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ABSTRACT : 
The Energy In fo rmat ion  Admin i s t ra t i on  

( E I A )  c o l l e c t s  a v a r i e t y  o f  d a t a  f r o m  t h e  

e n e r g y  i n d u s t r y .  The u s e  o f  c e n s u s e s  and  

d e s i g n - b a s e d  s a m p l i n g  i s  common i n  t h i s  

a g e n c y .  T h i s  p a p e r ,  h o w e v e r ,  p r e s e n t s  t h e  

r e s u l t s  o f  some r e s e a r c h  i n  m o d e l - b a s e d  

s a m p l i n g  f o r  d i f f e r i n g  p u r p o s e s  as  p e r t a i n s  

t o  e l e c t r i c  p o w e r  d a t a .  Some n o n s t a n d a r d  

m e t h o d o l o g y  i s  e x p l o r e d .  The r e s t r i c t i v e  

a s s u m p t i o n s  o f  R i c h a r d  R o y a l l ' s  1970 

B i o m e t r i k a  p a p e r  a r e  u s e d  u n d e r  c i r c u m -  

s t a n c e s  w h e r e  t h e  a d e q u a c y  o f  t h i s  c l a s s  o f  

m o d e l s  i s  s o m e w h a t  q u a n t i f i a b l e ,  a n d / o r  

o t h e r  c h o i c e s  a r e  n o t  r e a d i l y  a v a i l a b l e .  

M o d e l  f a i l u r e  i s  a p a r t i c u l a r  c o n c e r n  h e r e .  

H o w e v e r ,  u n d e r  t h e s e  m o d e l s ,  d a t a  c o l -  

l e c t i o n  may be more  c o n v e n i e n t ,  w h i c h  may 

mean s m a l l e r  n o n s a m p l i n g  e r r o r ,  and  l e s s  

i n c o n v e n i e n c e  t o  t h e  u t i l i t i e s  t h a t  can 

l e a s t  a f f o r d  t o  p a r t i c i p a t e  i n  a s u r v e y .  

One m e t h o d  d e v e l o p e d  may be o f  p a r t i c u -  
l a r l y  w i d e  a p p l i c a t i o n .  I t  c o m p r e h e n s i v e l y  

e x a m i n e s  a c l a s s  o f  i n c o m p l e t e l y  s p e c i f i e d  

a u x i l i a r y  d a t a .  FORTRAN s o u r c e  c o d e  t o  

a c c o m p l i s h  t h i s  i s  a v a i l a b l e  on r e q u e s t .  

INTRODUCTION: 
J 

L e t  Yi = bxi + x i e o  i , a n d  

n 1-2Y n 2-2Y 

DCY ~ - ( ~  x g y ; ,  g 
9 -1 

In Knaub (1990), this class of models is 
compared, for gamma equal to O, 0.5, and I, 
to unequai probabiiity sampling when esti- 
mating generation expense. Comparison to a 
census is aiso made when estimating kilo- 
watthours generated. Nost model results for 
figures shown below have been compared to 
resuits from censuses, unequal probability 
sampling, or stratified random sampling 
using the ratio estimate. The graphs depict 
a variety of circumstances, yet this form 
of model sampiing/estimation, generally 
using only the respondents with the largest 
regressor data, demonstrated widespread 
usefuIness. Linear transformations did not 
seem to be needed. Even the addition of a 
constant appeared to possibly overspecify 
the modeI. Estimates for gamma in the model 
shown above were typicaiiy between 0.5 and 
1. Some a t t e m p t s  we re  made t o  s p l i t  t h e  
d a t a  o f  F i g u r e  B i n t o  g r o u p s  as i f  o t h e r ,  
c u r r e n t l y  unknown v a r i a b l e s  c o u l d  be used  
t o  d i s t i n g u i s h  b e t w e e n  t hem,  b u t  t h e  
simplest application of Royall (1970) 

seemed t o  w o r k  b e s t .  A l s o ,  a l t h o u g h  t h e s e  
m o d e l s  seem t o  e s t i m a t e  t o t a l s  w e l l  i n  a 
number  o f  c a s e s ,  e s t i m a t e s  o f  mean s q u a r e  
e r r o r  d i d  n o t  a p p e a r  t o  be as good .  U n d e r -  
e s t i m a t i o n  may be e x p e c t e d  when t h e r e  i s  
s e r i o u s  mode l  f a i l u r e .  I f  t h i s  i s  a p r o -  
b l em ,  h e l p  may p o s s i b l y  be o b t a i n e d ,  f o r  
e x a m p l e ,  f r o m  R o y a l l  and C u m b e r l a n d  ( 1 9 7 8 ) ,  
a n d / o r  H e r b e r t  and K o t t  ( 1 9 8 8 ) .  Howeve r ,  t h e  
me thod  d e v e l o p e d  b e l o w  f o r  e s t i m a t i n g  gamma 
a l s o  i n d i c a t e s  w h e t h e r  t h e  w e i g h t e d  l e a s t -  
s q u a r e s  v a r i a n c e  e s t i m a t o r ,  w h i c h  i s  used  
h e r e ,  i s  a d e q u a t e .  ( N o t e  t h a t  i t  i s  assumed 
t h a t  r e l a t i v e  e r r o r ,  i . e . ,  c o e f f i c i e n t  o f  
v a r i a t i o n  ( c v ) ,  i s  i d e n t i c a l  t o  t h e  s q u a r e  
r o o t  o f  mean s q u a r e  e r r o r ,  s i n c e  m o d e l -  
u n b i a s e d n e s s  i s  a s s u m e d .  N o n s a m p l i n g  e r r o r  
i s  i g n o r e d  h e r e ,  a l t h o u g h  i t  c o u l d  be a 
p r o b l e m .  ) 

T h e r e  a r e  s e v e r a l  s p e c i a l i z e d  i n v e s t i g a -  
t i o n s  i n  t h i s  p a p e r  a l s o .  F i r s t ,  t h e  r e l a -  
t i o n s h i p  b e t w e e n  u n e q u a l  p r o b a b i l i t y  samp-  
l i n g  and mode l  s a m p l i n g  o f  t h e  t y p e  f o u n d  
i n  R o y a l l  ( 1 9 7 0 ) ,  w h i c h  was d i s c u s s e d  i n  
Knaub ( 1 9 9 0 ) ,  was f u r t h e r  i n v e s t i g a t e d .  The 
i d e a  i s  t o  s t a r t  w i t h  s t r a t i f i e d  u n e q u a l  
p r o b a b i l i t y  s a m p l i n g ,  and a p p l y  b o t h  e s t i -  
m a t i o n  m e t h o d s  t o  t h e  r e s u l t i n g  d a t a .  Based 
on a p r e l i m i n a r y  s a m p l e  p e r f o r m e d  i n  t h i s  
manne r ,  i f  f u r t h e r  s a m p l i n g  i s  r e q u i r e d ,  
and p r e l i m i n a r y  r e s u l t s  u n d e r  e i t h e r  me thod  
a r e  n e a r l y  i d e n t i c a l ,  s a m p l e  s e l e c t i o n  
may p r o c e e d  u n d e r  t h e  m o d e l .  Sample  s i z e  
r e q u i r e m e n t s  a r e  d i s c u s s e d ,  and s a m p l e  
s e l e c t i o n ,  c o n s i d e r i n g  s t r a t i f i c a t i o n ,  i s  
a l s o  a d d r e s s e d .  

A s e c o n d  s p e c i a l i z e d  i n v e s t i g a t i o n  i s  
f o r  t h e  case  w h e r e  a few u t i l i t i e s  have  
e x t r e m e l y  l a r g e  r e s p o n s e s  i n  r e l a t i o n  t o  
t h e  o t h e r  u t i l i t i e s  and w h e r e  t h e  e s t i m a -  
t i o n  o f  t h e  v a l u e  t o  be used f o r  gamma i s  
o b v i o u s l y  d i s t o r t e d .  An e x p e d i a n t  s o l u t i o n  
i s  p r o v i d e d .  A t h i r d  i n v e s t i g a t i o n  i s  f o r  
t h e  case  w h e r e  a u x i l i a r y  d a t a  a r e  a v a i l a b l e  
f o r  each  o b s e r v e d  e l e m e n t ,  b u t  o n l y  t h e  sum 
o f  t h e  v a l u e s  f o r  t h e  a u x i l i a r y  v a r i a t e  i s  
a v a i l a b l e  f o r  t h e  u n o b s e r v e d  e l e m e n t s .  The 
e s t i m a t e  o f  t o t a l s  i s  n o t  a f f e c t e d ,  b u t  i n  
a l l  c a s e s  e x c e p t  f o r  gamma e q u a l  t o  1 / 2 ,  
t h e  cv e s t i m a t e  i s  a f f e c t e d .  

No te  t h a t  c~v~(u) ,  c ~ ( w ) ,  and c~v(u,w)  may 
s t i l l  be c a l c u l a t e d  f o r  t h e  r a t i o  u /w  c a s e .  

SAMPLE SELECTION BY STRATUM FOR UNEQUAL 
PROBABILITY SAMPLING AND MODEL SAMPLING 
AS IN ROYALL (1970):  

Unequal p r o b a b i l i t y  sampling - 
Consider generat ion and generat ion ex- 

pense as in  Knaub (1990). For a given cost 
( f u e l ,  o p e r a t i o n s  and  m a i n t e n a n c e ,  c a p i t a l  

c o s t s ,  o r  t o t a l ) ,  let Yoh be t h e  t o t a l  o f  

s u c h  c o s t s  e s t i m a t e d  f o r  a l l  p l a n t s  i n  

s t r a  rum h.  
nh 

^ ~i Yhg , where TChg is calculated fr°m YDh ~,~ 

the Van Beeck and Vermetten Method. (See 

Koni jn  (1973) f o r  a d e s c r i p t i o n  of t h i s  
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m e t h o d . )  I f  G r e p r e s e n t s  t o t a l  g e n e r a t i o n ,  
t h e n  t h e  c o s t  pe r  k i l o w a t t h o u r  i s  e s t i m a t e d  

^ _  __ L^ 
by Y D / G = ~ Y D h / G .  G is c u r r e n t l y  obtained 

h=l 
by a census  and w i l l  be c o n s i d e r e d  a c o n -  
s t a n t  h e r e .  T h e r e f o r e ,  t h e  e s t i m a t e d  cv i s  

A A 

t h e  same f o r  YD as f o r  YD/G. 

cV(YD) = ~ Cv2(YDh)YDh 2 /YD 
=1 

, where  cV(YDh) = ~ N h -  I 
YDh 

N h is the size o f  the population in 

stratum h, 

n h is the size of the preliminary 

sample in stratum h, 

=gnfr yh° '~Dhl/fnh (nh - ' t 

^ 

dcv/'~'Oh) ~,, "ShNh 

Now, using unequal probability sampling, 

the appropriate estimates from the prelim- 

inary sample a r e  

A A A A A 

YD/G. and cV[YD) = cv(YD/G ). 

Comparing 

A A 

dcvlYDh) 

dnh 
^ f o r  each h, we may 
YOh 

add to  t h e  samp le  s i z e  f o r  t h e  s t r a t u m  w i t h  
t h e  l a r g e s t  such  v a l u e ,  r e c a l c u l a t e  a t e -  

A A A A 

v i s e d  cv(Yo) , and r e p e a t  u n t i l  cV(YD) i s  

below a preselected vaIue. 

Note that if Nh>>n h for ail h, compari- 

sons may be based on Sh/n3/2h. 

Model sampling - 

One could find the vaiue of gamma that 
A ^ 

most n e a r l y  makes Y(7) equa l  to  YD ' b u t  

in this paper, gamma is always set to the 

value that the data most nearly indicate 

based on the class of models found in 

Royall (1970). The iterated reweighted 

least squares method could have been used, 

bu t  t h e  c o m p u t e r  p r o g r a m m i n g  done f o r  t h i s  
s t u d y  f o u n d  t h e  gamma v a l u e  such t h a t  t h e  
s l o p e  o f  t h e  o r d i n a r y  l e a s t  s q u a r e s  r e g r e s -  
s i o n  l i n e  t h r o u g h  t h e  a b s o l u t e  v a l u e  o f  t h e  

d i v i d e d  by xiY, a p p r o a c h e d  O. Note residuals 

that when 0 is achieved, as opposed to 

always having a negative, or aIways a pos- 

itive result, the model appears most reason- 

abIe. This may be the onIy time that the 

variance estimate shown here shouId be used. 

A number of sets of resui±s were dispIayed 

for iteratively increasing gamma values. The 

sensitivity of the modeI to differences in 

gamma was thus, easily apparent. (Relevant 

FORTRAN code is availabIe from the author.) 

N O W ,  

:[0<,.)]Xu. + 

m h 1-27~, m h 2-27;, 

b(Yh )= 9 =I(E X hg Yhg)/__~~-- I x hg ) J 

t h e  m h v a l u e s  a r e  sample  s i z e s ,  
X u = t o t a l  o f  t h e  a u x i l i a r y  v a r i a t e  

v a l u e s  f o r  t h e  unobse rved  p o r t i o n  
o f  t h e  p o p u l a t i o n ,  and 

Ys = t o t a l  o f  t h e  o b s e r v e d  y v a l u e s  

( Ys = % sYi ). 
A A 

~7= ~hYYh = Yy " 

Nh 27h mh 27h Z mh 2 -Z rh  

Le t  M(,Zh)= E X h g - E X h g + ~ / ( E X h g  ) 

2 mh 2Xh )2 
&(yh) = ~ (1/Xhg)( Yhg-b(Yh)Xhg /(mh- 1) 

^ ^  i ^  ]~/2 ^ cv(YYh ) = M(Yh) S(yh)/Yzh 

T h e r e f o r e ,  cv(YT)= (YYh) YYh 
A 

/ Y7. 

A A A A 

Thus,  cv(Yy) may be compared to  cv(Y D ). 

If this model sampling methodology is to be 

used following a preliminary sample, as 

discussed earlier, select only the units 

in each stratum with the largest x values 

which have not already been selected. As an 

estimate of the required sample size under 

model-based sampling, one could use the 

following approximation (exact when Y=0.5): 
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f " t'I I - 2 - 2~'h 2 
mh= h ( X h / a h )  ~./h / Yh +Nh Xh ~',/h ' 

w h e r e  a h s h o u l d  be c h o s e n  so t h a t  

Eh = ah Xh 

^ A 

~'fn = 0 ('{n) / YYh 
A A 

and cfn i s  a v a l u e  f o r  cv~(yh ) s u c h  t h a t  

i f  c i s  t h e  d e s i r e d  o v e r a l l  c v ,  

c= nCYhYYn /Y{ • 

Now, redefine m h as a preliminary sample 

A A 

size, solve for cv(YYh ) , and take the 

absolute value of the derivative with 
A 

respect to sample size. Multiply by yy h. 

Recalculating Cyh as the value of ( yM ) 

for each new rn h, the m h value will be 

increased, according to which h yields the 

Yh 
L e t  N h ( X h /ah  ) w.fh = H h . t h e n  t h e  q u a n t i t y  

o f  i n t e ~ r e s t  f o r  each  s t r a t u m  ( h = l , L ) ,  i s  

^ I d cv(YYh) ^ 2 2 
Y'(h I . . . .  = YYh H h / ( 2 ¢ y h m h ) "  Then a l s o ,  

I d rn h 

C'v(Y'Y M) N h Xh 2x = - wy h , so 

Lmh 

^ d & ( Y y . )  ^ 2 r 2(H 2.. _ 2Xh 2 1/2 

YXh - =YyhH./L2m. -N. Xh "Zh ) 
d m h mh 

2Y h 
T h e r e f o r e ,  i f  Nh>>a h m h ~ t h e n  

A A 

^ d cv(YYh ) ^ 3/2 
YYh ' ~ YYh Hh / 2m i i  

d m h 

2Y h 
Note t h a t  Nh>> am m h does no t  need to  hold 

t r u e  f o r  t h i s  p r o c e s s  t o  be v i a b l e ,  as l o n g  

2Y h 
as a h m h i s  p r o p o r t i o n a l  to  N M, 

l == = ' " ~ "  . . . . . .  

-- Yh 2 2 
^ . 1 . N h ( X h / a h )  wy h / m h .  MODEL SAMPLING HHEN A FEN, VERY LARGE 

l a r g e s t  v a l u e  f o r  YYh 2C~, h OBSERVATIONS DOMINATE, AND DISTORT GAMMA: 

cyn wilI then be recalcuiated for each h as 
^,, jI/2 ^, 

cyh = M (yh) / ~-z w h e r e  M (Yn) i s  
c a l c u l a t e d "  "~ forh the e n l a r g e d  sampte.(Yh)a*re-(yn) 

w o u l d  t h e n  change  each  t i m e  we add t o  m h 

Note that there may sometimes be other 

considerations, such as tolerance limits, 

when determining sample size requirements, 

but that here we are c_oJ3_~nt_raf~ing on the 

finite nature of the population. 

Note that instead of determining the 
A A 

clcv(YD !i  l a r g e s t  h ^ u n d e r  t h e  d e s i g n ,  o r  
dn n YOh 

similarly f o r  t h e  m o d e l ,  t o  i d e n t i f y  t h e  
s t r a t u m  w h i c h  s h o u I d  c o n t a i n  t h e  n e x t  
o b s e r v a t i o n ,  we c o u l d  s i m p l y  c a l c u l a t e  an 
e s t i m a t e  o f  t h e  cv f o r  each  s i t u a t i o n  t o  
see  how t o  d e v e l o p e  t h e  g o a l  l ow  cv e s t i -  
mate  w i t h  t h e  f e w e s t  t o t a I  number  o f  o b s e r -  
v a t i o n s .  T h i s  w o u l d ,  h o w e v e r ,  r e q u i r e  more 
p r o g r a m m i n g  and c o m p u t e r  t i m e .  

A i s o  n o t e  t h e  f o l l o w i n g  f o r  t h e  m o d e i -  
based  s a m p l i n g  a p p r o a c h :  

Sometimes, as in Figures C and D, a few 

observations contain a very large portion 

o f  t h e  t o t a l  t o  be e s t i m a t e d .  Nhen we t r y  
t o  e s t i m a t e  gamma, i n s t e a d  o f  o b t a i n i n g  
s o m e t h i n g  i n  t h e  u s u a l  r ange  o f  v a l u e s  ( f o r  
these data, 0.5 to 1.0, perhaps 0.8 to 0.9), 

an unusuai estimate may be obtained due to 

the speciaI nature of these few observa- 

tions. (This was the case with Figure D, but 

not C.) A case such as that found in Figure 

E may yieId an estimate of gamma, perhaps 

partIy due to nonsampIing error, that is 

negative, which may best be treated as zero, 

or perhaps a different methodoiogy shouId be 

used. This is not something one wants to 

discover near a data pubiication deadiine if 

gamma vaiues have not yet been estimated, 

unIess it is being used to help identify 

nonsampIing error. If we treat data with 

the Iargest regressor values as belonging to 

a certainty stratum, then the remaining 

portion of the popuiation may be estimated 

in aImost any way, and aithough errors may 

be relativeIy Iarge for this remainder 

portion, cvs which incIude the certainty 

portion may be very smaIi. One possibiiity 

is to observe as many of the largest esta- 

biishments as practicai, and from among that 
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s e t  o f  o b s e r v a t i o n s ,  c o n s i d e r  a l l  b u t  t h e  
two  o f  t hem w i t h  t h e  s m a l l e s t  r e g r e s s o r  
v a l u e s  as  c e r t a i n t i e s .  The r e m a i n i n g  two  
o b s e r v a t i o n s  may be a p p l i e d  t o  t h e  m o d e l i n g  
m e t h o d o l o g y  u s e d  i n  t h i s  p a p e r ,  as  p r e s e n t e d  

i n  ( R o y a l l  ( 1 9 7 0 ) ) .  T h i s  may p r o v i d e  n o m i n a l  
e s t i m a t e s  w i t h o u t  t h e  need  f o r  a l a s t  m i n u t e  

r e v i e w  t h a t  c o u l d  d e l a y  p u b l i c a t i o n .  T e s t  
d a t a  c o u l d  be u s e d  t o  d e m o n s t r a t e  t h i s  f o r  

a n y  g i v e n  s i t u a t i o n .  

I f  two  o b s e r v a t i o n s  a r e  used  f o r  t h e  
s a m p l e d  p o r t i o n ,  gamma w i l l  l i k e l y  be 
a p p r o x i m a t e l y  1, w h i c h  may be n e a r l y  c o r r e c t  

i n  t h e  c a s e s  o f  F i g u r e s  C and  D. The 
d e r i v a t i o n  b e l o w  shows  why t h e  e s t i m a t e  o f  

gamma i s  l i k e l y  t o  be n e a r  u n i t y .  A l s o ,  n o t e  
t h a t  i f  d a t a  f o r  more  t h a n  one v a r i a t e  a r e  

b e i n g  c o l l e c t e d ,  we may be f l e x i b l e  when 
n o t i n g  w h i c h  o b s e r v a t i o n s  a r e  t o  be t r e a t e d  
as  c e r t a i n t i e s ,  and  w h i c h  two  a r e  t o  be 
u s e d  t o  e s t i m a t e  t h e  r e m a i n d e r .  T h a t  i s ,  
d a t a  f r o m  a g i v e n  e s t a b l i s h m e n t  may be 
t r e a t e d  as  p a r t  o f  t h e  c e r t a i n t y  s t r a t u m  

f o r  one v a r i a t e ,  and  p a r t  o f  t h e  s a m p l e d  
s t r a t u m  f o r  a n o t h e r  v a r i a t e .  

D e r i v a t i o n  - 

The  m o d e l  s a m p l i n g  i n  t h i s  p a p e r  i s  b a s e d  

on t h e  f o l l o w i n g "  

Yi = bx i  + X ieo i  • 

As i n d i c a t e d  e a r l i e r ,  gamma may be o b t a i n e d  

b y  f i t t i n g  a h o m o s c e d a s t i c  l i n e a r  r e g r e s -  

s i o n  t o  t h e  r e s u l t  o f  d i v i d i n g  t h e  a b s o l u t e  

o f  t h e  r e s i d u a l s  b y  X~i t o  s e e  when  v a l u e s  

t h e  s l o p e  a p p r o a c h e s  z e r o .  The r e a s o n i n g  

i s  t h a t  i f  e a c h  e r r o r  i s  a m u l t i p l e  o f  

a r a n d o m  e r r o r ,  t h e n  t h e  a b s o l u t e  v a l u e s  

o f  t h e  e r r o r s ,  d i v i d e d  b y  t h e  c o r r e s p o n d i n g  

m u l t i p l i e r s ,  s h o u l d  n o t  be i n c r e a s i n g  o r  

d e c r e a s i n g  w i t h  i n c r e a s i n g  x .  
Now, when  we o n l y  h a v e  t w o  o b s e r v a t i o n s ,  

we e s t i m a t e  gamma f r o m  Jeol l= leo2J. T h u s ,  

one  p o s s i b i l i t y  i s  e o l  = e o 2  , a n d  t h e  o t h e r  

is eol =-eo2 . In the first case, after 

using some algebra to I) solve for b, 

2) set the result equal to the formula for 

b which provides minimum error under the 

model, and 3) collect some terms, it can 

be s e e n  t h a t  i f  Yl / Xl = Y2 / x2 , t h e n  ~ : 1 
i s  a p r a c t i c a l  s o l u t i o n .  I n  t h e  s e c o n d  c a s e ,  

w h i c h  i s  t h e  s i t u a t i o n  t o  be e x p e c t e d  i n  
p r a c t i c e ,  7= I i s ,  w i t h o u t  r e s t r i c i : i o n  on 3/ 

o r  x ,  seen  t o  be an o b v i o u s  s o l u t i o n .  I t  
i s  w o r t h  n o t i n g ,  h o w e v e r ,  t h a t  t h e  a u t h o r  

d i d  n o t  f i r s t  n o t i c e  t h i s  a s  a r e s u l t  o f  

c o n s i d e r i n g  t h e  a l g e b r a ,  b u t  i n s t e a d  f o u n d  

t h a t  i n  a p r a c t i c a l  e x a m p l e ,  gamma was  a p -  

p r o x i m a t e l y  u n i t y .  

( A l s o ,  n o t e  t h a t  t h e  p r o b l e m  o f  n o n l i n e -  

a r i t y  i n  t h e s e  d a t a  may b e s t  be s o l v e d  b y  

t r e a t i n g  s e v e r a l  e l e m e n t s  a s  c e r t a i n t i e s .  

T h i s  w o u l d  h a v e  l e a d  t o  s l i g h t l y  d i f f e r e n t  

r e s u l t s  t h a n  t h o s e  s h o w n  b e l o w ,  a s s o c i a t e d  

w i t h  F i g u r e  G. F o r  t h a t  c a s e ,  n o t e  a l s o  

t h a t ,  a s  c a n  be s e e n  b e l o w ,  a t r a n s f o r m a -  
t i o n  i s  n o t  an o p t i o n . )  

INCOMPLETELY SPECIFIED AUXILIARY DATA: 

Suppose that we have auxiliary data for 

each observed element, with a suitably high 

correlation between these data and the 

data of interest, but suppose that for the 

unobserved elements we only know the total 

for the auxiliary data, and the number, or 

approximate number of elements in the uni- 

verse. As a practical matter, this is the 

case in an instance encountered by the 

author inwhich data of interest and auxil- 

iary data were becoming available for a 

number of facilities on one survey, and the 

universe total for the auxiliary data is 

available from another survey. This does 

not affect the estimate of the total for 

t h e  d a t a  o f  i n t e r e s t ,  b u t  d o e s  a f f e c t  cv  

e s t i m a t e s ,  u n l e s s  ~ = 0 . 5 ,  i . e . ,  u n l e s s  

t h e  r a t i o  e s t i m a t e  i s  a p r o p o s .  I n  a l l  c a s e s  

o t h e r  t h a n  ~ : 0 . 5 ,  o n l y  u p p e r  a n d  l o w e r  

b o u n d s  on cv  e s t i m a t e s  a r e  o b t a i n a b l e .  
D e r i v a t i o n s  - 

L e t  ^ 2 ^ 2 f o r  t h e  u s u a l  c a s e  w h e r e  
CV 1 -- CV 

we have knowledge of the X i values for all 

^ 2  ^ 2  
N e l e m e n t s ,  a n d  l e t  CV 2 - C v  f o r  t h e  c a s e  

w h e r e  XO ( t h e  sum o f  t h e  x i f o r  t h e  e l e -  

m e n t s  n o t  o b s e r v e d  f o r  Yi v a l u e s )  i s  k n o w n ,  

b u t  n o t  t h e  i n d i v i d u a l  x i t h a t  c o n s t i t u t e  

A2  
X u , i . e . ,  when  i = n + l , N .  F u r t h e r ,  l e t  CV 2 be  

c a l c u l a t e d  u s i n g  one  a r t i f i c i a l  d a t a  p o i n t  

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

n o t a t i o n  on p a g e  749 i n  K n a u b  ( 1 9 9 0 ) ,  w h e r e  

b o t h  X a n d  X - n ~  w e r e  u s e d  ±o d e s i g n a t e  
N 

w h a t  i s  r e f e r r e d  t o  as  X h e r e . )  
u 

Now, l e t  A(?I=CAVl (~)/c~v2(~), , o  t h a t  

we may t h i n k  of A(Y)as  t h e  f a c t o r  w h i c h  
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A A 

adjusts CV 2 (Y) to obtain CV 1 (Y) . 

N 2Y N 2 n 2 - 2 Y  1/2 

Z x +(S x) / (Zx ) 
i = n + l  i i = n + l  i i=1 i 

A ( Y )  = 
N 2Y N 2 n 2 - 2 Y  

(S x) +(Z x ) / ( Z x  ) 
i = n + l i  i = n + l  i i=1 i 

N 2Y 2?  
whe re  ( Z x ) = x  , s u m m a t i o n  o v e r  

i = n + l  i u 

i = n + l  t o  N i s  f o r  u n o b s e r v e d  e l e m e n t s ,  and 
summation over i=l to n is for the sample. 

A(~) is, therefore, the adjustment needed 
A A 

to convert Cv 2 to CV I . Note that A(Y=0.5) 

= I .  For 7<0.5, we have A(Y)>I  , and ,  sim- 

i l a r l y ,  A(7>0.5) < 1 . 
If t h e  r a t i o  e s t i m a t e  ( i . e . ,  Y = 0 . 5 )  can 

be used w i t h  some d e g r e e  of comfort, t h e n  
e s t i m a t i n g  t h e  cv is n o t  a p a r t i c u l a r  p r o -  
b lem.  A l s o ,  when X i s  d o m i n a t e d  by one x i 

u 

N 2Y 2Y 
v a l u e ,  say  x , s u c h  t h a t  ( ~  X ) :X  . 

k i=n+ 1 i k 

t h e n  A(Y)=  1. B u t ,  wha t  i f  t h e  o p p o s i t e  
extreme is the case? That i s ,  cons ider  Xu= 

(N-n)x u , where Xi=X u f o r  i =n+ l ,  N. In t h a t  

c a s e ,  [ 2 Y - 2  n 2-2Y ] 1/2 

l +(N-nlI(Zx  ) 
A ( Y )  is i=I . 

2 Y - I  2Y -2  n 2 - 2 Y |  
( N - n )  x u + ( N - n ) / ( ~ x i  ) J 

Le t  t h i s  be A ( T > 0 . 5 ) o r  A (T <0 .5 )  s i n c e ,  

L UP 
for ~f>0 .5 ,  it is a lower bound on A, and 
for " f < 0 . 5 ,  it is an upper bound on A. For 

most cases of interest to eiectric power, 

it appears that 7>0.5, so A < A < I. This 

L 

can be a very wide intervaI. Note, however, 

that it is not likely that one eiement wiii 

dominate the unobserved portion of the pop- 

uiation. The true value of A is likeIy to 

be much cioser to the lower bound in most 

cases. As an attempt at a 'reasonabIe' est- 

imate of A, consider A~, where we assume 

X is distributed over the N-n unobserved 

U 

eIements incremen±aiIy from (near) zero to 

2X /(N-n+i). (FORTRAN code is avaiiabIe 

U 
A 

from the author for caIcuIating cv A~.) 

A * ( Y )  = 

N 2 n 2 - 2 Y  1/2 

sx +(Z x ) / ( Z x  ) 
i = n + l  i i=1 i 

2Y N 2 n 2 - 2 Y  

x +(Z x ) I (Zx ) 
u i = n + l  i i=1 i 

N nl 2'x where  SX = S u • 

j= I ( N - n +  I )  ( N - n )  

EXAMPLES OF FORTRAN/MODEL OUTPUT: 

A) From Figure C (nominal case - small n) - 

N = 93; census resuit: Y = 75II23; 

n = 5 (i.e., 5 'largest'): 

gamma 0.80 O. 85 

b 1.0632 1.0628 

est. of Y 75Iii9 75IIi9 

est. of cv 0.55% 0.65% 

b for l e  I 0.168 -0.030 

Oi 

0.90 

I. 06 23 

751119 

0.79% 

-0.238 

B) From Figure G (incompletely specified 

auxiliary data) - 

(Note: This comes from a set of prelimi- 

nary data which needs to be edited. 

Also, N is approximate.) 

N = 925;  n = 325:  
gamma 
b 
e s t .  o f  Y 
est. of CV 2 

e s t .  o f  AL 

e s t .  of cv2A  L 

est. of A~ 

e s t .  o f  CV 2AX 

b f o r  l e I 
0 i  
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GRAPHS: 

A rela±ionship between data of interest (on the 

y-axis), and auxiiiary data (x-axis) is shown in 

each graph. Figures A and B show plant capacities 

used to estimate the total cost of operating. 

Figure C shows curren~ and previous period sales 

volumes, and simiiarly for revenue in Figure D. 

In Figure E we see curren~ and previous period 

fuel volume receipts. Figure F shows pJant capa- 

cities used to estimate fuel voiume receip±s. In 

this case, as with surveying generation volumes, 

model sampling may be used ~o impu~e for the 

mmaIiest plants, rather than insist on a complete 

census. In Figure G, sales ±o utilities by non- 

utilities are shown to be a heIp in estimating 

~o~aI capacity dedicated to the power grid. 
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