic e  m easure, i f  d e fla ted  and ad ju sted  f o r  s im u lta 

n e ity ,  provides es tim ates  o f th e  r e s id e n t ia l  demand which would no t be 

re je c te d  on s t a t i s t i c a l  grounds. The problem of s im u lta n e ity  and id e n t i 

f ic a t io n  w ith th e  ex p o s t average p r ic e  v a ria b le  is  due to  a d e c lin in g  

re la t io n  between nominal average revenue and q u a n tity  consumed. I f  a re a l 

average p r ic e  which i s  th e  average revenue d e fla te d  by consumer p r ic e  index 

is  used in a double-log  model, an ex ac t l in e a r  r e la t io n  between th e  average
Q

revenue and th e  d e f la to r  w ill  serve  to  id e n tify  th e  demand fu n c tio n .

The e l e c t r i c i t y  p r ic e  v a r ia b le  in th e  em p irica l model w ill  be an 

weighted moving average o f re a l  average p ric e s  f o r  th e  previous tw elve 

months. The average p r ic e  v a r ia b le , converted in to  re a l  term s f o r  use in

^V. K. Smith, "Estim ating th e  P rice  E la s t i c i ty  o f US E le c t r ic i ty  
Demand," Energy Economics, Vol. 2 , No. 2,  A pril 1980, pp. 81-85T

g
J .  B. Ramsey, "C lassica l Model S e lec tio n  through S p e c if ic a tio n  

E rror T e s ts ,"  in P. Zarembka ( e d .) .  F ro n tie rs  in  Econometrics (New York: 
Academic P ress , In c .,  1974), pp. 30-40T

®Smith, "Estim ating th e  P rice  E l a s t i c i ty ,"  p . 83.
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a r a t io n a l  consumption model, has e d is t r ib u te d  lag  s tru c tu re  to  ex p la in  

a dynamic adjustm ent o f  consum er's b eh av io r. The lagged re a l  average p r ic e  

v a r ia b le  has ano ther im portant advantage—th e  p r ic e  v a ria b le  is  f r e e  of 

th e  s im u lta n e ity  and id e n t i f ic a t io n  problem w hile only  a l i t t l e  e f f o r t  is  

req u ired  to  c a lc u la te  i t .  The d is t r ib u te d  lag  s t r u c tu r e  o f th e  v a r ia b le  

M ill be exp lained  in th e  nex t s e c t io n .

2 . Lagged E ffe c ts  of P rice  and Income V ariab les

All o f  th e  nominal p r ic e  and income v a r ia b le s  in th e  th e o r e t ic a l  

models w ill  be transform ed in to  re a l  te rm s . The consumer p ric e  index fo r  

a l l  items (C PI-a ll item s) w ill  be used to  d e f la te  th e  p r ic e s  o f e l e c t r i c i t y  

and n a tu ra l gas w hile th e  to t a l  personal consumption expenditu re  (PCE) 

d e f la to r  w ill  be used f o r  p er c a p ita  r e a l  personal i n c o m e . L o c a l  p r ic e  

d a ta  f o r  e l e c t r i c  ap p lian ces  a re  r a r e ly  a v a i la b le .  As a proxy f o r  th e  

re a l  p r ic e  o f e lec tr ic ity -co n su m in g  c a p i ta l  s to c k , CPl-household app lian ces  

d iv ided  by C P I-all item s is  adopted .

A problem w ith th e  sim ple s to ck -ad justm en t model p resen ted  in 

th e  p revious c h ap te r i s  i t s  im p lic it  assumption o f s t a t i c  e x p e c ta tio n s .

I t  i s  im plausib le  to  assume th a t  th e  optimum le v e l o f demand fo r  th e  

app liance  stock  is  s o le ly  dependent upon th e  c u rre n t values o f p r ic e s  and 

income. Because o f th e  tim e lag between th e  a c tu a l use of energy and th e  

b i l l i n g ,  c u rre n t average p ric e s  o f e l e c t r i c i t y  and n a tu ra l gas a re  n o t 

even observab le  u n t i l  th e  end o f b i l l in g  c y c le . Consequently, th e  e l e c 

t r i c i t y  p r ic e  v a r ia b le s  in  th e  sh o rt-ru n  model eq u atio n  (equation (7 )

^^Since n a tu ra l gas is  a predominant fu e l source fo r  h ea tin g  and 
fu e l o i l  ta k e s  a minimal share  o f th e  heating  energy m arket in L incoln SMSA, 
n a tu ra l gas i s  viewed as th e  only competing fu e l source ag a in s t e l e c t r i c i t y .
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in th e  previous ch ap te r) need to  be lagged by one p e rio d . Besides th e  

u t i l i t y - s p e c i f i c  b i l l in g  problem, i t  might no t be r a t io n a l  to  base th e  

investm ent d ec is io n s  about th e  durab le  goods e n t i r e ly  on th e  cu rre n t 

p ric e s  o f fu e l sources and a p p lia n c e s . The concept o f dynamic ex p ec ta tio n s  

can be added in to  th e  model by applying an ad o p tiv e -ex p ec ta tio n  scheme.

With th e  assumption of dynamic e x p ec ta tio n s , th e  c u rre n t p r ic e  v a r ia b le s

in th e  sim ple model a re  rep laced  by th e  expected values o f th o se  v a r i 

a b le s . A sim ple form of adoptive  expec ta tion  is  expressed by

where P = p ric e  of e l e c t r i c i t y ,  n a tu ra l gas o r  app liance  s tock  

P* = expected level o f P

à ~ adjustm ent f a c to r  which tak es  a value between 0  and 1 .^^

According to  th e  equation described  above, ex p ec ta tio n s  a re  updated each 

period by a f r a c t io n  o f th e  d iscrepancy  between th e  c u rre n t observed value 

o f th e  v a ria b le  and th e  previous expected v a lu e . Rew riting th e  equation  (1 ) , 

p ;  = 6 P^ + ( i - 6 ) p ; . j

= 6 p^ + (1 - 6 ) [ 6 P ^ _ j  + (1 -  6  )P*_g]

= 6[P^ + (1 -  6 )P t- l^  + (1 -

= 6 [P^ + (1 - 6 )P^_j + (1 - 6 )^P^_2 ^ (1 “ 6 ^^^t-i ̂

+ ( l - 6 )"P t-n  (2 )
where n = i + 1 .

★
Since (1 -  ô )"P^_^ w ill be have an in s ig n if ic a n t  magnitude w ith a s u f f i 

c ie n t ly  la rg e  value of n , th e  equation  (2 ) becomes

P* = 6  s ( l  - 6 )^P. , .  (3)
^ i =0 t - l

Johnston , Econometric Methods, p . 301.
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T herefore, th e  em pirica l model to  be estim ated  w ill have th e  p rice  

v a ria b le s  cacu la ted  w ith a g eo m etrica lly  d e c lin in g  lag d i s t r ib u t io n .

Due to  th e  b i l l in g  procedures of e l e c t r i c  and gas u t i l i t i e s ,  

consumers do n o t know th e  c u rre n t average p r ic e s  paid u n t i l  th e  end of 

th e  p e r io d . Since the  c u rre n t p r ic e s  a re  no t o b serv ab le , th e  equation 

(3) is  m odified to  be

j - 1 ,PE  ̂ = 0  z (1 -  6 )^ PE^_. f o r  e l e c t r i c i t y  p ric e and (4)

if i l
PG  ̂ = 6  z (1 -  4 ) f o r  n a tu ra l gas p r ic e , (5)

w hile
* n -1  :

PK  ̂ = 6  z (1 -  6 ) ‘ PK^_j fo r  app liance  stock  p r ic e .  (6 )

Prelim inary  model e s tim atio n s  were conducted to  f in d  th e  ap p ro p ria te  

value f o r  n .  Depending on th e  d i f f e r e n t  values of n , va lues of 6 were 

s e t  fo r  th e  sum of a l l  th e  w eighting fa c to r s  in each case  to  be equal to  

1 .0 . A fte r checking w ith 3 -month, 6 -month, 12-month and 24-month p e rio d , 

th e  1 2 -month moving average p r ic e  v a r ia b le s  were found t o  provide th e  

b e s t f i t .  Value o f th e  adjustm ent f a c to r ,  6 , i s  0 .8  f o r  th e  adjustm ent 

period o f tw elve months-

Cost o f app liance stock  is  a c tu a lly  more than  th e  purchase p r ic e  

a lo n e . D eprecia tion  o f th e  equipment is  to  be considered  as a v a ria b le  

c o s t .  I n te r e s t  payment, i f  any, i s  a f ix e d  c o s t to  be added to  th e  p u r

chase p r ic e .  I t  is  p r a c t ic a l ly  im possible to  o b ta in  th e  d a ta  of depre

c ia t io n  r a te s  f o r  a l l  e l e c t r i c  app liances in  th e  u t i l i t y  se rv ice  a re a .

The h is to ry  f o r  market in te r e s t  r a te s  i s ,  however, r e a d i ly  a v a ila b le  from
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th e  f in a n c ia l  p u b lic a tio n s . Omitting th e  d e p re c ia tio n  r a te s  bu t combin

ing th e  m arket in te r e s t  r a te s  w ith th e  p r ic e  o f e l e c t r i c  quipm ent, th e  

equation (6 ) w ill  be

[(1 + r ^ ) P K t f  = 8  (1 - 6 ) k ( l  + r ^ . i ) P K t_ i ]  (7)

12where r  = m arket r a te  o f i n te r e s t .

The re a l  income v a ria b le  in th e  em pirica l model w ill  a lso  be a 

weighted moving average fo r  twelve-month p e r io d . However, th e  c a lc u la tio n  

method o f th e  weighted moving average is  d i f f e r e n t .  Following Friedm an's 

approach to  e m p iric a lly  e s tim ate  th e  permanent income, th e  d is t r ib u te d  

lag income to  be used in th e  model is  shown by th e  fo rm ula ,
* iY+ = e z (1 -  B + o)^Y. j
^ i =0

where Y  ̂ = p e r c a p ita  permanent r e a l  income which is  a weighted moving 

average income fo r  twelve-month period  

a = tre n d  param eter (0.0194 f o r  t h i s  case )

B = adjustm ent param eter (0.194 f o r  t h i s  c a s e ) .

The values f o r  o and B were determ ined such th a t  th e  sum o f a l l  weighting 

fa c to rs  f o r  tw elve months is  equal to  1 . 0 .

3 . S e lec tio n  o f Weather V ariab les and Threshold Temperatures 

fo r  Various Heather Impacts 

Change in w eather co n d itio n s  has a v i ta l  ro le  in  th e  e l e c t r i c  

demand fo rm atio n . This is  e s p e c ia lly  t ru e  in  sunmer and w in te r months

l^The in te r e s t  r a te  to  be used f o r  t h i s  case i s  th e  in te r e s t  r a te  
charged by commercial banks f o r  personal in s ta llm e n t lo a n . U nfo rtunate ly , 
th e  da ta  f o r  term s of consumer in s ta llm e n t c r e d i t  a re  a v a ila b le  only from 
1980. As a proxy f o r  th e  in te r e s t  charge f o r  in s ta llm e n t lo a n s , monthly 
s e r ie s  o f annual prime ra te s  w ill  be used .
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when th e  w e a th e r-se n s itiv e  coo ling  and heating  loads c o n s t i tu te  a 

s u b s ta n tia l  p o rtio n  o f th e  consum er's to t a l  energy requ irem ent- A 

p re lim inary  but in te n s iv e  study o f th e  impact o f weather on peak load 

demand was performed w ith some monthly w eather-load  m odels. The d a ily  

peak demand and hourly  w eather o b servations f o r  1978-1982 were u t i l iz e d  

. in th e  s tu d y . The w eather v a r ia b le s  te s te d  in  th e  p re lim in ary  study 

a re  a i r  tem p era tu re , dew p o in t tem pera tu re , r e la t iv e  hum idity , wind speed 

and sky co v er. The composite w eather v a r ia b le s ,  such as tem p era tu re - 

hum idity index (THI) and wind c h i l l  (WC), were a lso  t e s t e d .  The form ulas 

used f o r  c a lc u la tin g  THI and WC are^^

THI = 0.55T + 0.2T jp + 17.5 

WC = (10#V  + 10.45 -  WV)(33.0 -  T .̂) 

where THI = tem peratu re-hum id ity  index 

T = a i r  tem peratu re  ®F 

T^p = dew p o in t tem pera tu re  ®F

WC = wind c h i l l  measured in terms o f kilogram  c a lo r ie  lo ss  per 

hour and square m eter 

WV = wind v e lo c ity  in m eters per second 

T  ̂ = a i r  tem peratu re  ®C.

13The wind c h i l l  eq uation  cannot be used fo r  wind speed h igher 
than  20 m eters p e r  second (45 MPH). For source of th e  e q u a tio n , see 
S ip le  P asse l, "Measurement o f  Dry Atmospheric Cooling in Subfreezing
Tem peratures, "  Proceedings o f  th e  American. P h ilosoph ical S o c ie ty , Vol. 89
(1945), pp. u r ^ T W .  -------------- --------------------

^*Wind c h i l l  f a c to r  which is  norm ally used in a w eather re p o r t is  
a w in d -ch ill e q u iv a len t tem peratu re  which is  estim ated  by su b tra c tin g  th e  
wind c h i l l  from a i r  te m p e ra tu re . Since wind c h i l l  is  c a lc u la te d  in  K ilo
gram c a lo r ie s ,  th e  wind c h i l l  f a c to r  unavoidably involves a human guess 
when th e  wind c h i l l  is  converted  to  tem perature  u n i ts .
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In ad d itio n  to  th e  w eather v a r ia b le s , th e  monthly w eather-load  

models a lso  inc lude  a y ea rly  tre n d  v a ria b le  to  g rasp  a sec u la r  growth 

tre n d  and th e  ty p e -o f-d ay  dummy v a ria b le s  to  d is tin g u is h  th e  d i f f e r e n t  

consumption p a tte rn s  on weekdays, S aturdays, Sundays and some sp e c ia l 

ho lidays lik e  Christm as day and th e  Thanksgiving weekend. To f in d  th e  

b e s t s p e c if ic a tio n  f o r  each o f th e  monthly model eq u atio n s, various 

p o ss ib le  com binations o f th e  w eather v a ria b le s  were applied  to  two 

p la u s ib le  fu n c tio n a l forms of e q u a tio n —sim ple l in e a r  and double 

logarithm ic fo rm s. Because space a ir -c o n d itio n in g  and heating  eq u ip 

ment is  not opera ted  w ith in  c e r ta in  tem peratu re  range, a p p lic a tio n  o f th e  

th resh o ld  concept to  th e  tem perature v a ria b le s  w ill  make th e  model co

e f f ic ie n ts  more a p p ro p ria te  and p re c ise  to  measure th e  t ru e  w eather 

s e n s i t iv i ty  o f a ir -c o n d itio n in g  and space-h ea tin g  lo a d s . A ppropriate  but 

d i f f e r e n t  th re sh o ld  tem peratures were found f o r  each o f th e  w eather 

v a ria b le s  by a g r id  search  process based on th e  s t a t i s t i c a l  s ig n if ic a n c e  

t e s t s  repeated a f t e r  th e  reg re ss io n  runs w ith d i f f e r e n t  th re sh o ld  p o in ts .

The w eather study p re sen ts  th e  fo llow ing  im portant f in d in g s :

1) Wind c h i l l  a t  th e  tim e of peak demand is  th e  most s ig n if ic a n t  weather 

v a riab le  in determ ining th e  level o f peak demand in th e  w in te r  months. 

But, th e  wind c h i l l  v a r ia b le  is  e f f e c t iv e  only when th e  a i r  tem pera

tu re  is  below 40®F.

2 ) Cold weather bu ild -u p  e f f e c t  of tem peratu re  and wind speed i s  proved 

to  be s ig n if ic a n t  by including  th e  24-hour moving average o f wind 

c h i l l  before th e  tim e of peak. But t h i s  is  p o ss ib le  only when th e  

24-hour moving average tem perature  is  below 32°F. The 48-hour moving 

average was te s te d  to  allow  a longer tim e period  fo r  th e  w eather
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b u ild -up  but found to  be in s ig n if ic a n t .

3) Tem perature-hum idity index a t  th e  tim e of peak is  th e  most powerful 

f a c to r  to  ex p la in  th e  summer d a ily  peak lo a d s . However, th e  value o f 

THI should be a t  le a s t  75.0 befo re  producing any e f f e c t  on th e  lo ad .

4 ) Warm w eather accum ulation e f f e c t  appears to  be very s ig n if ic a n t  by 

th e  la rg e  magnitude o f th e  c o e f f ic ie n t  and t - s t a t i s t i c  o f th e  

coo ling-degree-day  v a ria b le  c a lc u la te d  w ith th e  24-hour moving average 

te rm pera tu re  befo re  th e  tim e o f peak.

5) Humidity does n o t have a s ig n if ic a n t  b u ild -up  e f f e c t  on th e  cooling  

load w hile wind speed shows a lagged impact on th e  heating  load in 

th e  extrem ely co ld  w eather s i tu a t io n .  Lagged values o f THI were 

te s te d  f o r  s ig n if ic a n c e  but f a i l e d .

6 ) No w in ter w eather bu ild -up  e f f e c t  was d e tec te d  in th e  t r a n s i t io n  

■ months, A pril and O ctober. However, th e  summer w eather s to rag e

e f f e c t ,  which is  measured by th e  cooling degree days based on th e  

24-hour moving average tem peratu re  from th e  tim e of peak, is  s t i l l  

s ig n if ic a n t  in th o se  two swing months.

7) Due to  a p a r t i a l  o p e ra tio n  o f th e  e x is t in g  a ir -c o n d itio n in g  equ ip 

ment in  A pril and May, i t  would be necessary  to  se p a ra te ly  e s tim a te  

th e  c o e f f ic ie n ts  o f  th e  summer weather v a r ia b le s  in to  two groups, 

th e  e a r ly  summer months and th e  mid through la te  summer months. Many 

consumers, e sp e c ia l ly  r e s id e n t ia l  u s e rs , a re  r e lu c ta n t  to  tu rn  on th e  

a ir -c o n d itio n e rs  in  A pril and May u n less  warm w eather p re v a ils  f o r  a 

s u f f ic ie n t ly  long p e rio d . T herefore , summer-weather e l a s t i c i t y  o f 

th e  loads in A pril and May tends to  be sam lle r than th e  mid and la te  

summer months, such as June through e a r ly  O ctober.
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4 . Model S p e c if ic a tio n s  Adjusted and Refined 

f o r  Em pirical Study 

I t  is  ideal to  use a c ro s s -se c tio n  d a ta  f o r  th e  sh o rt-ru n  model 

e s tim a tio n  and a t im e -s e r le s  d a ta  fo r  th e  long-run  adjustm ent and th e  

long-run eq u ilib rium  model e s tim a tio n . However, lim ited  a v a i l a b i l i ty  o f 

th e  d a ta  does no t perm it t h i s .  Since LES is  a m unicipal u t i l i t y  and th e  

sa m lle s t local u n it  used in most o f th e  economic and demographic d a ta  

re p o r ts  i s  a c i ty  o r  county , i t  is  hard to  conduct a c ro s s -s e c tio n  a n a ly 

s i s .  Data f o r  th e  period  of January 1969 through December 1982 w ill  be 

used to  e stim ate  th e  c o e f f ic ie n ts  o f th e  both th e  sh o rt-ru n  and th e  long- 

run adjustm ent model e q u a tio n s . The long-run eq u ilib riu m  e l a s t i c i t i e s  of 

th e  demand w ill be derived  from th e  long-run adjustm ent model c o e f f ic ie n ts .

a ) Short ru n . Use o f th e  t im e -se r ie s  d a ta  f o r  th e  s h o r t- ru n  

model estim atio n  has a d i r e c t  c o n f l ic t  w ith th e  f i x i t y  o f c a p i ta l  s to ck  

assumed in  th e  sh o r t ru n . The stock  of e l e c t r i c  app liances is  f r e e ly  

changeable during th e  14-year period  covered in  th e  t im e -s e r ie s  d a ta  

w hile  th e  f lu c tu a tio n  o f monthly peak load in th e  s h o r t run is  supposed 

to  be only due to  th e  changes in th e  r a te  o f  u t i l i z a t i o n .  T herefo re , th e  

load growth induced by th e  change in c a p ita l  s tock  should be sep a ra ted  

from th e  to t a l  load growth before  tho  sh o rt-ru n  model c o e f f ic ie n ts  a re  

e s tim a te d . Assumming th a t  th e  e lec tric ity -co n su m in g  c a p ita l  s to ck  has 

grown ex p o n en tia lly  during  th e  y e a rs ,

OgT
Kt = V

where Kq = c a p ita l  s to ck  in  th e  base y ear (1968 in  t h i s  case)

T = tren d  term  which is  equal to  th e  y e a r  minus 1968 

0 3  = c o e f f ic ie n t  f o r  th e  y ea rly  tren d  term , T.
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Combining th e  equation  (1) w ith th e  equations (1) and (3) o f Chapter I I I ,

» t  '  = ( 'b P :? ' = CPEfwE'e'-T (2 )

where C =

Since “ j = *PE^_^ from th e  equation  (5) in Chapter I I I ,

• P L  , o* «bT
= CPE  ̂ e . (3)

Taking a doub le-logarithm ic  form , th e  equation  (3) w ill be.

In = In C + «PE^_jln PE|. + “ 2 1" + *3 %.

Because th e  p o rtio n  o f th e  load growth produced by th e  change in c a p ita l

s to ck  is  d iscoun ted  by «^T, th e  sh o rt-ru n  c o e f f ic ie n ts ,  •  and =2 » can

be estim ated  w ith th e  t im e -s e r ie s  d a ta , s t i l l  m ain ta in ing  th e  assumption 

o f f ix e d  c a p ita l  s to c k . As exp lained  in th e  prev ious s e c tio n s , th e  

e l e c t r i c i t y  p r ic e  v a ria b le s  need to  be lagged by one period  to  r e f l e c t

th e  tim e lag between th e  ac tu a l use o f energy and th e  b i l l i n g .  The

w eather impact on th e  load is  n o t as simple to  ex p la in  as shown in  th e  

equation  (4 ) . U til iz in g  th e  r e s u l t s  of th e  p re lim in ary  w eather-load  

model e stim atio n  d iscussed  in  th e  previous s e c t io n ,  th e  sh o rt-ru n  

model equation  expanded fo r  th e  em pirica l s tudy  w ill  be.

In = In C + *PE^.2 ̂ ^ - 1  + ^DW^DTEMP^g In WĈ

+8 2 DW2 DATEMP2 2  In WC24  ̂ + QjD^ln (THI -  75)%

+ e^Dgln (THI -  75)% + OgDSln (THI -  75)%

+ 8gD^ In CDD24% + e^Dg In CDD24%

+ 6gDSIn CDD24% + O3 T + e% (5)

where D% = monthly peak load (MW)

C = c o n s tan t term 

PE% = re a l average p r ic e  o f e l e c t r i c i t y  per MWh ($)
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DŴ = dummy v a r ia b le  f o r  th e  swing and th e  w in te r months which 

is  equal to  1 f o r  January-A pril and October-December and 

equal to  0  o therw ise  

DWg = dunmy v a r ia b le  fo r  th e  w in ter months which is  equal to  1 

f o r  January-March and November-December and equal to  0 

otherw ise

DTEMP̂ q = dunriy v a r ia b le  fo r  th e  tem perature  a t  th e  tim e of monthly 

peak load below 40°F 

DATEMPgg = dummy v a r ia b le  for. th e  average tem peratu re  during th e  

24-hour p e rio d  before  th e  time o f monthly peak load 

below 32®F

WC.J. = wind c h i l l  a t  th e  tim e o f monthly peak load

WC24  ̂ = average wind c h i l l  c a lc u la te d  fo r  th e  24-hour period b efo re

th e  tim e o f  monthly peak load 

= dummy v a r ia b le  fo r  A pril 

Dg = dummy v a r ia b le  f o r  May

DS = dummy v a r ia b le  f o r  th e  sunmer months which is  equal to  1

f o r  June-October and equal to  0 o therw ise  

THl^ = tem perature-hum idity  index a t  th e  tim e o f monthly peak lo ad ;

i f  THI < 75, THI -  75 = 1 

C0D24.  ̂ = cooling degree days c a lc u la te d  w ith th e  average tem peratu re  

f o r  th e  24-hour period  before th e  tim e o f monthly peak load 

T = y early  growth tren d  v a ria b le  equal to  th e  y ear minus 1968

♦, og and e 's  = c o e f f ic ie n ts  to  be estim ated

e = re s id u a l term
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b) Long-run ad ju stm en t. As p resen ted  in th e  equation  (16) of 

Chapter I I I ,  th e  a c tu a l level o f  peak demand needs to  be seaso n ally  

ad ju sted  by removing th e  w e a th e r-se n s itiv e  component. This adjustm ent 

is  necessary  to  avoid th e  o v e r id e n tif ic a t io n  problem of th e  model p a ra 

m e te rs . Since th e  t ru e  values o f th e  w eather v a r ia b le  c o e f f ic ie n ts  a re  

unknown, th e  b e s t l in e a r  unbiased e s tim ates  o f  e 's  ( e 's )  ob tained  by 

reg ress in g  th e  sh o rt-ru n  model equation  (5) w il l  be used to  c a lc u la te  

th e  w ea th e r-se n s itiv e  component o f th e  load . T herefore , th e  se a so n a lly -  

ad ju sted  demand w ill  be rep resen ted  by,

In D ^ s  l n | ^  = In D ^ -  [e^DW^DTEMP^Q In WĈ  + ôgDWgDATEMPgg In WC24^

^ + GgD^ln (THI -  75)% + e^Dgln (THI -  75)%

+ êgOSln (THI -  75) + êgD ^ln CDD24%

+ êyDgIn CDD24% + êgOS In 00024%] (6 )

As explained in th e  second s e c tio n  o f th i s  c h a p te r , th e  p r ic e  and income 

v a ria b le s  in th e  long-run adjustm ent model w ill  be th e  1 2 -month w eighted 

moving average o f th e  prev ious v a lu e s . Along w ith th e  economic v a r ia b le s ,  

population  o f th e  u t i l i t y  s e rv ic e  t e r r i t o r y  is  in troduced in to  th e  model 

eq u a tio n . The demographic v a r ia b le  has an eq u iv a len t ro le  as th e  number 

o f consumers in  an o rd inary  aggregate  demand fu n c tio n . Using th e  weighted 

moving average values f o r  th e  p r ic e  and income v a ria b le s  and ass ig n in g  

th e  population  v a ria b le  fo r  0% in  th e  equation  (16) o f Chapter 111, th e  

long-run adjustm ent model eq uation  to  be estim ated  f o r  em pirica l a n a ly s is  

w ill  be,

In In PE^ + Tg In PE^_j + Tg In P6^ + Tg In [(1 + r%)PK%]*

+ Ty In Y% + Tg In POP% + Tfg In D^_j + ê . (7)

where = w eather-independent p o rtio n  of monthly peak demand (MW)
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12
PE  ̂ = 0 .8  (1 -  0 .8 )i" lp E t_ ;

PE.. = re a l average p r ic e  o f e l e c t r i c i t y  o er MWh ($)
12

PG: = 0 .8  Z (1 -  0 .8 )*"lpG . {
^  i =0

PG-. = re a l  average p r ic e  o f  n a tu ra l gas per Mcf ($)
Ü  11 ,

[(1 + r^)PK^] = 0 . 8  Z (1 -  0 . 8 ) ' [ ( 1  + tj._j)PK^._j]
i =0

r^ = annual prime r a te  rep o rted  fg r  th e  month 

PK  ̂ = re a l  p r ic e  o f electricity-consum m ing c a p i ta l  stock 

approximated by CPI-household app liances d iv ided  by 

C PI-all items
*  1 1  i

Y. = 0.194 Z (1 -  0.194 + 0.0194)iY+ .
^ i =0

Y.J. = per c a p ita  re a l  income ($)

POP.J. = population  of Lincoln SMSA 

t ' s = c o e f f ic ie n ts  to  be estim ated  

= re s id u a l te rm .

c )  Long-run e q u ilib r iu m . Adopting th e  ad o p tiv e -ex p ec ta tio n  

scheme f o r  th e  economic v a ria b le s  as a lready  done f o r  th e  long-run a d ju s t

ment m odeling, th e  equation  (19) of Chapter I I I  is  converted to .

In [%= *0 + 6 j In PE^ + Ô3 In PG  ̂ + a* In [(1 + r^)PK^]* + Ô5 In Y*

+ 6g In POP  ̂ ®t

where D^, PE^, PG^, [ ( 1  + r^)PK^]*, Y  ̂ and POP  ̂ a re  th e  same v a ria b le s  

already  defin ed  e a r l i e r .  The equations (15) and (18) o f ch ap te r I I I  show 

th a t  th e  long-run c o e f f ic ie n ts ,  6 ' s ,  a re  l in e a r ly  r e la te d  to  th e  long-run 

adjustm ent model c o e f f ic ie n ts ,  t ' s .  Once t ' s are  estim ated  in th e  long-run 

adjustm ent a n a ly s is , th e  long-run eq u ilib rium  p r ic e , income and popu la tion  

e l a s t i c i t i e s  w ill  be measured by th e  follow ing r e la t io n s :
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Yl + T 2

6-  =  —

^  X

64 = —
X

O q  s  —

^  X

% = %Ê
X

where x = 1 -  S ince x tak es  a value between 0 and 1, th e  long-run  

eq u ilib riu m  e l a s t i c i t i e s  a re  expected to  be la rg e r  th an  th e  long-run 

adjustm ent m o d e l's .

B. Data Base

The econom etric model of monthly peak load developed in t h i s  

study accompanies an ex ten s iv e  d a ta  b a se . In a d d itio n  to  a 14-year 

(1969-1982) h is to ry  o f  monthly peak demand by th e  LES custom ers, th e  

d a ta  base includes economic, demographic and w eather inform ation s u ita b le  

f o r  th e  LES se rv ice  a r e a .

1 . Source o f Inform ation

& urces o f  th e  d a ta  used f o r  th e  em p irica l study  o f th e  model

a re  provided below:

V ariab les Sources

Peak E le c t r ic i ty  Demand Lincoln E le c tr ic  System, Demand and
Energy S t a t i s t i c s , monthly” h is to ry  
f o r  January l969-Oecember 1983.
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V ariab les Sources

Consumer P rice  Index and Personal 
Consumption Expenditure D efla to r

P rice  of E le c t r ic i ty

P rice  of Natural Gas

P rice  o f C apital Stock

In te re s t  Rate

Personal Income

U.S. Dept, o f Commerce, Bureau of 
Economic A nalysis , Business C onditions 
D igest, Vol. 20, No. 5 (May 1980), 
p . 99; U.S. Dept, o f Commerce, Bureau 
o f Economic A n a ly sis , Survey o f C urrent 
B usiness, Vol. 59, No. 1 1 (November 
1979), p . 38; and Council o f  Economic 
A dvisers, Economic In d ic a to rs , monthly 
issues f o r  August 1979-January 1984, 
p . 2 and p . 23.

Lincoln E le c tr ic  System, F inancia l and 
Operating S ta tem en t, monthly re p o r ts  
f o r  January l958-December 1983, 
p . 7 .

Consumption and revenue d a ta  f o r  
January 1968-December 1983 re p o rted  
by Cengas, a lo ca l su b s id ia ry  o f 
Minnegasco in L inco ln , Nebraska.

U.S. Dept, o f Labor, Bureau o f Labor 
S t a t i s t i c s ,  The Consumer P rice  Index, 
monthly is su e s  f o r  Febrüar^ 1968- 
July 1974; and U.S. Dept, o f Labor, 
Bureau o f Labor S t a t i s t i c s ,  CPI 
D eatiled  R eport, monthly is su e s  f o r  
A ugust'l974-January 1983.

Board o f Governors of th e  Federal 
Reserve System, Federal Reserve 
B u lle t in , monthly issu es  f o r  January 
1969-december 1982.

U.S. D ept, o f Commerce, Bureau o f 
Economic A n a ly sis , Survey o f C urrent 
B usiness, p . 51 of Vol. 60, No.~4 
(A pril 1980); p . 55 o f Vol. 61, No. 4 
(April 1981), p .  62 o f Vol. 62. No. 4 
(A pril 1982) and p . 42 o f Vol. 63.
No. 4 (A pril 1983); U.S. D ept, o f 
Commerce, Bureau of Economic A nalysis , 
1980 OBERS BEA Regional P ro je c t io n s , 
Vol. 3 , Ju ly  1981, p . 138; and th e  
da ta  compiled by Bureau o f Business 
Research, U n iv ers ity  o f N ebraska- 
L incoln.
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V ariables

Population

Local Weather Data

Sources

U.S. Dept. of Commerce, Bureau o f th e  
Census, 1970 Census o f Population  and 
1980 Census of P o pu la tion , Vol. 1 
(Number o f in n a b ita n ts  ) ,  P a rt 29 
(N ebraska), p . 25 and p . 17 r e s p e c t i 
v e ly ; Jerome A. D e ich e rt, Nebraska 
Population P ro jec tio n s  1990 -  zozu 
(L incoln , Nebraska: Bureau o f Business 
Research, U n iv ers ity  o f N ebraska- 
L incoln, November 1982), p . 123; and 
th e  d a ta  compiled by Bureau o f Business 
Research, U n iversity  o f Nebraska- 
L incoln .

U.S. D ept, o f Commerce, N ational 
Oceanic and Atmospheric A dm inist
r a t io n ,  Local C lim ato loq ical Data: 
L incoln, Nebraska, montnly re p o r ts  
f o r  January 1968-December 1983; 
and U.S. Dept, o f Commerce, N ational 
Weather S e rv ice , Surface Weather 
O bservations a t  L inco ln , Nebraska, 
unpublished hourly  reco rd s  f o r  
January 1968-August 1972.

2 . P rocessings and Formation of Data S ets 

Although monthly d a ta  f o r  most of th e  v a r ia b le s  were ob tained  

from th e  sources d esc rib ed  above, only annual values a re  a v a ila b le  fo r  

th e  popu la tion  and personal income a t  a county le v e l .  Monthly popu la tion  

o f L ancaster county f o r  January 1969 through A pril 1980 was th e re fo re  

estim ated  by l in e a r ly  in te rp o la tin g  th e  annual f ig u r e s .  The annual 

popu la tion  f ig u re s  were tr e a te d  as th e  popu la tion  f o r  Ju ly  o f th e  c o r

responding y e a r , w ith th e  excep tion  o f 1970 and 1980 in  which popu la tion  

censuses were conducted and th e  census f ig u re s  re p re se n t th e  popu la tion  

as of A p ril . The population  e s tim a te s  f o r  th e  months a f t e r  A pril 1980 

were produced by e x tra p o la tin g  th e  1980 census f ig u re  w ith th e  average 

monthly compound growth r a te  im plied by th e  county population  p ro je c tio n
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made by Bureau of Business Research o f U n iversity  o f Nebraska-Lincoln 

fo r  1985J®

Monthly t o t a l  personal income f o r  1970-1980 was estim ated  by

a d ju s tin g  th e  annual t o t a l  personal income f ig u re s  w ith  th e  monthly

adjustm ent fa c to r s  c a lc u la te d  from th e  Lincoln SMSA annual wage earn in g s

by in d u s try  and th e  monthly employment by in d u stry  f o r  January 1970-

December 1980J®  Due to  th e  lack  o f in d u s tr ia l  wage and employment

d a ta ,  monthly income adjustm ent fo r  1968-1969 and 1981-1982 was

conducted w ith th e  Lincoln SMSA m anufacturing employment and average

hourly  wage r a te  f o r  th e  m o n t h S i n c e  th e  1982 annual to t a l  personal

income fig u re  f o r  L ancaster county is  not a v a ila b le  y e t ,  th e  1982 per

c a p ita  personal income f o r  Lancaster county was estim ated  by m u ltip ly in g

th e  1982 U.S. per c a p ita  personal income w ith  th e  1981 r a t io  o f th e
18L ancaster per c a p ita  income to  th e  U.S. p er c a p ita  income, 0 .984 . The

^®J. A. D eichert , Nebraska Population P ro jec tio n s  1990-2020 
au of 8 us iness R esearch, Uni vers i ty  o f Nebraska-(L inco ln , Nebraska: Bureau 

L inco ln , November 1982), p .  123.

^®The in d u s t r ia l  wage earn ings by Lancaster county a re  rep o rted  
in U .S. Dept, o f Commerce, Bureau o f Economic A nalysis , Local Area Personal 
Income 1970-1975, Vol. 5 , August 1977, p . 252 and Local Area PersonaF 
income 1975.1980. Vol. 5 , June 1982, p . 138. The monthly in d u s tr ia l  
employment f ig u re s  a re  pub lished  in Nebraska Dept, o f Labor, D ivision of 
Bnployment, Bnployment Review, monthly is su e s  fo r  January 1970- 
December 1980.

^^The monthly m anufacturing employment and hourly  wage d a ta  
were c o lle c te d  from Nebraska Dept, of Labor, D ivision o f B nplom ent, 
Employment Review, monthly is su e s  f o r  January 1968-December 1969; 
and Nebraska Dept, o f Labor, D ivision of Employment, Nebraska Work T rends, 
monthly issu es  f o r  January 1981-December 1982.

18
The 1982 p e r c a p ita  personal income f o r  th e  U .S. i s  rep o rted  in 

U.S. Dept, o f Conmerce, Bureau of Economic A nalysis , Survey of C urrent 
B usiness, Vol. 63, No. 8  (August 1983), p . 50.
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t o t a l  personal income f ig u re  f o r  1982 was then  ob tained  by m u ltip ly in g  

th e  p e r c a p ita  income e s tim a te  w ith th e  popu la tion  e s tim a te  f o r  th e  y e a r .

In o rd e r to  be used in a r a t io n a l  consumption model, a l l  o f th e  

economic v a ria b le s  measured in  nominal term s were transform ed in to  re a l  

te rm s. The consumer p r ic e  index f o r  a l l  item s was used to  d e f la te  th e  

p ric e  v a ria b le s  w hile th e  t o t a l  personal consumption expend itu re  d e f la to r  

was used f o r  re a l  personal income. A fte r being d e f la te d  in to  re a l  te rm s, 

th e  economic v a ria b le s  s t i l l  re q u ire  a fu r th e r  p rocessing  to  o b ta in  th e  

proper values f o r  th e  model e s tim a tio n . Using th e  form ulas p resen ted  in 

th e  p rev ious s e c tio n , th e  1 2 -month weighted moving average values were 

c a lc u la te d  f o r  th e  e l e c t r i c i t y  and n a tu ra l gas p r ic e s ,  th e  purchase c o s t 

of c a p i ta l  s tock  and th e  per c a p ita  re a l  personal income. Since th e  

N ational Weather S erv ice  does n o t re p o r t  th e  values o f tem perature-hum id ity  

index and wind c h i 'l l ,  th e  two com posite w eather v a ria b le s  were c a lc u la te d  

from a i r  tem p era tu re , dew p o in t tem perature  and wind speed by using th e  

form ulas shown in th e  e a r l i e r  s e c t io n . The 24-hour moving average values 

o f th e  w eather v a r ia b le s  were a lso  prepared by using th e  hourly w eather 

d a ta  compiled f o r  L inco ln , Nebraska.

C. R esults o f Model Estim ation and In te rp re ta t io n s

The c o e f f ic ie n ts  o f  th e  em p irica l model equations were estim ated

w ith th e  tim e -s e r ie s  d a ta  o f 168 monthly o b serv a tio n s  f o r  1969-1982.

A genera l computer program f o r  econom etric a n a ly s is  c a lle d  "SHAZAM" was
IQUtilized in the model estimation and statistical test process. The

J .  W hite, "A General Computer Program f o r  Econometric Methods 
-  SHAZAM," Econom etrica, V ol. 46 , No. 1 (January 1978), pp. 239-240; and 
K. J .  White7~SHA2AM -  An Econometrics Computer Program, Version 4 .5 .  
(Vancouver, B .C ., canada: U n iv ers ity  of B r i t is h  Columbia, January 1983).
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estim ates  o f th e  model c o e f f ic ie n ts  a re  provided in a eq u a tio n a l form, 

along w ith th e  t - s t a t i s t i c s  in  p a ran th ese s . Summary s t a t i s t i c s  fo r  th e  

estim ated  equation  a re  shown below th e  eq u a tio n . The summary s t a t i s t i c s  

include degrees of freedom ( d f ) ,  m u ltip le  c o r re la t io n  c o e f f ic ie n t  ad ju sted  

fo r  degrees o f freedom (T^), s tandard  e r ro r  of reg re ss io n  ( S a ) and Durbin- 

Watson s t a t i s t i c  (DW).

1. Short Run

The model equation  was f i r s t  estim ated  by Ordinary Least-Squares 

(OLS) e s tim a tio n  method. However, th e  estim ated  equation  revealed  an 

a u to c o rre la tio n  problem. The Durbin-Watson s t a t i s t i c  c a lc u la te d  fo r  th e  

re s id u a ls  was 1 .0 1  w hile th e  lower l im it f o r  th e  s ig n if ic a n c e  lev e l o f 

5 percen t i s  1 .57 . One p ra c t ic a l  so lu tio n  f o r  th e  f i r s t - o r d e r  au to -
20c o rre la tio n  problem is  th e  use o f Cochrane-Orcutt in te r a t iv e  p ro cess .

The sh o rt-ru n  model equation  was then  reestim ated  by tak in g  a Cochrane-

O rcutt procedure w ith th e  value o f convergence, 0 .0 0 1 . The e stim atio n

re s u l ts  a re  as shown below:

InO^ = 4.7766 -  0.00005 PE^_gln PE^_^ + 0.01296 DŴ DTEMP̂ q In WĈ  
(61.871) (-0 .024 ) (3 .700)

+ 0.00546 DWjDATEMP,, In WC24. + 0.03190 0 . In (THI -  75)+ 
(2.105) (0 .738)

+ 0.02886 Dgln (THI -  75)% + 0.10179 DSln (THI -  75)%
(0.901) (7 .038)

+ 0.07006 D^ln CDD24% + 0.14264 Dgln CDD24%
(3.707) (10.563)

0.15826 DSln CDD24% + 0.04028 1 
(13.568) (10.335)

20 Johnston, Econometric Methods, p . 262.
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d f = 1 5 7  

i f  = 0.9377 

S* = 0.07686
J

DW = 2.234

= 0.55471 
(8.641)

where p, is  th e  estim ate  o f th e  f i r s t - o r d e r  a u to c o rre la tio n  c o e f f ic ie n t  

and th e  t - r a t i o  f o r  th e  c o e f f ic ie n t  is  provided in p a re n th e s is .  All of 

th e  summary s t a t i s t i c s  were c a lc u la te d  fo r  th e  o r ig in a l e q u a tio n , not 

th e  f i r s t - d i f f e r e n c e  e q u a tio n . According to  th e  Durbin-Watson s t a t i s t i c  

c a lc u la te d  a f t e r  th e  second re g re s s io n , th e  s e r i a l  c o r re la t io n  in  th e  

e r ro r  term  was m ostly f i r s t - o r d e r e d  and th e  problem is  no t s ig n if ic a n t  

any lo n g e r. The exp lanatory  power o f th e  equation  in d ica ted  by i f  is  

s u f f ic ie n t ly  la rg e  and th e  s tan d ard  e r ro r  of re g re ss io n  is  reasonably  

sm all. Although th e  s ig n s  o f th e  c o e f f ic ie n t  e s tim a te s  a re  as expected , 

e l e c t r i c i t y  p r ic e ,  THI in A pril and THI in May tu rn  ou t to  be in s ig n i

f ic a n t  to  e x p la in  th e  lev e l o f peak load . The ab so lu te  magnitudes of 

th e  t - r a t i o s  and th e  c o e f f ic ie n ts  fo r  those  v a ria b le s  a re  very sm all. 

O therwise, th e  model s p e c if ic a t io n  produces f a i r l y  accep tab le  e s tim atio n  

r e s u l t s .

An a n a ly s is  o f th e  re g re ss io n  r e s u l t s  rev ea ls  th e  fo llow ing

fa c ts  :

1 ) F lu c tu a tio n s  o f th e  monthly peak demand in th e  sh o rt run a re  mainly 

caused by changes in th e  w eather c o n d itio n s .

2) P rice  o f e l e c t r i c i t y  has a n eg lig ab le  impact on th e  peak lo a d . Values 

o f th e  t - s t a t i s t i c  and th e  c o e f f ic ie n t  o f th e  p r ic e  v a r ia b le  are  

c lo se  to  z e ro .
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3) Regression r e s u l t s  fo r  th e  w eather v a riab les  a re  c o n s is te n t w ith 

th e  f in d in g s  re p o rted  a f te r  th e  p re lim inary  study o f w eather-load 

r e la t io n s h ip .

4) Separate  e s tim a tio n  of th e  c o e f f ic ie n ts  f o r  th e  summer w eather v a r i 

ab les  in A pril and May is  j u s t i f i e d .  The estim ated  c o e f f ic ie n ts  fo r  

th e  t r a n s i t io n  months a re  s ig n if ic a n t ly  sm alle r than  th e  c o e f f ic ie n ts  

fo r  th e  mid and la te  summer months, because only a p a r t  o f th e  e x i s t 

ing a i r  c o n d itio n e rs  in th e  u t i l i t y  system a re  being opera ted  in 

A pril and May. The sep a ra te  c o e f f ic ie n t  e s tim atio n  a lso  proves th a t  

THI a t  th e  tim e o f peak demand has a n eg leg ib le  in fluence  on th e  

le v e ls  o f A pril and May peak lo a d s . Although th e  tem peratu re  v a r i

a b le , CDD24, s t i l l  e x e r ts  a s ig n if ic a n t  im pact, th e  mild and sporadic 

n a tu re  o f A pril and May w eather makes th e  impact o f humidity 

in e f f e c t iv e .

5) The y e a r ly  tre n d  v a r ia b le , T, seems to  be p lay ing  a proper ro le  to  

d isco u n t th e  s e c u la r  growth o f th e  peak load accrued by th e  increase  

in app liance  s to ck  over th e  p e rio d  o f th e  tim e -s e r ie s  d a ta .  According 

to  th e  e stim ated  c o e f f ic ie n t  o f  T, th e  w eather-norm alized load has 

been growing a t  an average annual growth r a te  o f 4.03 p e rc e n t.

2 . Long-Run Adjustment

W eath er-sen sitiv e  p o rtio n  o f th e  monthly peak load was removed

from th e  ac tu a l load h is to ry  by using  th e  ac tu a l w eather values and th e

c o e f f ic ie n ts  o f th e  w eather v a r ia b le s  estim ated  in th e  previous s te p .

Once th e  d a ta  s e r ie s  o f and D^_j were e s ta b lis h e d , th e  long-run a d ju s t

ment model equation  was estim ated  by th e  OLS estim atio n  method. The 

reg ress io n  r e s u l t s  a re  provided below:
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*
lnD^ = -14.6470 -  0.08252 In PE  ̂ + 0.15305 In PE^_j + 0.05227 In PG^

(-4 .625) (-0 .585) (1 .065) (1 .858)

+ 0.69863 In [(1 + r^)PKt3* + 0.66210 In Y* + 2.4139 In POP
(2.198) (3 .513) (3 .754)

+ 0.28635 In 
(3 .809)

d f = 160 

= 0.8724 

Sp = 0.06694 

h = -0.076

where h i s  Durbin h s t a t i s t i c .  Since th e  model equation  has a lagged

dependent v a ria b le  on th e  rig h t-h an d  s id e ,  th e  conventional durbin-W atson
21t e s t  is  b iased tow ards th e  value f o r  a random d is tu rb a n c e . As th e

a u to c o rre la tio n  c o e f f ic ie n t ,  p ,  tends to  u n ity , th e  asym ptotic b ia s  tends

to  th e  value o f 1 .0  minus th e  c o e f f ic ie n t  o f D^_j. A la rg e  sample t e s t

fo r  s e r i a l  c o r re la t io n  when lagged dependent v a r ia b le s  a re  p re sen t can
22be done by computing Durbin h s t a t i s t i c  . The s t a t i s t i c  h is  then  

te s te d  as a standard  normal d e v ia te .  Because h = -0 .076 >  -1 .6 4 5 , one 

would accep t th e  hypo thesis  o f no a u to c o rre la tio n  a t  th e  5 p e rcen t le v e l .  

From = oqP Ç  VÇ

<  .  B oP tf PSf-PK ^Y ^oJ-and

?1 Johnston , Econometric Methods, p . 307.
2 ?

Ib id . .  pp . 312-313. The form ula f o r  Durbin h s t a t i s t i c  is
h = r /  " — where r  = 1 -  i d ,  d = conventional Durbin-Watson s t a t i s t i c ,

yj I -  nv(b) ^
n = number of o b se rv a tio n s , and v(b) = e s tim a te  o f th e  sampling variance  
f o r  th e  c o e f f ic ie n t  of th e  lagged dependent v a r ia b le .
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«Q>0, a^<Q. agX), Bq>0. B^<0. Bg>0, Bg<0, B^>0. Bg>0 ( i f  0^ = POP) and 

0 <x<i. Then, s ig n s  of th e  long-run adjustm ent model c o e f f ic ie n ts  should be 

= 0^ + XBj < 0  f o r  PE^

= -*i + ^“1 >0 P ^ - i

T’S =

Yg = XB3  < 0  C(1 + r^)PK^]*

T7 = XB̂  > 0

Yg = XBg > 0 POP

Tg -  1 -  X > 0 ^ t - 1 *

With one excep tion  of th e  c a p i ta l  stock p r ic e  v a r ia b le , a l l  th e  c o e f f ic ie n t  

e s tim ate s  have c o rre c t s ig n s . One im portant f a c to r  re sp o n sib le  fo r  th e  

p o s it iv e  sign  o f  th e  ap p lian ce  p r ic e  v a ria b le  i s  th e  te c h n ic a l innova

t io n  achieved by th e  e l e c t r i c  app liance  m anufacturing in d u s try . Since 

th e  1973-1974 energy c r i s i s ,  a g re a t deal o f  energy e f f ic ie n c y  improve

ment has been achieved by th e  app liance  m an u factu rers. Furtherm ore, re a l  

purchase c o s ts  o f th e  ap p lian ces  a lso  d e c lin e d . According to  th e  

t im e -se r ie s  d a ta  compiled f o r  t h i s  study , th e  re a l  purchase c o s t index 

was 1.023 in January 1969, b u t g radua lly  decreased  to  0.711 by December 

1982. Conservation through c a p i ta l  investm ent, such as s o la r  energy, 

more freq u en t maintenance o f th e  app liances and increased  therm al in te g r i ty  

o f b u ild in g s , has s treng thened  th e  p o s it iv e  re la t io n s h ip  between th e  

c a p ita l  stock  p r ic e  v a ria b le  and th e  energy use requirem ent o f th e  

c a p ita l  s to c k .

In o rd e r to  measure th e  n e t e f f e c t  o f  th e  app liance  p ric e  

v a r ia b le , an annual tren d  v a r ia b le  was added in to  th e  model. The tren d  

v a ria b le  is  purported  to  e x p la in  th e  decrease  in  th e  load cap ac ity  o f
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c a p ita l  s to ck  a t ta in e d  by th e  e f f ic ie n c y  improvement and conservation  

a c t i v i t i e s  taken a f t e r  th e  energy c r i s i s .  The base y e a r o f th e  tre n d  

v a ria b le  was se le c te d  by a search  p r o c e s s —ta k in g  each of th e  y ears  

a f te r  1973 as th e  base y ear and proceeding as fo llo w s :

1) The tre n d  v a ria b le  was c a lc u la te d  by using th e  form ula.

In (TRby)cy = In (cy -  by) 

where by = base y e a r , cy = c u rre n t year and (TR̂ ŷ )^y = 1 .0  i f  cys^by.

2) The tre n d  v a ria b le  was added in to  th e  model and th e  model c o e f f ic ie n ts  

were re e s tim a te d .

3) The s te p s  1) and 2) were rep ea ted  u n t i l  th e  a b so lu te  magnitude of 

th e  t - r a t i o  f o r  th e  tren d  v a r ia b le  became s u f f ic ie n t ly  la rg e .  A fter 

th e  search  p ro c e ss , i t  was found th a t  th e  co n serv a tio n  a c t i v i t i e s

and th e  app liance  e f f ic ie n c y  improvement provoked by th e  energy c r i s i s  

had s ta r te d  to  draw a s ig n i f ic a n t  amount o f  th e  system-wide load 

red u c tio n  from 1976.

The OLS e s tim a tio n  r e s u l t s  fo r  th e  new model equation  a re  as

fo llo w s:

lnO ^=  -12.6910 -  0.10851 In PE^ + 0.17613 In PE^_^ + 0.09555 In PSĵ  
(-4 .235) (-0 .820 ) (1 .306) (3 .429)

-0.08616 In [(1 + r^)PKj.]* + 0.88236 In Y* + 1.7614 In POP 
(-0 .254 ) (4 .834) (2.850)

+ 0.18691 In -  0.07261 In TR,gyg 
(2 .545) (-4 .801)

d f = 159

= 0.8879

Sa = 0.06276

h = 0.655
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where TR^gyg = y e a r ly  tren d  term f o r  th e  conservation  and e f f ic ie n c y  

improvement which is  equal to  th e  y e a r  minus 1975. With th e  tre n d  v a r i 

ab le  added in to  th e  model, a l l  o f th e  c o e f f ic ie n ts  a re  estim ated  with 

th e  c o r re c t  s ig n s .  The annual tre n d  f o r  d e c lin in g  c a p i ta l  s tock  due to  

th e  con serv a tio n  m easures and e f f ic ie n c y  improvement i s  f a i r l y  ev iden t 

and o v e ra ll  ex p lana to ry  power o f th e  model equation is  s l ig h t ly  improved. 

The c a p i ta l  s tock  p r ic e  v a riab le  now has a negative" c o e f f ic ie n t  but 

s ig n if ic a n c e  o f th e  p r ic e  v a ria b le  in  th e  model is  n e g lig a b le . In s ig n i

f ic a n ce  o f th e  c a p i ta l  stock  p r ic e  v a r ia b le  is  due to  d u ra b i l i ty  of th e  

c a p ita l  s to c k . Higher appliance p r ic e  is  normally expected to  d iscourage 

new ad d itio n s  to  th e  c a p ita l  s to c k . However, th e  increased  p r ic e  does

not n e c e s sa r ily  mean a reduced c a p i ta l  s to ck  because o f  th e  d u ra b il i ty

o f e x is t in g  c a p i ta l  s to c k . In some c a se s , th e  h igher ap p lian ce  p rice  

could m ain tain  th e  h ig h e r load le v e ls  from th e  e x is t in g  c a p i ta l  stock 

by d e te r r in g  th e  replacem ent o f o b so le te  u n its  w ith more energy e f f i c i e n t  

u n i t s .

Besides th e  problem of low t - r a t i o s ,  th e  estim ated  c o e f f ic ie n ts  

o f th e  c u rre n t and lagged e l e c t r i c i t y  p r ic e  v a ria b le s  lead  to  a wrong 

sign  f o r  a r e s t r i c t e d  param eter, Bj. From th e  equation  (15) o f chap ter 

I I I .

T, = a, + A*,, Tg = and X = 1 -  Tq .

T herefore ,
Y? ^ Y,Tq + ?2
-  and B, = ^ ^ (1  .  Tg, _

Because oy is  th e  e l e c t r i c i t y  p r ic e  e l a s t i c i t y  of th e  sh o rt-ru n  

demand and is  th e  e l e c t r i c i t y  p r ic e  e l a s t i c i t y  o f th e  d e s ired  c a p ita l  

s to ck , both of th e  estim ated  c o e f f ic ie n ts ,  and should have n egative
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v a lu es . Since = -  0.10851, ig  ~ 0.17613 and Yg = 0.18691,

ôj = -0 .94233 and 0  ̂ = 1.02549. The sign o f is  c o r re c t ly  n eg a tiv e

but th e  p o s itiv e  value o f B, i s  c le a r ly  wrong. For th e  value o f  B to
%

be le ss  than ze ro , —
^9 •

The long-run adjustm ent model was reestim ated  w ithout th e  c a p ita l  

s tock  p r ic e  v a r ia b le . The re e s tim a tio n  r e s u l t s  a re  rep o rted  below:

In = -13 .3480 -  0.10540 In PE^ + 0.17834 In j + 0.09588 In PG  ̂
(-8 .902) (-0 .802 ) (1 .329) (3 .454)

+ 0.87628 In Y* + 1.8976 In POP + 0.18655 In
(4.857) (6 .235) (2 .548)

-  0.07077 In TR^5 7 5  
(-5 .353)

d f = 160 

i f  = 0.8885 

Sp = 0.06258 

h = 0.671

While th e  o v e ra ll f i tn e s s  o f th e  model g e ts  s l ig h t ly  b e t te r ,  v i r tu a l ly  

no improvement i s  seen f o r  th e  estim ated  c o e f f ic ie n ts  o f th e  e l e c t r i c i t y  

p r ic e  v a r ia b le s .  The prim ary reason fo r  th e  poor t - s t a t i s t i c s  and th e  

d is to r te d  values o f th e  estim ated  c o e f f ic ie n ts  i s  a c o l l in e a r i ty  between 

PE^ and PE^ ^» Because th e  tim e gap between PE^ and PE^  ̂ only  a
it it

month, PE^_j c lo se ly  tra c k s  PE^. This seems to  be an in e v ita b le  weak

n ess  o f a monthly model.

Some u sefu l in fe ren ce  about th e  e l e c t r i c i t y  p r ic e  e f f e c t  can be 

drawn from th e  sh o rt-ru n  and th e  long-run adjustm ent model e s tim a tio n  

r e s u l t s  fo r  th e  e l e c t r i c i t y  p r ic e  and th e  n a tu ra l  gas p r ic e  v a r ia b le s .
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The p r ic e  o f e l e c t r i c i t y  has dual e f f e c t s  on th e  le v e l o f peak load .

One e f f e c t  is  through a change in u t i l i z a t io n  r a te  and th e  o th e r e f f e c t  

is  by way o f a change in c a p i ta l  s to c k . As th e  tim e d u ra tio n  in c reases  

from th e  sh o rt run to  th e  Ion-run adjustm ent p e rio d , th e  e l e c t r i c i t y  p r ic e  

e l a s t i c i t y  o f th e  u t i l i z a t i o n  r a t e  a t  th e  tim e o f peak demand becomes 

la rg e r  bu t th e  lev e l o f th e  p r ic e  e f f e c t  remains in s ig n i f ic a n t .  I f  th e  

e l e c t r i c i t y  p r ic e  has any n o tab le  impact on th e  peak load lo v e l, i t  i s  

through a s u b s t i tu t io n  between e l e c t r i c  and n a tu ra l gas a p p lian ces . For 

example, th e  average re a l  p r ic e  o f  n a tu ra l gas paid  by th e  r e s id e n t ia l  

custom ers in L incoln , Nebraska increased  87.1 p e rcen t from 93f per Mcf 

in 1969 to  $1.74 per Mcf in 1982. Meanwhile, th e  average re a l p r ic e  o f 

e l e c t r i c i t y  paid by th e  same custom ers ro se  only  14.8 p ercen t from $16.24 

per MWh in 1969 to  $18.64 per MWh in  1982. As a r e s u l t ,  th e  percen tage 

o f e l e c t r i c  space-hea ting  custom ers in th e  r e s id e n t ia l  s e c to r  became 

more than  doubled from 2.1 p e rcen t to  5 .7  pe rcen t f o r  th e  same p e rio d .

This ap p lian ce  s u b s t i tu t io n  e f f e c t  i s  confirmed by th e  s ig n if ic a n c e  o f 

th e  n a tu ra l gas p r ic e  v a r ia b le  in  th e  model. The c u rre n t e l e c t r i c i t y  

p r ic e  v a r ia b le , PE^, does no t show much s ig n if ic a n c e  f o r  th e  app liance  

sw itch , probably because th e  r e a l  p r ic e  of e l e c t r i c i t y  in  Lincoln had 

been very s ta b le .

An a p p ro p ria te  way to  ex p la in  th e  app liance  s u b s ti tu t io n  e f f e c t  

is  through th e  use o f th e  r e l a t iv e  p r ic e  o f e l e c t r i c i t y  to  th e  n a tu ra l 

gas p r ic e .  The d a ta  is  no t re a d ily  a v a ila b le , bu t th e  ad d itio n  of th e  

r e l a t iv e  purchase c o s t o f th e  e l e c t r i c  app liances to  th e  n a tu ra l gas 

c o u n te rp a r ts  would make th e  model s p e c if ic a tio n  more p a lu s ib le .  Combining
“if "ft if

PE^ and PG  ̂ to  c re a te  th e  r e l a t iv e  p r ic e  v a ria b le  and g iv ing  up PE^_^
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which o r ig in a te d  from th e  u t i l i z a t io n  r a te  e q u a tio n , th e  long-run a d ju s t

ment model was reg ressed  ag a in . The reg re ss io n  r e s u l ts  f o r  th e  rev ised  

equation  a re  p resen ted  below:

InD^ = -12.8610 -  0.00649 In (PE^/PG^) + 0.96021 In Y*
(-8 .6 2 7 ) (-1 .801 ) (5.793)

+ 1.6552 In POP + 0.23458 In D^_j -  0.04647 In TR,gyg 
(5 .675) (3 .088) (-3 .826)

d f  = 162

i f  = 0.8810

Sa = 0.06466 

h = -0.890

Compared w ith th e  previous model eq u atio n , a l l  of th e  c o e f f ic ie n ts  in th e

new model equation  have c o r re c t  s igns and s u f f ic ie n t ly  la rg e  t - s t a t i s t i c s

f o r  s ig n if ic a n c e  m ain tain ing  about th e  same le v e ls  of"R^ and Sg.y
R elative ly  low values o f th e  c o e f f ic ie n t  and t - r a t i o  fo r  th e  p r ic e  

v a ria b le  s t i l l  may be a concern . But, th e  sm all p r ic e  e f f e c t  can be 

e a s i ly  exp lained  by d u ra b i l i ty  o f th e  a p p lia n c e s . The app liance  conver

sion  induced by a change in th e  r e la t iv e  fu e l p r ic e  is  checked and slowed 

by th e  d u ra b i l i ty  o f c a p ita l  s to c k .

The weighted moving average income and th e  popu la tion  o f th e  u t i l i t y  

se rv ice  area  a re  two im portant fa c to rs  determ ining th e  lev e l o f  peak 

e le c t r i c  demand. S ince th e  model equation  i s  d o u b le -lo g a rith m ic , th e  

estim ated  c o e f f ic ie n ts  d i r e c t ly  measure th e  long-run adjustm ent e l a s t i 

c i t i e s  o f th e  peak load in term s of th e  corresponding economic and 

demobraphic v a r ia b le s .  As in d ica ted  e a r l i e r ,  th e  peak demand is  q u ite  

in e la s t ic  w ith re sp e c t to  th e  e l e c t r i c i t y  and n a tu ra l gas p r ic e s .
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Income e l a s t i c i t y  o f  th e  demand is  c lo se  to  1 .0  and i t  t e l l s  th a t  th e  

peak load w ill grow a t  th e  same r a te  o f  th e  income grow th. The peak 

load demand w ill in c rease  f a s t e r  than  th e  popu la tion  growth. The c a p i ta l  

s tock -ad justm en t p rocess i s  evidenced by th e  p o s i t iv e  c o e f f ic ie n t  and a 

s u f f ic ie n t ly  la rg e  t - r a t i o  o f th e  lagged dependent v a r ia b le . The a d ju s t 

ment f a c to r ,  X, is  e stim ated  to  be 0 .7 6 5 4 2 . The annual tren d  f o r  th e  

conservation  a c t i v i t i e s  and th e  app liance  e f f ic ie n c y  improvement i s  

s ig n if ic a n t  and expected to  continue f o r  a w h ile .

3 . Long-Run Equilibrium  

The long-run eq u ilib riu m  e l a s t i c i t i e s  o f th e  peak demand a re  

estim ated  by l in e a r ly  r e la t in g  to  th e  long-run adjustm ent model c o e f f i 

c i e n t s .  Since PE^_^ and PK^ have been removed from th e  long-run a d ju s t 

ment model, th e  long-run  eq u ilib riu m  model s p e c if ic a t io n  is  accord ing ly  

re v ised  in to .

In = 6 q + Ô3 In (PE^/PG^) + 6 5  In + ôg In POP  ̂ + c^ .

TRjgyg is  excluded because th e  conserva tion  and e f f ic ie n c y  improvement 

w il l  be phased ou t in th e  stock  eq u ilib riu m  s ta g e .  The long-run 

eq u ilib riu m  e l a s t i c i t i e s  o f th e  load demand, 6 ' s ,  a re  then ob ta ined  by 

d iv id in g  th e  long-run adjustm ent model c o e f f ic ie n ts  w ith x :

.  -  0-00649 _ 0  00848
0 .76542

0 = P'96021 ,   ̂ 2545 
® 0 .76542

6 ,  = -Li6652_ ,  2 .1 6 2 5 .
^ 0 .76542

While th e  income e l a s t i c i t y - o f  th e  peak demand becomes g re a te r  than  1.0
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in th e  long-run eq u ilib riu m , th e  p r ic e  e l a s t i c i t y  is  s t i l l  m inim al. The 

population e l a s t i c i t y  g e ts  f a i r l y  la rg e .

D. Forecasting  Evaluation  and Policy  Im plica tions 

The peak load model eq u atio n s  estim ated  in th e  prev ious sec tio n  

are  ready to  be used f o r  th e  load fo re c a s t in g . In t h i s  s e c tio n , th e  

fo rec a s tin g  performance o f th e  demand model i s  evalua ted  by s im ulating  

th e  monthly peak loads in 1983 and comparing th e  estim ated  values w ith 

th e  ac tu a l lo a d s . The model equ atio n s  a re  a lso  used to  produce th e  

annual peak load fo re c a s ts  f o r  1984-2000. The modeling and fo re c a s tin g  

re s u l ts  a re  then  u t i l i z e d  to  draw some p o licy  im p lica tio n s  f o r  power 

supply p lan n in g , peak-load and d i r e c t  load c o n tro l .

1 . P repara tion  o f Input Data f o r  Forecasting  

Since th e  econom etric model o f monthly peak load employs econo

mic, demographic and w eather v a r ia b le s  to  ex p la in  th e  growth and monthly 

v a ria tio n s  o f  th e  load , th e  model fo re c a s ts  a re  d i r e c t ly  a ffe c te d  by th e  

assumptions f o r  th e  fu tu re  growth tre n d s  o f th e  inpu t v a r ia b le s .

a )  P o p u la tion . L ancaster county popu la tion  e s tim a te s  fo r

1983-2000 a re  based on th e  monthly average compound growth ra te s  p ro jec ted

by th e  Bureau o f Business Research (BBR) in i t s  popu la tion  fo re c a s ts  f o r
23

th e  se le c te d  y ears  o f 1980-2000. The annual average compound growth 

ra te s  a sso c ia te d  with th e  p o p u la tion  e s tim a te s  a re  1 .0 2 0  p e rcen t fo r

1983-1985, 0 .818 percen t f o r  1985-1990, 0.845 percen t f o r  1990-1995 and 

0.810 p e rcen t f o r  1995-2000.

^^D eichert, Nebraska Population P ro jec tio n s  1990-2020, p . 123.
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b) Per c a p ita  re a l  personal income. The annual t o t a l  r e a l  

personal income f o r  1984-2000 were prepared  on th e  b a s is  o f th e  average 

annual growth r a te s  p ro jec ted  by th e  Bureau of Economic A nalysis (BEA) 

in i t s  fo re c a s ts  o f th e  Lincoln SMSA income growth f o r  th e  case o f a 

moderate change in th e  in d u s tr ia l  s h a r e H o w e v e r ,  some adjustm ent to  

th e  BEA's fo re c a s ts  was made because th e  p ro jec ted  growth ra te s  look too 

high in l ig h t  o f a th ir te e n -y e a r  (1970-1982) h is to ry .  While th e  average 

annual growth r a te  f o r  1970-1982 was 2 .88  percen t and th e  average growth 

r a te  in th e  fu tu re  y ears  is  not expected to  be h igher than  th e  h i s to r ic a l  

r a t e ,  th e  BEA's p ro je c ted  growth r a te  f o r  1978-1985 is  3.95 p e rcen t per 

y e a r .  The o v e r-p ro je c tio n  is  due to  th e  f a c t  th a t  th e  BEA's income 

p ro je c tio n s  were produced before th e  economic re c ess io n  o f 1980-1982 and 

th e  1978 ac tu a l f ig u re  was used as a base fo r  compounding. T herefo re , 

th e  h is to r ic a l  average annual growth r a t e ,  2 . 8 8  p e rc e n t, was assumed fo r  

1984-1985 and th e  average annual growth r a te s  f o r  th e  rem aining y ears  

in th e  fo re c a s tin g  p eriod  were p ro je c ted  by p ro p o r tio n a lly  reducing  th e  

BEA’s p ro je c tio n s  w ith  th e  r a t io  o f  2 . 8 8  to  3 .9 5 . The ad ju sted  fo re c a s ts  

o f average annual growth ra te s  a re  2 .56 p ercen t f o r  1985-1990 and 2.11 

percen t f o r  1990-2000. Monthly income estim ates  f o r  1983 were prepared 

by using th e  near-te rm  fo re c a s ts  o f q u a r te r ly  growth r a te s  pub lished  by
nr

M anuafcturers Hanover T rust Company. Annual average income fo re c a s ts  

were then  generated  f o r  1984-2000 by applying th e  average annual growth 

ra te s  p ro jec ted  in  th e  previous s te p  to  th e  1983 annual income e s tim a te .

^*U.S. Dept, o f Commerce, Bureau of Econo,nic A n a ly sis , 1980 
OBERS BEA Regional P ro je c tio n s , Vol. 3 , Ju ly  1981, p .  138.

25
M anufacturers Hanover T ru st Co., Economic R eport, monthly 

issue  fo r  June 1983, pp. 2 -3 .
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Monthly income fo re c a s ts  f o r  1984-2000 were obtained  by a d ju s tin g  th e  

annual average income fo re c a s ts  with th e  f i f te e n - y e a r  (1968-1982) average 

monthly adjustm ent f a c to r s .  Next, monthly p e r  c a p ita  re a l  personal income 

p ro je c tio n s  were produced by d iv id ing  th e  t o t a l  income fo re c a s ts  w ith th e  

popu la tion  e s tim a te s . F in a lly , th e  12-month weighted moving average 

values were c a lc u la te d  w ith th e  monthly p e r c a p ita  rea l personal income 

p ro je c tio n s .

c )  P rices  o f e l e c t r i c i t y  and n a tu ra l g a s . Actual d a ta  were 

compiled fo r  th e  average re a l  p ric e s  o f e l e c t r i c i t y  and n a tu ra l gas in 

th e  months of 1983. Through a d iscussion  w ith  th e  Resource and Trans

m ission Planning Department o f LES about th e  p rospects  f o r  c ap ac ity  s a le s ,  

fu tu re  c o s ts  o f fu e l sources and debt coverage schedu les, th e  re a l  p r ic e  

of e l e c t r i c i t y  is  p ro je c ted  to  grow a t  an annual r a te  o f 3 .0  percen t f o r

1984-1985 and no growth a f t e r  1985. Future growth ra te s  f o r  th e  re a l 

p r ic e  o f n a tu ra l gas was estim ated  by analyzing  th e  fu tu re  r a te  in c rease  

schedule announced by Northern Natural Gas C o., th e  n a tu ra l gas whole

s a le r  to  Lincoln SMSA, and th e  r e s u l ts  o f th e  re cen t study on fu tu re  fu e l 

a v a i l a b i l i ty  and p r ic e s  by th e  Fuel Cell Users G r o u p T h e  estim ated  

annual r a te s  o f in c rease  in  th e  re a l p r ic e  o f  n a tu ra l gas a re  5 .0  pe rcen t 

f o r  1984 and 3 .0  p e rcen t t h e r e a f t e r .  The e l e c t r i c i t y  and n a tu ra l gas 

p r ic e  fo re c a s ts  were then  used to  c a lc u la te  th e  1 2 -month w eighted moving 

average p r ic e s  f o r  each month o f th e  fo re c a s tin g  p e rio d .

26The Fuels and Fuels Processing Subcommittee, Report on th e  
A v a ila b il i ty  and P rices  o f A lte rn a tiv e  Fuels to  Supply Fuel Cell Power 
P lan ts  fWashihgfoh: D.C:: The Fuel Cëll UhseH M p  o f ' m  E le c tr ic  
U t i l i ty  In d u stry , Ju ly  1983), p . 7 .
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d) Weather v a lu e s . The ac tu a l w eather d a ta  fo r  1983 is  a v a i l 

ab le  from th e  N ational Weather Service in L inco ln , Nebraska. The f i f t e e n -  

y ear (1968-1982) mean values o f  th e  weather v a r ia b le s  a re  used as th e  

normal values f o r  th e  fo re c a s tin g  p erio d .

2 . F o recasting  Evaluation 

W eather-sensitive  components of th e  monthly peak loads in 1983 

were sim ulated by using th e  estim ated  c o e f f ic ie n ts  o f th e  w eather v a r i 

ab les in th e  sh o rt-ru n  eq uation  and th e  a c tu a l monthly w eather v a lu e s . 

W eather-independent components o f  th e  loads were sim ulated  by applying 

th e  prepared inpu t values to  th e  long-run adjustm ent model equation  

estim ated  in th e  f in a l  r e g re s s io n . The model e s tim a te s  o f th e  1983 

monthly peak loads were then  ob ta ined  by combining th e  w e a th e r-se n s it iv e  

components and th e  w eather-independent components s e p a ra te ly  s im ulated  

fo r  each month. The ex p o s t fo re c a s ts  of th e  monthly peak loads a re  

compared w ith th e  ac tu a l v a lues as fo llow s:

Month Actual Load (MW) Estim ated Load (MW) F orecasting  E rro r (%)

1 226.0 218.9 -3 .14

2 225.0 216.5 -3 .78

3 219.0 208.6 -4 .75

4 216.0 194.9 -9 .77

5 2 2 1 .0 253.9 14.89

6 357.0 371.3 4.01

7 412.0 415.9 0.95

8 428.0 427.2 0.19

9 402.0 402.1 0.03

10 204.0 194.5 -4 .66
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Month Actual Load (MW) Estim ated Load (MW) F orecasting  E rror (%)

11 235.0 222.8 -5 .19

12 271.0 232.0 -14.39

The mean a b so lu te  e r r o r  percen tage  o f th e  estim ated  loads is  5 .4 8 . This 

seems to  be w ith in  a reasonab le  ran g e . However, c o n s is te n t  underestim a

t io n  o f th e  w inter-m onth loads is  a problem .. This b ia s  of th e  model 

e s tim a te s  was found to  be caused by th re e  unusual th in g s  happened in the  

u t i l i t y  se rv ic e  area  during  th e  y e a r o f 1983. A re c e n t survey done by 

LES revealed  th a t

1 ) an e x tra o rd in a r i ly  la rg e  in c rease  in th e  number o f r e s id e n t ia l  

dw elling u n i ts  w ith e l e c t r i c  space and w ater h ea tin g  produced an 

e x tra  w e a th e r-se n s it iv e  load of approxim ately 2 ,050 KW,

2 ) over 5 ,0 0 0  p o rta b le  e l e c t r i c  h e a te rs  were so ld  w ith a to t a l  estim ated  

load of over 7,000 KW compared w ith only 600 u n i ts  w ith a combined 

load of 900 KW sold in 1972, and

3) th re e  la rg e  commercial custom ers had converted to  e l e c t r i c  space

heating  fo r  a to ta l  e stim ated  load of 200 KW as a r e s u l t  of the
27prom otional e f f o r t s  made by LES.

T herefore , over 9 MW of e x tra  load in e le c t r i c  h ea tin g  equipment was sold 

and in s ta l le d  in th e  system during  1983. To accomodate t h i s  type of 

unusual load grow th, th e  model needs a heating  end-use v a r ia b le  to  he 

incorporated  w ith the  w in ter w eather v a r ia b le s .  If  the  d a ta  is  a v a ila b le , 

a space-heating  s a tu ra tio n  v a ria b le  weighted by load c ap ac ity  of the  

app liances would be a good c a n d id a te .

27 Lincoln E le c tr ic  System, "Many Factors Caused LES to  E stab lish  
New W inter Peak ," LES Talk, Vol. 12, NO. 1 (January 1984), pp . 4 -5 .
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The monthly peak load fo re c a s ts  f o r  1984-2000 were generated  in 

th e  same way as th e  1983 load sim ulation  excep t th a t  th e  normal weather 

values were u sed . The w eather-norm alized fo re c a s ts  o f annual peaks fo r

1984-2000 a re  p resen ted  below:

Year Annual Peak Demand Forecast (MW)

1984 415.3

1985 427.2

1986 437.8

1987 449.1

1988 460.3

1989 472.7

1990 485.9

1991 498.5

1992 511.2

1993 524.2

1994 537.6

1995 551.4

1996 565.5

1997 580.0

1998 595.5

1999 610.7

2 0 0 0 626.9

The p ro jec ted  average annual growth r a te  o f th e  peak demand is  2.86 

percen t fo r  1984-1985, 2.61 percen t fo r  1985-1990, 2.56 p e rc en t fo r  

1990-1995 and 2.60 p e rcen t fo r  1995-2000. Compared w ith th e  h i s to r ic a l  

average annual growth r a t e s ,  3.68 percen t f o r  1973-1978 and 3.01
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p ercen t f o r  1978-1983, th e  p ro jec ted  load growth r a te s  seem to  be 

re a so n ab le .

3 . Policy  Im plica tions o f th e  Em pirical R esults

a) Power supply p lan n in g . Along w ith th e  fo re c a s ts  of system 

in l e t  energy , th e  p ro jec ted  le v e ls  and seasonal v a r ia t io n s  of peak load 

guide a u t i l i t y  system e x ten s iv e ly  fo r  g en era tio n  c ap a c ity  p lan n in g , power 

g en era tio n  and purchase sch ed u lin g , f in a n c ia l  a n a ly s is  includ ing  r a te  

makings, e t c .  In th e  prev ious s e c t io n , th e  annual peak loads f o r  1984- 

2 0 0 0  were estim ated  by choosing th e  maximum value f o r  each y ear from 

th e  monthly load fo re c a s ts  generated  through th e  model developed in  t h i s  

s tu d y . Throughout th e  fo re c a s t  y e a r s , th e  annual peak is  expected to  

occur in J u ly . The annual peak load fo r e c a s ts ,  f o r  example, p rov ide a 

d i r e c t  use fo r  th e  c ap ac ity  p lan n in g . According to  a recen t re p o r t  on 

LES' power supply c a p a c ity , sum o f th e  e x is t in g  and committed power supply

resou rces is  about 672 MW in  th e  summer months (May-October) and 626 MW in
28th e  w in te r months (November-April) .  On th e  o th e r  hand, th e  expected 

power supply requirem ent which is  th e  sum of th e  p ro je c ted  annual peak, 

tran sm issio n  lo sses  (19 MW), re se rv e  requirem ent and p a r t ic ip a t io n  s a le s  

to  th e  M id-Continent Area Power Pool (approxim ately 21 percen t o f th e  

p ro je c ted  peak) is  669 MW in 1994 and 684 MW in 1995. T herefo re , th e  

demand model f o r e t e l l s  th a t  th e  u t i l i t y  system have a power sh o rtag e  

a f t e r  1994 w ithout any in c rease  in  g en era tio n  c a p a c ity  o r  power purchase 

committment. Growth ra te s  o f th e  p ro jec ted  peak loads a re  s e n s i t iv e  to  

d i f f e r e n t  assum ptions concerning th e  growth ra te s  o f th e  economic and

^®LincoIn E le c tr ic  System, Power Supply D iv is io n , Load and 
Capacity Summary, August 1983.
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demographic f a c to r s  included in th e  model. Such u n c e r ta in t ie s  in f o r e 

c a s tin g  th e  fu tu re  loads should be considered  in th e  cap ac ity  p lan n in g . 

Given th e se  u n c e r ta in t ie s ,  f l e x i b i l i t y  and th e  degree  to  which a c ap a c ity  

expansion program can be slowed o r  a c c e le ra te d  a re  as im portant as th e  

problem of m inim izing th e  c o s ts  o f m eeting a fu tu re  load req u irem en t. 

U t i l i ty  system planning is  th e re fo re  to  be done through a s to c h a s t ic  

o p tim iza tio n  framework.

b ) Load management. A c r i t i c a l  lesson  learned  from th e  1970s 

is  the  im portance of e f f i c i e n t  u t i l i z a t i o n  of non-renewable energy 

re so u rc e s . A key challenge  o f th e  e l e c t r i c  u t i l i t i e s  in the  1980s w ill  

be a su ccessfu l 1 in te g ra tio n  o f the  t r a d i t io n a l  supply p l a n n i n g  and 

o p e ra tio n s  w ith th e  emerging measures of a c t iv e ly  in flu en c in g  the  level 

o f demand fo r  th e  mutual b e n e f i t  of the  u t i l i t i e s  and th e i r  custom ers.

The demand-side management of th e  e l e c t r i c  load can be operated  by a 

p r ic e  mechanism o r a d i r e c t  load c o n tro l .  The prim ary o b je c tiv e  of the  

load management is  to  s h i f t  th e  time of use of e l e c t r i c  power and reduce 

energy consumption during th e  u t i l i t y ' s  peak-load p e rio d . A red u c tio n  in 

th e  u t i l i t y ' s  peak load lowers co s ts  of g en era tin g  and d is t r ib u t in g  

e l e c t r i c i t y  by e i th e r  d e te r in g  c o n stru c tio n  of a new power p la n t o r 

allow ing th e  s u b s t i tu t io n  of base-load  g en era tin g  p la n t (which involves 

a la rge  f ix e d  investm ent but uses le ss  c o s tly  fu e l sou rces) fo r  peak

load g en era tin g  p la n t (which u su a lly  burns expensive petroleum -based 

f u e l s ) .  According to  th e  argument made above, th e  demand-side manage

ment of th e  load appears to  be c le a r ly  b e n e f ic ia l .  In ap p ro p ria te  a p p l i 

c a tio n  of th e  load management, however, can be harmful to  the  economies of 

th e  u t i l i t y  and i t s  custom ers. T herefore , a sy stem atic  assessm ent of
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th e  co sts  and b e n e f its  o f proposed load management measure is  necessary

before implementing th e  m easure.

Peak-load p ric in g  is  an in d ir e c t  measure to  reduce th e  system 's 

peak demand. Although w elfa re  a sp ec ts  o f th e  peak-load p r ic in g  has been 

d iscussed  by many th e o re t ic a l  s tu d ie s ,  a u t i l i t y - s p e c i f i c  im pact o f th e  

p ric in g  measure should be p red ic ted  by analyzing  th e  em pirica l e s tim ates  

o f th e  e l e c t r i c i t y  p r ic e  e l a s t i c i t i e s .  The monthly model e s tim a te s  of 

th e  p ric e  e l a s t i c i t i e s  f o r  a l l  o f th e  th re e  tim e horizons c o n s is te n tly  

show th a t  th e  peak load demand is  h igh ly  i n e l a s t i c .  The measured p r ic e  

e l a s t i c i t i e s  were c lo se  to  zero and th e  p r ic e  v a ria b le  is  even in s ig n i f i 

can t in th e  s h o r t  run when th e  p r ic e  e l a s t i c i t y  o f th e  load i s  reduced 

by extreme w eather c o n d itio n s . Meanwhile, th e  u t i l i t y ' s  re c e n t e s tim ates  

of th e  p r ic e  e l a s t i c i t i e s  o f k ilo w a tt-h o u r s a le s  a re  much h ig h e r than  th e  

model e s tim a te s  o f th e  p r ic e  e l a s t i c i t i e s  o f peak lo ad . The p r ic e  

e l a s t i c i t i e s  o f r e s id e n t ia l  and commercial energy s a le s  which ta k e  more 

than  70 p e rcen t o f t o t a l  s a le s  a re  estim ated  to  be 0.53 f o r  th e  summer 

r e s id e n t i a l ,  0.21 fo r  th e  w in ter r e s id e n t i a l ,  0 .57 f o r  th e  summer commer

c ia l  and 0.45 f o r  th e  w in te r commercial energy s a le s .  Besides h igher 

e l a s t i c i t i e s ,  th e  p r ic e  v a r ia b le  is  f a i r l y  s ig n if ic a n t  in th e  energy sa le s  

model. The f a c t  th a t  peak demand p r ic e  e l a s t i c i t i e s  a re  s ig n if ic a n t ly  

le s s  than  th e  p r ic e  e l a s t i c i t i e s  of energy s a le s  im plies t h a t  increased 

peak p r ic e  w ith decreased o ff-peak  p r ic e  w ill  in c rease  k ilo w a tt-h o u r s a le s ,  

both ab so lu te ly  and r e la t iv e ly  to  system p eak s. Thus, th e  prim ary e f f e c t  

of peak-load p ric in g  w ill  be a reduced fu e l c o s t fo r  power g en era tio n

29Lincoln E le c tr ic  System, Power Supply D iv is io n , 1983 Econo
m etric  F orecasting  o f Energy S a les , Load Requirements and Number~5f 
Customers! November 1983, pp. 29-35.
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through a s h i f t  in th e  mix o f c ap ac ity  a d d itio n s  toward a b ase -lo ad  p la n t .  

In a d d itio n , th e  peak load p r ic in g  w ill in c re a se  th e  to t a l  revenue of th e  

u t i l i t y  because a p r ic e  in c rease  in th e  in e la s t i c  po rtion  o f a demand 

curve and a p r ic e  decrease  in  a more e l a s t i c  p o rtio n  o f th e  demand curve 

in c rease  to t a l  revenue. The extrem ely low p r ic e  e l a s t i c i t i e s  o f  th e  

peak load demand c a s ts  a doubt about the  e ffe c t iv e n e s s  o f th e  load co n tro l 

through p r ic e  mechanism. A f a i r l y  big d if fe re n c e  between peak and o f f -  

peak p r ic e s  is  req u ired  to  see any n o ticeab le  reduction  in th e  peak load . 

The p r ic e  d i f f e r e n t i a l ,  however, should be c o s t - j u s t i f i e d ,  in  o rd e r to  

m ain tain  a r a te  e q u ity  between c la s se s  of custom ers and a f a i r  re tu rn  on 

investm ent f o r  th e  u t i l i t i e s .

Many u t i l i t i e s  a re  c u rre n tly  faced w ith  staggering  c a p i ta l  

investm ent requirem ents f o r  new p la n ts ,  s ig n if ic a n t  f lu c tu a tio n s  in th e  

load grow th, d e c lin in g  f in a n c ia l  performance and reg u la to ry  and consumers 

concern about r i s in g  p r ic e s .  For such u t i l i t i e s ,  d i r e c t  load co n tro l 

can provide an e f f e c t iv e  means to  reduce o r postpone co n stru c tio n  of 

new g en era tin g  f a c i l i t i e s .  E le c tr ic  w ater h e a te r  and r e s id e n t ia l  c e n tra l 

a i r  co n d itio n e r a re  two prime cand idates considered  fo r  a load c o n tro l .  

From th e  u t i l i t y  p o in t o f view, d i r e c t  load c o n tro l a f fe c ts  both co sts  

and revenues. While th e  load management measure lowers g en era tio n  a n d ' 

cap ac ity  c o s ts  by inducing a more favo rab le  load shape, th e re  a re  a lso  

c o s ts  incurred  from purchase and in s ta l la t io n  o f co n tro l dev ices  and 

program im plem entation. A c o s t-b e n e f i t  a n a ly s is  w ill determ ine th e  

p re sen t value o f changes in n e t  revenue by implementation of th e  program. 

From th e  p a r t ic ip a t in g  cu sto m er's  p o in t o f view, th e  load management 

program o f fe rs  o p p o rtu n itie s  such as a lower q u a li ty  of s e rv ic e  a t  a
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lower r a te  ( in d u s tr ia l  in te r ru p t ib le  se rv ic e )  and about th e  same q u a l i ty  

of s e rv ic e  a t  a lower r a te  ( r e s id e n t ia l  a ir -c o n d itio n in g  o r w ater h e a tin g  

load co n tro l where th e  custom er does not perce ive  t h a t  h is  load is  being 

c o n tro l le d ) .  If  a load co n tro l program is  m andatory, i t  can a lso  r e s u l t  

in some customers having lower q u a li ty  se rv ice  a t  th e  same o r a h ig h e r 

p r ic e .  A c o s t-b e n e f i t  a n a ly s is  ta k e s  th e se  p o ss ib le  e f f e c t s  in to  account 

by determ ining th e  amount o f income a customer would have to  gain  o r  lo se  

in o rd e r to  be as w e ll-o ff  under th e  load management program as w ithou t 

th e  program. Required income changes must be determ ined fo r  a s u b s ta n tia l  

number o f years  and d iscounted  to  o b ta in  th e  p re sen t value of cu sto m er's  

b e n e f its  o r lo s s e s .

To ev a lu a te  th e  e f fe c t iv e n e s s  o f a load c o n tro l system and 

tech n iq u e , i t  is  necessary  to  e s tim a te  th e  amount o f KW demand re d u c tio n . 

For t h i s  purpose, an end-use (or en g ineering ) model i s  d e f in i te ly  p r e f e r 

ab le  to  an econom etric model. Given th e  lack o f d a ta  f o r  end-use m odeling, 

however, a w eather-load  model s im ila r  to  th e  sh o rt-ru n  model developed 

in t h i s  study can provide a good a n a ly tic a l  to o l f o r  th e  cases o f w eather- 

s e n s i t iv e  load c o n tro l .  I f  a f ix ed -tim e  cycling  o f  r e s id e n t ia l  c e n tr a l  

a i r  c o n d itio n e rs  is  considered  as a load co n tro l m easure, th e  w eather-load  

model w ill  be reg ressed  f o r  th e  c e n tra l  a ir -c o n d itio n in g  r e s id e n t ia l  

custom ers. The estim ated  c o e f f ic ie n ts  of th e  w eather v a ria b le s  w ill  be 

used t o  sim ulate  th e  t o t a l  a ir-c o n d itio n in g  load w ith o u t co n tro l under 

th e  w eather co n d itio n s  a t  th e  tim e o f peak demand. Then, th e  amount o f 

load red u c tio n  w ith a given tim e-based co n tro l can be estim ated  by 

m u ltip ly in g  th e  t o t a l  a ir -c o n d itio n in g  load w ith th e  corresponding r a te  

of in te r ru p t io n .  F in a lly , an optimum level o f th e  in te rru p tio n  r a te  w ill
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be determined by a c o s t-b e n e f i t  a n a ly s is  and th e  lev e l o f custom ers' 

to le ra n c e .



CHAPTER V 

CONCLUSIONS

F orecasts  o f peak load (KW) and energy demand (KWh) a re  two key 

elem ents f o r  e l e c t r i c  u t i l i t y  power supply p lan n in g . U ntil re c e n t ly ,  

most of th e  modeling s tu d ie s  on e l e c t r i c i t y  demand have co n cen tra ted  on 

th e  e s tim a tio n  o f energy demand. Because cap ac ity  is  b u i l t  to  meet 

system peak demand, peak-load fo re c a s tin g  is  eq u a lly  im portant f o r  the  

u t i l i t y  p lanning  pu rposes. Since th e re  has been very l i t t l e  em pirica l 

an a ly s is  t h a t  provides d e ta i le d  in v e s t ig a tio n s  o f th e  determ ining  fa c to rs  

o f peak demand, th e  d e s ire  of u t i l i t y  p lanners to  develop an e f f e c t iv e  

and w e ll-d e fin ed  method o f peak load modeling has been in c reas in g  over 

th e  re c e n t y e a r s .

D espite  a s h o r t  h is to ry , a wide v a r ie ty  o f m ethodologies have 

been te s te d  f o r  peak load m odeling. Depending on th e  ex p lan a to ry  v a r i

ab les  used f o r  modeling and th e  design  o f model s t r u c tu r e ,  d i r e c t  modeling 

methods a re  c la s s i f ie d  in to  t im e -s e r ie s  approaches, end-use approaches, 

econom etric approaches and hybrid approaches. T im e-series models req u ire  

a minimal amount o f th e  d a ta  to  be analyzed but do no t p rovide any in s ig h t 

in to  c a u s a l i ty .  Given th e  expected changes in fu tu re  tre n d s  o f causal

124
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f a c to r s ,  t im e -s e r ie s  models a re  g en e ra lly  a p p ro p ria te  fo r  sh o rt-ru n  

fo re c a s tin g  s i tu a t io n s .  End-use models have th e  c a p a b il i ty  to  e x p l i c i t ly  

ev a lu a te  various co n serv a tio n  p o l ic ie s ,  load management programs and th e  

impacts o f new technology on e l e c t r i c i t y  demand. However, due to  a huge 

d a ta  requirem ent and in ten se  modeling e f f o r t s ,  most e l e c t r i c  u t i l i t i e s  

a re  r e lu c ta n t  to  undertake th e  development o f end-use models. Another 

disadvantage w ith th e  end-use model is  th e  d i f f i c u l ty  in cap tu rin g  p r ic e  

and income e f f e c t s  on th e  load demand. Econometric modeling is  th e  most 

popular method and re q u ire s  only modest e f f o r t s  f o r  d a ta  development and 

model e s tim a tio n . E valuation of th e  modeling r e s u l t s  w ith w ell-recogn ized  

s t a t i s t i c a l  c r i t e r i a  is  ano ther advantage. Meanwhile, th e  models a re  

aggregate in n a tu re  and can n o t provide th e  d e ta i le d  analyses o f c o n se r

vation  p o lic ie s  and load management m easures. Econometric models a re  a lso  

lim ited  in t h e i r  a b i l i t y  to  respond to  ab rup t change and new tech n o lo g ies  

f o r  energy u se .

Since none o f th e  th re e  modeling approaches can provide an 

ideal s o lu t io n , th e re  have been vigorous e f f o r t s  to  develop an in te g ra te d  

model by combining them f o r  th e  advantages in h e ren t in  each of th e  

methods. The most prom ising and d e s ira b le  way to  model th e  peak load 

demand seems to  be an in te g ra te d  end-use/econom etric  approach. The 

in te g ra te d  models e x h ib it  s t ru c tu ra l  d e ta i l s  which is  th e  s tre n g th  o f 

t r a d i t io n a l  end-use approach w hile m ain tain ing  firm  behavioral foundations 

in th e  economic th eo ry  o f consumer ch o ice . Since th e  models t r e a t  th e  

major app liances in d iv id u a lly  and p ro je c t m arket p e n e tra tio n s , o p e ra tin g  

e f f ic ie n c ie s  and u t i l i z a t i o n  p a tte rn s  of th e  a p p lia n ce s , they  a llow  

e x p l i c i t  re p re se n ta tio n  o f conservation  programs, load co n tro l m easures
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and new tech n o lo g ie s . The in te g ra te d  models a re  a lso  expected to  produce 

a more accura te  fo re c a s t  because th e  d isaggregated  method o f end-use 

modeling is  supplem entary to  th e  aggregated a n a ly s is  o f econom etric 

modeling reducing th e  e r r o r  re su lte d  from aggregation  across  end u se , 

b u ild in g  ty p e , equipment age, e t c .  On th e  o th e r  hand, enormous d a ta  

requirem ents and model e stim atio n  e f f o r t s  d iscourage implementation o f 

th e  hybrid modeling approach. The end-use/econom etric  modeling approach 

has an obvious problem of a f fo rd a b i l i ty  when considered  fo r  use in  a 

u t i l i t y  environm ent.

The end-use/econom etric  model is  viewed as a sp ec ia l case of 

th e  stock-ad justm en t model which belongs to  th e  catego ry  o f econom etric 

modeling approaches. Since th e  in te g ra te d  modeling approach is  a d i s 

aggregated version  o f th e  stock-ad justm ent modeling method, th e  s to ck 

ed justm ent model has th e  p o te n tia l  to  evolve to  a m icroeconom etric end- 

use model by in c reas in g  th e  level o f d isag g reg a tio n  as more end-use and 

load resea rch  d a ta  become a v a ila b le .  In ad d itio n  to  a modest requirem ent 

f o r  d a ta  and fo r  modeling e f f o r t s ,  an advantage o f th e  stock-ad justm en t 

model over th e  in te g ra te d  model is  th a t  s e n s i t iv i ty  analyses of th e  

exp lanato ry  v a ria b le s  a re  r e la t iv e ly  s tra ig h tfo rw a rd  because th e  econo

m e tric  model handles th e  system peak load as an ag g reg a te , not through 

th e  s e c to ra l energy s a le s  models, as th e  in te g ra te d  modeling approach 

d o es .

A stock-ad justm en t model o f peak load demand has been developed 

in t h i s  s tu d y . The model is  macroeconometric and d iv id e s  th e  e n t i r e  

p rocess  of e l e c t r i c i t y  demand form ation in to :  1 ) th e  sh o rt run 

c h a rac te riz ed  by v a ria b le  u t i l i z a t io n  r a te s  but f ix e d  appliance s to c k .
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2 ) th e  long-run adjustm ent fe a tu re d  by v a ria b le  u t i l i z a t i o n  and app liance  

stock adjustm ent and 3) th e  long-run eq u ilib riu m  s ta g e . Since th e  model 

is  aggregate  in n a tu re  and does not re q u ire  d e ta i le d  app liance  stock d a ta ,  

i t  is  n o t d i f f i c u l t  to  implement in a u t i l i t y  environm ent. In th e  double

log model developed in th e  s tu d y , th e  sh o rt-ru n  demand f o r  e l e c t r i c i t y  

a t  th e  tim e o f peak has c o n s ta n t w eather e l a s t i c i t y  bu t v a r ia b le  e l e c t r i 

c i ty  p r ic e  e l a s t i c i t y .  The p r ic e  e l a s t i c i t y  o f th e  uncompensated demand 

fo r  e l e c t r i c i t y  g e ts  la rg e r  w ith  an in c rease  in th e  p r ic e  o f e l e c t r i c i t y  

i t s e l f .  The long-run adjustm ent model becomes a com bination o f th e  s t a t e -  

adjustm ent model o f Houthakker and Taylor and th e  g eo m etrica lly  d is t r ib u te d  

lag model o f Koyck. The long-run adjustm ent model involves an o v e r id e n ti

f ic a t io n  problem with th e  lagged w eather v a r ia b le  c o e f f ic ie n t s .  The 

problem can be solved by removing th e  w e a th e r-se n s it iv e  p o rtio n  from th e  

load demand o r w eather-norm alize th e  demand before  e s tim atin g  th e  model. 

Since th e  model is  d o u b le -lo g a rith m ic , e l a s t i c i t i e s  o f th e  demand are  

d i r e c t ly  rep resen ted  by th e  c o e f f ic ie n ts  o f th e  corresponding v a r ia b le s .

In th e  long-run  e q u ilib riu m , th e  a c tu a l lev e l o f th e  app liance  stock 

reaches a d e s ired  le v e l .  Because o f th e  p e r fe c t ad justm ent o f th e  

app liance  s to c k , e l a s t i c i t y  o f th e  load demand ten d s to  be la rg e r  in 

th e  long-run eq u ilib rium  s ta g e  fo r  th e  economic and demographic fa c to rs  

included in  th e  model. Changes in w eather co n d itio n s  a f f e c t  th e  level 

of peak load by changing th e  w e a th e r-se n s itiv e  ap p lian ce  u t i l i z a t io n  

r a t e s .  S ince weather v a r ia b le s  a re  be lieved  to  have no impact on the  

volume o f e x is t in g  app liance  s to ck , w eather e l a s t i c i t i e s  o f th e  demand 

a re  held c o n s ta n t throughout th e  th re e  tim e h o rizo n s .
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In o rd e r to  be used p ra c t ic a l ly ,  th e  th e o re t ic a l  model sp e c i

f ic a t io n s  must be ad justed  and re f in e d . Assuming ra t io n a l  consumption 

behav io r, a l l  th e  nominal v a r ia b le s  a re  converted in to  re a l  te rm s . When 

e lab o ra ted  f o r  r e a l  world s i tu a t io n s ,  th e  concept o f dynamic ex p ec ta tio n s  

is  added in to  th e  long-run models by using th e  1 2 -month weighted moving 

average values f o r  p ric e  and income v a r ia b le s .  Although th e  p r ic e  v a r i 

ab les  in th e  demand model a re  average revenues, th e  d is t r ib u te d  lag 

s tru c tu re  o f th e  re a l  values p reven ts th e  problem of s im u ltan e ity  and 

id e n t i f ic a t io n .  The p r ic e  v a r ia b le s  are lagged by a month to  tak e  account 

o f th e  tim e lag between th e  a c tu a l use of energy and th e  b i l l i n g .  A 

g re a t deal o f e f f o r t  has been made to  d e ta i l  th e  w eather-load  r e la t io n s .

The stock -ad justm en t model o f peak demand nas been estim ated  

f o r  th e  Lincoln E le c tr ic  System (LES) using a t im e -s e r ie s  d a ta  fo r  January 

1909-December 1982. Since th e  use of tim e -s e r ie s  d a ta  f o r  th e  sh o rt-ru n  

model e s tim atio n  has a d i r e c t  c o n f l ic t  w ith th e  f i x i t y  o f c a p ita l  s tock  

assumed in th e  sh o r t ru n , th e  load growth induced by th e  change in a p p l i 

ance stock  i s  separa ted  by u t i l i z in g  a y e a r ly  growth tre n d  v a r ia b le .

A fte r ev a lu a tin g  th e  em pirica l estim atio n  r e s u l t s ,  th e  fo llow ing  conclu

s io n s  a re  drawn:

1) F lu c tu a tio n s  of th e  monthly peak demand in th e  sh o r t run a re  m ainly 

caused by w eather v a r ia t io n s .

2) Due to  a p a r t i a l  o p era tio n  o f e x is t in g  a ir -c o n d it io n e r s ,  summer-weather 

v a r ia b le  c o e f f ic ie n ts  f o r  A pril and May peak demand a re  s ig n if ic a n t ly  

lower than  th e  same c o e f f ic ie n ts  fo r  th e  mid and la te  summer m onths.

3) A ir tem peratu re  is  th e  most powerful w eather v a r ia b le  determ ining th e  

lev e l o f monthly peak lo a d . In a d d itio n , wind speed has a s ig n if ic a n t
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impact on th e  winter-month loads w hile hum idity has a v i ta l  e f f e c t  

on th e  mid and la te  summer-month lo ad s .

4) The im portance o f both cold and warm w eather b u ild -up  e f f e c t s  is  

dem onstrated by th e  s ig n if ic a n t  e f f e c t  o f th e  24-hour moving average 

tem peratu re  v a r ia b le s .  Although wind speed shows some accum ulation 

impact on th e  heating  load in extrem ely cold w eather s i tu a t io n s ,  

hum idity does not seem to  have a n o tic e ab le  bu ild -up  e f f e c t  on th e  

coo ling  lo ad .

5) No w in te r  weather bu ild -up  e f f e c t  is  d e tec ted  in seasonal t r a n s i t io n  

months, A pril and O ctober. However, th e  summer w eather s to ra g e  e f f e c t  

is  s t i l l  s ig n if ic a n t  in  th e se  two swing months.

6 ) The co nserva tion  a c t i v i t i e s  includ ing  improvements in app liance  

e f f ic ie n c y  induced by th e  energy c r i s i s  has re s u lte d  in a co n sid e rab le  

amount o f load reduc tion  s in ce  1976.

7) P rice  e l a s t i c i t y  o f th e  peak load demand is  f a i r l y  low and most o f 

th e  p r ic e  e f f e c t  i s  through a sw itch between e l e c t r i c  and n a tu ra l gas 

a p p lia n c e s . P rice  e l a s t i c i t y  o f  th e  sh o rt-ru n  demand is  a c tu a lly  

reduced by extreme w eather s i tu a t io n s  a t  th e  tim e o f peak lo a d . The 

e l e c t r i c i t y  p r ic e  v a ria b le  in th e  s h o r t  run has th e  values o f  t - r a t i o  

and c o e f f ic ie n t  c lo se  to  z e ro . The r e la t iv e  p r ic e  o f e l e c t r i c i t y  to  

n a tu ra l  gas in th e  long-run adjustm ent model a lso  shows a very low 

c o e f f ic ie n t  but a s ig n if ic a n t  t - s t s t i s t i c .

8 ) Per c a p i ta  re a l personal income and population  o f th e  u t i l i t y  se rv ice  

area  a re  two im portant f a c to r s  determ ining th e  le v e l o f peak load in 

th e  long ru n .

9) The ap p lian ce  stock -ad justm en t process is  confirmed by a p o s it iv e
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c o e f f ic ie n t  and a s u f f ic ie n t ly  la rge  t - r a t i o  of th e  lagged dependent 

v a ria b le  in  th e  long-run adjustm ent model.

10) While th e  income e l a s t i c i t y  o f th e  peak demand becomes la rg e r  than 

1 .0  in th e  long-run e q u ilib riu m , th e  p r ic e  e l a s t i c i t y  i s  s t i l l  

n e g lig a b le .

The fo re c a s tin g  perform ance of th e  estim ated  model equations has 

been evalua ted  by sim ulating  th e  monthly peak loads in 1983. The p e r fo r 

mance tu rn s  o u t to  be reasonab ly  good except f o r  th e  w in te r months when 

th e  u t i l i t y  system  experienced some unusual growth of heating  load . The 

estim ated  model equations a ls o  have been used to  p re d ic t  th e  annual peak 

loads f o r  1984-2000. Comparison o f th e  model fo re c a s ts  w ith th e  e x is t in g  

and committed power supply re so u rce s  t e l l s  t h a t  th e  u t i l i t y  system w ill 

have a power supply shortage a f t e r  1994 w ithout in c rease  in genera tion  

cap ac ity  o r purchase committments. The model e s tim atio n  r e s u l t s  provide 

some in te r e s t in g  po licy  im p lica tio n s  fo r  peak-load p r ic in g . For example, 

since  th e  e stim ated  p ric e  e l a s t i c i t i e s  of peak load a re  considerab ly  le s s  

than  th e  p r ic e  e l a s t i c i t i e s  o f energy s a le s  which were s e p a ra te ly  estim ated  

by th e  u t i l i t y ,  increased peak p r ic e  w ith decreased  o ff-p eak  p r ic e  w ill  

increase  energy s a le s  both a b so lu te ly  and r e la t iv e ly  to  system peaks.

Total revenue o f  th e  u t i l i t y  w il l  increase  and fu e l c o s t  f o r  power 

g eneration  w il l  be reduced th rough a s h i f t  in  th e  resou rce  mix toward 

base-load p la n t s .  The extrem ely  low p ric e  e l a s t i c i t i e s  o f th e  peak demand 

a lso  imply t h a t  a sharp d if fe re n c e  between peak and o ff-p eak  p r ic e s  

may be req u ired  to  see any n o tic e a b le  e f f e c t  o f th e  load c o n tro l through 

p ric e  mechanism. From an o th er view p o in t, th e  sh o rt-ru n  model has a 

good p o te n tia l  to  be used to  analyze th e  impact o f d i r e c t  w eather-
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s e n s it iv e  load co n tro l programs, such as tim e-based cycling  of re s id e n 

t i a l  c e n tra l  a i r  c o n d itio n e rs .

Although th e  monthly peak demand modeling study has been completed 

w ithout any mojor problem, use o f a t im e -s e r ie s  d a ta  f o r  th e  sh o rt-ru n  

model e s tim a tio n  is  s t i l l  a concern . The per c a p ita  income v a r ia b le  is  

considered to  be a good exp lana to ry  v a ria b le  f o r  th e  sh o rt-ru n  demand. 

However, in c lu s io n  o f th e  income v a ria b le  in th e  sh o rt-ru n  equation  w ill 

subsequently  b ring  a lagged income v a ria b le  in to  th e  long-run adjustm ent 

model as in  th e  case  o f th e  e l e c t r i c i t y  p r ic e  v a r ia b le . When a t im e -se r ie s  

da ta  is  used , th e  c u rre n t and th e  one-month lagged income v a r ia b le s  are  

. l ik e ly  to  have a c o l l in e a r i ty  problem . Along w ith th e  same problem between 

th e  c u rre n t and th e  lagged p r ic e  v a r ia b le s ,  th e  long-run adjustm ent model 

estim atio n  w ill  r e s u l t  in chaos. I f  a c ro s s -s e c tio n  d a ta  i s  a v a i la b le ,  

an ideal case  is  using th e  c ro s s -s e c tio n  d a ta  f o r  th e  sh o rt-ru n  model 

e s tim atio n  and a pooled c ro s s - s e c t io n /t im e -s e r ie s  d a ta  fo r  th e  long-run 

adjustm ent model e s tim a tio n .

As more end-use and load re sea rch  d a ta  become a v a i la b le ,  th e  

stock-ad justm en t model o f peak demand can g rad u a lly  evolve to  an in te 

g ra ted  end-use/econom etric  model by in c reasin g  th e  lev e l o f d isag g reg a tio n  

fo r  both th e  u t i l i z a t i o n  r a te  and th e  app liance  s to c k . The f i r s t  s tep  to  

th e  in te g ra te d  model can be made by in co rp o ra tin g  th e  w eather v a r ia b le s  

w ith th e  e l e c t r i c  space-hea ting  and a ir -d o n c itio n in g  s a tu ra t io n  v a r ia b le s .  

Besides th a t  w e a th e r-se n s it iv e  load ta k es  a s iz a b le  p o rtio n  o f  th e  peak 

load , th e  seasonal component o f th e  load is  e a s i ly  sep a ra b le . Furthemore, 

th e  s tocks o f  w e a th e r-se n s it iv e  ap p lian ces  and n o n -w ea th er-sen s itiv e  

app liances a re  l ik e ly  to  grow a t  d i f f e r e n t  r a t e s .  For example, income
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and p rice  e l a s t i c i t i e s  of th e  a i r  co n d itio n e rs  which a re  near s a tu ra tio n  

a re  expected to  be much lower than  th e  e l a s t i c i t i e s  o f o th e r  e l e c t r i c  

ap p lian ces, such as e le c t r i c  cooking and home en terta in m en t a p p lia n ce s . 

The w e a th e r-se n s itiv e  po rtio n  o f th e  peak load in  th e  long run w ill  be, 

th e re fo re , more a cc u ra te ly  exp lained  by d i r e c t ly  r e la t in g  th e  w eather- 

induced change in  u t i l i z a t io n  r a te  to  th e  v a ria b le  stock  o f space- 

cond ition ing  ap p lia n ce s . The app liance  s a tu ra tio n  v a ria b le s  a re  prepared 

as a composite r a t e  which ta k es  account o f both th e  number o f u n i ts  and 

load cap ac ity  f o r  d i f f e r e n t  ty p es  of th e  ap p lian ces .

As an i l l u s t r a t i o n ,  a composite s a tu ra tio n  r a t e  o f r e s id e n t ia l  

a i r  co n d itio n e rs  is  c a lc u la te d  by 1 ) c a teg o riz in g  th e  r e s id e n t ia l  a i r  

co n d itio n e rs  in to  c e n tra l u n its  and window u n i t s ,  2 ) d isag g reg a tin g  th e  

type  o f housing served by th e  a i r  co n d itio n e rs  in to  s in g le -fa m ily  and 

m u ltip le -fam ily  dw elling  u n i t s ,  3) assign ing  ty p ic a l values o f p o te n tia l  

load (KW) f o r  each o f th e  d i f f e r e n t  types o f a i r  co n d itio n e rs  in d i f f e r e n t  

housing ty p e s , 4 ) c a lc u la tin g  th e  sum of p o te n tia l  loads f o r  a l l  o f th e  

e x is t in g  a i r  co n d itio n e rs  and 5) d iv id in g  th e  to t a l  p o te n tia l  load of 

th e  e x is t in g  a i r  co n d itio n e rs  w ith th e  maximum p o ss ib le  p o te n tia l  lo ad .

The maximum p o ss ib le  p o te n tia l  load is  estim ated  by m u ltip ly in g  th e  

ty p ic a l value o f load cap ac ity  f o r  a c e n tra l  a i r  c o n d itio n e r in a s in g le 

fam ily  housing w ith  th e  to t a l  number o f housing u n its  in  th e  u t i l i t y  

se rv ice  a re a . For th e  a i r  c o n d itio n e rs  in commercial and in d u s tr ia l  

e s tab lish m en ts , th e  composite s a tu ra tio n  ra te s  can be c a lc u la te d  by using 

th e  inform ation o f a i r  c o n d itio n e r cap ac ity  and th e  f lo o r  space d a ta  of 

c u rre n tly  a ir-c o n d itio n e d  a rea  versus t o t a l  p o te n tia l  a rea  f o r  a i r -  

co n d itio n in g . The to t a l  com posite s a tu ra tio n  r a te  f o r  th e  u t i l i t y  system



133

w ill be ob tained  by aggregating  th e  r e s id e n t i a l ,  commercial and in d u s tr ia l  

s a tu ra tio n  ra te s  weighted w ith th e  volume o f summer-seasonal energy sa le s  

to  each s e c to r s .  Once a composite a ir-c o n d itio n in g  s a tu ra tio n  r a t e  is  

prepared , th e  summer w eather v a r ia b le s  in th e  sh o rt-ru n  model w ill  be 

rep laced  by th e  products o f th e  s a tu ra tio n  r a te  and th e  w eather v a r ia b le s .  

A composite sp ace-hea ting  s a tu ra tio n  v a ria b le  can be prepared in  th e  same 

way described  above and can be combined w ith th e  w in te r w eather v a ria b le s  

in th e  long-run adjustm ent model. The stock-ad justm en t model can be 

fu r th e r  re f in e d  by u t i l i z in g  more inform ation about end u ses , such as 

th e  production  p rocesses and fu e ls  used by th e  in d u s tr ia l  consum ers.

The p rep a ra tio n  o f an adequate d a ta  base f o r  th e  end-use v a r ia b le s  is  

requ ired  to  improve th e  model.
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