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A b s t r a c t =  
Some o f  t he  h i s t o r y  o f  a m o n t h l y  s a l e s  and revenue 

s u r v e y ,  and t h e  c u r r e n t  s t a t u s  o f  t h a t  s u r v e y  and 
o t h e r s ,  a re  g i ven  as background  to  changes now b e i n g  
i m p l e m e n t e d .  Samp l ing  w i l l  now t a k e  p l a c e  a t  t he  
S t a t e  l e v e l ,  i n s t e a d  o f  t he  n a t i o n a l  l e v e l ;  more 
comp le te  use w i l l  be made o f  a u x i l i a r y  i n f o r m a t i o n ;  
work  has been done to  c o n t r o l  c v ' s  f o r  s e v e r a l  v a r i -  
a b l e s  s i m u l t a n e o u s l y ;  and a t e s t  o r i g i n a l l y  des i gned  
to  c o n s i d e r  degrees  o f  homogene i t y  between s e v e r a l  
s i m i l a r  p o p u l a t i o n s  w i t h  l i m i t e d  s a m p l i n g ,  has been 
used to  i n v e s t i g a t e  t he  e f f e c t i v e n e s s  o f  t h i s  d e s i g n  
a t  an a g g r e g a t e d  (Census d i v i s i o n )  l e v e l .  

I. INTRODUCTION= 
A relatively small number of utilities sell most 

of the retail electricity in the United States. The 
Energy Information Administration (EIA) Form EIA-826, 
"Monthly Electric Utility Sales and Revenue Report 
Nith State Distributions," collects data from these 
large utilities and a stratified random sample of 
the smaller utilities. The universe is from another 
survey, begun in Ig8q, which is a census, performed 
on an annual basis. 

U n t i l  1986, t he  p r e d e c e s s o r s  to  Form EIA-826 
g a t h e r e d  da ta  f rom o n l y  a s e l e c t  g roup o f  l a r g e  
p r i v a t e l y  owned u t i l i t i e s .  S t r a t i f i e d  random s a m p l i n g  
has been used w i t h  good r e s u l t s  s i n c e  t h a t  t i m e .  A 
" c e r t a i n t y "  s t r a t u m  has been used to  l e t  t he  l a r g e s t  
u t i l i t i e s  r e p r e s e n t  o n l y  t h e m s e l v e s ,  and t h i s  d e s i g n  
has p e r f o r m e d  w e l l .  

C u r r e n t l y ,  t he  s t r a t a  f rom w h i c h  random s a m p l i n g  
t a k e s  p l a c e  were e s t a b l i s h e d  a t  t he  n a t i o n a l  l e v e l .  
Thus,  s a l e s  and p r i ce  e s t i m a t e s  c o u l d  no t  be p u b l i s h e d  
a t  t he  S t a t e  l e v e l  w i t h o u t  making t he  a s s u m p t i o n  t h a t  
t he  u n r e p r e s e n t e d  s m a l l  u t i l i t i e s  i n  a S t a t e  behave 
l i k e  ( i n  t e rms  o f  p e r c e n t  changes i n  revenue and s a l e s  
vo lumes o v e r t i m e )  t h e  l a r g e r  u t i l i t i e s  i n  t h a t  S t a t e .  
F u r t h e r ,  S t a t e - l e v e l  s a l e s  and p r i c e  c v ' s  c o u l d  no t  be 
p u b l i s h e d  w i t h o u t  making h o r r e n d o u s  a s s u m p t i o n s .  
S t a t e - l e v e l  s a l e s  numbers have been p u b l i s h e d ,  and 
when a c c u m u l a t e d  f o r  a y e a r  and compared w i t h  the  
census when i t  became a v a i I a b l e ,  t hese  e s t i m a t e s  
p e r f o r m e d  w e l l .  T h i s  i s  because a p p r o x i m a t e l y  80 p e r -  
cen t  o r  more o f  t he  s a l e s  were c o n t a i n e d  i n  t he  c e r -  
t a i n t y  s t r a t u m  f o r  most S t a t e s  and c l a s s  o f  s e r v i c e  
N s e c t o r s .  N A l t h o u g h  revenues  were no t  c o n s i d e r e d  to  
such a l a r g e  degree ,  c o r r e l a t i o n  between s a l e s  and 
revenue ,  w h i c h  g e n e r a l l y  makes p r i c e  l e s s  v a r i a b l e  
than  s a l e s  or  revenue ,  wou Id  make m o n t h l y  p r i ce  e s t i -  
mates o f  v a l u e  a l s o .  

In  the  f a l l  o f  1988, t he  a u t h o r  i n v e s t i g a t e d  t he  
p o s s i b i l i t y  o f  s a m p I i n g  a t  t he  S t a t e  l e v e l ,  w i t h o u t  
i n c r e a s i n g  respondent burden to  an u n a c c e p t a b l e  l e v e l ,  
by use o f  a nomina l  r e d u c t i o n  i n  cove rage  i n  t h e  
c e r t a i n t y  s t r a t u m ,  and by no t  r e q u i r i n g  a u t i l i t y  
s e l e c t e d  by reason o f  b u s i n e s s  i t  does i n  one S t a t e  
to  r e p o r t  t h e i r  b ~ s i n e s s  i n  a n o t h e r  S t a t e .  Tha t  i s ,  
t he  u n i t  o f  response  i s  to  be a u t i l i t y - S t a t e  p a r t ,  
no t  t o t a l  u t i l i t y .  However,  most u t i l i t i e s  o n l y  do 
b u s i n e s s  i n  one S t a t e ,  so t h i s  change does no t  have 
an i m p a c t  on them. 

I n i t i a l l y ,  i t  appeared  t h a t  s a m p l i n g  wou ld  no t  be 
p o s s i b l e  a t  t he  S t a t e  l e v e l ,  bu t  c o u l d  be accom- 
p l i s h e d  a t  t he  "Census d i v i s i o n "  l e v e l .  Example 
c a l c u l a t i o n s  o f  upper  bounds f o r  Census d i v i s i o n  
l e v e l  c v ' s  ( i . e . ,  w i t h o u t  a u x i l i a r y  d a t a )  were prom- 
i s i n g .  (The re  a re  ten  Census d i v i s i o n s  w i t h i n  t he  
U n i t e d  S t a t e s ,  as used by the  E I A . )  I f  i t  were 
d e t e r m i n e d  t h a t  t he  s m a l l  u t i l i t i e s  behave more l i k e  
the  o t h e r  s m a l l  u t i l i t i e s  i n  t he  same Census d i v i s i o n  
than  t he  l a r g e r  u t i l i t i e s  i n  the  same S t a t e ,  e s t i -  
mates c o u l d  be a d j u s t e d  a c c o r d i n g l y .  C u r r e n t  S t a t e -  
l e v e l  s a l e s  e s t i m a t e s  a re  c a l c u l a t e d  i n  a manner 
r e l a t e d  to  t he  combined r a t i o  method,  bu t  w i t h  t r u n -  
ca ted  te rms  i n  t he  n u m e r a t o r  and d e n o m i n a t o r .  The EIA 
has r e p o r t e d ,  as " e x p a n s i o n  f a c t o r s , "  t he  r a t i o  o f  a l l  
s a l e s  f o r  each S t a t e  and c l a s s  o f  s e r v i c e  s e c t o r ,  f o r  
a l l  u t i l i t i e s  i n  t h a t  p a r t  o f  t he  f rame,  to  the  s a l e s  
f o r  o n l y  t hose  u t i l i t i e s  i n  t h a t  same p a r t  o f  t he  
f rame t h a t  were a l s o  on t he  l i s t  o f  E IA-826 s u r v e y  
r e s p o n d e n t s .  These f a c t o r s  have been used to  u p w a r d l y  
a d j u s t  t he  o t h e r w i s e  u n w e i g h t e d  t o t a l  o f  E IA-826 
responses  i n  each S t a t e  and s e c t o r .  However,  no such 
d i r e c t  use was made o f  a u x i l i a r y  data  i n  c a l c u l a t i n g  
p r i c e  e s t i m a t e s .  The e s t i m a t o r s  p roposed  by t he  a u t h o r  
make more s t a n d a r d  use o f  a u x i l i a r y  data  f o r  bo th  
s a l e s  and p r i c e  e s t i m a t i o n .  

E a r l y  i n  1989, t he  EIA d e c i d e d  to  d rop  some o f  t he  
r e p o r t i n g  r e q u i r e m e n t s  on t he  Form EIA-826 wh i ch  a re  
no t  p e r t i n e n t  to  t he  main o b j e c t i v e s  o f  t h i s  s u r v e y .  
T h i s  reduced  c a l c u l a t e d  burden per  r e s p o n d e n t  enough 
t o  a l l o w  s a m p l i n g  a t  t he  S t a t e  l e v e l  w i t h  a t o t a l  
c a l c u l a t e d  r e s p o n d e n t  burden a p p r o x i m a t e l y  unchanged 
f rom the  p r e v i o u s  y e a r .  

H i t h  t he  e x i s t e n c e  o f  an annua l  census to  s u p p l y  
a u x i l i a r y  i n f o r m a t i o n ,  and t he  f a c t  t h a t  r e l a t i v e l y  
few u t i l i t i e s  do most o f  t he  e l e c t r i c  power b u s i n e s s ,  
t h e  b e s t  g e n e r a l  d e s i g n  i s  e s t a b l i s h e d .  Perhaps ,  
however ,  i n  t he  f u t u r e ,  r e g r e s s i o n  e s t i m a t i o n  may be 
used i n  p l a c e  o f  r a t i o  e s t i m a t i o n .  At  t h i s  t i m e ,  i t  
seems r e a s o n a b l e  to  imp lemen t  t he  K e y f i t z  method,  

m o d i f i e d  to  i n c l u d e  a c e r t a i n t y  s t r a t u m ,  f o r  s a l e s  
e s t i m a t i o n ,  and a s i m i l a r l y  m o d i f i e d  doub le  r a t i o  
e s t i m a t e  f o r  p r i c e s .  

2. PROPOSED SAMPLING PLAN= 
Goal - 

The purpose  o f  t h i s  p l a n  i s  to  p r o v i d e  s a l e s  and 
p r i c e  e s t i m a t e s  a t  t he  S t a t e  l e v e l  and h i g h e r ,  w i t h  
e s t i m a t e d  S t a t e  l e v e l  c v ' s  under  5 p e r c e n t ,  w h i l e  no t  
i n c r e a s i n g  r e s p o n d e n t  bu rden .  Because t h e r e  a re  s e v -  
e r a l  d i f f e r e n t  c l a s s e s  o f  s e r v i c e  ( i . e . ,  " s e c t o r s " )  
t o  c o n s i d e r ,  t h i s  i s  a m u l t i v a r i a t e  p rob l em .  

Sample Des ign - 
Thus,  f o r  1990, a new s a m p l i n g  m e t h o d o l o g y  i s  

b e i n g  i m p l e m e n t e d .  The u n i t  o f  response  i s  no l o n g e r  
a t  t he  u t i l i t y  l e v e l ,  bu t  w i l l  be on a S t a t e - u t i l i t y  
b a s i s .  The l a r g e s t  u t i l i t i e s  i n  each S t a t e  were 
s e l e c t e d  f o r  a c e r t a i n t y  s t r a t u m .  The s t r a t i f i e d  
random sample  o f  s m a l l e r  S t a t e - u t i l i t y  u n i t s  i s  t aken  
f rom the  r e m a i n d e r  o f  t he  u n i v e r s e  w h i c h  c o n s i s t s  o f  
a p p r o x i m a t e l y  5000 u t i l i t i e s ,  most o f  w h i c h  do b u s i -  
ness i n  o n l y  one S t a t e ,  and a re  t h e r e f o r e  c a l l e d  
" s i n g l e - S t a r e r s . "  I n  t he  new m e t h o d o l o g y ,  t h e r e  i s  
s l i g h t l y  l e s s  cove rage  by t he  c e r t a i n t y  s t r a t u m ,  and 
more cove rage  by t he  random s t r a t a .  A p p r o x i m a t e l y  
70 p e r c e n t  o f  t o t a l  U.S. r e t a i l  e l e c t r i c i t y  s a l e s  
i s  to  be cove red  by a p p r o x i m a t e l y  200 S t a t e - u t i l i t y  
u n i t s  s e l e c t e d  w i t h  c e r t a i n t y .  At  l e a s t  two random 
s t r a t a  a r e  found  i n  each S t a t e .  Thus,  t h i s  p r o v i d e s  
f o r  ove r  100 random s t r a t a  i n  t he  U . S . ,  w i t h  over  
200 a d d i t i o n a l  u n i t s  j o i n i n g  t he  c e r t a i n t i e s  to  fo rm 
the  samp le .  The t o t a l  sample s i z e  was i n c r e a s e d  by 
1) a nomina l  dec rease  i n  average  cove rage  by t he  
c e r t a i n t i e s ,  2) no t  r e q u i r i n g  a l l  S t a t e  p a r t s  f rom 
a l a r g e  u t i l i t y  w h i c h  has some S t a t e  p a r t s  i n  wh i ch  
i t  does l i t t l e  b u s i n e s s ,  and 3) e l i m i n a t i o n  o f  some 
i n f o r m a t i o n  r e q u i r e m e n t s  on the  fo rm,  such as the  
number o f  cus tomers  and w h o l e s a l e  d a t a .  A l l  o f  t he  
above reduced c a l c u l a t e d  bu rden ,  so t h a t  more s t r a t -  
i f i e d  random s a m p l i n g  c o u l d  be done. T h e r e f o r e ,  
S t a t e - l e v e l  s a m p l i n g  i s  now p o s s i b l e .  

The u n i v e r s e  f rom w h i c h  t he  Form EIA-S26 sample  i s  
t a k e n ,  t he  Form EIA-861 d a t a ,  i s  used f o r  a u x i l i a r y  
i n f o r m a t i o n ,  t h u s  i n c r e a s i n g  the  a c c u r a c y  o f  our  
s a l e s  and p r i c e  e s t i m a t e s .  H i t h  t he  new s a m p l i n g  
m e t h o d o l o g y  and e s t i m a t i o n  p r o c e d u r e s ,  t he  EIA w i l l  
be a b l e  to  p u b l i s h  S t a t e ,  Census d i v i s i o n ,  and na-  
t i o n a l  l e v e l  e s t i m a t e s  o f  s a l e s ,  s a l e s  c v ' s ,  p r i c e s ,  
and p r i c e  c v t s .  S i m i l a r  revenue e s t i m a t o r s  a re  a v a i l -  
a b l e .  U n f o r t u n a t e l y ,  f o r m u l a s  f o r  c o e f f i c i e n t s  o f  
v a r i a t i o n  ( c v ' s )  a t  t he  S t a t e  l e v e l  w i l l  be " r o u g h "  
a p p r o x i m a t i o n s ,  as o n l y  l a r g e  sample a p p r o x i m a t i o n s  
o f  c v ' s  u s i n g  a u x i l i a r y  data  a re  a v a i l a b l e .  

Coverage - 
H i t h i n  each S t a t e ,  cove rage ,  based on t he  1987 

Form E IA -861 ,  i s  u s u a l l y  a t  l e a s t  70 p e r c e n t  f o r  each 
s e c t o r .  There  i s  a t  l e a s t  2 / 3 s  coverage  i n  the  r e s i -  
d e n t i a l ,  c o m m e r c i a l ,  and i n d u s t r i a l  s e c t o r s  f o r  bo th  
s a l e s  and revenue ,  1 /2  cove rage  f o r  o t h e r  s a l e s  and 
revenue ,  and a t  l e a s t  2 / 5 s  cove rage  o f  t o t a l  s a l e s .  
The r e m a i n d e r  o f  t he  Form EIA-861 r e s p o n d e n t s  c o u l d  
then  be d i v i d e d  i n t o  ( a t  l e a s t )  two s t r a t a  per  S t a t e  
f o r  s t r a t i f i e d  random s a m p l i n g .  There  a re  some excep-  
t i o n s  to  t he  amount o f  coverage  by t he  c e r t a i n t y  
s t r a t a .  In  M i n n e s o t a ,  f o r  example ,  r e s i d e n t i a l  s a l e s  
and revenue cove rages  c o u l d  no t  reach  2 / 5 s  w i t h o u t  
f i f t e e n  r e s p o n d e n t s  i n  the  c e r t a i n t y  s t r a t u m .  However,  
i f  t he  cove rage  by c e r t a i n t i e s  r e q u i r e m e n t  i s  r e l a x e d ,  
to  60 p e r c e n t ,  then  t he  number o f  r e s p o n d e n t s  needed 
f rom t h i s  s t r a t u m  i s  reduced to  e i g h t .  The reason f o r  
t h i s  p rob lem i s  t h a t  i n  M i n n e s o t a ,  r e s i d e n t i a l  (and 
to  a l e s s e r  e x t e n t ,  c o m m e r c i a l )  s a l e s  (and revenue)  
a re  d i s t r i b u t e d  w i d e l y .  Tha t  i s ,  a l a r g e  number o f  
u t i l i t i e s  i n  t h a t  S t a t e  have s u b s t a n t i a l  r e s i d e n t i a l  
s a l e s .  The bes t  a c t i o n  to  be taken  under  such c i r c u m -  
s t a n c e s  may be to  i n c r e a s e  t he  number o f  s t r a t a  f o r  
random s e l e c t i o n ,  and i n  t h i s  case f o u r  were used.  
(See "Sugges ted  r u l e s  f o r  e s t a b l i s h i n g  s t r a t a  f o r  
random s e l e c t i o n "  found  l a t e r  i n  t h i s  p a p e r . )  Two 
o b s e r v a t i o n s  were drawn f rom each such s t r a t u m ,  f o r  a 
t o t a l  s e l e c t i o n  o f  16 u n i t s  f rom M i n n e s o t a .  T h i s  i s  
a l m o s t  t w i c e  t he  ave rage  sample  s i z e  per  S t a t e ,  bu t  
such e x c e p t i o n s  must be e x p e c t e d .  

Certainty selection algorithm - 
This program was written to ensure, unless over- 

riden, that the minimum coverages described above for 
sales and for revenue in the various class of retail 
service sectors will be present in the certainty 
stratum. Each time sales or revenue is examined for a 
new s e c t o r ,  a check i s  f i r s t  made to  see i f  u n i t s  
a l r e a d y  s e l e c t e d  have comp le ted  t he  r e q u i r e m e n t  i n  
t h i s  new area as w e l l .  I f  n o t ,  o n l y  t he  d i f f e r e n c e  
must be t aken  i n t o  a c c o u n t .  

A s e t  o f  r e c o r d s  c o n t a i n i n g  revenue and s a l e s  da ta  
f o r  t he  f o u r  i n d e p e n d e n t  c l a s s  o f  s e r v i c e  s e c t o r s ,  
p l u s  a f i f t h  " t o t a l "  s e c t o r ,  w i t h  each r e c o r d  p r o v i d -  
i n g  da ta  f o r  a g i v e n  u t i l i t y  i n  t he  S t a t e  o f  i n t e r e s t  
( i . e . ,  one r e c o r d  i s  found  per  u n i t ) ,  i s  s o r t e d  by 
t o t a l  s e c t o r  s a l e s  and used as i n p u t .  T h i s  f i l e  i s  
c o n s t i t u t e d  o f  a u x i l i a r y  census data  f o r  a g i v e n  
S t a t e .  T h i s  f i l e  i s  then  s t u d i e d  u s i n g  t he  f o l l o w i n g  
s teps=  

1) S t a r t i n g  w i t h  t he  l a r g e s t  t o t a l  s a l e s  r e c o r d ,  
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p i c k  c o n s e c u t i v e l y  ranked r e c o r d s  u n t i l  2 / 5 s  o f  
t he  t o t a l  s a l e s  i n  t he  a u x i l i a r y  da ta  f i l e  a r e  
" c o v e r e d .  n 

2) Next  c o n s i d e r  r e s i d e n t i a l  revenue ,  f o l l o w e d  by 
r e s i d e n t i a l  s a l e s ,  commerc ia l  revenue ,  commer- 
c i a l  s a l e s ,  i n d u s t r i a l  revenue ,  i n d u s t r i a l  s a l e s ,  
" o t h e r "  revenue ,  and " o t h e r n  s a l e s .  Examine t he  
r e c o r d s  f o r  t he  u n i t s  a l r e a d y  chosen as c e r t a i n -  
t i e s  based on t o t a l  s a l e s ,  t o  see what  cove rage  
i s  a l r e a d y  a c c o m p l i s h e d  f o r  r e s i d e n t i a l  revenue .  

5) I f  r e s i d e n t i a l  revenue a l r e a d y  has 2 / 5 s  cove rage ,  
go on to  r e s i d e n t i a l  s a l e s ,  e t c .  

q) O t h e r w i s e ,  s t a r t i n g  w i t h  t h e  r e c o r d  no t  s e l e c t e d  
t h u s  f a r ,  w h i c h  has l a r g e s t  t o t a l  s a l e s ,  and p r o -  
c e d i n g  t h r o u g h  t h e  f i l e ,  d e t e r m i n e  w h e t h e r  any 
one r e c o r d  c o u l d  be added,  wh i ch  wou ld  c o m p l e t e  
t he  r e q u i r e d  cove rage  f o r  t he  c a t e g o r y .  

5) I f  t h i s  f a i l s ,  r e t u r n  to  s t e p  ~, bu t  l o o k  f o r  
r e c o r d s  w h i c h  w i l l  s u p p l y  a t  l e a s t  1 /q  o f  t he  
r e q u i r e d  cove rage  r e m a i n i n g .  

6) I f  any r e c o r d s  a re  s e l e c t e d  t h r o u g h  s t e p  5, t he  
s e a r c h  i s  c o n t i n u e d  u n t i l  e i t h e r  t he  cove rage  
r e q u i r e m e n t  f o r  t h i s  c a t e g o r y  i s  c o m p l e t e d ,  o r  up 
to  t h r e e  such r e c o r d s  a re  f o u n d ,  and a f i n a l  
r e c o r d  can be chosen wh i ch  must o n l y  be l a r g e  
enough i n  t h e  c a t e g o r y  o f  i n t e r e s t  t o  c o m p l e t e  
the  r e q u i r e d  cove rage .  

7) F i n a l l y ,  i f  t he  r e q u i r e d  coverage  i s  no t  comp le -  
t e d ,  t he  program r e t u r n s  t o  the  r e c o r d  w i t h  l a r g -  
e s t  t o t a l  s a l e s  w h i c h  has no t  y e t  been s e l e c t e d ,  
and s e l e c t s  each such r e c o r d ,  i n  o r d e r  o f  t o t a l  
s a l e s  u n t i l  t he  r e q u i r e m e n t  f o r  t h e  c a t e g o r y  under  
s t u d y  i s  c o m p l e t e d .  

8) Go to  t he  nex t  c a t e g o r y ,  see i f  t he  cove rage  
r e q u i r e m e n t  ( u s u a l l y  2 / 5 s  f o r  a l l  c a t e g o r i e s ,  
e x c e p t  1 /2  f o r  o t h e r  revenue ,  and s a l e s )  has been 
s a t i s f i e d  by u n i t s  s e l e c t e d  p r e v i o u s l y ,  and i f  
n o t ,  go to  s t e p  3, and r e p e a t  f o r  a l l  c a t e g o r i e s  
i n  t u r n .  

Note t h a t  t h i s  a l g o r i t h m  i s  a p p l i e d  f o r  v a r i o u s  com- 
ponent  s a l e s  and revenues  a g a i n s t  t h e  f i l e  s o r t e d  
o n l y  by t o t a l  s a l e s .  Some o f  t he  l a r g e  t o t a l  s a l e s  
u n i t s  w i l l  no t  be i n c l u d e d ,  bu t  t h e r e  i s  a t e n d e n c y  t o  
s e l e c t  them. T h i s  i s  h e l p f u l  i n  t h a t  i f  two r e c o r d s  
a re  each c a p a b l e  o f  c o m p l e t i n g  a g i v e n  r e q u i r e m e n t ,  i t  
i s  b e t t e r  t o  s e l e c t  t he  r e c o r d  w h i c h  i s  most l i k e l y  t o  
h e l p  w i t h  cove rage  i n  o t h e r  c a t e g o r i e s .  A l so  no te  t h a t  
e x c e p t i o n s  to  t he  above a l g o r i t h m  were based on unusu-  
a l  da ta  d i s t r i b u t i o n s .  

Sugges ted  r u l e s  f o r  e s t a b l i s h i n g  s t r a t a  f o r  random 
s e l e c t i o n  - 

S t r a t a  f rom w h i c h  random s e l e c t i o n  i s  t o  occu r  a r e  
d e c i d e d  upon w i t h  t he  goa l  o f  r e d u c i n g  t h e  c o e f f i -  
c i e n t s  o f  v a r i a t i o n  ( c v ' s )  f o r  r e s i d e n t i a l ,  commerc ia l  
and industrial sales and revenue, simultaneously, in 
an approximately optimal fashion. Cochran (1977), 
notes that such an allocation is population dependent. 
In our case, there are tradeoffs to be considered 
between six variables (residential, commercial and 
industrial, sales and revenue). The possibility of 
adjustments at the Census division level, for purposes 
of improving (reducing) cv levels, is discussed in the 
next subsection. 

Only cv's were considered here. (The bias of the 
ratio estimate is also important, but can be studied 
in relationship to the cv of the auxiliary variate. 
Hith our data, this does not appear to be a problem. 
The Keyfitz method as applied here is "...without 
bias .... " Keyfitz (1957)). Strata may be redefined in 
succeeding years on the basis of results of the first 
year(s) of implementation. 

If a unit selected with certainty has merged with 
another certainty, no adjustment to these procedures 
will be necessary. If it merges with a noncertainty, 
weights will have to be adjusted, and similarly, if 
a randomly drawn unit is involved in a merger. 

Only two units per random stratum are drawn so that 
more strata can be used, and to make use of the 
Keyfitz method. Strata, from which random selections 
are to be made, are limited to 200 units to avoid very 
large weights, and particularly in case there is a lot 
of variance within such a stratum which may be poorly 
measured when drawing only two units from each. 

Each of the 50 States and the District of Columbia 
are considered. The remaining potential respondents 
were examined manually after the certainty selection 
program had been run. For special cases, such as 
mentioned earlier in the case of Minnesota, the 
general goal was still the same. An effort was made 
to minimize the cv's expected for sales and for rev- 
enue in the residential, commercial and industrial 
sectors, while trying not to greatly exceed an aver- 
age o f  e i g h t  r e s p o n d e n t s  per  S t a t e  so t h a t  r e s p o n d e n t  
burden wou ld  no t  be i n c r e a s e d .  (No te  t h a t  c o o p e r a -  
t i v e s  and m u n i c i p a l s  t h a t  buy e l e c t r i c i t y  f rom the  
Tennessee V a l l e y  A u t h o r i t y  (TVA) ,  whose s a l e s  and 
revenue data  a r e  c o l l e c t e d  by TVA under  t he  TVA A c t ,  
a re  i n c l u d e d  as c e r t a i n t i e s  and o n l y  coun ted  as a 
s m a l l  burden to  match h i s t o r i c a l  burden a p p o r t i o n m e n t  
s i n c e  no a d d i t i o n a l  r e s p o n d e n t  burden i s  r e q u i r e d . )  
T h i s  sys tem i s  now b e i n g  imp lemen ted .  I n  t he  f u t u r e ,  
EIA c o n t r a c t i n g  s u p p o r t  may move t o w a r d  more comp le te  
a u t o m a t i o n ,  as i n  an e x p e r t  sys tem,  to  some degree ,  
i n  t he  s e l e c t i o n  o f  s t r a t a  b o u n d a r i e s .  I n  a d d i t i o n  to  
c o m p u t e r i z i n g  c a l c u l a t i o n s  u s i n g  the  f o r m u l a s  g i v e n  
i n  Append ix  A o f  t h i s  pape r ,  t he  p o s s i b i l i t y  o f  a u t o -  
m a t i o n  has been d i s c u s s e d  f o r  a t  l e a s t  p a r t  o f  t he  
s t r a t a  d e f i n i t i o n  w h i c h  was done more s u b j e c t i v e l y  
he re .  (Any s t r a t i f i c a t i o n  can be changed i n  s u c c e e d i n g  
y e a r s  i f  t h i s  p roves  to  be n e c e s s a r y . )  Ru les  g i v e n  

be low c o n c e n t r a t e  on cases where o n l y  two s t r a t a  a re  
needed, and t h e  o r i g i n a l  g o a l s  f o r  coverage  by c e r -  
t a i n t i e s  have been met.  H i t h  t hese  r e s t r i c t i o n s  i n  
mind,  t he  c o n t r a c t o r  has been g i ven  t he  f o l l o w i n g  
g e n e r a l  r u l e s  f o r  d e t e r m i n i n g  s t r a t a ,  wh i ch  wou ld  
p r o v i d e  a t  l e a s t  a more o b j e c t i v e  b a s i s  f o r  d e c i d i n g  
upon t he  d e t a i l e d  c o n s t r u c t i o n  o f  t he  sample= 

i )  I f  f e w e r  than  e i g h t  p o t e n t i a l  r e s p o n d e n t s  remain  
a f t e r  t he  c e r t a i n t i e s  have been removed f rom the  
Form EIA-861 l i s t i n g  f o r  t he  g i ven  S t a t e ,  then  
s t o p .  I w i l l  want  to  examine t h i s .  

i i )  I f ,  a f t e r  t he  f o l l o w i n g  r u l e s  a re  a p p l i e d ,  f e w e r  
than  t h r e e ,  o r  more than  100 u n i t s  ( " p o t e n t i a l "  
r e s p o n d e n t s )  a re  found  i n  one o f  t he  two s t r a t a  
i n t o  w h i c h  we a re  a t t e m p t i n g  to  p l a c e  t h e  non-  
c e r t a i n t i e s ,  then  a l s o  s t o p .  

O the rw ise=  
i i i )  C a l c u l a t e  Nh~SQRT(Xh i j )  f o r  c a n d i d a t e  s t r a t a ,  

where h r e p r e s e n t s  one o f  t he  ( i n  t h i s  case)  two 
s t r a t a  wh i ch  a re  c a n d i d a t e s  f o r  random s e l e c -  
t i o n ,  i i n d i c a t e s  s a l e s  or  revenue ,  and j r e p r e -  
s e n t s  t he  r e s i d e n t i a l ,  commerc ia l  o r  i n d u s t r i a l  
s e c t o r .  

i v )  C a l c u l a t e  N h × h i j ,  t he  s t r a t u m  t o t a l ,  f o r  each 
s t r a t u m ,  i and j .  

v )  For e a C h F ~ o f  t he  s i x  i j_combinations,N2~SQRT(X2ij)~ / a l c u l a t e  
D i j  : ( ~ N I ~ S Q R T ( X l i j ,  
NISQRT(Xlij) )~100,  to  e x p r e s s  t h i s  as a p e r -  
c e n t .  h= l  i s  f o r  t he  " l a r g e r "  p o t e n t i a l  r e s p o n d -  
e n t s ,  where we p r o b a b l y  have NI<N2. 
Then c a l c u l a t e  D=~ i , j  D i , j .  

v i )  S i m i l a r l y ,  c a l c u l a t e  D ' ,  where squa re  r o o t s  a r e  
no t  used.  

vii) I made some preliminary s u g g e s t i o n s  f o r  minimum 
acceptable D and D' values, and for cvhij if the 
finite population restriction is dropped. 

viii) Let SCC represent the portion of sales due to 
the certainties (in a given sector) - i.e., SCC = 
xstc/Xs - and similarly, for revenue. (See 
A~pendix A.) For noncertainties, ESCNC = 
(~st-xstc)/Xs, and similarly for revenue. Ideal- 
ly, SCC+ESCNC wou ld  be a p p r o x i m a t e l y  1 . 0 ,  and 
t h i s  wou ld  a l s o  be t r u e  f o r  t he  revenue e q u i v a -  
l e n t .  C a l c u l a t e  ESCNC and the  revenue e q u i v a l e n t  
f o r  t he  c a n d i d a t e  s t r a t a  f o r  t he  w o r s t  case 
s c e n a r i o s .  T h i s  may be used when a l t e r n a t i v e  
s t r a t i f i c a t i o n s  appear  a p p r o x i m a t e l y  e q u a l l y  
good by o t h e r  c r i t e r i a  above.  

R e s u l t s  o f  Leng th  o f  I n i t i a l  Run T e s t  a p p l i e d  t o  t he  
New Eng land Census D i v i s i o n  - 

The Leng th  o f  I n i t i a l  Run ( L I R )  T e s t  was o r i g i n a l l y  
d e s i g n e d  as a t e s t  f o r  h e t e r o g e n e i t y  between s e t s  o f  
r e s p o n d e n t s  f rom d i f f e r e n t  p o p u l a t i o n s  t h a t  were p r e -  
sumed to  be s i m i l a r .  The purpose  o f  t h e  t e s t  was t o  
examine t h e  a d v i s a b i l i t y  o f  c o n t i n u i n g  to  g roup t h e s e  
u n i t s ,  based on l i m i t e d  t e s t i n g .  (See Knaub, e t . a l .  
( 1 9 8 3 ) . )  Here,  t h i s  t e s t  i s  used to  d e t e r m i n e  i f  t h e r e  
i s  a h i g h  degree o f  homogene i t y  between s t r a t a  when 
c a l c u l a t i n g  Census d i v i s i o n  l e v e l  numbers.  For example ,  
a t  t he  Census d i v i s i o n  or  n a t i o n a l  l e v e l ,  i t  may be 
found  t h a t  t h e  s t r a t a  fo rmed  appear  q u i t e  h e t e r o g e n e -  
ous f o r  some v a r i a t e s ,  bu t  t h a t  f o r  o t h e r s ,  no one 
s t r a t u m  seems t o  have n o t i c e a b l y  l a r g e r  v a l u e s  t han  
t h e  o t h e r s .  Perhaps a f i n e  a d j u s t m e n t  o f  t he  s t r a t a  
may be needed.  To h e l p  reduce c v ( s )  f o r  t he  a r e a ( s )  o f  
i n t e r e s t ,  one response  m i g h t  be t o  add a n o t h e r  c e r -  
t a i n t y  r e s p o n d e n t  t o  t he  samp le .  Here,  o n l y  t he  
New Eng land Census D i v i s i o n  w a s s t u d i e d .  No a d j u s t m e n t  
appeared  to  be n e c e s s a r y  i n  t h i s  case.  

The n u l l  h y p o t h e s i s  i s  t h a t  a l l  p a i r s  o f  o b s e r v a -  
t i o n s  come f rom t h e  same p o p u l a t i o n .  As i n d i c a t e d  
g r a p h i c a l l y ,  f o l l o w i n g  t he  t e x t  o f  t h i s  pape r ,  i f  20 
o b s e r v a t i o n s  have been drawn as 10 p a i r s  o f  o b s e r v a -  
t i o n s  ( i . e . ,  two o b s e r v a t i o n s  a re  drawn f rom each o f  
10 i . i . d ,  p o p u l a t i o n s ) ,  and t he  r e s u l t s  f o r  a g i v e n  
v a r i a b l e  have been ranked ,  one must d e t e r m i n e  t he  
number of observations, starting with the largest, 
that appear before the smaller one from any pair. 
There is approximately a 0.053 probability of an LIR 
of I, a 0.105 probability of an LIR of 2, a O.lq9 
probability of an LIR of 3, etc. The expected value 
of the LIR in this case is approximately q.7. If, 
however, 9 pairs of observations are drawn from a 
N(x,l) and I pair from a N(x+2,1), then the expected 
value for lhe LIR is about 2.6. Here, the approx- 
imate probabilities of LIRs of I, 2 and 3 are 0.56, 
0.22 and 0.15, respectively. If 5 pairs were drawn 
from a N(x,l) and 5 pairs were drawn from a N(x+2,1), 
the expected LIR would be 5.5. 

3. PLANNED SALES, SALES CV, PRICE AND PRICE CV 
ESTIMATORS= 

For t he  Form EIA-826 m o n t h l y  samp le ,  i t  i s  p l anned  
t h a t ,  b e g i n n i n g  i n  Janua ry  1990, r a t i o  e s t i m a t i o n  
w i l l  be used a t  t he  S t a t e  l e v e l ,  w i t h  a u x i l i a r y  da ta  
coming f rom the  Form EIA-8G1 annua l  census f o r  c a l e n -  
dar  y e a r  1987, w i t h  a p o s s i b l e  upda te  to  1988. For 
s a l e s  i n  each S t a t e ,  f o r  each end-use  s e c t o r ,  use i s  
made o f  t he  K e y f i t z  f o r m u l a t i o n ,  m o d i f i e d  t o  i n c l u d e  
a c e r t a i n t y  s t r a t u m  f rom w h i c h  a l l  u n i t s  a re  obse rved  
as opposed t o  t he  random s e l e c t i o n  o f  two u n i t s  each 
r e q u i r e d  i n  t he  K e y f i t z  f o r m u l a t i o n  f o r  each o f  t h e  
o t h e r  s t r a t a .  T h i s  i s  a c c o m p l i s h e d  as a combined 
e s t i m a t e .  A l l  s a l e s  a g g r e g a t e  v a l u e s  ( i . e . ,  f o r  t h e  
" t o t a l  s e c t o r , "  and Census d i v i s i o n  and n a t i o n a l  
l e v e l s )  a re  added u s i n g  s e p a r a t e  e s t i m a t i o n .  Thus,  
c o n f u s i o n  i s  a v o i d e d  f o r  n o n s t a t i s t i c i a n  use rs  o f  t he  
da ta  who a r e  e x p e c t i n g  da ta  to  be a d d i t i v e .  P r i c e  
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estimation is accomplished u s i n g  a similarly modified, 
combined double ratio estimator, with separate esti- 
mation used  t o  a c c u m u l a t e  t h e s e  r e s u l t s  t o  t h e  a g g r e -  
g a t e d  l e v e l s .  E s t i m a t o r s  a r e  g i v e n  i n  d e t a i l  i n  
A p p e n d i x  A. 

As a n o t h e r  a l t e r n a t i v e ,  n o t e  t h a t  r a t i o  e s t i m a t i o n  
c o u l d  be used  on t h e  s t r a t i f i e d  random p o r t i o n  o f  t h e  
s a m p l e  o n l y ,  and t h e  c e r t a i n t i e s  t r e a t e d  s e p a r a t e l y .  
T h i s  w o u l d  a l t e r  A p p e n d i x  A f o r m u l a s ,  t r e a t i n g  t h e  
c e r t a i n t i e s  as  a s e p a r a t e  e n t i t y  ( t h u s ,  r e q u i r i n g  
more  use o f  t h e  s e p a r a t e  m e t h o d ) .  T h i s  a l t e r n a t i v e ,  
h o w e v e r ,  may n o t  be t h e  b e t t e r  mode l  f o r  o u r  d a t a ,  as  
random s a m p l i n g  i s  l i m i t e d  s u c h  t h a t  a c o m p l e t e l y  
c o m b i n e d  e s t i m a t e  ( a t  t h e  S t a t e  l e v e l )  may be a d v i s -  
a b l e .  P a s t  e x p e r i e n c e  shows t h a t  when a r a t i o - l i k e  
e s t i m a t e  o f  S t a t e - l e v e l  s a l e s  ( u s i n g  p r i m a r i l y  c e r -  
t a i n t i e s )  was e m p l o y e d ,  r e s u l t s  w e r e  v e r y  good when 
l a t e r  c o m p a r e d  t o  c e n s u s  d a t a  f o r  t h a t  p e r i o d .  

N a t i o n a l  and  even Census  d i v i s i o n  l e v e l  cv e s t i -  
m a t e s  w i l l  be more  r e l i a b l e ,  b u t  t h e  S t a t e - l e v e l  cv 
e s t i m a t e s  w i l l  be v e r y  r o u g h  due t o  t h e  s m a l l  s a m p l e  
s i z e s .  Fo r  a g i v e n  S t a t e  and s e c t o r ,  t h e s e  e s t i m a t e s  
may have  g r e a t e r  v a r i a b i l i t y  f r o m  mon th  t o  mon th  t h a n  
t h e  t r u e  c v ' s  do ,  b u t  even more v o l a t i l i t y  w i l l  p r o b -  
a b l y  be f o u n d  when s a m p l e s  a r e  r e d r a w n  ( p e r h a p s  e v e r y  
two  o r  t h r e e  y e a r s ) .  T h i s  can be s t u d i e d  i n  t h e  l o n g  
t e r m  once  t h e s e  d a t a  a r e  a v a i l a b l e  f o r  a number  o f  
s a m p l e s  d r a w n .  I n  t h e  i n t e r i m ,  as  l o n g  as we r e a l i z e  
t h a t  cv e s t i m a t e s  f o r  s a l e s  a t  t h e  S t a t e  l e v e l  a r e  
v e r y  r o u g h  e s t i r l a t e s ,  p r i c e  e s t i m a t i o n  i s  good due t o  
f u r t h e r  r a t i o i n g ,  and  i m p r o v e m e n t  i n  a c c u r a c y  o f  t h e  
cv e s t i m a t e s  i s  f o u n d  as  S t a t e s  a r e  a g g r e g a t e d ,  t h e s e  
r e s u l t s  can be u s e f u l  t o  t h e  d e c i s i o n  maker  who w a n t s  
t o  know how much s a m p l i n g  e r r o r  m i g h t  be r e a s o n a b l y  
e x p e c t e d .  

4.  CURRENT AND PROPOSED FUTURE EVALUATIONS: 
T e s t  d a t a  - 

M o n t h l y  s a l e s  and r e v e n u e  d a t a  have  n e v e r  been 
c e n s u s e d .  I t  has been s u g g e s t e d ,  h o w e v e r ,  t h a t  a n n u a l  
c e n s u s  d a t a  f r o m  1987 be used  as a u x i l i a r y  d a t a  i n  
o u r  t e s t  s e t ,  j u s t  as i t  may be f o r  o u r  1990 sam-  
p i i n g ,  b u t  i n  p l a c e  o f  1990 m o n t h l y  d a t a ,  we w i l l  use 
t h e  c o r r e s p o n d i n g  d a t a  f r o m  t h e  1988 c e n s u s .  T h e r e -  
f o r e ,  we w i l l  be a b l e  t o  compare  t h e  r e s u l t s  f r o m  o u r  
e s t i m a t o r s  t o  t h e  c o m p l e t e  c e n s u s  f o r  1988 ,  as  i f  i t  
w e r e  t h e  m o n t h l y  d a t a  c o l l e c t e d  f r o m  a l l  u t i l i t i e s .  
cv e s t i m a t o r  p e r f o r m a n c e ,  as  w e l l  as  t h e  p r i c e  and 
s a l e s  t h e m s e l v e s  can be e x a m i n e d  t h i s  way .  T h i s  does  
n o t  t e s t  f o r  e v e r y t h i n g ,  b u t  does  do a l o t .  A l s o ,  t h e  
c o n t r a c t o r  can i n s t i t u t e  a more c o m p l e t e  v e r s i o n  o f  
t h e  s o f t w a r e  s i n c e  we w i l l  be d e a l i n g  w i t h  a l l  a n n u a l  
c e n s u s  (Fo rm E I A - 8 6 1 )  c o d e s ,  and  we w i l l  now use t h o s e  
same codes  ( p l u s  a S t a t e  i n d i c a t o r )  f o r  1990 m o n t h l y  
d a t a .  (See A p p e n d i x  B f o r  t e s t  d a t a  r e s u l t s . )  

A l t h o u g h  s t r a t a  w e r e  s e t  up based  on t h e  1987 
c e n s u s  o f  u t i l i t i e s ,  1988 c e n s u s  d a t a  may a c t u a l l y  be 
used  as  a u x i l i a r y  d a t a  when t h i s  i s  f i r s t  used  f o r  
1990 m o n t h l y  e s t i m a t i o n s .  Few b i r t h s ,  d e a t h s  o r  m e r g e r s  
a r e  i n d i c a t e d  t h u s  f a r .  Data  may be s t u d i e d  t o  see  i f  
a n y  a n o m a l i e s  a p p e a r  when r u n n i n g  t h e  i n v e r s e  o f  t h e  
above  p r o c e d u r e .  T h a t  i s ,  t h e  1988 c e n s u s  can be used  
as  a u x i l i a r y  d a t a ,  and  t h e  s a m p l e  d rawn  f r o m  t h e  1987 
c e n s u s .  R e s u l t s  may t h e n  be compared  t o  t h e  1987 f u l l  
c e n s u s  r e s u l t s .  H h e t h e r  1987 o r  1988 d a t a  a r e  used  as 
a u x i l i a r y  d a t a  f o r  t h e  a c t u a l  1990 e s t i m a t i o n s  may 
depend  g r e a t l y  upon w h i c h  d a t a  s e t  i s  c o n s i d e r e d  t o  
have  t h e  l e a s t  n o n s a m p l i n g  e r r o r .  

Ratio vs Regression Estimation - 
This may be the subject of a very long term study of 

our data, which could be done most easily and of 
greatest value, using the data that will be collected 
under the new sample design starting in 1990. Some 
simulation from Form EIA-861 data may be of supple- 
mental help; however, a study will be more complete 
with monthly data drawn by State. Further, from 
Cochran (1977), page 197, "In small samples on 
natural populations the regression estimate appears 
disappointing in performance. In eight natural 
populations of the type in which the ratio estimate 
has been used ,  Rao ( 1 9 6 9 )  f o u n d  i n  a Mon te  C a r l o  
s t u d y  t h a t  t h e  a v e r a g e  o f  t h e  r a t i o s . . . "  o f  t h e  mean 
s q u a r e  e r r o r  o f  t h e  l i n e a r  r e g r e s s i o n  e s t i m a t e  t o  t h e  
mean s q u a r e  e r r o r  o f  t h e  r a t i o  e s t i m a t e  was 1 . 1 5  f o r  
a s a m p l e  o f  s i z e  " . . .  n=12 ,  1 .36  f o r  n=8 ,  and 1 . 5 1  
f o r  n = 6 . "  B i a s  i s  o f  t h e  same o r d e r ,  a l t h o u g h  i t  
seems e a s i e r  t o  q u a n t i f y  b i a s  f r o m  t h e  r a t i o  e s t -  
i m a t e ;  v a r i a n c e  i s  a l m o s t  t h e  same i n  l a r g e  s a m p l e  
a p p r o x i m a t i o n s  f o r  b o t h  t h e  r a t i o  and r e g r e s s i o n  
e s t i m a t e s ,  a l t h o u g h  s u c h  an e s t i m a t e  o f  t h e  v a r i a n c e  
o f  t h e  r a t i o  e s t i m a t e  i s  s l i g h t l y  l a r g e r ,  o r  a t  l e a s t  
n o t  l e s s  t h a n  t h a t  f o r  t h e  r e g r e s s i o n  e s t i m a t e ;  and 
the model for the ratio estimate is simpler, which I 
feel may have contributed to Rao's results above - 
i.e., a more sophisticated model may not be justified 
by the data. All of this indicates that there are 
reasons for and against use of each of these estima- 
tors, and it may not be clear until after a long and 
major study, which one may be slightly better for our 
data. I have opted not to use regression at this time, 
as I feel ratio estimation is satisfactory for these 
data. The simplest model may be all that is justified. 
Additionally, implementation is quite practical and 
can be accomplished for 1990 data. 

5. SUMMARY OF PLANNED ESTIMATION: 
In the case of the Form EIA-826 monthly sample, 

beginning in January 1990, ra t io  estimation w i l l  be 
used  a t  t h e  S t a t e  l e v e l ,  w i t h  a u x i l i a r y  d a t a  c o m i n g  
f r o m  t h e  Form E I A - 8 6 1  a n n u a l  c e n s u s  f o r  c a l e n d a r  y e a r  
1987 (or 1988). 

For  s a l e s  i n  each  S t a t e ,  f o r  o r d i n a r y  e n d - u s e  
s e c t o r s ,  use i s  made o f  t h e  K e y f i t z  f o r m u l a t i o n ,  
m o d i f i e d  t o  i n c l u d e  a c e r t a i n t y  s t r a t u m  f r o m  w h i c h  
a l l  u n i t s  a r e  o b s e r v e d  as opposed  t o  t h e  random 
s e l e c t i o n  o f  two  u n i t s  each  r e q u i r e d  i n  t h e  K e y f i t z  
f o r m u l a t i o n  f o r  each  o f  t h e  o t h e r  s t r a t a .  T h i s  i s  
a c c o m p l i s h e d  as  a c o m b i n e d  e s t i m a t e .  A l l  s a l e s  a g g r e -  
g a t e  v a l u e s  ( i . e . ,  f o r  t h e  " t o t a l  s e c t o r ; "  and  Census  
d i v i s i o n  and  n a t i o n a l  l e v e l s )  a r e  added  u s i n g  s e p a r -  
a t e  e s t i m a t i o n .  P r i c e  e s t i m a t i o n  i s  a c c o m p l i s h e d  i n  
a s i m i l a r  m a n n e r ,  u s i n g  m o d i f i e d  d o u b l e  r a t i o  
e s t i m a t i o n .  

A l s o ,  r e m e m b e r i n g  t h a t  t h i s  i s  done  a t  a S t a t e  
l e v e l ,  and S t a t e s  v a r y  g r e a t l y  i n  s i z e  and  d i s t r i -  
b u t i o n  o f  u n i t s ,  a h y p o t h e s i s  t e s t  s p e c i a l i z e d  t o  
s t u d y  s a m p l e s  o f  two  o b s e r v a t i o n s  each ,  has  been used  
i n  a p i l o t  s t u d y  o f  t h e  New E n g l a n d  Census  D i v i s i o n .  
One r e c o m m e n d a t i o n  f r o m  t h a t  s t u d y  c o u l d  have been t o  
i n c r e a s e  t h e  number  o f  c e r t a i n t y  u n i t s  i n  one o f  t h e  
New E n g l a n d  S t a t e s ,  b u t  t h a t  d i d  n o t  a p p e a r  t o  be 
n e c e s s a r y  i n  t h i s  c a s e .  

The o v e r a l l  g o a l  i s  t o  p r o v i d e  as much and as h i g h  
q u a l i t y  d a t a  as p o s s i b l e ,  w i t h o u t  i n c r e a s i n g  c a l c u -  
I a t e d  r e s p o n d e n t  b u r d e n .  ( T h i s  d e s i g n  has t h e  a d d i -  
t i o n a l  a d v a n t a g e  o f  s p r e a d i n g  b u r d e n  more e v e n l y  t h a n  
i n  t h e  p a s t .  Mos t  o f  t h i s  a d v a n t a g e ,  h o w e v e r ,  i s  
a c t u a l I y  due t o  a r e d u c t i o n  i n  t h e  number  o f  d a t a  
e i e m e n t s  r e q u i r e d . )  CVs a r e  a measu re  o f  t h e  a d e q u a c y  
o f  a s a m p l e  d e s i g n ,  and s a m p l e  s i z e s .  (The  b i a s  o f  
t h e  r a t i o  e s t i m a t e  i s  a l s o  i m p o r t a n t ,  b u t  can be 
s t u d i e d  i n  r e l a t i o n s h i p  t o  t h e  cv o f  t h e  a u x i l i a r y  
v a r i a t e .  W i t h  o u r  d a t a ,  t h i s  does  n o t  a p p e a r  t o  be a 
p r o b l e m .  The K e y f i t z  m e t h o d  as a p p l i e d  h e r e  i s  
" . . . w i t h o u t  b i a s . . . , "  K e y f i t z  ( 1 9 5 7 ) ) .  S t r a t a  may be 
r e d e f i n e d  i n  s u c c e e d i n g  y e a r s  on t h e  b a s i s  o f  r e s u l t s  
o f  t h e  f i r s t  y e a r ( s )  o f  i m p l e m e n t a t i o n .  

I f  f e w e r  t h a n  e i g h t  p o t e n t i a l  r e s p o n d e n t s  r e m a i n  
a f t e r  t h e  c e r t a i n t i e s  have  been removed  f r o m  t h e  
Form E I A - 8 6 1  I i s t i n g  f o r  t h e  g i v e n  S t a t e ,  t h e n  t h e  
e n t i r e  S t a t e  may be c e n s u s e d .  I f  f e w e r  t h a n  t h r e e ,  o r  
more t h a n  100 u n i t s  ( " p o t e n t i a l "  r e s p o n d e n t s )  a r e  
f o u n d  i n  one o f  t h e  two s t r a t a  i n t o  w h i c h  we a r e  
a t t e m p t i n g  t o  p l a c e  t h e  n o n c e r t a i n t i e s ,  t h e n ,  i n  t h e  
f o r m e r  c a s e ,  one o r  more  u n i t s ,  d e p e n d i n g  upon d i s -  
t r i b u t i o n ,  mus t  be s h i f t e d  t o  a n o t h e r  s t r a t u m  ( o r  
s t r a t a ) ,  and i n  t h e  l a t t e r  c a s e ,  more  t h a n  two  s t r a t a  
f o r  n o n c e r t a i n t i e s  may be j u s t i f i e d ,  u n l e s s  t h e y  a r e  
v e r y  c l o s e  t o  b e i n g  homogeneous .  

F u r t h e r ,  I t r i e d  t o  a r r a n g e  t h a t  a t  l e a s t  one 
s t r a t u m  i n  each  S t a t e  f r o m  w h i c h  random s a m p l i n g  i s  
t o  be done has no z e r o  e n t r i e s ,  o r  no more  t h a n  one ,  
f o r  any  one d a t a  e l e m e n t ,  e x c e p t  p e r h a p s  " o t h e r "  
s a l e s  a n d / o r  r e v e n u e ,  on t h e  F861 a u x i l i a r y  d a t a  
f i l e .  T h i s  h e l p s  t o  i n s u r e  t h e  i n f l u e n c e  o f  s m a l l e r  
u n i t s  on t h e  e s t i m a t e s .  The c o m b i n e d  r a t i o  e s t i m a t e  
i s  used  a t  t h e  S t a t e  l e v e l ,  h o w e v e r ,  t o  e n s u r e  t h a t  

a p o o r  e s t i m a t e  o f  an i n d i v i d u a l  s t r a t u m  r a t i o  can 
n o t  have  a d e v a s t a t i n g  e f f e c t .  A l s o ,  i t  e l i m i n a t e s  
t h e  p o s s i b i l i t y  o f  d i v i s i o n  by  z e r o ,  a s p e c i a l  case  
o f  a p o o r  e s t i m a t e  o f  an i n d i v i d u a l  s t r a t u m  r a t i o .  

As l o n g  as  a p p r o x i m a t e l y  2 / 3 s  o f  t h e  s a m p l i n g  
e r r o r s  a r e  l e s s  t h a n  t h e  c o r r e s p o n d i n g  cv e s t i m a t e s ,  
we may assume t h a t  t h e  cv e s t i m a t e s  a r e  r e a s o n a b l e ,  
and s t a t i s t i c a l  b i a s  i s  n e g l i g i b l e .  T h i s  may be a 
good t o p i c  f o r  h y p o t h e s i s  t e s t i n g ,  a n d / o r  r e g r e s s i o n  
a n a l y s i s .  I am i n v e s t i g a t i n g  t h i s  f o r  a p o s s i b l e  
p a p e r  in t h e  f u t u r e .  

No te  t h a t  t h e  m o n t h l y  d a t a  f o r  1990 w i l l  p r o b a b l y  
y i e l d  h i g h e r  cv e s t i m a t e s  a t  t h e  S t a t e  l e v e l  t h a n  
t h e  1988 t e s t  d a t a .  

6 .  FINAL REMARKS: 
To s u m m a r i z e  t h e  above  - 

I n  t h e  case  o f  t h e  Form E I A - 8 2 6  m o n t h l y  s a m p l e ,  
b e g i n n i n g  i n  J a n u a r y  1990 ,  r a t i o  e s t i m a t i o n  w i l l  be 
used  a t  t h e  S t a t e  l e v e l ,  w i t h  a u x i l i a r y  d a t a  c o m i n g  
f r o m  t h e  Form E I A - 8 6 1  a n n u a l  c e n s u s  f o r  c a l e n d a r  y e a r  
1987 .  Fo r  s a l e s  i n  each  S t a t e ,  f o r  o r d i n a r y  e n d - u s e  
s e c t o r s ,  use i s  made o f  t h e  K e y f i t z  f o r m u l a t i o n ,  
m o d i f i e d  t o  i n c l u d e  a c e r t a i n t y  s t r a t u m  f r o m  w h i c h  
a l l  u n i t s  a r e  o b s e r v e d  as opposed  t o  t h e  random 
s e l e c t i o n  o f  two u n i t s  each  r e q u i r e d  i n  t h e  K e y f i t z  
f o r m u l a t i o n  f o r  each  o f  t h e  o t h e r  s t r a t a .  T h i s  i s  
a c c o m p l i s h e d  as a c o m b i n e d  e s t i m a t e .  A l l  s a l e s  
a g g r e g a t e  v a l u e s  ( i . e . ,  f o r  t h e  " t o t a l  s e c t o r ; "  and  
Census  d i v i s i o n  and  n a t i o n a l  l e v e l s )  a r e  added  u s i n g  
s e p a r a t e  e s t i m a t i o n  t o  a v o i d  c o n f u s i n g  n o n s t a t i s t i c -  
i a n  u s e r s  o f  t h e  d a t a .  P r i c e  e s t i m a t i o n  i s  accom-  
p l i s h e d  i n  a s i m i l a r  m a n n e r ,  u s i n g  m o d i f i e d  d o u b l e  
r a t i o  e s t i m a t i o n .  

A t  t h e  S t a t e  l e v e l ,  t h i s  i s  a v e r y  r o u g h  a p p r o x i -  
m a t i o n ,  as  i t  i s  a " l a r g e  s a m p l e  a p p r o x i m a t i o n .  W I n  
t h i s  s u r v e y ,  i t  i s  s u s p e c t e d  t h a t  n o n s a m p l i n g  e r r o r  
may o f t e n  e x c e e d  s a m p l i n g  e r r o r .  T h e r e f o r e ,  a b e t t e r  
e s t i m a t e  o f  t h e  cv w o u I d  n o t  be e x t r e m e I y  u s e f u l  i n  
t h a t  we have  even l e s s  i n f o r m a t i o n  a b o u t  t h e  nonsam-  
p i i n g  e r r o r .  ( E d i t s  h e l p  w i t h  n o n s a m p l i n g  e r r o r ,  b u t  
s e l d o m  a r e  enough  r e s o u r c e s  c o m m i t t e d  t o  use them i n  
a n e a r l y  o p t i m a l  f a s h i o n .  Knaub ( 1 9 8 9 )  may be used  
t o  c o n t r o l  f o r  " f l a g g i n g "  r e c o r d s  w h i c h  a r e  n o t  i n  
e r r o r ,  and  n o t  " f l a g g i n g "  r e c o r d s  w h i c h  a r e  i n  e r r o r ,  
b u t  t o  know t h e  o v e r a l l  m a g n i t u d e  o f  t h e  d i f P e r e n c e s  
i n  p u b l i s h e d  r e s u l t s  c a u s e d  by  t h e s e  e r r o r s  w o u l d  
r e q u i r e  even more  r e s o u r c e s .  Even w i t h  u n l i m i t e d  
resources, certain practical limitations will always 
exist. 

O t h e r  e l e c t r i c  powe r  s u r v e y s  w h i c h  may b e n e f i t  from 
sampIing - 

The EIA has a monthIy census survey of alI util- 
ities in the United States that generate eiectri- 
city, To reduce respondent burden, and perhaps reduce 
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n o n s a m p l i n g  e r r o r  i n  t h i s  m o n t h l y  p r o c e s s ,  i t  has 
been s u g g e s t e d  t h a t  s a m p l i n g  be done m o n t h l y ,  and an 
a n n u a l  s u p p l e m e n t a l  s u r v e y  used t o  c o m p l e t e  an a n n u a l  
c e n s u s .  The same g e n e r a l  d e s i g n  w o u l d  seem a p p r o p r i -  
a t e  i n  t h a t  case .  T h e r e  w o u l d  be an a n n u a l  census  f o r  
a u x i l i a r y  i n f o r m a t i o n ,  and t h e  d a t a  a r e  c h a r a c t e r i z e d  
by a r e l a t i v e l y  few l a r g e  u t i l i t i e s  t h a t  d o m i n a t e  t h e  
i n d u s t r y .  T h i s  s u r v e y  may be a b e t t e r  c a n d i d a t e  f o r  
r e g r e s s i o n  e s t i m a t i o n .  A c o m p l i c a t i o n  a r i s e s  i n  t h a t  
da ta  o f  i n t e r e s t  i s  c a t e g o r i z e d  by S t a t e  and f u e l  
t y p e  used f o r  g e n e r a t i o n ,  r e c o r d s  a r e  by f u e l  t y p e ,  
b u t  d a t a  c o l l e c t i o n  w o u l d  be by p l a n t .  T h e r e f o r e ,  i f  
a g i v e n  p l a n t ' s  d a t a  i s  c o l l e c t e d  t o  s a t i s f y  a 
requirement f o r  a c e r t a i n t y  s t r a t u m ,  d a t a  f o r  o t h e r  
f u e l  t y p e s  w i l l  s o m e t i m e s  be i n c l u d e d .  T h i s  w o u l d  
have t o  be added t o  t h e  c e r t a i n t y  s t r a t a  f o r  t h e  
o t h e r  f u e l  t y p e s ,  and w e i g h t s  f o r  t h e  n o n c e r t a i n t y  
s t r a t a  a d j u s t e d  a c c o r d i n g l y .  

A n o t h e r  EIA s u r v e y  i s  a new da ta  c o l l e c t i o n  e f f o r t  
f o r  n o n u t i l i t y  g e n e r a t o r s ,  such  as a f a r m  t h a t  g e n e r -  
a t e s  i t s  own e l e c t r i c i t y  and s e l l s  t h e  e x c e s s  t o  an 
e l e c t r i c  u t i l i t y .  C u r r e n t l y ,  o n l y  t h e  l a r g e s t  o f  
t h e s e  n o n u t i l i t y  g e n e r a t o r s  ( n c o g e n e r a t o r s " )  a r e  
s u r v e y e d .  Pe rhaps  we c o u l d  use t h e  c u r r e n t  d a t a  c o l -  
l e c t i o n  e f f o r t  as a u x i l i a r y  d a t a  f o r  a s a m p l e ,  and 
w i t h  t h e  r e s o u r c e s  s a v e d ,  we c o u l d  use a n o t h e r  s a m p l e  
d e s i g n ,  p e r h a p s  PPS s a m p l i n g ,  t o  e s t i m a t e  g e n e r a t i o n  
among t h e  r e m a i n i n g  s m a l l e r  c o g e n e r a t o r s .  

G e n e r a l  n o t e s  - 
A l t h o u g h  s a l e s  v a r i a n c e  and t h e  v a r i a n c e  o f  t h e  

r a t i o  f r o m  t h e  K e y f i t z  method a r e  d i f f e r e n t ,  c vs  f o r  
s a l e s  and t h e  r a t i o  a r e  t h e  same f o r m u l a .  

I t  s h o u l d  be n o t e d  t h a t  w i t h  a u x i l i a r y  d a t a  f o r  
r a t i o  ( s a l e s ) ,  and d o u b l e  r a t i o  ( p r i c e )  e s t i m a t i o n ,  
when t h e r e  i s  p o s i t i v e  c o r r e l a t i o n  be tween a u x i l i a r y  
( a n n u a l  c e n s u s )  and m o n t h l y  ( s a m p l e )  d a t a ,  cvs  a r e  
r e d u c e d  ( e s t i m a t i o n  i s  i m p r o v e d )  because  w e h a v e  
a d d i t i o n a l  u s e f u l  i n f o r m a t i o n ,  beyond t h e  m o n t h l y  
samp le  i t s e l f .  Thus ,  samp le  s i z e  i s  e f f e c t i v e l y  
i n c r e a s e d .  I f ,  h o w e v e r ,  c o r r e l a t i o n  i s  n e g a t i v e ,  cv~s  
w i l l  be i n c r e a s e d .  The re  a r e  two " c o m p o n e n t s "  t o  
c v ' s =  t h a t  p a r t  be tween  s a m p l i n g  u n i t s ,  and wha t  
i s  a t t r i b u t a b l e  t o  t h e  r e l a t i o n s h i p  be tween t h e  
s a m p l e  and a u x i l i a r y  census  d a t a .  

H i t h  r a t i o  e s t i m a t i o n ,  a d d i t i o n a l ,  c o r r e l a t e d  d a t a  
a r e  used t o  a d v a n t a g e ,  and we a r e  a b l e  t o  c a l c u l a t e  
cv e s t i m a t e s  f o r  s a l e s ,  w h i c h  i s  a g r e a t  a d v a n t a g e  
o v e r  t h e  c u r r e n t l y  used method w h i c h  does n o t .  A l s o ,  
c a l c u l a t i o n  o f  e s t i m a t e s  o f  s a l e s  c v ~ s ,  p r i c e ,  and 
p r i c e  cv~s  a t  l e v e l s  l o w e r  t h a n  t h e  n a t i o n a l  l e v e l ,  
may be v e r y  u s e f u l ,  p a r t i c u l a r l y  a t  t h e  Census d i v i -  
s i o n  l e v e l ,  as e s t i m a t e s  become l e s s  a c c u r a t e  w i t h  
s m a l l e r  samp le  s i z e s  a t  t h e  S t a t e  l e v e l .  ( B i a s ,  as 
m e n t i o n e d  e a r l i e r ,  does n o t  a p p e a r  t o  be a g r e a t  
p r o b l e m . )  

Note  t h a t  as l o n g  as we can c a l c u l a t e  e s t i m a t e s  o f  
c v ~ s ,  we can e s t i m a t e  t h e  cv o f  t h e  d i f f e r e n c e  
be tween  two m o n t h l y  e s t i m a t e s .  Thus ,  any  o b j e c t i o n s  
t o  c a l c u l a t i n g  m o n t h l y  p r i c e  d a t a  by S t a t e  ( a n t i c i -  
p a t i n g  m i s u s e )  a r e  n o t  w e l l  f o u n d e d .  C o r r e l a t i o n  
be tween  s a l e s  and r e v e n u e  makes p r i c e  t h e  b e t t e r  
c a n d i d a t e  f o r  p u b l i c a t i o n ,  i f  o n l y  e i t h e r  s a l e s  o r  
p r i c e  s h o u l d  be p u b l i s h e d .  

Hhen e s t i m a t i o n  i s  n o t  h e l p e d  as much by t h e  
a u x i l i a r y  d a t a ,  e s t i m a t e s  o f  cvs  a r e  d e s i g n e d  t o  
r e f l e c t  t h i s .  

A c k n o w l e d g e m e n t s  
The a u t h o r  t h a n k s  Edgar  B e t a n c u r t  f o r  p r o g r a m m i n g  

s u p p o r t ,  and Renee M i l l e r ,  H i l l i a m  K e l l y ,  Dean 
F e n n e l l  and o t h e r  a n a l y s t s  f o r  t h e i r  i n t e r e s t  a n d / o r  
s u g g e s t i o n s ,  even when we do n o t  a l w a y s  a g r e e  on 
e v e r y  a p p r o a c h .  
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E s t i m a t i o n , "  i n  P r o c e e d i n g s  o f  t h e  T h i r t i e t h  
C o n f e r e n c e  on t h e  D e s i g n  o f  E x p e r i m e n t s  i n  Army 
R e s e a r c h ,  D e v e l o p m e n t  and T e s t i n g ,  R e s e a r c h  
T r i a n g l e  P a r k ,  NC: U.S.  Army R e s e a r c h  O f f i c e ,  
1 9 9 - 2 1 1 .  

Knaub,  J .  R . ,  J r . ,  ( 1 9 8 9 ) ,  " F e l l e g i - S u n t e r  Reco rd  
L i n k a g e  T h e o r y  As Compared t o  H y p o t h e s i s  T e s t i n g ,  e 
t o  a p p e a r  i n  t h e  P r o c e e d i n g s  o f  t h e  
2 1 s t  Symposium on t h e  I n t e r f a c e  (INTERFACE ~89) .  

Addendum t o  r e f e r e n c e s =  

K a l t o n ,  G. ( 1 9 7 7 ) ,  " P r a c t i c a l  Me thods  f o r  E s t i m a t i n g  
S u r v e y  S a m p l i n g  E r r o r s , "  B u l l e t i n  o f  t h e  
I n t e r n a t i o n a l  S t a t i s t i c a l  I n s t i t u t e ,  ~ 7 ( 5 ) ,  
q g s - 5 1 q .  

Rao, J .  N. K . ,  ( 1 9 5 7 ) ,  " D o u b l e  R a t i o  E s t i m a t e  i n  
F o r e s t  S u r v e y s , "  J o u r n a l  o f  I n d i a n  S o c i a l  and 
A g r i c u l t u r a l  S t a t i s t i c s ,  g, 1 9 1 - 2 0 ~ .  

Rao, J .  N. K . ,  ( 1 9 5 8 ) ,  " E s t i m a t i o n  o f  t h e  R a t i o  i n  
F o r e s t  S u r v e y s , "  I n d i a n  F o r e s t e r ,  8~,  1 5 3 - 1 6 1 .  

Rao, J .  N. K . ,  and P e r e i r a ,  N. P . ,  ( 1 9 6 8 ) ,  "On Doub le  
R a t i o  E s t i m a t o r s , "  Sankhya ,  A30, 8 3 - 9 0 .  

I n  t h e  New E n g l a n d  C e n s u s  D i v i s i o n ,  t h e r e  a r e  s i x  S t a t e s .  O n e ,  
R h o d e  I s l a n d ,  h a s  o n l y  s i x  e l e c t r i c  u t i l i t i e s  a n d  i s  t h e r e f o r e  
c e n s u s e d .  T h e  r e m a i n i n g  f i v e  S t a t e s  w e r e  a s s i g n e d  t h e  m i n i m u m  
o f  t w o  s t r a t a  e a c h  f r o m  w h i c h  r a n d o m  s a m p l i n g  i s  t o  o c c u r .  
T h e r e f o r e ,  t h e r e  a r e  10 s t r a t a  f o r  r a n d o m  s a m p l i n g  i n  t h e  
New E n g l a n d  C e n s u s  D i v i s i o n .  R a n d o m  s a m p l e s  w e r e  t a k e n  f r o m  t h e  
a u x i l i a r y  d a t a  t o  s e e  w h a t  L I R s  w e r e  g e n e r a t e d .  I n  a l l ,  10  
s a m p l e s  o f  s u c h  d a t a  w e r e  d r a w n ,  a n d  r e s u l t s  a r e  g i v e n  i n  t h e  
t a b l e  b e l o w  f o r  a l l  10 r e p l i c a t i o n s .  

L I R  f o r  t h e  L a r g e s t  R e s p o n s e s  o n  t h e  A u x i l i a r y  D a t a  

R e p l i c a t i o n  

R e s i d e n t i a l  
r e v e n u e  
. . . . . . . . . . .  

Resident ia l  
sales 

O t h e r  
s a l e s  

1 

1 

1 

C o m m e r c i a l  3 
r e v e n u e  
. . . . . . . . . . .  i . . . .  

C o m m e r c i a l  3 
s a l e s  

. . . .  

I n d u s t r i a l  2 
revenue . . . .  

I n d u s t r i a l  2 
sales . . . . . . . . . . .  . . . .  I 

Other I 
revenue . . . .  

1 

2 

2 

1 

4 

3 

2 

3 3 

. . . .  I . . . .  I 

2 2 I 

. . . . . . . .  I 

2 2 I 

3 

3 1 1 3 

. . . . . . . . . . . . . . . .  

3 1 1 4 

. . . .  I . . . .  I . . . .  I . . . .  

2 4 

. . . .  

I . . . .  

1 

. . . .  

1 2 

1 2 

3 4 

2 q 4 3 4 

. . . . . . . . . . . .  I . . . .  1 . . . .  

2 2 2 2 1 
. . . . . . . .  

1 1 2 2 

. . . . . . . . . . . .  i . . . .  

1 ~ 1 q 

. . . .  I . . . .  I . . . . . . . .  

11  41  1 4 

q 5 6 7 8 9 10 Hean 
. . . . . . . . . . . .  I . . . .  I . . . .  I . . . .  

1 5 2.0 

i . . . . . . . . . . . .  

1 5 2.0 

. . . .  i . . . . . . . .  

5 3.3 
. . . . . . . .  

5 3.1 
. . . . . . . .  

2.2 
. . . .  

2.q 
. . . .  

2.3 
. . . .  

2.5 

1 q 3 

. . . .  I . . . .  I . . . .  

1 

4 

J . . . .  

q 

. . . .  

2 
. . . .  

3 

q 

. . . .  I . . . .  I 

2 q 

q 2 

I . . . . . . . .  

q 3 

Using Knaub (1985), we see that  these 10 r e p l i c a t i o n s  w i l l  
l i k e l y  y i e l d  a good est imate of the median of the LIR in each 
case. The sample means shown in the tab le  i nd i ca te  that  resu l t s  
are not as l i k e l y  to be improved as much in  the commercial 
sector  in the New England Census D iv is ion  by the s t r a t i f i c a t i o n  
chosen as they are in the other sectors.  A quick review of the 
resu l t s  of my program to se lec t  c e r t a i n t i e s ,  however, shows 
that  about 90 percent of a l l  commercial sales and revenue fo r  
t h i s  Census d i v i s i o n  are covered by the c e r t a i n t i e s .  Thus, 
there appears to be no s u f f i c i e n t  reason to modify the design. 
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Appendix A 

: s a l e s  e s t i m a t e  
s 

r, 

k x.,o-~r'..,,'x.,~'J 
w h e r e  N = n u m b e r  o f  Form E I A - 8 6 1  ( a u x i l i a r y  d a t a )  r e s p o n d e n t s  

h i n  s t r a t u m  h, 

Y 
s h l  

and y a r e  t h e  Form E I A - 8 2 6  s a l e s  r e s p o n d e n t s  
sh2  

r a n d o m l y  s e l e c t e d  f r o m  s t r a t u m  h ,  

y i s  t h e  t o t a l  o f  t h e  Form E I A - 8 2 6  s a l e s  r e s p o n d e n t s  
s t c  

i n  t h e  c e r t a i n t y  s t r a t u m ,  

x 
s h l  

x 

s t c  

and x a r e  t h e  Form E I A - 8 6 1  s a l e s  r e s p o n d e n t s  i n  
sh2  

s t r a t u m  h w h i c h  c o r r e s p o n d  t o  y and y , 
s h l  sh2  

i s  t h e  t o t a l  o f  t h e  f o r m  E I A - 8 6 1  s a l e s  r e s p o n d e n t s  

t h a t  c o r r e s p o n d  t o  members  o f  t h e  Form E I A - 8 2 6  
c e r t a i n t y  s t r a t u m ,  

and X i s  t h e  Form E I A - 8 6 1  t o t a l  f o r  a l l  s a l e s  i n  t h e  g i v e n  
s 

e n d - u s e  s e c t o r  and  S t a t e .  

F o r  t h e  " t o t a l "  s e c t o r  i n  e a c h  S t a t e ,  and  f o r  t h e  C e n s u s  d i v i s i o n  
and N a t i o n a l  l e v e l s ,  

~ ( a g g r e g a t e d )  = Z ~  , w h e r e  ~ i s  ~ a b o v e  f o r  " 1  . . . .  " ( 2 )  
s i s i  s i  s 

l e v e l  s e c t o r  a n d / o r  S t a t e  l e v e l  i .  

S a l e s  c o e f f i c i e n t  o f  v a r i a t i o n  ( c v )  e s t i m a t o r :  

S 

( 1 - f  ) I '  ~ - - "  , ( 3 )  

nh 2 

w h e r e  f = - - -  = - - -  , 

h Nh Nh 

N h 

s t  s t c  h 2 s h l  sh2  

N h 

= x  ÷ Z - , x  ÷ x  , ,  
s t  s t c  h 2 s h l  sh2  

d y '  = (N / 2 ) ( y  - y ) ,  and  
sh h s h l  sh2  

d x "  = (N / 2 ) ( x  - x ) .  
s h h s h l  sh2  

~ s t  a n d  ~ s t  w e r e  c h o s e n  a s  d e n o m i n a t o r s  i n  t h e  a b o v e  c v  e s t i -  
m a t i o n  f o r m u l a  b e c a u s e  t h e  c o r r e s p o n d i n g  n u m e r a t o r s  w o u l d  l i k e l y  
be  m o r e  h i g h l y  c o r r e l a t e d  w i t h  ~ s t  a n d  ~ s t  t h a n  w i t h  Y s  a n d  X s ,  
r e s p e c t i v e l y .  T h e r e f o r e ,  i f ,  f o r  e x a m p l e ,  x s h l  i s  a f a i r  r e p r e -  
s e n t a t i v e  o f  861  s a l e s  i n  s t r a t u m  h ,  b u t  x s h 2  i s  o n e  o f  t h e  
l a r g e s t  s a l e s  v a l u e s  i n  s t r a t u m  h ,  t h e n  ~ s t  i s  a l s o  l i k e l y  t o  
b e  a h i g h  e s t i m a t e ,  a n d  t h e  o v e r a l l  e f f e c t  m a y  b e  t o  r e d u c e  t h e  
e r r o r  i n  d x t s h / ~ s t .  

^ ~ ~ ^ 2 ^ 2  ~ 2 (  
CV ( a g g r e g a t e d )  = = ( z = ( c v  Y ) / . a g g r e g a t e d )  ) 

s t s i  s s 

1 / 2  
I • ( ~ )  

: p r i c e  e s t i m a t e  

N N 

r h l  Y r h 2  ) r t c  h r h l  r h 2  
= . . . . . . .  P 

A 

$ t c  h 2 s h l  sh2  s h l  sh2  

= [ ( ~  / ~  ) / ( ~  / ~  ) ] ( X  / X  ) ,  w h e r e  P = X / X  , 
r t  s t  r t  s t  r s A r s 

and  X i s  as  d e f i n e d  e a r l i e r  
s 

and  X i s  t h e  r e v e n u e  e q u i v a l e n t .  
r 

The s u b s c r i p t  = r "  i s  u s e d  t o  d e s i g n a t e  " r e v e n u e "  i n  p l a c e  
o f  s a l e s .  A l s o ,  P i s  t h e  v a l u e  o b t a i n e d  f o r  p r i c e  u s i n g  t h e  

A 
en t i r e  set of  Form EIA-861 aux i l i a r y  d a t a ,  d i v i d i ng  t o t a l  
r e v e n u e  (X ) by  t o t a l  s a l e s  (X ) ,  u s i n g  o n l y  t h e  a u x i l i a r y  

r s 
d a t a .  

~ ( a g g r e g a t e d )  : , ( 6 )  
A 
Y ( a g g r e g a t e d )  

s 

A ^ 
w h e r e  P , l i k e  Y , i s  f o r  l o w e r  l e v e l  s e c t o r  

i s i  
a n d / o r  S t a t e  l e v e l  i .  

A 
The p r i c e  cv  i s  e s t i m a t e d  by  CVp,  w h e r e ,  f r o m  C o c h r a n ' s  t h i r d  

e d i t i o n  o f  S a m p l i n g  T e c h n i q u e s ,  p a g e s  1 8 3 - 1 8 ~ ,  t h e  f o l l o w i n g  i s  
d e r i v e d :  

c v  = ( - 2 ~v ) 
p 826 861 8 2 6 - 8 6 1  

w h e r e ,  

d y '  d y '  
A 2 ~ r h  sh  2 
cv  = ~  ( 1 - f  ] (  - - - - -  ) 

826 h h 

r t  s t  

% °x;. 
h 2 

~ 2  ~-- ( 1 - f  ) (  ) cv  = . . . 1 .  - 
861 h h ^ 

x '~ 
r t  s t  

~v = Z ( 1 - f  ) (  
8 2 6 - 8 6 1  h h 

d y '  d y '  d x '  dx  t 
r h  sh  r h  s h 

) (  ) 
^ ^ ^ ^ 

x Y Y X 
r t  s t  r t  s t  

f , ~ , ~ , d y '  and  d x '  a r e  as  d e f i n e d  e a r l i e r .  
h s t  s t  sh sh 

, ^ x , d y '  and dx  I a r e  r e v e n u e  e q u i v a l e n t s .  
r t  r t  r h  r h  

A 
N o t e  t h a t  ; , ~ , ~ and x a r e  a l l  f o u n d  i n  t h e  f o r m u l a  

s t  s t  r t  r t  
f o r  ~ as p a r t s  o f  t h e  d o u b l e  r a t i o .  

From K i s h ,  S u r v e y  S a m p l i n g ,  p a g e  5 0 3 ,  t h i s  can  be w r i t t e n  i n  t h e  
a l g e b r a i c a l l y  e q u i v a l e n t  f o r m  

( 7 )  

c~v = ¢ l . f h ]  

\ "' "V \ " " " / J  

K i s h  l e n t i o n s  a f o r m  t h a t  r e q u i r e s  f e w e r  d i v i s i o n s ,  b u t  t h e  f o r m u l a  
g i v e n  a b o v e  i s  e a s y  e n o u g h  t o  i m p l e m e n t  and  m a k e s  u s e  o f  t e r m s  
a l r e a d y  c a l c u l a t e d .  
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Now, n o t e  t h a t  s i n c e  

v : e s t i m a t e  o f  s a l e s  cv  : 
S 

~ t  f o l l o w s  t h a t  
cv  = e s t i m a t e  o f  r e v e n u e  cv  

r 

d y '  d x ;  
sh  h 2 1 / 2  

( ~  ( 1 - f  ) (  - ) ) 
h h 

s t  s t  

dy  ' dx ' 
r h  r h  2 1 / 2  

( ~  ( 1 - f  ) ( - ' - - - -  ) ) 

r t  r t  

(3 
r 
e 

,P 

t 
e 
d )  

( 8 )  

Letting ~v l ( ~ ( 1 - f  ) s ~ v  2 1 / 2  ^ 2 1 / 2  = ) I and ~v = I ( ~  ( t - f ) r c v  ) I ,  
s h h h r h h h 

and r e a r r a n g i n g  some t e r m s  i n  ~v , i t  f o l l o w s  t h a t  
P 

2 1 / 2  ^ 
~v = I ( T _ .  ( * - f ) ( s ~ v -  r c v  ) ) I .  ( 9 )  

p h h h h 

N o t e  t h a t  d y ' r h  and d x ' r h  a r e  t h e  r e v e n u e  e q u i v a l e n t s  o f  d y ' s h  
and d x ' s h ,  r e s p e c t i v e l y .  

^ 
F i n a l l y ,  cv ( a g g r e g a t e d )  : 

p 

^ 2  

2 ~ 2 (  s t  2 1 / 2  
( / ~ ( a g g r e g a t e d ) )  

L p1 t ^ 2  
Y ( a g g r e g a t e d )  

s 

H e r e ,  ~v 2 ^ 2  P i s  t h e  v a r i a n c e  e s t t l a t e  o f  ~ , and s i n c e  t h e  
p i  I t 

s q u a r e  o f  a c o n s t a n t  m u l t i p l i e d  by  t h e  v a r i a n c e  o f  a random 
v a r i a b l e  i s  t h e  v a r i a n c e ^ o f  t ~ e  p r o d u c t  o f  t h a t  c o n s t a n t  and 
t h e  random v a r i a b l e ,  i f  Y / Y ( a g g r e g a t e d )  t s  t r e a t e d  as a 

s t  s 
c o n s t a n t ,  t h e n  w h a t  i s  t n s t d ~  t h e  s q u a r e  b r a c k e t s  above  i s  t h e  
v a r $ a n c e  o f  t h e  t t h  t e r m  o f  P ( a g g r e g a t e d )  I n  e q u a t i o n  ( 6 ) .  
A s s u m i n g  i n d e p e n d e n c e  f o r  a l l  i ,  t h t s  s a y s ^ t h a t  t h e  s u m m a t i o n  
$n e q u a t i o n  ( 1 0 )  p r o v i d e s  t h e  v a r i a n c e  o f  P ( a g g r e g a t e d ) .  

To r e s t a t e  e q u a t $ o n  ( 6 )  l o r e  a p p r o p r i a t e l y  h e r e ,  

J 

s t  
( ^ ) ~  

Y ( a g g r e g a t e d )  t 
s 

= ; ( a g g r e g a t e d )  

A p p e n d i x  B 

Preliminary T e s t  R e s u l t s  

Census d i v i s i o n  l e v e l  cv e s t i m a t e s  f o r  a l l  c l a s s e s  o f  
r e t a i l  s e r v i c e  ( s e c t o r s ) ,  e x p r e s s e d  i n  d e c i m a l  f r a c t i o n s  
o f  p e r c e n t s =  

Census r " -  i n d u s -  esz commer- 
division d e n t i a l  cial trial o t h e r  t o t a l  

........ I ....... 
Isales; sales; sales; Isales; sales; 

p r i c e l  p r i c e  p r i c e l  p r i c e  p r i c e  
. . . . . . . . .  ; . . . . . . . . . . . . . . . . .  I . . . . . . .  

I 

New 0.06; 0.14; 0.14; 11.41; 0.07; 
Eng land  0 . 0 8 l  0 .51  0.271 4.821 0 .22  

. . . . . . . . .  I . . . . . . . .  I . . . . . . .  I . . . . . . . .  
I I I 

0 . 1 4 ;  0 . 0 4 ;  10 .04 ;  10 .04 ;  10 .05 ;  
0 .11  0.121 0.321 0.091 0 .09  

. . . . . . . . .  I . . . . . . . .  I . . . . . . .  I . . . . . . . .  
I I I 

0 . 0 7 ;  0 . 1 6 ;  10 .12 ;  10 .80 ;  10 .07 ;  
I . . . . .  ~ : ~  0.141 0 . 1 5 l  0.831 0 .10  

. . . . . . . . . . . . . . . . .  I . . . . . . .  I . . . . . . . .  
I 

0 . 7 0 ;  10 .61 ;  2 . 0 9 ;  0 . 3 0 ;  
1 . 1 q l  o 51 

Middle 
A t l a n t i c  

Eas t  
N o r t h  
C e n t r a l  

Nes t  
N o r t h  
C e n t r a l  

Sou th  
A t l a n t i c  

Eas t  
Sou th  
C e n t r a l  

b lest  
Sou th  
C e n t r a l  

M o u n t a i n  

P a c i f i c  
C o n t i g -  
uous  

P a c i f i c  
Noncon-  
t i g u o u s  

10 .32 ;  
, . . . . .  _1_o7_, . . . . .  o_Ls I 057  

10 .31 ;  
0 29 

10 .13 ;  
i . . . . .  o_~?_ 

10 .09 ;  

, . . . . .  ° _ _ E  

0 . 3 4 ;  

. . . . . . . . .  I . . . . .  : - : ~  

0 . 1 5 ;  10 .08 ;  
. . . . .  ~ - ~ l  . . . . .  ~ - ~  

0 . 2 4 ;  0 . 3 9 ;  

. . . . .  ~ - ~ 1  . . . . .  ~ - ~  

0 . 1 5 ;  I 0 . 1 0 ;  
0 14 0 11 

. . . . . . . . .  I . . . . . . . . .  

10 .22 ;  

I . . . . .  ~ - ~  

1 1 . 1 7 ;  

, . . . . .  ~ _ ~  

0 . 3 1 ;  3 . 2 0 ;  
I . . . .  O - - Z - S l - - - O - ~ - I  

10 .03 ;  
0 .07  

I . . . . . . . .  

I o . 3 o ;  
0.14 

I ........ 

10 .20 ;  
0 .14  

I . . . . . . . .  

10 .19 ;  
0 .24  

10 .44 ;  
0 .29  

I . . . . . . .  

12 .58 ;  
0 .76  

I . . . . . . .  

11 .66 ;  
3 .43  

I . . . . . . .  

I 1 . 0 1 ;  
0 .44  

I . . . . . . . .  I . . . . . . .  

, 0 7 5 ~  , ~ 0 ; ,  
.06 .81 

. . . . . . . .  I . . . . . . .  

0 . 2 1 ;  
0 15 

0.06; 
0 11 

10 .19 ;  
o 14 

I . . . . . . . .  

I 0 . 1 1 ;  
o 15 

I . . . . . . . .  

I 0 . 1 1 ;  
o 09 

I ........ 

10.46~ 48 

N o t e  t h a t  t h e  e x p e c t a t i o n  o f  f i n d i n g  n o t i c e a b l y  lower c v  
e s t i m a t e s  f o r  p r i c e  t h a n  f o r  s a l e s  w a s  n o t ,  i n  g e n e r a l ,  
f u l f i l l e d .  H o w e v e r ,  p e r h a p s  t h i s  c o u l d  b e  t h e  r e s u l t  o f  
d i f f e r e n t  b i a s e s  i n  t h e  e s t i m a t o r s .  

n a t i o n a l  
l e v e l  

resi- c o m m e r -  indus- 
dential cial trial 

I ......... I ......... I . . . . . . . .  

Isales; Isales; Isales; 
I p r i c e l  p r i c e l  p r i c e  
I . . . . . . . . .  I . . . . . . . . .  I . . . . . . . .  
I I I 
1 0 . 0 8 ;  I 0 . 1 1 ;  1 0 . 0 8 ;  
I 0 . 1 2 1  0 . 0 6 1  0 . 0 8  
I . . . . . . . . .  I . . . . . . . . .  I . . . . . . . .  

other "total" 
....... I ........ 
sales; Isales; 

p r i c e l  p r i c e  
. . . . . . .  I . . . . . . . .  

I 
0 . 7 3 ;  1 0 . 0 6 ;  

0 . 3 4 1  0 . 0 6  
. . . . . . .  I . . . . . . . .  

NEH ENGLAND CENSUS DIVISION 

T o t a l  s e c t o r  - s a l e s  i n  g i g a w a t t h o u r s ,  c v ' s  i n  p e r c e n t s  

S t a t e  

C o n n e c t i c u t  

Maine 

M a s s a c h u s e t t s  

New H a m p s h i  re 

R h o d e  I s l a n d  

V e r m o n t  

EIA-861 Absolute 

S a l e s  S a l e s  c v  C e n s u s  P e r c e n t  

e s t i m a t e l  e s t i m a t e  r e s u l t  D i f f e r e n c e  

26916 

11219 

4 4 6 7 7  

8 8 5 5  

6220 

0 . 0 6  

0 . 1 2  

0 . 1 4  

0 . 3 0  

N/A 

0 . 3 1  4 4 5 6  

2 6 9 2 3  

11264 

4 4 7 2 7  

8 8 4 8  

6 2 2 0  

4416 

0 . 0 3  

0 . 4 0  

0 . 1 1  

0.08 

N / A  

0 . 9 1  

" T o t a l  n s e c t o r  - p r i c e  i n  c e n t s / k i l o w a t t h o u r ,  

S t a t e  

C o n n e c t i c u t  

M a i n e  

M a s s a c h u s e t t s  

New H a m p s h i  r e  

R h o d e  I s l a n d  

V e r m o n t  

c v ' s  i n  p e r c e n t s  

EIA-861 A b s o l u t e  

P r i c e  P r i c e  c v  C e n s u s  P e r c e n t  

e s t i m a t e  e s t i m a t e  r e s u l t  D i f f e r e n c e  

8 . 3 9  

6 . 6 7  

7 . 6 7  

8 . 2 8  

7 . 9 4  

0 . 0 6  

0 . 0 8  

0 . 5 1  

0 , 2 0  

N / A  

0 . 4 8  8 . 0 7  

8 . 3 8  

6 . 7 0  

7 . 8 0  

8 . 2 7  

7 . 9 q  

8 . 1 0  

0 . 1 2  

0 . 4 5  

1 . 6 7  

0 . 1 2  

N / A  

O. 37 

N o t e  t h a t  b e c a u s e  l a r g e  s a m p l e  a p p r o x i m a t i o n s  a r e  
b e i n g  u s e d ,  t h e  S t a t e  l e v e l  c v  e s t i m a t e s  p u b l i s h e d  
w i l l  b e  P o u n d e d  t o  t e n t h s  o f  p e r c e n t s .  

)E 

N o t e  t h a t  R h o d e  I s l a n d ,  w i t h  o n l y  s i x  u t i l i t i e s ,  w i l l  

b e  c e n s u s e d  e a c h  m o n t h  f o r  s a l e s  a n d  r e v e n u e  d a t a .  
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