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EXECUTIVE SUMMARY 

The purpose of this study is to provide a better understanding of 

the factors that affect household’s choices of indoor temperature levels. 

Of particular interest, is whether or not households choose higher indoor 

temperature levels after a weatherization. Such behavior is likely 

because an increase in the structural efficiency of the home results in a 

decrease in the cost of a given level of heat. The term “takeback 

effect” has previously been used to refer to the tendency of households 

to “take back“ some of the potential conservation savings in the form of 

increased comfort. 

In this analysis, a theoretjcal model, based on household production 

function theory, is developed to determine what factors might affect 

household temperature choices, This model is then estimated using 

monitored indoor temperature data on 252 homes that were weatherized 

through the Hood River Conservation Project (HXCP). Three alternative 

econometric models are utilized to sort out the factors that explain 

variation in average temperature levels among the sample hanies and the 

factors that explain changes in temperature levels within individual 

households over time. 

This analysis reveals that the HRCP residential retrofits resulted 

in a statistically significant increase in indoor temperature levels. 

Assuming the average level of increase in efficiency among the sample 

homes, these results imply a .6”F average increase among the sample 

homes. Although this level of increase is statistically significant, it 

is quite small, accounting for only 6.4% of the gap between the predicted 

and actual savings of the project. The level of takeback observed in low 

xi 



income households is y i g n i f i c a n t l y  h igher  than i n  m i d  Ind h igh  income 

liouseliolds. The average level oE takrbask among low income horncs is 

.9"F,  as opposed t o  ths .6"F i n c r e a s e  observed i n  t he  sample  as a whole. 

Homes t h a t  used elect t i c i t y  as  thelt- sole  heai ing f i i d  had s i  g n i f i i  a n t l y  

lower levels of i .ak~back,  averagiog . 3 O F .  

I n  a d d i t i o n  t o  tile f ind ings  on takeback? t h i r  a n a l y s i s  reveals that: 

marginal  e l e c t r i c i t y  p r i c e s  are significanr i n  exp la in ing  changes i n  

househol d tenperatlire choice  over t i n i t ? ,  and indoor t e m l ) r * i  ature l e v e l s  

t end  t o  be s i g n i f i c a n t l y  k e r  i n :  l a r g e  homcs, low income households,  

houqeholds in thi* high  educa t ion  ca legory ,  and households t ha t  b e l i e v e  

t h n t  t h e  main reason t o  conservo_ energy is t o  save money. Fu r the r ,  

indoor  temperature  Jeve l s  tend  t o  be  s i g n i f i c a n t l y  h ighex  i n  homes thaL 

h e a t  wi th  mod,  and i n  homes whose occupants s t a l e  t h a t  they f i n d  it 

d i f f i c u l t  io be comfortable  a t  temperaturrr levcls 01 68°F o r  less, 

ccteris paribus. F i n a l l y ,  t h i s  r epor t  provides  p re l imina ry  ev idence  t h a t  

outdoor temperature  levels had less e11ect on indoor  temperatures 

following t h c  r e t r o f i t  s than i n  L i i e  p r e - r e t r o f  it perid. 'fiiis evidence 

suggests t h a t  the retrofits decreased tlie s e n s i t i v i t y  of indoor 

temperature  l e v e l s  t o  changes i n  outdoor teinperatclre l e v e l s .  

x i i  



ABSTRACT 

The o b j e c t i v e  of  t h i s  s tudy i s  t o  determine whether o r  riot households 
choose h ighe r  w in te r  indoor temperature l e v e l s  a f t e r  t h e i r  houses have been 
made more energy e f f i c i e n t .  A t h e o r e t i c a l  model f o r  exp la in ing  household 
temperature  choice  is developed us ing  a household product ion  func t ion  
approach. A means model, f i x e d  e f f e c t s  model, and random effects model a r e  
used t o  s o r t  ou t  t he  observed v a r i a t i o n  i n  the pooled c r o s s - s e c t i o n / t i m e -  
s e r i e s  d a t a  set of  monitored indoor temperature  l e v e l s .  

T h i s  a n a l y s i s  r e v e a l s  t h a t  the HRCP r e s i d e n t i a l  retrofits resulted i n  a 
s t a t i s t i c a l l y  s i g n i f i c a n t  i nc rease  i n  indoor temperature levels. Assuming 
t h e  average l e v e l  o f  i nc rease  i n  e f f i c i e n c y  among t h e  sample homes, these. 
r e s u l t s  imply a . 6 " F  average inc rease  among the sample homes. The  average 
l e v e l  of takeback among l o w  income households i s  . 9 " F ,  sf; opposed t o  the  
. 6 " F  i nc rease  observed i n  the sample as a whole. Homes t h a t  used 
e l e c t r i c i t y  as t h e i r  s o l e  h e a t i n g  f u e l  had s i g n i f i c a n t l y  lower l e v e l s  of 
takeback,  averaging .3"F. 

x i i i  





1. INTRODUCTION 

There has been a recent trend in the  utility industry towards 

integr'at i ng "conservation energy" resources into the traditional 

power-supply planning framework (Hirst et al., 1986, p .178) .  This trend 

represents a movement toward a more efficient allocation of resources; 

however, the accomplishment of t h i s  objective requires a sound 

understanding of the factors that affect consim-t's energy use dscisions. 

A topic of particular interest is the "takpback effect" associated with 

efficlency increases, ( i .e . ,  Will consumers " t a k e  backrp the potential 

P Z - I Q I - ~ Y  savings a s s x i a t e d  with efficiency improvements by i n c r e n s  ing 

their level of comfort?). Increasing j ndoor Lemperaturt-s is an import-ant 

potential source of takeback behavior. % a n g ~ s  in indosr temperature 

settings will in turn have a substantial impact on household energy use.l 

This paper utilizes a household production function framework t o  

explore  the factors  that a f f e c t  household choice o f  indoor temperatures. 

The housek~ld production function ayproacli i a particularly useful 

framework f o r  investigating the issue of takeback because it formally 

incorporates the role of the household's technology, as well as its 

tastes, as a determinant of behavior. Therefore, a change in structural 

efficiency may be viewed as a change in household technology, and its 

impact on behavior may be assessed. 

The magnitude of the effect of changes in structural efficiency on 

household behavior is determined using an empirical model. This model is 

l A  reduction in indoor temperature from 70" to 68°F will reduce 
annual space heating energy use by 10% in locations with 5,000 heating 
degree days (65°F base) (Hirst et al., 1986, p.  130). 
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estimatd u s i n g  data from the Hood River Conservation P r o j e c t  (tERCP), a 

$20 million conserqation retrofit project implernm1txd in 1100d River ,  

Orcgon in 1983-1986. The purpose of the FJITCP was to dctermine the 

maximum level of conservation that can be obtained from a u t i l i t y  

operated residential ref miit program. The i ssue of takeback Is of 

particular interest  in the Hood River project because studics ~n the 

n c t , i a l  savings obtai tied in the rctrafittcd ~ G U S ~ S  indicate? that those 

5avings are less ‘Lhan one-half of the engineering estiinaies of 

conservation p o t e n t i a l  ( I i i rs t ,  Gogltz, anSI Trumble ,  1987). 

This analysis reveals a small but statistically significant level of 

takeback within the sannple a s  a whole. LOW income households are found 

t o  have significant l.y higher lcvcls of takeback than medium and high 

income hoiiseholds, and households that u s e  oinly electricity as a heating 

fuel have significantly 10~er levels of takeback than households that use 

wmcl as a primary or supplemental f u r l .  In addition, thc impact that 

other factors (e.g. income, education, weather, and attitudes) have on 

household temperature levels is examined. 



2. THE THEORETICAL MODEL 

The household product ion f u n c t i o n  framework w a s  f i r s t  developed by 

Backer (1965) and has s ince  been iised to model households' expendi tures ,  

consnmpticsn, and all-acation of time. I n  this framework, households are 

viewed as "producing" their desired l e v e l  of heat. Analysis of indoor 

temperature levels 5 11 a household production f u n c t i o n  framework is useful 

in determining: what types of factors might. affect indoor temperature  

cho ice ,  the manner i n  which factors affect temperature  choice ( i . e * ,  the 

expected s i g n s  of vaslables i n  the e m p i r i c a l  analysis), and the p o t e n t i a l  

b i a s  created by unobserved factors. This framework r e v e a l s  t h e  

importance sf us ing  pooled cross-section/time-seri~~ data  in examining 

the ef feet of eff i c i e n s y  changes on indoor temperature choice 

particularly i n  an area such as the Mood i n  which many 

households use wood as a h e a t i n g  f u e l .  While the developnent of a 

theoret ical  model of temperature  choice prov ides  insight into the type of 

empirical rnodels which should be e s t ima ted ,  readers, who are unfami l i a r  

w i t h  o r  un i r i t e r e s t . d  i n  household production theory,  may choose t o  jump 

&a S e c t i o n  3 of this report. 

River comunity, 

The household product ion f u n c t i o n  framework differs from t r a d i t i o n a l  

theory in t h a t  u t i l i t y 2  is d e s c r i b e d  as a f u n c t i o n  of "commodities" 

r a t h e r  than market goods. Commodities satisfy needs of the household, 

suck as heat, entertainment, and n u t r i t i o n .  Viewed i n  this framework, 

market goods do not yield utility d i r e c t l y  but are i npu t s  used i n  the 

household's product ion process. 

2 U t i l i t y  may be thought of 

The: household may b e  thought  of ips a 

as s a t i s f a c t i o n .  

3 



s m a l l .  f i rm  t h a t  seeks  t o  "produce" the dps i r ed  cornniiodities a t  a iiiinimum 

cost. 

O f  p a r t i c u l a r  i n t e r e s t  i n  t h i s  s tudy  is t.he household's dhlrnaa-td f o r  

heat.  The process  by which the household chooses the level of heat t o  

produce may be formally descr ibed  in a household product ion frai iework by 

the fol lowing model. The household's u t i l i t y  is descr ibed as a function 

of the l eve l  of heat, Zh, and the levcl of all oLlier commodities that it 

consuiies, Z,, I n  a d d i t i o n ,  i t  is assumed t h a t  the time tha t  the 

household spends i n  t h e  produc'lion of Zl1 and Z, are a d i r e c t  soutce of 

u t i l i t y  ( o r  d i s u t i l i t y ) ' ;  therefore, t he  t ine inpu t s  irnLo Zh an? Zo (tl 

and t2 respt3ctivel.y) c r e a t e  two new comnodities,  Z 1  .ind Zzl which appear 

i n  the u t t l i t y  func t ion :  

IT U(Zh, Z,,,, Z1, Z2).  (1) 

The household seeks  to maximize t h i s  u t i l i t y  func t ion  subject- t o  its 

a b i l i t y  t o  produce Zl1. Z,, Z1, and Z? as reflected i n  t h e  product ion  

func t ions  ( 2 )  - ( 5 )  and a budget c o n s t r a i n t  ( 6 ) .  

zh z= fh(F,tll w , s , E )  ( 2 )  

z1 = f l ( t 1 )  ( 3 )  

z, =: f,(X,,t2) ( 4 )  

z2 = f2(t2) (5 )  

Y w(F-tl-tz) f A FfF -1- Pox, ( 6 )  

3The formal model descr ibed  here is  a modified ver s ion  of the one 
used by Deyak and Smith (1978) i n  desc r ib ing  households' consumption of 
recreation s e r v i c e  flows. 

4€louseholds that heat with wood may use a s i g n i f i c a n t  mount  of 
t h e i r  own t i m e  i n  the product ion of h e a t ,  



where : 

F = fuel, 

tl 

W = weather, 

S = house size, 

E = efficiency of the house and heating equipment, 

xo = market goods used in producing Z,, 

“2 = time spent in producing Zo, 

Y .- total income, 

w = wage rate, 

t = total amount of time available, 

A = assets, 

Pg = price of fuel, 

Po = price of market goods, xoe 

Note that the weather, the size of the house, and the efficiency of 

t h e  house and heating equipment appear as given factors, rather than 

choice inputs, in the production function f o r  the lewd of heat (equation 

2). Weather is exogenous to the household i n  the  short-run (households 

may choose weather conditions in the long-run by moving to warmer 

climates) and is, therefore, not  a choice input that the household may 

control in producing heat. Likewise, the size of the house and the 

efficiency of the house and heating equipment are variables which are 

fixed in the short-run. Although these fixed factors of production will 

affect the cost of obtaining a given level of heat, they are not choice 

variables that the household has control over in the short-run. 

= time spent i n  producing zh, 

I 
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A parallel problem f o r  Liie household is to minimize the cost of 

yields a minimum cost function fo+ commodities: 

c = C ( e h , Z , , % 1 , ~ 2 , P f 3 P o , Y , S , F , t )  ( 5 )  

The link between the utility maximization process and the cost 

minimization process occurs when the p r i c ?  of each ronmodity is defined 

by its rnargi:ial cost (Dsyak and Smith ,  19783: 

- 'j - a c / a z j  
w h e r e :  

rj = the price of commodity j. 

Pol lack  and !dstctrtrr (1975) have q u e s t i o r t ~ d  the ~ s e f u h e s s  O P  the 

household production function framework in cases i n  which the cormodity 

production function d w s  n o t  exhibit canstarit returns to scale or 

comodities are jointly producrd.5 As a resixit of joint. production or 

non-constant returns to scale, commodity prices are not parameters to the 

household but are a function of the quantity of the jth commodity (and/or 

the joint commodiLy) that the household chooses to produce. Pollack and 

Watchter (1975) argue that "if implicit commodity prices depend on the 

commodity bundle consumed theii the commodity demand relations correspond 

to those in a model in which consumers are monopsonists o r  are offered 

tie-in sales, and there are virtually no substantive results for these 

cases" (g.258). In this analysis, it is not claimed that the restrictive 

assumptions of constant returns to scale and no joint production hold. 

%onstant  returns to scale indicate t ha t  a doubling of the input 
will result in a doubling of the output. Joint production occurs when an 
input in a production process is also a direct argurnent in the utility 
function. 
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However, it i s  argued t h a t  by making o t h e r  less r e s t r i c t i v e  assumptions 

t h e  impact of changes i n  technology o r  goods p r i c e s  on commodity demand 

m a y  be determined. 

First,  l e t  us begin by examining t h e  impl i ca t ions  of non-constant 

r e t u r n s  t o  scale .  In t h i s  case, commodity p r i c e s  ( r . )  w i l l  depend on the 

1 2 w e . l  of the conunodity produced and, as Pollack and Watchter point. ou t ,  

J 

'j become an endogenous v a r i a b l e  (e,g, 

w i l l  i n c r e a s e  as the amount of commodity j produced i n c r e a s e s ) .  Deyak 

arid Smith (1978), however, demonstrate that i n  t h e  case of non-constant 

wi th  dec reas ing  r e t u r n s  t o  sca lp ,  

ca tu rns  t o  scalep a reduced form model may be used t o  o f f e r  an 

a l t e r n a t i v e  i n d i r e c t  means of evaluating a household 's  behavioral 

response. I l l u s t r a t i n g  Deyak and Smith 's  argument i n  t h e  context o f  our 

problem, we may w r i t x  the demand f o r  hea t  i n  t i m e  p e r i o d  t ips follows: 

Z l , i t  = "1 + ~ t 2 Y i t  i ~ 1 3 T i t  C. a/+rhit  6. z i t  ( 7 )  

where: 

Y i t  = full income of household i i n  t i m e  per iod  t ,  

Tit = taste r e l a t e d  v a r i a b l e s ,  

qlit = t h e  p r i c e  of Zhi, 

~ i . ~  = s t o c h a s t i c  e r r o r .  

S ince  the household "produces" its own heat, t h e  "pr ice"  of h e a t  t o  

t h e  household, r h i t ,  is equa l  t o  t h e  marginal cost. of producing h e a t .  

The marginal  c o s t  equa t ion  is v-iewed as t h e  hauseho ld ' s  i n d i v i d u a l  supply 
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where the variables are as previously defined and T~ represents 

stochastic error. Note that t h e  pr ice  of heat En time period t i s  a 

func t ia r i  of the household’s chosen l e v e l  of heat i n  tine period t, Zhit; 

therefor-P, cons t an t  returns to scale are not assumed i r i  LIE production of 

heat. For now, the potential problems presented hy ?he prcserice of joint 

production (indicatrd by the presence of Z l i t  in thp supply equatjon) 

w j l l  be overlookcd anti VP w i l l  assume t h a t  Zlit j s  exogenous. 

Equat ions (11 and  ( 8 )  m a y  now be solved i n  terms of i h e  variables 

o u t s i d e  ?he h o ~ ~ e h a l d ‘ s  control, ( i . e . ,  the dcmznd for lieat i n  p c r i o d  i, 

z h i t r  ant3 t ‘ n ~  price of a unit of heat: i n  p e r i o d  t, q , i tY  may be written 

as 2 f u n c t i o n  of the exogenous variables): 
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Although it is not possible to estimate the parameters of the demand 

and supply equations (equations 7 and %), it is possible to predict 

behavioral responses to changes in the demand and supply determining 

factors. Since our interest is in determining the factors that affect 

household choice of indoor temperature levels, our analysis will consist 

of estimating the reduced form equation (9). By making reasonable 

assumptions about the signs of the parameters in the demand and supply 

equations, the a priori effect of a change in efficiency may be 

determined. It is assumed that Pz > 0 (decreasing returns to scales). 

It is also assumed that increases in the efficiency of the house reduce 

the price of heat (I35 < 0) and that increases in the price of heat 

decrease the quantity of heat that is demanded (a4 < 0). Based on the 

assumptions: 

Increases in the tructu 1 efficiency of the home or the heating 

equipment are expected to increase the quantity of The 

actual direction and magnitude of this response, along with the variation 

iim beat level chosen due to changes in the price of heating fuel, 

weather, income, and taste related variables, will be determined by an 

empirical model. 

heat demanded.6 

Now let us return to the implications of joint production. As 

previously discussed, households that heat with wood are likely to use 

6An exception to this may occur if a household is already at  its 
"bliss point", (i.e., the temperature that it would maintain if it was 
not subject to a budget constraint). In this case we would not expect u4 
to be less than zero. 
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t h e i r  own L i m e  i n  t I w  product ion of hFn’ (e.g. chopping wood). S ince  

t h e  spent  i n  h e a t  plclduction r c l a t e d  a c t i v i t i e s  (tl) i s  rrot l i eu t r a l  but 

i.; a qourcc of i i t i l i t y  or d i s u t i l i t y ,  t h i 5  rime creatcas a by-product 

( Z l i i - )  vh i ch  appear? a s  an added c o s t  f a c t o r  i n  t h e  household’s  supply 

equatiorL (eqiiat;on 8 ) .  As Pollack and W,tchi::r (1375) p o i n t  o u t ,  

rommoiiity p r i  C I C S  now ref l o c t  houc;ehold preferen  as v~11 as c o n s t r a i n t s  

p o i n d  by t h e  housrhold’s t r  ology and  goods p r i c e s ,  S ince  the  love1 of 

i i t i l i t y  o r  d i s u i i l i t y  a s soc ia t ed  l e 7 i t h  tiiiic spen t  i n  th;? product ion  oE 

heat ( e .  g .  , ~-1iopping wood) is likely t o  be *mobservsb? e, t h i s  s i t u a l i o n  

{nay pose  s i g t ~ i f i c a n l  problem< F o r  cross-sectional a n a l y s i s .  Differences 

i n  indoor tempcrat u r e  lev‘ - t h a t  drp caused by di€fercnc.es i n  household 

tas tes  ( i . e . ,  “ i t )  may be wrongly a t t r i b u t e d  i o  differenrps in household 

T cc-hnology . T t  i s  a c g w d  here, howcvpr: t h a t  this typc  of j o i n t  

product ion does no t  pose a inajor problem i n  examining changes i n  

household behavior  -____I- over t i m e .  I f  it can be assumed Lhat: (1) Z1 is 

consumed on ly  a s  a by-produci. of Z ~ S  (2) Z l i e  is  cons t an t  over tha tirne 

per iod  being cons idered  (two yea r s ) ;  and ( 3 )  t h a t  t h e  pe r  u n i t  l eve l  of 

u t i l i t y  a s s o c i a t e d  wiyh a u n l t  o f  t i m e  s p e n t  i n  heat psoducing a c t i v i l i e s  

is cons tan t  ( i . e . ,  there  are cons t an t  r c t u r n s  t o  scale i n  the product ion  

of Z,), then  Z l i t  becomes a f j x e d  parameter t o  the household and changes 

i n  household tempera tures  over  time may be  viewed as a func t ion  of 

c-hanges i n  goods p r i c 9 s  and t h e  household’s  technology. 

F i n a l l y ,  l e t  LIS cons ider  o t h e r  p o t e n t i a l  sources  of j o i n t  

production. As i n d i c a t e d  i n  equat ion  (81, the p r i c e  of h e a t  f o r  house i, 

‘hit9 i s  a func t ion  of t h e  s i z e  of house i. The s i z e  of the house is 

also l i k e l y  t o  be a d i r e c t  argument i n  tlic u t i l i t y  func t ion .  However, 
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t:’his does n o t  pose a joint product ion problem s ince  the size o f  the house 

i s  f i x e d  pr.i.or t o  the cho ice  o f  the indoor temperacure s e t t i n g . .  T 

Tirerefore, Sitp may be considered as exogenous t o  the househo1.d i n  the  

short. run. 0-ther act . i .vit ies of the  household, such as cooking and 

ent.ertainmE:nt, w i l l  affect .  t h e  cost  of achievi.trg a given level. of heat. 

s-l.nce these R C t l L V i t i e s  p-t-oduee heat.. However, the amourit o f  heat 

generated by t h e s e  a c t i v i t i e s  i s  assumed t o  be i n s  lgnificant and these 

a c t i v i t i e s  do not  appear  i n  t h e  sirnppI.y equa t ion  ( 8 ) .  

The a n a l y s i s  o€ indoor tempe-i-at~rc.- choice i n  Lhe conteatt of  the  

household product ion framework has revealed t h a t  t h e r e  i s  n o t  s u f f i c i e n t .  

information a v a i l a b l e  t o  estimate a demand equat ion f o r  hea t .  However, 

by estiiiiatizig a rc?rliic:ed form eqixat.ion the behav io ra l  response t o  changes 

i n  tastes, p r i c e s ,  and L-echnolsgy may be determined. The empirical 

ana1ysi.s sect- ion of this r epor t  wi. l l  explore  alternnt..i .ve ways of 

estimating the  a p p r o p r i a t e  reduced f o ~ n  equation (equat ion 9 ) .  The 

household production fune t  ion framework a l s o  r evea led  t h e  impo rt-ance of 

i ising pooled c ross -sec t ion / t ime-ser ies  da t a  i n  e s t ima t ing  equation 9 and 

the expected impact of i n c r e a s e s  i n  struct.ura1 e f f i c i e n c y  on indoor 

temperature levels. 

’An exception to this occurs for houses that have zone heating 
opt ions. 





3 .  THE DATA 

The sample used in this study consisted of 252 househo1.d~ in Hood 

River, Oregon, Monitored indoor temperature data and survey data were 

available on each household along with weather data from three different 

weather stations in the Hood River area. These data were available 

through the  Hood River Conservation Project (HRCP), a $20 million, 

three-year residential retrofit demonstration project. This project w a s  

designed to determine the maximum limits of a utility-operated 

residential retrofit program (Goeltz and Wirst, 1986). Through the MKCP, 

all households in the town and county of Hood River Oregon that had 

permanently installed electric space-beating equipment were eligible to 

receive free home retrofits. A total of 2,989 homes w e t - e  weatherized 

through the project, representing a total of 85% of all eligible 

households (Kaplon and Engels, 1386). A ranclam sample of 319 of the 

weatherized homes were selected for intensive monitoring in order to 

determine program induced savings. This analysis utilizes monitored 

indoor temperature data, survey data, and outdoor weather data on t he  

monitored homes. Due to missing data, 67 of these homes were eliminated 

from the analysis, leaving observations on 252 households. 

Monitored indoor temperature data at the 15 rninute level were 

available on the sample hones for one year prior to the retrofit and one 

year following the retrofit. Although indoor temperature data were 

available at a very disaggregate level, only variation in monthly average 

indoor temperature levels was examined in this analysis. This decision 

was made because lilrtle data were available to explain variation in 

indoor temperature levels at a less aggregate level of analysis. Outdoor 

13 
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tcmpsra'iiire ieadings at the 15 minu te  level. were a1.so avai1abl.e; however, 

bccause of the frequency of m i s s i n g  data, t -h i s  variabls was fe ' l t  to be 

 mor^ reliable at a monLhly average level. No o ther  variables available 

for t h e  a n a l - y s i s  were capable of explaining variatioii in indoor 

temperature s e t t i n g s  at such a detai Sed level, While iiidoor Cemperature 

r ead ings  we~e  used af_ a monthly level. i n  the econometz-i.c analyses focuser! 

on i l i  this report (where the focus was on explaining variation i.n 

temperature choice) the  availability of less aggregate lijvels w a s  use5uI- 

in observing the temporal patterns of temperature 1 e ~ i l . s  in the  prr- and 

p o s t  -retrof it heating seasons (see Appendix A ) .  

In order to determine the effect  of the L - e t r o f i t  on indoor 

ternperat-ure settings, average month1.y temperature readings on each 

househo1.d d u r i n g  the months of November, ~Iecernber, January, and February 

of the p ~ e -  and post-retrofit heating season were utilized, providing 

eight observations on each househol.d's temperature choice. The climate 

of the Hood River area does not call f o r  significant levels of summer 

cool ing;  the-cefore, the effect of the retrofit on use of air-conditioning 

was not examined. 

The data set provides a particularly good opportunity to estimate 

the takeback effect since direct observations on indoor temperat-ures are 

available. I n  previous studies, changes in household behavior have been 

inferred Prom changes i n  billing data (see Mirst and White (1985) and 

Dubin et al. (1986)), and therefore, these studies have relied on less 

direct observations of takeback. Another desirable aspect  of this study 

is that the customers did no t  choose the level of efficiency improvement 

that they would receive. The number 05 conservat-ion measures t ha t  was to 
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the consumer. 8 Since the level o f  efficiency improvement. was exogenous 

to the consumer, the level of takeback may be determined without concern 

for the simultaneity o€ CQ~SIIIIE~ choices of indoor temperature levels and 

choices of efficiency improvement, ( i . e . ,  the impact of the retrofit on 

indoor temperature choices may be QbSerVed without concern for the impact 

that liousehold preferences for indoor  ternperatuse 1ev~l.s; had on t h e  level 

of Pff iciency increase chosen). A cornplica t ion resid t i  ng from the  free 

installation of measures is that Lhe efficiency improvement may resull- in 

a capital gain effect as well. as the siibstitutlon and income effect that 

would normally accompany a price decrease. (This isma is more fully 

discussed in Section 5.) 

A very cursory w a y  tQ begin l o  exp lo re  whether residential retrofits 

affect households ' temperature rho ices is to examine average indoor 

temperature levels recorded i n  the pre-  and post-retrofit heating 

seasons. The resulLs of this t y p e  of analysis are psesented in Appendix 

B. The difference between the pre- and post-retrofit average indoor 

temperature levels is not found to be statistically significant when 

examined f o r  the sample AS a whole, When this difference is examined far 

the sub-sample of homes that use wood as t l r ~ i i s  primary heating fuel, the 

post-retrof it average indoor temperature level is found to be 

%he program offered a comprehensive package of 15 retrofit measures 
at very high levels of installation (e.g., R-49 ceiling insulation). 
Auditors recommended, and HRCP paid for, the installation of these 
measures up to a cost effectiveness IimLt of $l.lS/€irst-year estimated 
kWh saving. Only 10% of the households paid anything f o r  the installed 
measures and their average payment was $430. The average cost of 
HRCP-installed retrofit measures was $3,760 (Goeltz and Hirst, 1986). 

9The previously mentioned study by Dubin et al. (1986) shares this 
characteristic. 
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s i g n i f i c a n t l y  h i g h e r  t han  t h e  p r e - r e t r o f i t  hea t ing  season average. These 

f i n d i n g s  r e v e a l  l i t t l e  about t he  a c t u a l  level of takeback, however. 

Takeback r e f e r s  t o  the change i n  indoor Lemperatime Zevels brobght about 

by the i n c r e a s e  i n  s t r u c t u r a l  e f f i c i e n c y .  D i f f s r ences  i n  pre- and 

p o s t - r e t r o f  it average indoor t ap r ra t i r r e  levels r e f l e c t  t h e  irupac't of 

changes i n  o the r  f a c t o r s  t h a t  also affect indoor temperatiire choice 

( i . e . ,  fuel.  p r i ces  and weather c o n d i t i a n s ) ,  as w e l l  as  the i.mpar;t o f  

changes i n  e f f i c i e n c y .  10 I n  order  to determine t~ i e  l e v e l  of  taketxack, it 

i.s necessary t o  so r t  ou t  t h e  i n d i v i d u a l  effects that e fS ic i ency  and o t h e r  

f a c t o r s  have on household temperature choice. Econometric methods are 

u t i l i z e d  i n  this r e p o r t  t o  determine t h e s e  i n d i v i d u a l  e f f e c t s .  

TabJo  1 indicates t h e  names, descriptions, and soiirces o f  t h e  

variablrs t h a t  were used i n  this a n a l y s i s .  The dependent v a r i a b l e  i s  the  

average monthly temperature  l e v e l  f o r  each household d u r i n g  t h e  pre-  and 

p o s t - r e t r o f i t  h e a t i n g  season (Novemhcr-February). It should be noted 

t h a t  t h e  monitored indoor Lempecaturfi  Jevel, which is used as t h e  

dependent v a r i a b l e  i n  t h i s  s tudy,  is o n l y  a proxy f o r  the l e v e l  of h e a t  

t h a t  is chosen by each household i n  a given per iod of t ihe.  The 

temperature reading used i n  t h i s  a n a l y s i s  was rccordcd i n  the c e n t r a l  

l i v i n g  area of t h e  house. The a c t u a l  heat pre fe rences  of t h e  household 

may c a l l  f o r  d i f f e r i n g  temperature levels i n  t h e  bedro~ms, hallways, 

etc. ;  however, our measure of h e a t  w i l l  no t  p i ck  up these variations. I f  

househo1.d~ choose t o  " t ake  back" energy sav ings  after a r e t r o f i t  by 

l0lt should bs? noted t h a t  t h e  l e v e l  of takeback brought about by t h e  
HRCP may be s i g n i f i c a n t  even though t h e  pre- and post-retrofit indoor 
temperature l e v e l s  were not  s i g n i P i c a n t l y  d i f f e r e n t .  This  is because 
changes in weather, e l e c t r i c i t y  p r i c c s ,  etc. may have an opposing e f f e c t  
t o  t h e  change i n  e f f i c i e n c y .  
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Table 1. Variables Gonsidered in the Analysis 

Variable Name Description Sollrcea 

Dependent Variable 
INTEMP monthly average monitored indoor 

temper at ur e leve 1. s 

Independent Variables 
EFFXC efficiency measure 
MPRICE 
SQPT 
OUTTEMP 
COLD:': 

WQOD* 
ELECn 
BASE* 
HIGH INC f 
LOWINC" 
HI GHEDUC'? 
LOWEDUC;? 

m4'B 
cHrrADk 
SENIORfc 
DAY fc 

STYLE9; 

SAVES2 

SCARCITY" 

COSTCONs' 

R I GIIT" 

COMFORP 

tail. rate price of electricity 
square-feet of floor area (1000) 
outdoor temperature 
household lacated in weather station 
with the coldest monthly average 
temperature levels 
wood used as the primary heating fuel 
electricity used as sole heating fuel 
homes that use baseboard heating 
income level. in highest quarter of sample 
income level in lowest quarter of sample 
greater than 15 years of school 
less than 12 years of S C ~ Q O ~  

number of members in household 
child less than 6 years i n  household 
adult greater than 65 years o ld  in household 
indicates housel-iold member usually home on 
weekdays during 9:OO am - 5:QQ pm 
agrees that to reduce energy bills heJshe 
would have to change his/her lifestyle 
agrees that the main reason to conserve energy 
is to save money 
believes that scarcity of energy in the state 
is a serious issue 
believe that the cost of energy in t he  state 
is a serious issue 
does n o t  agree that people have the r i g h t  t o  
use as niucb. energy as they can afford 
agree t h a t  in the winter it is difficult. to 
he comfortable if h i s /he r  hmes temperature 
is 68OF or less 

1 

2 
3 
1 
1 
4 

4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 

4 

4 

4 

4 

4 

4 

"Sources: 1. Hood River project data provided by Pacific Power and 
Light (PP&L) 

2. Constructed €or this study, based on Hood River project 
data 

3. Rate information from PP&L and Hood River Co-op (IIRCP) 
4 .  On-site home interview conducted by Bardsley and Haslacher 

in July, 1984. 

A Indicates a qualitative variable 
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maintaining higher temperature levels in the non-central parts of the 

thermometer re2ding from o n l y  one point in the house  may cause households 

t h a t  iise certain icchnologies to appear warmer than others. For example., 

households that: w e  woed m y  t pnd  to keep the central living room (where 

the ~ t o v e  is l ~ s u a l l y  located! of their home substantial.1y warmer t han  the 

b e d s o o ~ ~  areas S i n c e  t h e  temperature l e v e l  is on1.y recorded in Llne 

c e n t r a l  living a r e a ,  wood heated homes may, therefare, appear warmer than 

e lec t r ica l l  y heated homes, even tlioug'n tm~peratures  in parts of the house 

t h a t  are riot near  the s t o v e  may no t  exhibit this pattern. Similarly, 

cl ectr i c a l l y  heated lioiines :hat use baseboaid heatex-s may appear wamec 

t han  homes that u s e  ccntra.1 forced air since baseboard heaters make 

zoning behavior more effective. 

Finally, perceived levels of heat are a function o€ humidity levels 

and radiation as  well as air temperature. A room with cold walls may 

feel cold even though the temperature level i s  high (Scott, 1980, p.132); 

therefore, the level of heat recorded does not perfectly coincide with 

the level of comfort experienced by the household, Due to these 

limitations, the recorded indoor temperature serves only as a proxy for 

the level of warmth actually chosen by the household. l 1  

Tln order to determine t-lie impact of efficiency changes on 

temperature choice, it w a s  necessary to define a measure of the 

efficiency of each house i.n both the pre- and post-retrofit p e r i o d s .  The 

llIn addition, it should be noted that monitored indoor temperature 
levels are only a proxy for thermostat settings. On relatively mild 
days, indoor temperatures m y  "float" above the themostat setting for a 
period o f  time providing inflated average temperatures. 
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pre-retrofit measure of efficiency utilized in t1ri.s analysis is based on 

the auditor's estimate of the electricity savings that would result from 

installing the BRCB measures that w e r e  feasible f o r  each home. 

Specifically, the pre-retrofit measure of efficiency was defined as: 

ZFFICPREi = (-l)(SAVEli) (12) 

where : 

EFFICPREj = the pre-retrofit ~ ~ R S U I ' P  of efficiency for 

house i, 

SAVKLe = the auditor's estimate of the kWII/.;qft- savings 

that could be obtained by i n s t a l l i n g  the HRCP 

rneasures that were Lecl-rnically feasible,  given 

the s t r u c t u r e  of house i and the number of 

measures already in p h c e .  

The post-retrof i t  level of efficiency is based on t h ~  pre-retrofit 

measzl-re (the auditor's est h a t e  of the home's gre-retrofit conservation 

potential) minus the predicted s a v i n g s  from the BRCP installed meas~~res: 

EFFICPSTi = (-1>(SAVEli - ACWALSAVi)  (13 )  

d i e  r e : 

ACTUALSAV i = the  engineering est  irnatc of tlae kWh/ sqf t 

savings that were obtained from the measures 

tha t  were actually installed dur ing  the 

retrofit. 

The efficiency variable, EPFIC, i d e n t i f i e d  in Table 1 ,  takes on the value 

oE EFFICPRE and EFFICPST in the pre- and post-retrofit periods, 

respectively. The pre- and post-retrofit efficiency measure for each 
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house is based on its remaining conservation polential. Unfortunately, 

the remaining conservation potential reflects not only the current lcvrl 

of efficiency of thr home but also relcvant structural barriers. 

Therefore, according ta t h e  efficiency measure used, a home that had 

structural barriers which prevented installation of so~ne HRCP measures 

would appear more efficient in the pre retrofit period than .in otherwise 

identical house thaf had no structural barriers. Although this creates a 

problm for cross- sectional compsrisons of sCr t-iictural efficiency at a 

given  point in time, the efficiency measur2 used is thought to be 

accurate in portraying the relaLiuc int.*rreases i n  efficiency i n  sample 

homes. The implications of Ihe strengths and weaknesses of the 

efficiency measure used will h e  further explored in t h e  fo l lowing  

sections of this report. 

As previously stated, eight observations (i.e., four monthly 

temperature levels in both the p r e -  and p o s t - r e t r o f i t  heating seasons) on 

each of the 252 households' indoor t empera ture  level were used in this 

analysis. Therefore, the data set represents  a pooled time-series and 

cross-sectional data set ( a l s o  reScrred to as a panel data set). The 

challenge in us ing  panel data is to specify a model t h a t  will adequately 

allow for differences in behavior among cruss-sectional units and over 

time for a given cross-sectional u n i t .  I n  this study, three alternative 

models are used to provide insight into the factors that affect household 

temperature choice. A "means model" is used t o  analyze differences in 

the average t -empera twe settings msng households. A "fixed effects" 

model i s  used to analyze changes in household settings over t i m e ,  and a 

random effects" model is used to simultaneously exmine differences 1t 
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among households and differences within households over time. The random 

effects model may be viewed as an efficient combination of the me.ans and 

fixed effects model. Each of these models will be presented in the 

following section. 





4 .  THE EMPIRICAL, ANALYSIS 

4 , 1  THE MEANS MODEL 

The means model examines variation in average temperature 1evel.s 

mong sample homes. The model. may be descr'lbed as fol.l.ows: 

K 
I 

Yi = $. c a&.j -t- "i 

k=2 

where : 
I 

Yi = average indoor temperature level for household i over the pre- 
and post-retrofit heating season months, 

xki = average level of explanatory variable k for household i over 
the pre- and post-heating season months, 

ei = error term €or household i. 

Since household averages are used for both the dependent and independent 

variables, the means model on ly  examines differences in average 

temperature levels among sample homes without examining differences in 

individual household's temperature levels over time. The results of the 

means model are indicated in Table 2. 

The means model reveals some interesting insights into the variation 

ainiong households' average temperature levels ,, As indicated in Tablc 2, 

this analysis shows that hQUSehOlds in the low income category, JAWJNC, 

(households with incomes in the lowest 4th of the sample) maintained 

significantly lower average temperature levels than the rest of the 

s,mpl.e, ceteris paribus. It 1s likely that these households are less 

able to afford the luxury of warmer indoor temperature 1evel.s. 

Households in the high income category, however, were not found to have 

significantly different indoor temperature levels than households in the 

23 
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Variab le  

Table  2.  R e s u l t s  from the Means Model 

Lnt rrcept 
Average MYRICE" 
Average EFFIC 
COLD 

BASE 
WOOD 
ELEC 
LOWING 
III GHEDUC 
DAY 
SAVES 
COMFORT 

c;QFTh 

Coe f f i c ien t ----- 

75.61 
-43.16 

0.13 
-0.92 
-0.002 

0.84 
2.47 

-0.143 
-2.13 
-1.73 

1.53 
-1.45 

1.66 

R2 = 0.30 
Adjusted R2 = 0.26 
a i n  d o l l a r s  

in thousands 

7': Significant at- a 90% confidence level 
f<Q Significant at a 952 confidence l e v e l  
a**'* Significant a t  a 99% confi-Aence level .'. ... .*. 
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mid income category. l2 These results may imply the presence of a 

threshold effect of income on temperature settings. Households below a 

certain income level will choose lower indoor temperature levels; 

however, above this, threshold level changes in income will not affect 

indoor temperature choice. 

The negative coefficient on HIGHEDUC (see Table 2 )  indicates that 

households in the high education category maintained significantly lower 

average temperature levels than other homes, ceteris paribus. Households 

in the mid and low education categories were not found to have 

significantly different indoor temperature levels from each other, 

however. These results may indicate that higher educational levels are 

correlated with an unobserved conservation ethic, or  perhaps increased 

education increases the awareness of the savings induced by lower indoor 

temperature settings. 

It is interesting to note the impact of the two attitude variables 

that were included in the analysis. Households that indicated that they 

found it difficult t o  be comfortable at temperature levels of less than 

68°F (indicated by the variable COMFORT), were found to have 

significantly warmer homes than other households, ceteris paribus. 

Households that agreed that the main reason to conserve energy is to save 

money (indicated by the variable SAVES) were found to have significantly 

lower temperature levels than households that did not agree with this 

statement. Other attitudes, such as concern for the scarcity of energy 

in the state and beliefs about the right of people to consume as much 

12This result was obtained by including the variable HIGHINC into 
the analysis. This variable was not significant and was, therefore, 
omitted from the analysis. 
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energy as they can afford were not found to be significant in explaining 

variation in average temperature settings and were, thereforr, not 

included in the final model presenLed here. (See Table 1 for a 

dcscription o f  the attitude variables t ha t  were explored in t h i s  

analysis.) It is interesting t o  note that these results are consistent 

with the findings of other researchers that 'nave examined the link 

between attitudes an3 conservation behavior. In a review of such 

studies, Olsen (1981) concluded that broad atLitudes about the 

seriousness of the energy crisis bear little relationship to energy 

saving practices. Flowever, energy saving practices were found to be 

correlated with the extent to which individuals perceived energy 

conservation as having d i r e c t  personal consequences on themselves ( p .  

118). 

As one would expect, households in which someone was usually home 

during the day (indicated by the variable DAY) were found to have 

significantly higher average temperature levels than househcrlds in which 

no one was home during the daytime hours. In addition, large homes were 

found to have significantly lower indoor temperature levels than small 

homes (indicated by the negative coefficient on SIZE). This result is 

consistent with the a priori expectations formulated from the household 

production function framework. As the size af the house increases, the 

cost of maintaining a given temperature level increases, this in turn is 

expected to result in a decrease in the level of heat demanded. 

It should also be noted that households that use wood a5 their main 

source of heating fuel (WoOD=1) were found to be significantly warmer 

than other sample homes, ceteris paribus. This result could indicate 
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t.l-rat t h e  p r i c e  of h e a t i n g  with wood i.s less t1m.n t h e  p r i c e  o f  hea t ing  

w i t h  e l e c t r i c i t y  and, t h e r e f o r e ,  wood h e a t i n g  households choose h ighe r  

temperature  levels. Recall from the  t h e o r e t i c a l  s e c t i o n  of t h i s  paper 

t h a t  t h e  p r i c e  of heat de r ived  from wood depends not  o n l y  on the price o f  

wood but. on t h e  oppor tun i ty  cos t  of t h e  housebo1.d~' t i m e  (s-i.nce t h e  is  

an inpu t  i n t o  the product ion f u n c t i o n  for heat. i n  wood heated homes) arid 

Iha amount of s a t i s f a c t i o n  or  d i s s a t i s f a c t i o n  that. households o b t a i n  from 

t h e  heat, producing a c t i v i t i e s  (e.g., chopping wood). Since no 

o h s e r v a t k ~ ~ ~ s  on t h e s e  cost determining f a c t o r s  were ava i l ab le . ,  one must 

be c a u t i o u s  i n  a t t r i b u t i n g  t h e  pos:i.ti.ve c o e f f i c i e n t  on t h e  wood v a r i a b l e  

to a p r i c e  e f f e c t .  A s  po in ted  ou t  above, t h e  l i m i t a t i o n s  of our indoor 

temperature  obse rva t  ions are l i k - e l y  to make wood heated households appear 

w a r m e r  than e l e c t r i c  hea ted  households. I f  t h e  wood s t o v e  i s  i n  the  p a r t  

of the house where the. thermometer i.s l o c a t e d ,  t hen  wood hea.t.cn homes may 

appear s i g n i f i c a n t l y  warmer t h a n  electric hea ted  homes even though th i s  

p a t t e r n  is not  c o n s i s t e n t  -throughout t h e  e n t i r e  home. 

The r e s u l t s  of the  means: model. do not  i n d i c a t e  t-hat d i f f e r e n c e s  i n  

average b u i l d i n g  e f f i c i e n c y  1evel.s exp la in  d i f f e r e n c e s  i n  average indoor 

temperature  levels. Ifowever, m e  must be extremely caia-t.ious i n  

i n t e r p r e t i n g  t h e  eoeff l c i e r i t  on t h e  e f f i c i e n c y  v a r i a b l e  i n  the means 

model. As po in ted  out. i n  t h e  theo re t i ca l .  s e c t i o n ,  t h e  l.ack of 

obse rva t ions  or) t h e  c o s t  deteimining f a c t o r s  for w o d  produced h e a t  (e. g .  

households '  p r e f e r e n c e s  f o r  chopping wood) could create a b i a s  i n  t h e  

e f f i c i e n c y  c o e f f i c i e n t  i n  t h e  means model. This  is p a r t i c u l a r l y  likely 

i f  there is a c o r r e l a t i o n  between households '  p-references €or  t h e  

a c t i v i t i e s  involved i n  using wood f o r  h e a t  and the e f f i c i e n c y  of t h e i r  
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home. Also, as pointed ou t  above, the d f  iciency ifieaSuKe available for 

use in this study is more accurate in revealing changes in efficiency 

l e v e l s  over time f o r  each of the sample homes t han  it is in revtxaling 

differences in efficiency levels among khe sample homes. Therefore, 

although the means model reveals interesting insights into some of the 

factors that explain variation in average indoor temperature levels among 

sample homes, i t  is not the preferred model for examining the impact of 

changes in efficiency on temperature choice. T1-w fixed ef fec ts  model 

(discussed below) is a much more accurate model f o r  determining this 

effect. 

4.2 THE FIXED EFFECTS MODEL 

The fixed effects mode? examines differences in household 

temperature 1evel.s over time, without examining the factors that may 

explain differences in average temperature levels among sample homes. In 

a fixed effects model, each household is modeled a s  having a separate, 

fixed, intercept term. This model may be described as follows: 

K 
Yit = Pli ' C PkXkit ' "it 

k=2 

where : 

Yit -- average indoor temperature for household i in time period t 

(t = Nov., Dee., Jan., and Feb., of both the p r e -  and the 

post-retrofit heating season), 

Xkit = value of kth independent variable for household i in time 

period t . 
ej t  = error term for household i i n  time period t. 

Each household specific intercept term, Dli, is a fixed parameter. One 



method for estimating this model is to utilize a separate dummy variable 

for each household t o  reflect the household specific intercepts. 

However, when the number of households is l a rge  (as i n  this case) a more 

feasible method for estimating a fixed effects model is t o  transform the 

dependent and independent variables by expressing them as deviations from 

their means for  the ith individual: 

k=2 

where : 

- k 

“it = eit - e i  * 

The results obtained from estimating equation 15 a m  shown in Table 

3. Note that in the fixed effects model, all. of the factors  that are. 

constant €or a house,hol.d over time (e.g., income, education, attitudes) 

drop o u t  of the analysis since t.hey are equal to their mean levels (i.e., 

- 
for these variables Xkit - xk. =2 0). Since a fixed effects model 

exmines variation in observed household tempetature levels: around the 

average household temperature as a function of variation in the 

independent variables around their household specific means, the 

coefficients of the fixed effects model provide information on within 

household effects. Only three of the explanatory variables that were 

available for this analysis (see Table 1) are assumed to change over the 

study period (November 1984 - February 1986).  These three factors are: 
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Table 3 .  Results from t h e  Fixed Effects Model 

t -value Variable  CII Coefficient -_1__1__. 

-2.34":': - 5 4 5 . 3 8  
fj ,259c"" 

MPRI C ea 
EFPIC 0.12 
DUTTB4P 0.01 I.. 20 

R2 = 0.0199 
Adjusted R2 = 0.0184 
a i n  dollars 

Significant at a 90% confidence level 
' * A  Significant at a 95% confidence level 
A** Significant at a 99% confidence level 
.e, .'. 
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the marginal price of electricity, outdoor temperature levels, and the 

level of efficiency of the home. The remaining independent variables 

(c .g.  , household income, education, attitudes) are assumed to be constant 

over the study period. This assumption is necessary because data  on 

these factors were collected only during the pre-retrofit time period. 

Although these factors are thought to be relatively s table  f o r  households 

during a limited time period, any systematic changes that night have 

accurred in these variables m y  result in bias in the fixed effects model 

caefficients. 

P r i o r  to discussing the results of the fixed effects model, it 

should be not.ed tha t  this model. explains only t.wo percent of the ohserved 

variat.ion in monthly average indoor temperature levels ( i n d i c a t e d  by the 

value of the  R2 statistic). This result i.s not altoget?ier surprising 

when the const.ruction of the model. is eons idered. Although ei.ght 

observations on each household's indoor temperature level. are included as 

dependent vari.ables ( four  monthly averages in the pre-retrofit heating 

~ e a s u n  and four monthly averages in the post-retrofit heat ing  season), 

only one of the independent variables changes with each of these eight 

observations. The outdoor temperature level , OUTTEMP, varies in each of 

the eight months i n c  

electricity, MPRTGE, 

between the heating 

uded i n  the analysis; however, the nargir;.al price of 

and tho_ efficiency of the house, EPPIC, change only 

seasons. It is not surprising, therefore, to find a 

large ,amount of u--explained variation in the dependent variable. 

Although the model explains only 2% of t he  variation in indoor 

temperature levels, this does tiot invalidate t he  model results for the 

included variables ( see  Kmenta, 1971, p.  2 3 4 ) .  
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As indicated in Table  3 ,  the marginal p r i c e  O F  electricity was found 

to be significant in explaining changes in m o n i t o r r d  iridoor te.mperature 

levels civer t:Lrne.l3 The sample homes lie in two different utili-ty areas. 

T'ne Hood River Co-op (HREC) serves 41Z of the homes in the sample while 

Pacific Power and Light (PP&L) serves the remai.ni.xig 59% of the sample 

homes. 'The rate structures of the two utilities are, d i f f e r e n t .  PBEC had 

a fixed charge of $8,00 per month and a single rate of $.0359/k'dh 

ihroughout: the entire study period. PP&L had 2 fixed charge of $3,00 per 

month and three separate rates during the pre-retrofit heating season. 

All customers p a i d  $.03303/kWh for the first 300 kN1 consumsd each month, 

$0.01864, f o r  the next 700 kWh consumed, and $.85179/kWh for all. kWh pas!: 

the first  1.000. Households In PP&L experienced a change in the rate 

structure and an increase in the nocrrinal tail rate of electricity during 

the sample  period. I n  the post-retrofit period PPSrL customers paid 

$.04237/kWh for the first 300 kWh consumed each month and $.OS241 for 

each kWh p a s t  the first 300,  Therefore, the nominal tail rate of 

electricity for PP&L customers increased from q.05179 to $,05241 hetween 

the pre- and post-retrofit heating sei3sOx1Yy while -the tail rate remained 

constant at $,03SS, for HREC customers. The haseload oE electricity is 

s u f f i c i e n t - l y  high for sample homes that the tail rate may be used as the 

13Note that marginal electricity prices were no t  significant in the 
means model. (Table 2). In the means model, the marginal electricity 
price used for each household is the average tail rate of electricity 
paid by that household over the entire study period. Therefore, no 
temporal changes in electricity prices are reflzcted in the means model. 
The only vari.ation i n  marginal electricity prices incorporated i n t o  the 
means model is due to differences i.n utility areas. The electricity 
pr ice  coefficient En the meatis model, therefore, i s  likely to be highly 
correlated with other fac tors  that might differ between ths two utility 
areas arid is a poor indicator of electricity price effects. 
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relevant marginal price of el.ectricity that is used for space heating. 

The results from the fixed effects model indicate that  nominal 

marginal e1ectricit.y prices have a significant effect on indoor 

temperature levels. The coefficient obtained on the margiaial price 

variable it-a the fixed effects model implies that the effect of the 

increase in the marginal price of electricity f r o m  $.05179 t.o $.OS241 f o r  

PP&L households resutt~?d in an average decrease in indoor temperature 

levels of .34"F. There is a need for caution in drawing this conclusion, 

however. There is very little variation in marginal electricity prices 

over the study period. HKEC prices remained constant while the FP&L tail 

rate increased by one-sixth of a cent. in order t o  draw sound 

conclusions ahout the effect of changes in the nami.na1 price of 

electricity on indoor temperature levels, it is desirable to have more 

observations on indoor temperature 1evel.s under alternative prices. En 

this analysis, a systematic change In an unobserved variable could be 

correlated with the nominal price change for PP&L customers. Far 

example, an unobserved change in attitudes of PP&L customers over the 

study period would be correlated with the observed change in prices.14 

Such correlation would bias the coefficient on the marginal price 

variable - 
A relevant question, of course, is whether households are more 

likely to respond to changes in the real price of electricity as opposed 

14Note that the danger of correlation between unobserved changes in 
attitudes and changes in efficiency are minimized because of the 
variation in the efficiency increases observed among homes. Althaugh the 
efficiency levels of all houses increased over the sample period, the 
magnitude of  this increase varied among homes, therefore, it is unlikely 
that changes in unobserved attitudes would be closely correlated with 
observed changes in efficiency. 
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t o  changes i n  rioiininal p r i c e s .  15 'rhe rea l  marginal  p r i c e  of e l e c t r i c i t y  

was lower i n  t h e  p o s t - r e t r o f i t  per iod f o r  homes i n  both HREC and PP6iL. 

( T h i s  result occurs  because t h e  PP&L r a t e  i nc rease  w a s  lass than t h e  

i n f l a t i o n  r a t e ) .  When r e a l  p r i c e s  are used i n  t h e  €{.xed e f f e c t s  ii)oile31, 

t h e  c o e f f i c i e n t  oh2.ained on the marginal  p r i c e  v a r i a b l e  is  p o s i t i v e .  A 

pos i - t ive  coef f i . c ien t  on t h e  p r i c e  v a r i a b l e  is c o u n t e r - i n t u i t i v e ,  s.ince 

inc reases  i n  p r i c e s  are e x p e c t ~ d  t o  result i n  decreases  i n  indoor 

temperature  l e v e l s .  This  r e s u l t  i n d i c a t e s  that t h s  sample households 

appear  t o  have responded t o  changes i.n nominal. e l e c t r  i c i t y  pr ices ,  r a t h e r  

than changes i n  real p r i c e s .  As poin ted  o u t  above, ~ O W ~ V C S X ,  a g r e a t  dea l  

of caut ion should be used i n  drawing conclus ions  abouk p r i c e  e f f e c t s  i n  

t h i s  a n a l y s i s  s i n c e  t h e r e  is  l.i.tt3e v a r i a t i o n  i n  e l e c t r i c i t y  p r i c e s  ( i n  

either real  o r  nominal t e r m s )  Q V ~ Y  the sample  per iod .  

As i nd ica t ed  i n  Table  3 ,  t.he outdoor temperature  v a r i a b l e  i s  not: 

s i g n i f i c a n t  i n  expla in ing  v a r i a t i o n  i n  indoor  temperature  l e v e l s .  In 

order  t o  f u r t h e r  understand t h e  r e l a t i o n s h i p  between indoor and outdoor 

temperature  l e v e l s ,  the  f i x e d  e f fec ts  model w a s  re -es t imated  f o r  t h e  pre-  

and post-retrofit. per iods  ind iv idua l ly .  ( I n  t h e s e  re-est ihnated inode1.s 

OUTTEMP was the only independent v a r i a b l e  because the marginal. p r i c e  of 

e l e c t r i c i t y  and t h e  e f f i c i e n c y  l e v e l  of t he  house were cons tan t  Iditiiin a 

given hea t ing  seasoIn). This  experiment revea led  that  outdoor temperature  

l e v e l s  were s i g n i f i c a n t  i n  expl.ainiiig v a r i a t i o n  i n  indoor t e m p e a t u r e  

leve1.s i n  t h e  p r e - r e t r o f i t  hea t ing  season" b u t  not  i n  the p o s t - r e t r o f i t  

"Rea2 p r i c e s  are p r i c e s  that have been ad jus t ed  to n e t  
i n f l a t i o n .  Inc reases  i n  nominal p r i ces  r e f l e c t  both i n f l a t i o n  
inc reases  in real  p r i c e s ,  

l6This r e l a t i o n s h i p  was found t o  hold a t  a 90% confidence level.  

ou t  
and 
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heating season. In the pre-retrofit heating season, higher outdoor 

temperature levels resulted in higher indoor temperature levels; however, 

outdoor teanperature levels did not significantly affect indoor 

temperature levels in the post-retrofit heating season. These results 

indicate that the retrofits significantly decreased the sensitivity of 

indoor temperature levels to changes in outdoor temperature levels. In 

order to explore the relationship between indoor and outdoor temperature 

levels more fully, daily average indoor temperature levels were regressed 

against daily average outdoor temperature levels. The results of this 

analysis are presented in Appendix C. 

As indicated in Table 3, changes in efficiency were found to have a 

significant impact on indoor temperature levels. A one unit increase in 

efficiency is expected to increase the monthly average indoor 

temperature level by .12"P. Using information on the average increase 

in efficiency in the sample homes, this result implies an average 

increase of .56"F among the sample homes. The level of "takeback" 

(i.e., the increase in indoor temperature level caused by an increase in 

structural efficiency) observed in this analysis is small, yet 

statistically significant. The variation in takeback among households in 

different income classes and which use different fuel types will be 

further explored in the random effects model described below. 

l'Recal1 that the measure of efficiency utilized in this analysis 
was based on the remaining conservation potential for each household on a 
per square foot basis. The average decrease in remaining conservation 
potential in the sample homes w a s  4.81 kWh/sqft, therefore, (.12)(4.81) = 
.56"F. 
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4 . 3  THE RAFJDOIcl EFFECTS MODEL 

A random effects rnodel simultaneously examines factors that explain 

differences i n  temperature levels among households and within households 

over time. The random effects niodel is similar t o  the fixed effects 

model in that a separate intercept term i s  fitted for each household. 

Unlike the fixed effects model, however, this intercept term is assumed 

t o  be a function of a fixed constant and a random variable. A random 

effects model may be described as follows: 

K 

Yit Pli + C &$it_ + e i t  
k=2 

( 1 7 )  

where : 

v i  = a random variable 

A key assmpt- ion  in estimating a random effects model is that t h e  

random component of the household specific intercept term, vi, is 

uncorrelated with the explana tory  variables. If t h i s  assimption does not 

hold, then t he  coefficients obtained in the random effects model will be 

hiased.lS If this assumption holds, then there are two advantages to be 

obtained from estimating a random effects model. fiirst, a random effects 

model is able to sirnui taneously examine the fac tors  t h a t  explain both 

among and within household variation. Second, the parameter estimates 

obtained from the random effects model are more efficient than those 

obtained from the fixed effects model. The assumption that the random 

181f t h i s  assumption does not. hold it is similar Lo an omitted 
variable probLem, in which correlation between the omitted variable and 
the explanatory variable results in biased coefficients. 
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component of the household spec i  E i c  intercept term is iincorrelated w i t h  

the explanatory variables was tested using a specification test developed 

by Haasman ( 1 9 7 8 ) .  l9 The results o f  the Warxsman specification test.ed 

indicated t ha t  t h i s  assumption holds. 

In. order  to estimate a random effects model. using a standard 

regression procedure, it is necessary to transform the dependent and 

independent variables. The t ransformat ion  used is: 

where : 

oc = the square root of the corrected mean square error from 

the fixed effects model 

the square root of T times the mean-square error from the 
nienns model (T=the number of observations on each 

household4). 

01 = 

The transformation consists of subtracting a weighted household mean of 

the value of the dependent and independent variables from their observed 

values in time t. The weight, 8, is a function of the residual variance 

from the means model and the fixed effects model.. Due to the fact that 

the model is constructed in this way, the coefficients from the random 

effects model are a matrix weighted average of the coefficients obtained 

from the means model and fixed effects model. 

19This specification test rests on the fact that if the assumption 
holds, then the coefficients obtained in the random effects model should 
be within sampling error of the coefficients obtained in the fixed 
effects model. An expanded regression framework is utilized to test 
whether this result holds. 
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The. r e s u l t s  of t h e  random e f f e c t s  model a r e  presented i n  Table  4 .  

P r i o r  t o  d i scuss ing  the model r e s u l t s ,  it should be noted t h a t  a JagraPige 

M u l t i p l i e r  test revealed t h e  Fresence of h e t e r o s k e d a s t i c i t y  i n  the 

residuals resiil t ing from the random e f f e c t s  model . 20 White (1980) 

dernonstratwi t h a t  consistent- covariances may be  es t imated  i n  t h e  presence 

of l i e te roskedas t ic  i L y  without spec i fy ing  a formal model of the  s t r u c t u r e  

of t h e  h e t e r o s k e d a s t i c i t y .  Using t h e  ACOV op t ion  i n  SAS (1985),  tiiese 

c o n s i s t e n t  covariance estimates m y  b e  obta ined .  A l l  of the t - v a l u e s  

ind ica t ed  i n  Table  4 are c a l c u l a t e d  us ing  t h e  s tandard  esrors r e s u l t i n g  

f r o m  t h e  c o n s i s t e n t  covariance estimates 

A s  with t h e  f i x e d  e f f e c t s  model, t h e  R’ s t a t i s t i c  f o r  the random 

e f f e c t s  model i s  very  low. The R2 va lue  i n d i c a t e s  that .  t h e  model 

exp la ins  approximately 62 o f  t he  v a r i a t i o n  i n  observed illdoor temperature  

l e v e l s .  S ince  e i g h t  observa t ions  on monthly average temperature  levels 

are used in t h i s  a n a l y s i s ,  a l a r g e  amount of t h e  v a r i a t i o n  i n  t h e  

dependent. v a r i a b l e  is due to changes i n  Enousehnl d temperature l eve l  s ovzr 

t i m e .  However, as previous ly  mentioned, on ly  L h ~ e e  of t h e  explana lory  

v a r i a b l e s  i n  t h e  model change over t i m e  f o r  2 given household - outdoor  

weather cond i t ions ,  e l e c t r i c i t y  p r i c e s ,  and s t r u c t u r a l  efficiency. The 

remaining v a r i a b l e s  exp la in  only the v a r i a t i o n  i n  the dependent v a r i a b l n  

which is  due t o  d i f f e r e n c e s  i n  average temperature  l e v e l s  pun 

households,  n o t  t o  e;liin household v a r i a t i o n .  ‘4s discussed  i n  s e c t i o n  

2oThc Lagrange Mu7 t i p l i e r  test  f o r  he te roskedas t  i c i t y  c o n s i s t s  of  
r eg res s ing  t h e  squared r e s i d u a l s  on the indeperitlent v a r i a b l e s .  The tesL 
s t a t i s t i c ,  TR2, (where T i s  t h e  number of obse rva t ions )  will have a 
l i m i t i n g  ch i -square  d i s t r i b u t i o n  w i t h  k degrees  of freedom under the nu l l  
hypothes is  of homoskedastic va r i ances  (see G r i l i c h e s  (1984) p .  803). 
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Variable 

Table 4. Results from Random Effects Model 

Intercept ' 

OUTTEMP 
SQFTC 
EFFIC 
EFFIC*LOWINC 
EFFICQLEC 
LOWINC 
ELEC 
WOOD 
BASE 
HIGHEDUC 
COMFORT 
SAVES 
DAY 
mrvm 

MPRICE~ 

Coefficient 

22.634 
5 7 1  a 263 

0.013 
-0.002 
0.126 
0 e 092 
-0.095 
-1.859 
-0.638 
2.433 
0.901 
-1.864 
1.684 
-1.475 
1.494 

-9.001 

t -va luea 

R2 = .0681 
Adjusted R2 = .0612 
a t-values computed using White standard errors 

in dollars 
in thousands 

8 .  $4:':":" 
-2.55&* 

1.18 

4.41*:3& 
2.36** 
-2.49** 
-3.30*** 
-0.93 
4.34%** 
2.01** 
-3.02*** 
3.44*** 
-2.09** 
2.46** 
-2.52"" 

-4.61:"+* 

* Significant at a 90% confidence level 
*Jx Significant at a 95% confidence level 
*** Significant at a 99% confidence level 
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A . 2 ,  a low R2 does not invalidate the model results f o r  the included 

variables. 21 

The coefficients on the variables i n  the random effects model are 

very close t o  those obtained in the means model and in the fixed effects 

model. In summary, the random effects model reveals that: liiarginal 

electricity prices and the efficieincy of the house are significmt in 

explaining changes in household temperature choice over time; indoor 

temperature levels tend to be significantly lower i n :  large homes, low 

income households, households in the high education category, and 

households that believe that the main reason to conserve energy is to 

save money; finally, indoor temperature levels tend t o  be significantly 

higher in homes that heat with wood, and in homes that state that they 

find it difficult to be comfortable at tenperature levels of 68°F o r  

less, ceteris paribus. 

The interaction terms which were included in the random effects 

model (i. e. ,  EFFIC%OWINC and EFF1C"ELEC) reveal interesting insights 

into the variation in takeback behavior among different types of 

households. The change in indoor temperature brought about by a one unit 

change in the level of efficiency is significantly higher i n  low income 

households, ceteris paribus, and significantly lower in homes that heat 

with only electricity. The change in indoor t@mperaLure brought about by 

a one unit change in efficiency i s  indicated by the partial derivative of 

the random effects model equation with respect t o  efficiency: 

211n a previous study of takeback by Dubin et a1 (1986), similar R 2 
values were obtained (€I2 = ,072 and R2 = .051). The dependent variable 
in that study was the ratio of actual kwh usage to projected kWh usage 
(using monthly household data). 
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Assuming the average level. of efficiency improvement, these results 

indicate that the average level of takeback is .6"P for the sample as a 

whale. The average takeback f o r  low income households is .9"P and the 

average takeback for electrically heated homes is .3"F. 

While the results of the random effects model provide useful 

information on the level of takeback which occurred among retrofitted 

homes and on how the level of takehack varied among different fuel types 

and income groups, they do not provide any information on when during the 

day temperature levels were higher. Insight into this issue is provided 

by Stavall and Fuller (1987). They compared daily temperature profiles 

€or a subsample of the HRCP monitored homes during the pre- and 

post-retrofit periods. The results of their analysis indicate that 

takeback may be most likely to occur in the nighttime hours (see Appendix 

A) .  

The fact that homes that use electricity as their sole heating fuel 

have significant.ly lower levels of takeback than homes that use wood as 

either a primary or supplemental fuel may be due to the nature of the 

technologies used in wood and electric heat. In electrically heated 

homes the indoor temperature level is normally determined by adjusting a 

thermostat. In wood heated homes, the temperature level is determined by 

adjusting the amount of wood that is burned. It is possible that 

households that heat with wood may have some unintended levels of 

takeback because it is more difficult for them to re-adjust their wood 



using habits to adapt to the new level. of structural efficiency, leading 

to overheating. 

The finding that takeback levels are significantly higher in low 

income households is not  surprising from an economic point of view. 

Since h e a t i n g  costs are likely to constitute a largcr share of the 

household budget in  OW income households, thc rnagnitude o€ the incornc 

effect1 caused by the  decrease in the price of heat w i l l  be grea tea  f o r  

low income households. In addition, since low income households wwx 

found to have significantly l o ~ r  indoor temperature Levels than  mi? o r  

high income households (as indicated in both Lhe means model and the 

random effects model), they ale more likrly to have pre-retrofit 

temperature levels that are below their optimal comfort level. 

Therefore, they will. have more notivation t o  choose higher teri?perat-iic*e 

levels as the  cos t  of heat is reduced. 

Because low income households had higher levels of takeback than mid 

and high income households, the difference in observed tcinperaturz lrvels 

between low income households and non-low income households decreased 

over the sample period. The impact of laembership in the low inrnme 

category on observed indoor temperature levels is obtaiiied fron the 

partial derivativc of the random effects model equation w i t h  respect t o  

LOWINC : 

'As the price of a comodily, say comnwdity "X", decreastas, the 
household has more income to spend. The household may use same of this 
additional income to consme  more of comndity X ( a s  well as consurnjng 
more of other goods as well). This effect is referred t o  as an "income 
effect". Tn addition to the income effect, the decrease in the price of 
commodity X results in a substitution effect. The substitution effect 
refers t o  the increase in consumption of comodily X which occurs because 
the relative price of co~~~~ditjr X (relative to other commodities) has 
declined. 
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a TEMP 
' =  -1.859 + .092 (EFFIC) = -2.10 

aLQWINC 

Assuming the average pre-- and p o s t - r e t r o f i t  efficiency levels, these 

r e s u l t s  imply t h a t  during the p r e - r e t r o f i t  pe r iod ,  l a w  income households 

had indoor temperature  levels t h a t  were 2.4"F lower than mid and high 

iricome households, ceteris paribus. During the p o s t - r e t r o f i t  period, 

however, t h i s  gap was reduced to 1.9"F. 





5. IMPLICATIONS OF MODEL RESULTS 

The average takeback of .h"F p e r  household i n d i c a t e s  t h a t  t h e  

behavioral  changes by households,  due to  t h e  decrease  i n  t h e  p r i c e  of 

h e a t  which r e s u l t e d  from t h e  r e t r o f i t ,  decreased t h e  program induced 

sav ings  by a n  amowt O F  225 kWh/l-rousehold ( H i r s t ,  Goel tz ,  and Trurnble, 

1986). The a c t u a l  l e v e l  of sav ings  p e r  household were found t o  be 

approximately 2,600 kWh, as opposed t o  t h e  6,100 kwfi which w e r e  p r e d i c t e d  

by engineer ing  based e s t i m a t e s  ( H i r s t ,  Goel tz ,  and Trumble, 1986). The 

i n c r e a s e  i n  indoor tempera ture  l e v e l s  brought about  by t h e  r e t r o f i t s ,  

t h e r e f o r e ,  account  f o r  6 . 4 %  of t h e  gap between the pred ic t ed  and ac tua l  

sav ings .  If t h e  engjneer ing  estimates of prograrmnatic s av ings  were t o  be 

ad jus t ed  t o  r e f l e c t  t h e  observed l e v e l  of takeback,  t hey  would have t o  be 

reduced hy 3.7%. 

A r e l e v a n t  ques t ion ,  of course ,  is: Can in fe rences  about  t h e  l e v e l  

o f  takeback t h a t  w i l l  be assoc5at.e.d w i t h  o t h e r  programs be drawn from t h e  

l e v e l  of takeback found i n  t h i s  s tudy? This  i s  always a d i f f i c u l t  i s s u e  

t o  address ;  however, s e v e r a l  i s s u e s  should be kept  i n  mind when i n f e r r i n g  

&ram t h e s e  r e s u l t s .  

F i r s t ,  s i n c e  t h e  households i n  t h e  HRCP rece ived  t h e  r e t r o f i t s  f o r  

f r e e ,  they  rece ived  a w i n d f a l l  c a p i t a l  g a i n  due t o  t h e i r  p a r t i c i p a t i o n  i n  

the r e t r o f i t  program ( r e c a l l  t h a t  the average  va lue  r e t r o f i t  w a s  of t h e  

$3,760). This  c a p i t a l  g a i n  may have c r e a t e d  an added i n c e n t i v e  t o  

"takeback" conserva t ion  sav ings  i n  t h e  form of increased  comfort ,  ( i .e . ,  

s i n c e  t h e  a c t u a l  l e v e l  of weal th  of t h e  household has i nc reased  due t o  

t h e  program, t h i s  a d d i t i o n a l  weal th  may r e s u l t  i n  increased  consumption 

of h e a t ) .  The c a p i t a l  g a i n  e f f e c t  is similar t o  an income e f f e c t .  
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Unfortunately,  it is  n o t  p o s s i b l e  t o  determine what prcsportjon of t h e  

takeback e f f e c t ,  which is observed i n  t h i s  s tudy ,  is due i o  E'ne c a p i t a l  

ga in  impact as opposed t o  the subs t i tu t i r i r i  and income e f f e c t  thaL arc 

brought about by t h e  rediiction i n  t h e  p r i c e  of heat- ( S P - Q  foo tno te  17 f o r  

an expl ana t  ion of t h e  income and subs t  I t u t  ion nff  ec ts )  . 
Second, takeback brhavior  is expected only i f  t h e  p r c - i - e t r o f i t  

indoor temperature  l e v e l s  are less than tile "b; iss poin i"  tenperat~re, 

( i . e . ,  the  temperature  l e v e l  which households would rnaintxir: i f  heaL ~ 3 %  

f r e e )  . I n  Lke Hood River area, t h e  p r p - r e t r o f i l  average indoor 

temperature  l e v e l  was 71. /&OF. Tn cornunit ies i n  which t h e  p r e - r e i r o f  i t 

t-mnperature l e v e l s  are s i i b s t a n t i a l l y  lowex o r  higher, w might expect the 

l e v e l  of takc.i-,ack t o  be highet o r  lowcr, r e s p e c t i v e l y .  7 3  

Third, it should be noted Lha t  the l e v e l  of cakeback which occurred 

was s i g n i f i c a n t  1 y h igher  i n  l o w  income hoiiseholds and s i g r r i i i c a n t l y  lower 

i n  l~ouses  t h a t  used e l e c t r i c i t y  as t h e i r  s o l e  h e s t i n g  iucl (as opposcd t o  

houses t h a t  used wood as e i t h e r  a primaty of supplcmmt.lry f u e l  source). 

Therefore ,  WP might expect that p r o g r a m  t h a t  are  dirccted a t  l o w  income 

households woiild f i n d  h igher  average l e v e l s  of takeback than  the 6°F  

sample average found i n  t h i s  a n a l y s i s .  Likewiset programs i n  cormuni t ies  

i n  which wood is  no t  used as a hea t ing  fue l  might expect  lower l e v e l s  of 

takeback, C E ~ C - ? Z  i s par ibus  e 

Fourth,  t h e  c o s t  of e l e c t r i c i t y  irn t h e  Hood River area i s  low 

r e l a t i v e  t o  t h e  n a t i o n a l  average. 24 Takeback l e v e l s  may be h ighe r  i n  

231t is p o s s i b l e ,  however, t h a t  t h e  "bli .ss point"  w i l l  va ry  among 
d i f f e r e n t  reg ions  of t h e  country.  

''me average c o s t  of r e s i d e n t i a l  e l e c t r i c i t y  i n  the U.S. i n  1985 
w a s  $.0779/kWh ( E I A ,  1986). 
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areas i n  which t.he c o s t  of e l e c t r i c i t y  is h ighe r  because t h e  va lue  of 

conserved e l e c t r i c i t y  is g r e a t e r  i n  t h e s e  regions.  

F i n a l l y ,  it should be noted t h a t  we have only been a b l e  t o  observe 

the l e v e l  of takeback i n  the f irst  year  Eol.lowing the r e t r o f i t s .  

i d e a l l y ,  w e  would l i k e  t o  observe takeback behavior over a per iod  of 

y e a r s  to determine whether OK not  it i s  c o n s t a n t .  I-t is possih1.e that 

liouseholds need time t o  l e a r n  how much t h e  c o s t  of h e a t  has been reduced 

by t h e  i n c r e a s e  i n  s t r u c t u r a l  e f f i c i e n c y ,  and t o  a d j u s t  t h e i r  behavior 

accordingly.  Households may i n c r e a s e  t h e i r  takeback behavior over t i m e  

ass they r e a l i z e  t h a t  t h e  cost  of a given l e v e l  of h e a t  has been reduced. 

Conversely, i f  households l e a r n  over  t i m e  t h a t  t h e  r e t r o f i t .  has n o t  

reduced the cos t  of h e a t  by the amount t h a t  t h e y  expected, t hey  may tend  

t o  dec rease  t h e i r  takeback behavior over t i m e .  





6 .  COMPARISON WITH PREVIOUS STUDIES OF TAKEBACK 

A review of the literature revealed . t w o  previous stud.i.es in which 

the impact of energy efficiency on heat consumption was examined. As 

previously discussed, both of these studies util.i.zed hill.ing data, rather 

than observed temperature data, to estimate levels of takeback. 

Hirst and White (1985) estimated the level of takeback in homes that 

had received financial assistance for residential retrofits from the 

Bonneville Power Administration (Bonneville). Two groups of program 

participants were examined, those that participated in 1982 and those  

that participated in 1983. For each of the two groups, changes i n  indoor 

trcmperature levels were estimated f ran changes in electricity bi l . l s ,  and 

tJ?ese changes were the.n compared with the  indoor temperature changes that 

were estimated for a control group of nonparticipants over the same time 

period. Based on the resul-ts of this analysis, the authors estimate that 

the level of takeback was .4"P for 1982 participants and 1.O"F fur 1983 

participants. 

Given t h a t  the extent of the retrofits in the financial assistance 

program was significantly less than the retrofits performed in the HlRCP 

(the average cost of the retrofits in this program was $1,700 a s  opposed 

to $3,760 in the HRCP), it would be expected that the level of takeback 

found for these. program participants would be less level found 

among HRCP participants. The level of takehack found among the 1982 

participants in the Bonneville program is less than the average level of 

takeback found among the HRCP participants ( . 6 " F ) ;  however, the level. of 

takeback found among t-he 1983 participants is greater than .6"F. In 

comparing the results of the Hirst and White study with the results 
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obta ined  i n  t.1113 a n a l y s i s ,  i t  is important  t o  no te  t h a t  I I i r s t  and White 

poi.nt out t h e  need E O T  caut ion i i7  ana lyz ing  their r e s u l l s .  Such cau t ion  

~ r s s a r y  hecause of t h e  l ack  of d i r e c t  observa t~ ions  of temperature  

levels and t h e  s t rong  assui1ipti.ons t h a t  were made i n  impur-ing indoot 

t cnpe ra tu re  changes from changes i n  e l e c t r i c i t y ~  use. W h i P e  they a t t a c h  

importance t o  t h e  q u a l i t a t i v e  r e s u l t s  of t h e i r  a n a l y s i s -  - that  househo?,ds ~ 

on average, s l i g h t l y  inc rease  temperature  s e t t i n g s  a f t e r  r e t r o f i t  -- - . they 

express  doubt concerning t h e  accuracy of t h e  ac tua l  1.evels of takeback 

which t h e y  o b t a i n  (p .33) .  

Uubin e t  al. ( 1986) examined t h e  impact 01 e f f i c i ency  improvemtmts 

on households' h e a t  consumption f o r  21.4 homes t h a t  p a r t i c i p a t e d  ii? a 

cornservation program implemented by F l o r i d a  Power and Light .  Through 

t h i s  program each par t ic ipa t f ing  household received olics of t h r e e  

e f f i c i e n c y  improvements : ( 1 ) upgraded a t t - i  c i.nstilat ion ,  ( 2  ) upg-t-aded 

akt-ic insu la t i . an  and a h igh-e f f  I ciency heat pump w ? . t h  conventional 

e l e c t r i c  Furnaces,  o r  ( 3 )  upgratrled i n s u l a t i o n  and a h igh -e f f i c i ency  heat 

pump. As i ~ n  the KRCY program, these e f f i c i e n c y  improvements i2wre 

provided free of charge t o  t h e  prograri p a r t i c i p a n t s ,  I n  ord~3ir t o  

approximate changes i n  indoor temperature l e v e l s  fi-on e l e c t r i c i t y  

consumption da ta ,  D u h i n  e t  a l .  es t imated  t h e  non-heating component of 

t o t a l  e l e c t r i c i t y  use and subt-racted t h i s  from t o t a l  e l e c t r i c i t y  use ~ 

T h e  remaining estimate of actual healsing consiimpt ioii wa,s i h e n  compared t o  

a p ro jec t ed  levnl of consimption obta ined  from a thermal load model. The 

r a t i o  between a c t u a l  and p ro jec t ed  h e a t  consumption ].eve1 f o r  each 

household was modeled as a func t ion  of the "price of heat" (which 

r e f l e c t s  both e l e c t r i c i t y  p r i c e s  and e f f i c i e n c y  l e v e l s ) ,  househo1.d 
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income, and the number of household naembers. 

T h e  ,iuthors f i n d  t h a t  t h e  pr ice  o f  heat. has a s i g n i f i c a t i t  e f f e c t  on 
w 
t h e  l ~ e l  of heat tihat is consunned. Based O n  t-heir .L-esults, t hey  

estimate t h a t  actual  conse rva t ion  i s  9 -12% below the eng inee r ing  

est i-mates due t o  t h e  i n c r e a s e  i n  hea t ing  consumption brought about by the 

increasa i n  e f f i c i e n c y .  The results of our anal .ysis  reveal t:liat it would 

be necessary t o  adjust  t h e  engineering estimates of T-IRCP savings doaxmuad 

by 3.7% i.n order t o  reflect t h e  impact o f  efficiency OIP indoor 

temperature choice.  It  is d i f f i c u l t  t o  coenpare the magnitude of Dubin e t  

a l a ' s  r e s u l t s  with the magnitude of  the r e s u l t s  i n  t h i s  study, however, 

h ~ c a u s e  it is n o t  known haw the l e v e l  of i n c r e a s e  i n  energy e f f i c i e n c y  

compares i n  t h e  two studies. In a d d i t i o n ,  the c o e f f i c i e n t  ob ta ined  on 

the  e f f i c i e n c y  v a r i a b l e  i n  t h i s  s tudy ,  EFFIC, is n o t  d i r e c t l y  comparable 

with t h e  c o e f f i c i e n t  on t h e  p r i c e  of h e a t  i n  Dubin e t  al.'s s tudy  because 

erFficiency r e f l e c t s  on ly  one component i n  the  p r i c e  of h e a t .  





7. S W R Y  

In this study, household indoor temperature choices have been 

examined i n  the context of a househo1.d production function framework. A 

reduced form equation w a s  developed to describe the manner in which cost 

a n d  demand determining characteristics might affect winter indoor 

temperature 1evel.s. This equation was estimate.d using mun i tored indoor 

Lcmperature data on 252 homes that. w e r e  retrofitted through the Hood 

River Conservation Projec t .  A means model, fixed effects model, and 

rai-tdom effects model were util.i.zed t o  sort out the factors vhich explain 

va-iation in average temperature levels among households and the factors  

which explain clianges in household temperature levels over t i m e .  

T h i s  analysis revealed that the IB@P resident ia2 retrofits resulted 

i n  statistically significant increases in indoor temperature levels. 

Assuming the average level of increase in efficiency among the sample 

homes, these results imply a .6"F average increase among the sample 

homes. Although this level of i-ncrease is statistically significant, 

it is quite small, accounting for only 6 . 4 %  of the gap between the 

p m d i c t e d  and actual savings of the pro jec t .  The level of takeback 

observed in low income househalds is significantly higher than in mid and 

high income households. The average level of takeback among low income 

homes is .9"F, as opposed to the .d"F increase observed in the sample as 

25Note that this result holds even though the average pre- and 
post-retrofit indoor temperature levels were not significantly different 
from each other as shown in Appendix A.  Weather and electricity prices, 
OK other unobserved factors, may have opposing effects in indoor 
temperature levels, causing the pre- and post-retrofit temperatures to 
not be significantly different even though the level of takeback is 
significant . 
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a whole. Hones i l l a t  Used e l e c t t i r i t y  as L ~ I P ~  r' sole IieaLirig fuc?  had 

s i g n i f i c a n t l y  lowcr levels of t&p'.FJzzk, averagjtkg .3"F .  

I n  a d d i t i o n  t o  t h e  f i n d i n g s  on takeback, t h i s  a n a l y s i s  revea led  

that: margina l  elect c i c i t y  p~ices arc. s i g n i f i c a n t  i n  cxp7 ; l ining char1g:e.i 

i n  hoiisehald temp?ratuLe ch0ic.n over t i m e ;  indoor te .npeiature  l e v e l s  tend 

t o  be  s i g n i f i c a n t l y  122-c~ i n .  l a r g e  homes low incornc. households 

households i n  t h e  h igh  educa t ion  ca t ego iy ,  and housC'iold5 t h a t  believe 

t h a i  t he  main  reason t o  conserve enzrgy i s  t o  save noncy; f i n a l l y :  indoor 

te111perature levels tend  t o  be significantly hi& i l l  homes tha t  he.it 

w i t h  wood, aiid i n   home^: t h a t  s ta te  t h a t  L1it.y Firid it d i f f i c u l t  i o  be 

confortable at temperaturc  levels of 68°F OL lessg ceter is  paribus. 

A g r e a t  d e a l  of cau t ion  must bc. iised i n  i n f e r r i n g  f r ~ i  these resulis 

t o  o t h e r  Coilsex vat ion  programs. The level of t a k p t a c - k  a s s o c i a t e d  ~ i i t l i  

o t h e r  conse tva t  ion programs iiiay vai-y depending on: the 1 n i t i a l  indmt-  

temperature  levels i n  t h c  r e t r o f i t t e d  hoiiws; the p ropor t ion  of l o w  income 

homes i n  t h e  program; and t h e  m o u n t  of wood use  i n  ihil r e t r o f i t t e d  

horn6-s. i n  a d d i l i o n ,  i t  is  poin ted  o r i t  that t h e  level of takeback may n o t  

be cons tan t  over- t i m e .  I d e a l l y ,  f u t u r e  s tud ier ,  woa-Id observe household 

temperature  l e v e l s  f o r  several yea r s  fo l lowing  a r e t r o f i t .  
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APPENDIX A 

Stovall and Puller (1987) coinpared profiles of indoor temperature 

levels far households during the pre- a:nd post-retrofit periods. This  

aaalysis w a s  ccpnap3.eted for the subsaaple of the HRCP monitored homes that 

used electricity as a. primary heating f u e l .  The comparison of average 

Eiourly temperature levels w a s  based on about 40 f ’ ~ i m i l ~ r ’ ’  days i n  the 

pre- and post-retrofit p e - r i ~ d s .  Days were def ined  to he similar i f  their 

average and miniman temperatures matched within 5°F and if their day 05 

t.he week was the same. The r e s d t s  of t h i s  analysis are shown i n  F igure  

A . l .  

As i nd ica t ed  i n  Figure A .  I., the observed difference i n  temperature 

levels  in the pre- and post-retrofit periods is the greatest between the 

hours  of 5:00 and 6:OO a.m., This difference is the least between the 

h o u r s  of 5.00 arid 6:OO p.m, The results of the work by Stovall and 

P u l l e r  suggest  that  t h e  levels of tabehack found i.11 the fixed effects and 

random effects models (Sect.ion 4.2 and 4 . 3 )  may reflect increases in 

n igh t  time temperatures rather t han  increases in daily temperature 

levels. Re-estimation of the f i x e d  and random effects models using 

average nighttime and daytime settings (e.g., 5:OO a.m. and S : @ O  p.rn.1 as 

the dependent variable might provide further insight into this issue. 
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Pigi.irc. A. 1 Indoor temperatiire p r o f i l e s  far electrically heated homcs 
during the pre- and post-retrofit heating sezisons.k 

“Prom Stovall and Fuller (1987) 



APPENDIX B 

A very  cu r so ry  way t o  begin t o  determine whether r e s i d e n t i a l  

retrofits a f f e c t  h0USehQldS' indoor temperature choices  is t o  examine 

average indoor tmnperature l e v e l s  recorded i t i  t h e  pre-  and post-retrofi t 

h e a t i n g  seasons. The change i n  average indoor temperature  l e v c l s  is 

examined f o r  each month of t h e  hea t ing  season (Nov., Dee., ,Jan., and 

Peb. )  and f o r  t h e  e n t i r e  h e a t i n g  season i n  o r d e r  t o  determine i f  t he  

change is s t a t i s t i c a l l y  s i g n i f i c a n t .  The  r e s u l t s  of t h i s  a n a l y s i s  are 

p resen ted  i n  T a b l e  B . l .  The v a r i a b l e  names u t i l i z e d  i n  the table are 

def ined  as fo l lows :  

DIFNOV = 

DIFDEC = 

The average indoor temperature level 

maintained i n  t h e  sample kiomes i n  t h e  month 

of November during the p o s t - r e t r o f  it 

h e a t i n g  season minus t h e  average indoor 

temperature  l e v e l  du r ing  November i n  t h e  

p r e - r e t r o f i t  h e a t i n g  season. 

The average indoor temperature  l e v e l  

maintained i n  t h e  sample homes i n  the month 

of December during t h e  post- r e t r o f  i t 

h e a t i n g  season minus the average indoor 

temperature  l e v e l  du r ing  December i n  t h e  

p r e - r e t r o f i t  h e a t i n g  season. 
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Table B .  1 Di f lerernces i n  average imdoor I-caiperature levels i n  the p r e -  
and post-retrof it. hea t ing  seasons 

Std. error 
Variab le  Name 8 s  of mean 

DIFNOV 
DIFBEC 
DIFJAN 
DIPFEB 
DIFTOT 

.4332 .18SG 
.3611 .2211 
.3864 2372 

- e oon .2312 
.2306 .1794 

t-value 
I_____.. 

2.33"" 
1 .63  
1.63 

-0 .01  
1.29 

f: SigniEicant at a 90% confidence level 
Significant at a 95% confidence level 

fin Significant at a 99% confidence level 

-.. -'. 
I. ,. 
.A J" .e. 
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DIFJAN = The average indoor temperature level 

maintained in the sample homes in the month 

of November during the post-retrof it 

heating season minus the average indoor 

temperature level during November in the 

pre-retrofit. heating season. 

DIFFEB = The average indoor temperature level 

maintained in the sample homes in the month 

of February during the =-retrofit 

heating season minus the average indoor 

temperature level during February in the 

pre-retrofit heating season. 

DIFTOT = The average indoor temperature level 

maintained in the sample homes during the 

=-retrofit heating season minus the 

average indoor temperature level during the 

pre-retrofit heating season. 

A s  indicated in Table B.l, the overall change in the average indoor 

temperature levels in the pre- and post-retrofit heating seasons (DIFTOT) 

is not statistically significant. When this change is examined at a 

monthly level, it is revealed that the change in indoor temperature 

levels is statistically significant on ly  during the month of November. 

During t h i s  month the average indoor temperature level among all 
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households was .43OF h ighe r  i n  t h e  p o s t - r e t r o f i t  hea t ing  season than  i n  

the p r e - r e t r o f i t  h e a t i n g  season.  The s i g n i f i c a n t  differeract: i n  p re -  and 

pos t - tempera tures  f o r  Novc.-mber may be due t o  outdoor weather cond i t ions .  

The  November of the post-retrof it hea t ing  scas:m was t h e  c o l d e s t  Noveiiber 

on record.  

I n  order  t o  determine i f  households that used e l .ec t - t - ic i ty  as the- i r  

primary heating f u e l  responded d i i fe ren t1 .y  t o  t h e  r e t r o f i t  than  liomns 

tha t  used  wood as t h e i r  primary h e a t i n g  f u e l ,  the changes i n  indoor  

temperature  levels were examined f o r  t h e  two sub-samples of homes. 'The 

results of t h i s  a n a l y s i s  are presented  i n  Table  B . 2 .  

A s  i n d i c a t e d  i n  Table  B.2, t h e  monthly average eemperature l e v e l s  

w e r e  n o t  signif icant.1.y d i f f e renL  dur ing  t h e  pre-  and p o s t . - r e t r o f i t  

heat-ing seasons  €o r  homes t h a t  used  e l e c t r i c i t y  Tor their primary h e a t i n g  

f u e l .  The average temperature  l e v e l s  i n  wood hea.ied homes were 

s i g n i E i c a n t l y  h ighe r  i n  t h e  p o s t - r e t r o f i t  season f o r  t h e  months <if 

December and .January and f o r  the s z a s m  as a whule. These results 

i n d i c a t e  t h a t  th.2 l e v e l  of takeback may be h igher  i n  homes that  use wood 

as a primary f u e l  than  i n  liames that use e l e c t r i c i t y  a s  a primary f u e l .  

T h i s  r e s u l t  i-s more fud.ly explored i n  s e c t i o n  4.3 of this r e p o r t .  

F i n a l l y ,  d i f f e r e n c e s  i n  p r e -  ant1 pos t - re -Lrof i t  t-empsrature leve ls  

are examined f o r  households in a l t e r n a t i v e  income categorip-s  ( see  Table 

B . 3 ) .  The  r e s u l t s  of this a n a l y s i s  do n o t  i n d i c a t e  tha t  t h e  average 

temperature  levels f o r  the  hea t ing  season changed s i g n i - f i c a n t l y  for hoiires 

i n  any of t h e  t h r e e  income catego-c-ies. Howeve':, low incomc households 

were fontid t o  have s i g n i f i c a n t l y  warmer indoor temperature  I-evels i n  the 

post: - r e t r o f i t  season h i r i n g  t h e  m0nt.h of Novwber and mid income 
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T z h l e  8.2 Differences in average indoor temperature levels in the pre- 
and post-retrofit heating seasons for homes that. use 
electricity as their primary heating fuel and for homes that 
use wood as their primary heating f u e l  

Std. error 
Variable Name M 4  of mean t-value 

Electric. Homes 

DIFNOV 
DIFDEC 
DIFJAN 
DIFFEB 
DIFTOT 

Wood Homes 

DIFNOV 
DIFDEC 
DIFJAN 
DIFFEB 
DIFTOT 

.3704 .2246 

.0457 . 2 5 7 4  

.1299 .2673 
- ,2755 ,2756 

.0220 ,2132 

.3225 .2683 

.5900 ,2865 

.8157 ,2957 

.4402 .3138 
,4502 ,1993 

1 .65  
0.18 
0 . 4 9  

-1.00 
0.10 

* Significant at a 90% confidence level 
Significant at a 95% confidence level *** Significant at a 99% confidence level 

a. c 
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households were found t o  have s i g n i f i c a n t l y  warmer indoor- tempera tures  

fol lowing the r e t r o f i t  dur ing  t h e  month of Jan(iary.  The r e s u l t s  of more 

d e t a i l e d  econornet r P c  ana lyses ;  however, i n d i c a t e  t h a t  households i n  t l w  

l o w  income ca tegory  had a s i g n i f i c a n t l y  h ighe r  l e v e l  of takeback than thc 

K e r n 3  inder of t h e  s imple  homes. 'fhese resid t s arc 3 d i s c i i i ~ ~ d  i n  S e c t i o n  

4 . 3 .  

A s  s t a t e d  a t  t - 1 ~  beginning of t h i s  appendix,  comparisons o l  average 

twnpcrnt.ure l ~ v e l s  i n  t h e  pre-  and p o s t - r e t r o r i t  heat- ing I P A S O ~ S  are  .2 

very  cursory  approach t o  examining the i s s u e  of takttbark.  Tahehack 

refers t o  t h e  change i n  indoor tcrnperaiure lewis brought about by the 

i n c r e a s e  i n  s t r u c t u r a 7  e f f i c i e n c y .  D i  fferences i n  average tpmperizture 

l e v e l s  i n  t h e  pre-  and p o s t - r e t r o f i t  hea t ing  seasons will r e f l e c t  iiie 

impact of changes i n  e l e c t r i c i t y  p r i c e s  and wosiher cond i t ions  as well as 

d i f f e r e n c e s  i n  e f f i c i e n c y .  I n  o rdc r  t o  de? erruint7 t he  leve l  of t a k e b a c k ,  

it is necessary  t o  sor t  ou t  thr  ind iv idua l  effects t h a t  e f f i c i e n c y ,  

weather ,  and f u e l  p r i c e s  have on household temperature  choice.  

Econometric methods that may be used t o  determine the in f luence  of thcsc 

i n d i v i d u a l  effects are  desc r ibed  i n  t h i s  r e p o r t .  The rcs11l~Ls of thrw 

models provide  a more accurate p i c t u r e  of thp I w c l  01 iakeback r e s u l t i n g  

f porn t h e  Hood River  Conservat i o n  Project I 
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T a b l e  B.3 Differences in average indoor temperature levels in the pre- 
and post--retro€it heating seasons for homes in low, m i d ,  and 
high income categories 

Variable Name Mean 

Low Income 

DIFNOV 
DIFDEC 
DIFJAN 
DIFFXB 
DIFTOT 

Mid Income 

DIFNOV 
DTFDEC 
DIF JAN 
DIFFEB 
DIFTOT 

High Income 

DIFNOV 
DIFDEC 
DIFJAN 
DIFFEB 
DIFTOT 

.8291 

.6003 

.2939 

,2535 
-. 1018 

,3377 
.4157 
* 5902 
. lo27 
, 3 6 3 3  

.1783 

.0956 
,2570 

- " @222 
.0762 

Std. error 
of mean 

.4003 
,5359 
.5850 
.6032 
.4527 

,2602 
,2865 
.3100 
,2777 
e 2356 

.3065 

.3261 

.3378 

.3007 
,2372 

t-value 

2.07"':: 
1.12 
0.50 

-0.17 
0.56 

1.30 
1.45 
1.90" 
0.37 
1.54 

0.58 
0.29 
0.76  

-0.07 
0.32  

* Significant at a 90% confidence level 
**X Significant at a 95% confidence level 
A** Significant at a 99% confidence level 
...- . 





APPENDIX r; 

TNl;a00R - OUTDOOR TEMPEMTITRE RELATIONSHIPS EXPLORED 

Thc results o f  t hp  fixed effects rnudel revealed that monthly average 

indoor tempesature Icvc!Is are significantly correlated with monthly 

,-tirerage ~i t -door  teanperatnre level s in the pre-retrofit period, but not in 

t h e  post-r-r!troiit period (see Section 4 . 2 ) .  These  results imply that the 

retro-EiLs may have d~creased the sensitivity of household temperature 

1 evels t o  outdoor tmpcrature levels. In order to explore this 

hypothesis more fully, the relat ionship between outdoor and indoor  

temperature levels was explored at the daily level. Due to missing data, 

it was no t  possible t o  use the three micro-climate weather station 

specific d a i l y  outdoor temperature levels; however, average outdoor 

ternperaturp levels €or the county as a whole (provided by the National 

Oceanic and Atmospheric Administration) were u t i l i z e d .  

The daily average indoor temperature levels during the months of 

November through February €or each of the monitored Hood River households 

(agproxjrinately 300 homes), were regressed against daily average outdoor 

tcmperaturc levels. These regressions were conducted for the pre-  and 

post- r e t ro f i t .  periods. The results of these household specific 

regressions are summarized in Table C.1. In analyzing the individual 

t-rgression results, households were grouped according to the types of 

prfmary and supplemental fuels that. they used. The results i n  Table  C . 1  

indicate thr! average results from the household s p e c i f i c  regressions. 

For example, the average coefficient obtained by regressing daily average 

indoor temperature leve ls  on daily average outdoor ternpcraturc? levels for  



Table C.l Summary results of household specific univariate regressions 

Primary Fuel 

of dai1.y average indoor temperature 
outdoor temperature levels 

Wood or prestologs 
Wood or pres to logs  

Hood or prestologs 
Wood or prestologs 

Electricity 
Electricity 

Electricity 
Electricity 

Supplemental Fuel 

None 
None 

Electricity 
Electricity 

None 
None 

Wood OK preS%OlOgS 
Wood or prestologs 

Year 

8 h / S S  
85/86 

alb/ss 
85 /  86 

8 4 / 8 5  
8 5 / 8 6  

84 /85  
85/86 

- 
levels on daily average 

Slope 

.10 

.09 

.08 

.02 

.03 

.a3 

.06 
I 04 

2 
.08 
. 1.5 

.09 

.09 

.11 

.10 

.09 

.10 

A Significant at: a 90% confidence level 
Significant at a 95% confidence level 
Significant at a 99% confidence level 

... .. ,. ,c .., .*,. J. nnn 
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all homes that heat with wood and use no supplemental fuel is .lo. The 

results of this analysis do not reveal a significant relationship between 

indoor and outdoor temperature levels in either the pre- or post-retrofit 

heating season. 

Next, the average daily indoor temperature among all homes was 

regressed against daily outdoor remperature levels in the pre- and 

post-retrofit heating seasons. The outcome of these regressions are 

presented in Table C.2. When the daily average indoor temperature level 

for the entire sample is used as the dependent variable (as opposed to 

running household specific regressions), the parameter estimate on 

average daily outdoor temperatures is significant at a 99% confidence 

level in both the pre- and post-retrofit heating seasons. It is 

interesting to note that the size of the coefficient on outdoor 

temperature in the post-retrofit heating season is approximately one-half 

of the coefficient in the pre-retrofit heating season. 

The results obtained by analyzing the relationship between indoor and 

outdoor temperatures at the daily average do not clearly confirm or 

contradict the hypothesis that the retrofits decreased the sensitivity of 

the houses to outdoor weather conditions. The results obtained by using 

the household's composite average temperature as the dependent variable 

indicate that household temperatures were sensitive to outdoor weather 

conditions in both the pre- and post-retrofit periods, and that the 

magnitude of that sensitivity decreased after the retrofits. This 

observed decrease in sensitivity is consistent with the findings of the 

fixed effects model. However, the sununary results of the individual 
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Table C.2. Results of ui-iivariaLe regression of aggregate daily average 
indoor temperature levclis against daily 3verage outdoot- 
tcmperature 7 evcls 

Variable Parameter Estimate" t - 'Ja lue 

Intercept 
OUTTEMP 

I n t e r c e p t  
OU'I'TFNP 

69.365 
0.054 

70.794 
.029 

A Significant at a 90% confidence level 
Significant at a 95% confidence level 

*.3,k Significant at a 99% confidence level 
a R2 = .29 

R2 = .18 

4 J. 

.e, 'r 
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regressions conflict with the finding that homes were sensitive to 

weather conditions prior to the retrofit. 

These two estimation procedures are relatively simplistic rnethads of 

investigating the relationship between indoor and outdoor temperature 

levels. Future analysis might utilize a fixed effects model to fully 

exploit the time-series/cross-sectional nature of the daily indoor 

temperature data. These analyses could also include additional weather 

information, such as solar radiation and wind speed. 





APPENDIX D 

ADDENDUM ON PRICE ELASTICITIES 

Further analysis of these data has been conducted. In this work, 

alternative price specifications were utilized. A Hood River specific 

price index was used to deflate the electricity prices, and one month 

lagged prices were included in the model. Both lagged real marginal 

prices and lagged real average prices were used. The sign on the price 

coefficient in each case was negative, yet not significant. The price 

elasticities obtained using lagged real marginal and average prices imply 

a temperature decrease of .2"F and .4 F, respectively, for a one cent/kVh 

price increase. The use of alternative price specifications produced 

only slight changes in the estimated level of take back. 

0 

73 





75 

INTWAL DISTIPIBUTION 

1. L. 
2 .  M .  
3 .  R .  
4 .  F ,  
5 .  w ,  
6 .  M .  
7 .  R. 
8 .  G. 
9 .  E .  

10.  E .  
1.1. . R .  
12. M. 
1 3 .  R .  
14 .  R .  
1 5 .  R .  
1 6 .  J. 

G .  Berry 
A .  Brown 
S .  Carlsmith 
C .  Chen 
Fulke r s on 
B. Get t ings  
T .  Goel tz  
Harris on 
L. Hillsman 
A ,  H i r s t  
B .  Honea 
R. Ives 
0. Johnson 
M. Lee 
S .  Loffman 
M .  MacDonald 

1 7 .  

19. 
20. 
2 1  * 
22 .  
2 3 .  
2 4  I 

2 5 .  
2 6  ~ 

2 7 .  
28.  
2 9 .  
30. 

3 1 - 3 2 .  
3 3 .  

1 8 .  
F. C .  Maienschein 
L.  N .  McCold 
W .  R .  Mixon 
H.  Perez-Rlanco 
S .  L.  Purucker 
R .  B.  She l ton  
T. K .  Stovall 
M. T .  Ternes 
B .  E .  Tonn 
D .  A .  Trumble 
D. I,. White 
Cen t ra l  Research Library  
Document Reference Sec t ion  
Library  Records Departiiient 
Laboratory Records 
OWL Pa ten t  Of f i ce  

EXTERNAL DISTRIBUTION 

3 3 .  Jaime G .  Carbonel l ,  Assoc ia te  Professor  of Computer Sc ience ,  
Carnegie-Mellon Un ive r s i ty ,  P i t t s b u r g h ,  PA 15213 .  

3 4 .  L i n d a  D e l a c r o  ix , U .  S . DOE, 1000 Independence Avenue, 
Washington, D . C .  2 0 5 8 5 .  

3 5 .  Ernie  Freeman, U . S .  DOE, 1000 Independence Avenue, S.W., 
Washington, D. C .  20585. 

3 6 .  S .  Malcolm G i l l i s ,  Dean of Graduate School,  Duke Un ive r s i ty ,  
4 8 7 5  Duke S t a t i o n ,  Durham, NC 27'706. 

3 7 .  F r i t z  R .  Kalhammer, Electr ic  Power Research I n s t i t u t e ,  P . O .  Box 
1 0 4 1 2 ,  Palo A l t o ,  CA 9 4 3 0 3 .  

3 8 .  Roger E .  Kasperson, Professor  of  Government and Geography ~ 

Clark Un ive r s i ty ,  Worcester,  !%fi 01610. 

3 9 .  Kenneth M .  Keat ing,  Evaluat ion Team Leader ,  Office of 
Conservat ion,  U . S .  Department of Energy, Bonnevi l le  Power 
Adminis t ra t ion ,  1002 N . E .  Holladay S t r e e t ,  P o r t l a n d ,  OR 9 7 2 3 2 .  



76 

l+O . Martin Lessen, Consul t ing Engi.neer, 1 2  Country Club Drive, 
Rochester ,  NY 1 4 6 1 8 .  

41. G i l  Peach, Pac i f  Power & LighT, 440 PFFC, 923 S.W.  6 t h  Avenue, 
Po r t l and ,  OR 97204.  

4 2 -  I n s t i t u t e  f o r  Energy Analysis, ORAU-Library. 

4 3 .  O f f i c e  o f  A s s i s t a n t  Manager f o r  Energy Research and 
Development, IIOE-ORO. 

44-  7 4 .  Technical  Information Center ,  DOE,  P . O .  Rox 6 2 ,  Oak R idge ,  TN 
3 7 8 3 1 .  

7 5 - 7 0 3 .  Decision Systems Research Sec t ion  External Mailiirg L i s t  and 
Ext ra  Copies To M .  S .  Hubbard, 4SOON, Room 21-5. 

U. S. GOVERNMENT PRlN- r ING OFFICE 1387--518-118/60113 


