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1. I n t r o d u c t i o n  

The N a t i o n a l  Crime S u r v e y  (NCS), c o n d u c t e d  
by the  Bureau  of  t he  Census  f o r  t he  Bureau  of  
J u s t i c e  S t a t i s t i c s ,  began  in  J u l y  1972. In  
t h i s  s u r v e y ,  t he  members (12 y e a r s  or  o l d e r )  o f  
a sampled  h o u s i n g  u n i t  a r e  i n t e r v i e w e d  s e v e n  
t imes  a t  s i x - m o n t h  i n t e r v a l s .  D u r i n g  each  
i n t e r v i e w ,  the  r e s p o n d e n t s  a r e  a s k e d  to  r e p o r t  
a l l  i n c i d e n t s  o f  c e r t a i n  t y p e  of  c r i m e s  t h a t  
they  have  e x p e r i e n c e d  d u r i n g  t he  6 months 
p r e c e d i n g  t he  i n t e r v i e w  month.  At any  g i v e n  
t ime,  the  NCS sample  c o n s i s t s  o f  one incoming  
r o t a t i o n  g r o u p  t h a t  i s  i n t e r v i e w e d  f o r  the  
f i r s t  t ime  ( f i r s t  t ime  in  sample )  and s i x  
r e t u r n i n g  r o t a t i o n  g r o u p s  ( s e c o n d  to  s e v e n t h  
t ime in  s a m p l e ) .  

P r e v i o u s  s t u d i e s  have  shown t h a t ,  c o v e r i n g  
the  same t ime p e r i o d s ,  t he  number of  c r i m e s  
r e p o r t e d  i n  t h e  f i r s t  i n t e r v i e w  i s  
s u b s t a n t i a l l y  h i g h e r  t h a n  t he  a v e r a g e  f o r  the  
second t h r o u g h  s e v e n t h  i n t e r v i e w s  (~u rphy  and 
Cowan, 1976) .  T h i s  i s  a t t r i b u t e d  in  p a r t  to  
" t e l e s c o p i n g "  i n t o  t h e  r e f e r e n c e  p e r i o d  of  
c r imes  which  o c c u r e d  b e f o r e  i t .  Because  of  
t h i s  " e x t e r n a l  t e l e s c o p i n g " ,  t he  i n i t i a l  
unbounded i n t e r v i e w  r e s u l t s  have  n o t  been  u s e d  
in  NCS e s t i m a t e s .  The f i r s t  i n t e r v i e w  i s  o n l y  
used  to  p r o v i d e  a bound to  a v o i d  t e l e s c o p i n g  
i n t o  the  r e f e r e n c e  p e r i o d  f o r  the  second  
i n t e r v i e w .  

I f  a way c o u l d  be found  to  a d j u s t  t he  
i n i t i a l  i n t e r v i e w s  so a s  to  remove the  e f f e c t  
of  e x t e r n a l  t e l e s c o p i n g ,  t h e n  t h e s e  i n t e r v i e w s  
c o u l d  be added  to  the  e f f e c t i v e  NCS sample .  
Such a d j u s t m e n t s  have  n o t  been  made p r e v i o u s l y ,  
p r i m a r i l y  b e c a u s e  o f  u n c e r t a i n t y  a b o u t  what  
l e v e l  to  a d j u s t  t o .  One p r o b l e m  i s  t h a t  even  
the  bounded i n t e r v i e w s  a r e  though  to  be 
a f f e c t e d  by f o r g e t t i n g  of  c r i m e s  and o t h e r  
r e s p o n s e  e r r o r s .  F u r t h e r ,  t he  d i f f e r e n t  
i n t e r v i e w s  ( two t h r o u g h  s e v e n )  may have  
d i f f e r e n t  e x p e c t e d  v a l u e s  due to  i n c r e a s i n g  
e x p e r i e n c e  w i t h  the  s u r v e y .  D i s c u s s i o n s  a t  the  
Census Bureau  have  c e n t e r e d  a r o u n d  a d j u s t m e n t  
of  the  f i r s t  i n t e r v i e w s  r e s u l t s  to  the  a v e r a g e  
l e v e l  o f  t he  o t h e r  i n t e r v i e w s ,  which  
c o r r e s p o n d s  to  the  p r e s e n t  s u r v e y  r e s u l t s .  
Lavange and Folsom (1985)  s u g g e s t e d  a d j u s t m e n t  
to the  l e v e l  o f  t he  second  i n t e r v i e w ,  which  
a r g u a b l y  i s  t h e  bounded  i n t e r v i e w  l e a s t  
a f f e c t e d  by t he  r e s p o n d e n t ' s  f a t i g u e .  They a l s o  
p r o p o s e  making a d j u s t m e n t s  f o r  o t h e r  r e c a l l  
e f f e c t s  u s i n g  an  a d d i t i v e  model .  

The p r e s e n t  r e s e a r c h  i s  i n t e n d e d  to  
c o n s i d e r  a v a r i e t y  of  NCS e s t i m a t o r s  which  
i n c o r p o r a t e  d a t a  f rom the  f i r s t  i n t e r v i e w  in  
d i f f e r e n t  ways.  T h i s  p a p e r  p r e s e n t s  some 
p r e l i m i n a r y  r e s u l t s  of  t he  i n i t i a l  p o r t i o n s  of  
the  r e s e a r c h .  The p a p e r  c o n s i d e r s  some 
e x t r e m e l y  s i m p l e  mode ls  f o r  the  r e l a t i o n s h i p  of  
the  d i f f e r e n t  i n t e r v i e w s ,  i n  o r d e r  to  
i l l u s t r a t e  some b a s i c  i s s u e s  i n v o l v e d  in  
d e c i d i n g  how to  u s e  t he  b o u n d i n g  i n t e r v i e w s .  

A s y m p t o t i c  e x p r e s s i o n s  can  be d e r i v e d  f o r  the  
v a r i a n c e s  of  some of  the  e s t i m a t o r s ,  unde r  
t h e s e  mode l s .  These  e x p r e s s i o n s  may p r o v e  to  
be u s e f u l  i n  d e r i v i n g  v a r i a n c e s  f o r  t h e s e  
e s t i m a t o r s  from the  u s u a l  NCS v a r i a n c e s .  

T h i s  p a p e r  w i l l  c o n c e n t r a t e  on the  p r o b l e m  
of  a d j u s t i n g  t he  b o u n d i n g  i n t e r v i e w  to  the  
a v e r a g e  l e v e l  o f  i n t e r v i e w s  2 . . . . .  7.  Thus the  
g o a l  i s  to  r e d u c e  the  v a r i a n c e  by i n c l u d i n g  
a d d i t i o n a l  d a t a  in  t he  e s t i m a t e s ,  r a t h e r  t han  
change the  b i a s  which  may be p r e s e n t  i n  the  
c u r r e n t  d a t a .  To s i m p l i f y  t he  n o t a t i o n  in  our  
i n i t i a l  i n v e s t i g a t i o n ,  i t  w i l l  be assumed t h a t  
the  e s t i m a t o r s  b a s e d  on each  of  i n t e r v i e w s  
2 . . . . .  7 have  the  same e x p e c t e d  v a l u e s .  T h i s  
a s s u m p t i o n  w i l l  be weakened in  s u b s e q u e n t  work.  

T h i s  p a p e r  w i l l  a l s o  i g n o r e  the  p r o b l e m  o£ 
unbounded i n t e r v i e w s  which  o c c u r  i n  v i s i t s  
2 . . . . .  7.  T h i s  o c c u r s  when the  o c c u p a n t s  of  a 
h o u s e h o l d  move and a r e  r e p l a c e d ,  o r  when some 
p e r s o n  in  the  h o u s e h o l d  c o u l d  n o t  be i n t e r v i e w d  
a t  the  p r e v i o u s  v i s i t .  A p p r o x i m a t e l y  15% of  
the  "bounded"  i n t e r v i e w s  a r e  a c t u a l l y  unbounded 
in  t h i s  way. A d j u s t m e n t  f o r  t h i s  e f f e c t  i s  
c o m p l i c a t e d  by t he  f a c t  t h a t  t h e s e  h o u s e h o l d s  
a r e  " s e l f - s e l e c t e d "  b a s e d  on t h e i r  d e c i s i o n  to  
move, r a t h e r  t h a n  a random sample  of  a l l  
h o u s e h o l d s .  

The a n a l y s i s  i n  t h i s  p a p e r  c o u l d  be a p p l i e d  
to  any  s i n g l e  t ype  of  c r i m e .  D i f f e r e n t  
p a r a m e t e r s  migh t  a p p l y  to  d i f f e r e n t  t y p e s  of  
c r ime .  

2. Model f o r  t he  t e l e s c o p i n g  e f f e c t  
L e t  X (y )  be the  e s t i m a t e  of  the  number 

r 
th  

of  c r i m e s  in  y e a r  y ,  X ( y ) ,  b a s e d  on the  r 
i n t e v i e w  o n l y  ( r = l  . . . . .  7 ) .  Assume t h a t  X (y )  

r 
( r=2  . . . . .  7) i s  an  u n b i a s e d  e s t i m a t e  of  X ( y ) .  

E ( X r ( Y ) )  = X(y)  r=2 . . . .  7.  (1)  

S i n c e  the  number of  c r i m e s  r e p o r t e d  in  the  

1 st_ i n t e r v i e w ,  Xl(Y ) ,  i s  h i g h e r  t han  in  the  

o t h e r  i n t e r v i e w s ,  we need  an  a d d i t i o n a l  te rm,  
B, f o r  i t s  e x p e c t e d  v a l u e .  We can  make the  
a d d i t i o n a l  te rm a d d i t i v e ,  i . e . ,  

E ( X I ( Y ) )  : X(y)  + B, (B>O) (2)  

or  m u l t i p l i c a t i v e  
E ( X I ( Y ) )  = B X ( y ) .  (B>I)  (3)  

For  s i m p l i c i t y ,  we w i l l  assume t h a t  B i s  
c o n s t a n t  from y e a r  to  y e a r ,  and from r o t a t i o n  
to r o t a t i o n .  We n o t e  t h a t  (3)  can  be r e w r i t t e n  
a s  

E ( X I ( Y ) )  = X(y)  + ( B - 1 ) X ( y ) .  

I f  X(y)  i s  r e l a t i v e l y  c o n s t a n t  from one y e a r  to  
the  n e x t ,  t h e n  t h i s  has  a p p r o x i m a t e l y  the  same 
form as  ( 2 ) ,  i . e . ,  t he  m u l t i p l i c a t i v e  and 
a d d i t i v e  models  w i l l  be a p p r o x i m a t e l y  the  same, 
a s  long  a s  c r i m e  r a t e s  do n o t  change  too  much. 

I f  c r ime  r a t e s  were  to  change  d r a s t i c a l l y ,  
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t h e  a d d i t i v e  model  would  p r o b a b l y  n o t  c o n t i n u e  
to  a p p l y .  For  e x a m p l e ,  s u p p o s e  t h a t  f i r s t  
i n t e r v i e w s  would  l e a d  to  an  e s t i m a t e  o f  a b o u t  
8 , 0 0 0 , 0 0 0  b u r g l a r i e s ,  compared  to  an  u n b i a s e d  
( u n d e r  t h e  m o d e l )  e s t i m a t e  o f  a b o u t  6 , 0 0 0 , 0 0 0  
b a s e d  on i n t e r v i e w s  2 . . . . .  7 .  I n  t h i s  
i l l u s t r a t i o n ,  unbounded  i n t e r v i e w s  would  g i v e  
r e s u l t s  a b o u t  33% too  h i g h .  I f  t h e  a c t u a l  
number o£ b u r g l a r i e s  were  to  d r o p  o v e r  t ime  to  
a b o u t  1 , 0 0 0 , 0 0 0  b u r g l a r i e s ,  t h e  a d d i t i v e  model  
would  r e q u i r e  unbounded  i n t e r v i e w s  to  g i v e  an  
e x p e c t e d  3 , 0 0 0 , 0 0 0  b u r g l a r i e s ,  o r  200% too  
h i g h .  T h i s  would  r e q u i r e  a m a j o r  c h a n g e  i n  t h e  
r e c a l l  p r o c e s s  f o r  t h o s e  h o u s e h o l d s  w h i c h  h a v e  
b u r g l a r i e s .  The m u l t i p l i c a t i v e  model  would  
assume t h a t  unbounded  i n t e r v i e w s  would  c o n t i n u e  
to  be  33% too  h i g h .  Thus t h e  a u t h o r s  f e e l  t h a t  
t h e  m u l t i p l i c a t i v e  model  i s  more p l a u s i b l e  i n  
p r i n c i p a l .  I n  p r a c t i c e ,  s i n c e  c r i m e  r a t e s  seem 
to  change  s l o w l y ,  t h e r e  i s  p r o b a b l y  l i t t l e  
d i f f e r e n c e  b e t w e e n  t h e  m o d e l s .  

I n  t h i s  p a p e r ,  we w i l l  p r i m a r i l y  u s e  t h e  
m u l t i p l i c a t i v e  model  f o r  t h e  t e l e s c o p i n g  
e f f e c t .  The e s t i m a t e  o£ t h e  number  o f  c r i m e s  
r e p o r t e d  i n  NCS wh ich  a r e  b a s e d  on bounded  

i n t e r v i e w s  w i l l  be  d e n o t e d  by  X(y)"  
7 

^ 1 
X(y)  = ~ ~ Xr(Y ) .  (4 )  

r=2  
Under  a s s u m p t i o n  ( 1 ) ,  we r e m a r k  t h a t  

7 

^ 1 ~ E ( X r ( Y ) )  = X ( y ) .  E ( X ( y ) )  = 

r=2  

The e s t i m a t o r s  p r o p o s e d  i n  t h i s  p a p e r  w i l l  
be c l a s s i f i e d  i n t o  2 g r o u p s :  

1 /  Those  t h a t  u s e  one y e a r  of  d a t a  
2 /  Those  t h a t  u s e  two o r  more c o n s e c u -  

t i v e  y e a r s  o£ d a t a .  

3.  Us ing  one y e a r  o f  d a t a  
Assume t h a t  X (y )  ( r = l  . . . .  7 )  i s  t h e  number  

r 

of c r i m e s  r e p o r t e d  i n  c a l e n d a r  y e a r  y i n  t h e  
th  

r _ i n t e r v i e w ,  and  we would  l i k e  to  u s e  al__!l 
t h e s e  i n t e r v i e w s  to  c o n s t r u c t  an  e s t i m a t e  f o r  
X ( y ) ,  t h e  t r u e  number  o f  c r i m e s  i n  y e a r  y .  
F i r s t  we n o t e  t h a t  t h e  mean of  t h e  s e v e n  X (y )  

' r 

( r = l  . . . . .  7 )  o v e r e s t i m a t e s  X ( y ) :  L e t  
7 

1 
X " ( y )  : ~ Xr(Y)  

r = l  
t h e n ,  

7 

[~ ] l ~ ( ) E[X ] l ( B + 6 ) X ( y ) .  (5 )  
~-Y- = 7 r ( y )  = 7 E 

r = l  
To c o r r e c t  t h i s  b i a s ,  i t  i s  t h e n  n e c e s s a r y  

to  g e t  a good e s t i m a t e  o f  B. 

3 . 1 .  Method of  moments .  
U s i n g  t h e  method  of  moments ,  an  e s t i m a t e  of  

B which  u s e s  a l l  t h e  s e v e n  X ( y )  c an  be  found  
r 

by noting t h a t :  

E( XI(Y ) ) E( Xl(Y ) ) 
B = = 

1 27 X r ( Y ) )  X(y)  E( ~ 2 

~ XI(Y)  
o r  e s t ( B )  = B = (6 )  

7 

i6 ~ X(y) 
r=2  

Using (6) in (5) we obtain a new estimate for 
X(y) 

7 

X(y)  = ~r=lXr(Y)~ = X ( y ) .  

B+6 
The new e s t i m a t e  o£ X(y)  i s  t h e  same a s  t h e  

one c u r r e n t l y  u s e d  i n  NCS! A c l o s e r  i n s p e c t i o n  
N 

of  B i n  (6 )  i n d i c a t e s  t h a t  t h i s  e s t i m a t e  
downweights Xl(Y ) to the average o£ Xr(Y), 

(r=2 . . . . .  7). This explains why the bounding 
interview did not contribute to the final 
estimate. Based on one year of data, an 
a d d i t i v e  model  w i l l  l e a d  to  t h e  same 
c o n c l u s i o n ,  u s i n g  t h e  u s u a l  l i n e a r  model  
p a r a m e t e r  e s t i m a t e s .  

3 . 2 .  Maximum l i k e l i h o o d .  
In  o r d e r  to  d e r i v e  a maximum l i k e l i h o o d  

e s t i m a t e  f o r  X ( y ) ,  we n e e d  a s s u m p t i o n s  a b o u t  
t h e  d i s t r i b u t i o n  o£ X ( y ) .  A d i s t r i b u t i o n  

r 
f r e q u e n t l y  u s e d  f o r  d i s c r e t e  random v a r i a b l e  
that counts the number of occurences of an 
event is the Poisson dis t r ibut ion.  Let ' s  assume 
that 

Xl(Y ) ~ P(BX(y) ) 

X ( y )  ~ P ( X ( y )  ) r=2  . . . . . .  7 .  
r 

I t  c an  be  shown t h a t  t h e  Maximum L i k e l i h o o d  
e s t i m a t o r s  a r e  " 

XI(Y)  
B = A 

X(y) 

and X(y)  = X ( y ) .  

Aga in ,  t h e  new e s t i m a t o r  c o i n c i d e s  w i t h  
A 

X ( y ) ,  t h e  e s t i m a t o r  b a s e d  on bounded  
i n t e r v i e w s .  I t  c a n  a l s o  be  shown t h a t  i£  we u s e  
t h e  a d d i t i v e  model  f o r  t h e  t e l e s c o p i n g  e f f e c t ,  
and  t h e  P o i s s o n  a s s u m p t i o n  

Xl(Y ) ~ P ( X ( y ) + B )  

X ( y )  ~ P ( X ( y )  ) r = 2 . . . . .  7 
r 

t h e n  t h e  Maximum L i k e l i h o o d  e s t i m a t o r  i s  a l s o  

X(y). 
A l t h o u g h  t h e s e  r e s u l t s  may seem o b v i o u s ,  

t h e y  imp ly  an  i m p o r t a n t  l e s s o n .  U s i n g  t h e  
unbounded  i n t e r v i e w s  w i l l  n o t  n e c e s s a r i l y  
r e d u c e  t h e  v a r i a n c e ,  e v e n  t h o u g h  more s a m p l e  
c a s e s  a r e  u s e d  i n  d e r i v i n g  t h e  e s t i m a t o r .  
Whether  t h e r e  i s  a v a r i a n c e  r e d u c t i o n  d e p e n d s  
on t h e  form of  t h e  e s t i m a t o r .  T h a t  r e m a r k  a l s o  
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h o l d s  f o r  o t h e r  a s s u m p t i o n s  a b o u t  t h e  e x p e c t e d  
v a l u e  of  X ( y ) .  For  example  a d j u s t m e n t  to  t he  r 
l e v e l  o£ t h e  s e c o n d  i n t e r v i e w  ( i . e . ,  
E(Xr(Y))=BrX(Y ) f o r  r~2  and E(X2(Y))=  X ( y ) )  

would l e a d  to  an  e s t i m a t o r  b a s e d  on a s i n g l e  
y e a r ' s  d a t a  which  i s  e q u a l  to  X2(Y ) .  T h i s  i s  

b a s e d  on d a t a  f rom o n l y  o n e - s i x t h  of  t he  
bounded i n t e r v i e w s  and t h u s  would  have  r o u g h l y  
six times the variance of the present NCS 
estimator, even though in theory the estimator 
could be said to be based on more observations. 
S i m i l a r l y  a d j u s t m e n t  to  t h e  a v e r a g e  of  t he  
second  t h r o u g h  s e v e n t h  i n t e r v i e w  ( ~ . e . ,  

E(Xr(Y))=BrX(Y ) and  E ( ~  7~2Xr(Y))=X(y ) ) would 

l e a d  to  X ( y ) ,  t h e  same e s t i m a t e  a s  the  one 
c u r r e n t l y  u s e d  i n  NCS. 

S i n c e  u s i n g  ad  hoc  e s t i m a t o r s  b a s e d  on one 
y e a r  of  d a t a  does  n o t  change  t he  e s t i m a t e  o£ 
X(y ) ,  i t  i s  t h u s  n a t u r a l  to  t r y  u s i n g  two y e a r s  
of  d a t a .  

4. Us in~  two y e a r s  o f  d a t a  

4 . 1 .  Maximum L i k e l i h o o d  
A s i m p l e  e x t e n s i o n  o f  t h e  P o i s s o n  

a s s u m p t i o n  f o r  2 y e a r s  o f  d a t a  can  be made a s  
f o l l o w s "  

Xl (Y-1  ) ~ P ( B X ( y - 1 )  ) 

X ( y - l )  P ( X ( y - 1 )  ) r=2,  7 r ~ " " '  
Xl(Y ) ~ P( BX(y} ) 

X (y )  P ( X ( y )  ) r=2 ,  7 r ~ " " '  
I t  can  t h e n  be shown t h a t  ~ f o r  B, 

X(y-1), X(y) are" 

XI(Y-1 ) + Xl(Y) 
B = 

X(y-1) + X(y) 

~ _ X(y-1) + X(y) X~(y-1) 
X(y-1) - ~ ( y _ l ) + ~ ( y  ) 

X ( y - 1 )  + X(y) ~ ( y ) .  
X(y) = ~(y_l)+~(y } 

This bILE is basically X~(y) (the adjusted 
estimator based on al__! interviews} downweighted 
by the ratio of the average of estimates of 
X(y) and X(y-1) based on bounded and all 

~ 

i n t e r v i e w s .  We a l s o  n o t e  t h a t  X ( y - 1 ) ,  X ( y ) ,  

X ( y - 1 ) ,  X(y)  a r e  r e l a t e d  by  

X(y-1) + X(y) : X(y-1) + X(y). 

T h i s  bILE l o o k s  i n t u i t i v e l y  a c c e p t a b l e ,  b u t  
more s t u d y  must  be  done b e f o r e  we can  
c o m f o r t a b l y  u s e  i t .  How can  we j u s t i f y  the  
P o i s s o n  a s s u m p t i o n ?  S h o u l d  t h e r e  be t e rms  i n  
the  j o i n t  d i s t r i b u t i o n  t h a t  r e p r e s e n t  t he  
c o r r e l a t i o n  b e t w e e n  X (y )  and X ( y - l ) ?  At 

r r - 1  
y e a r  y ,  we have  2 bILE f o r  X ( y - 1 ) :  one b a s e d  on 
( y , y - 1 )  d a t a ,  one b a s e d  on ( y - l , y - 2 )  d a t a .  How 
s h o u l d  we h a n d l e  t h i s ?  

More t h a n  two y e a r s  d a t a  may be  u s e d  i n  a 
s i m i l a r  f a s h i o n ,  w i t h  f u r t h e r  r e d u c t i o n  i n  
v a r i a n c e .  However,  t h i s  r e q u i r e s  a s s u m i n g  t h a t  
B r e m a i n s  c o n s t a n t  f o r  an  e x t e n d e d  p e r i o d  of  
t ime .  The o p t i m a l  number o f  y e a r s  to  u s e  f o r  
e s t i m a t o r s  u n d e r  t h i s  model  r e m a i n s  to  be  
d e t e r m i n e d .  

4 . 2 .  E s t i m a t o r  b a s e d  on r e l a t i v e  y e a r  to  y e a r  
change .  

Thus f a r ,  a l l  p r o p o s e d  e s t i m a t e s  of  X(y)  
r e q u i r e  f i r s t  an  e s t i m a t e  o£ B. In  t h i s  
s e c t i o n  we w i l l  i n t r o d u c e  e s t i m a t e s  t h a t  do n o t  
r e q u i r e  an  e s t i m a t e  o f  B. For  t h a t  l e t ' s  
d e f i n e  R, t h e  r e l a t i v e  y e a r  to  y e a r  change ,  to  
be :  

R = X(y)  - X ( y - 1 )  
X(y-S) 

Then i t  i s  o b s e r v e d  t h a t  t h e  e s t i m a t e  o f  R 
b a s e d  on a l l  i n t e r v i e w s  i s  a s y m p t o t i c a l l y  
u n b i a s e d .  L e t  

X~(y) - X~(y-l) 
R(y) = X~(y-1) 

then, 

And we can  u s e  R to  c o n s t r u c t  new e s t i m a t e s  o f  
X(y) w i t h o u t  h a v i n g  to  compute  B. Under some 

c o n d i t i o n s ,  R may have  s m a l l e r  v a r i a n c e  t h a n  
the  c o r r e s p o n d i n g  e s t i m a t o r  b a s e d  on i n t e r v i e w s  
2 . . . . .  7.  However,  t h e r e  i s  an  immed ia t e  
p r o b l e m  of  how to  o b t a i n  an  a n n u a l  l e v e l  
e s t i m a t e  f o r  X(y)  such  t h a t  t he  e s t i m a t e s  f o r  

X(y) and X ( y - 1 )  a r e  c o n s i s t e n t  w i t h  R. 

A s i m p l e  e s t i m a t e  o f  X(y)  b a s e d  on R(y)  
w i l l  have  t h e  form 

X(y) = Estimate of X(y-l) + 
1 

^ [ 1 R(y)  E s t i m a t e  o f  X ( y - 1 )  . (7)  
2 

I f  t he  2 e s t i m a t e s  o f  X ( y - 1 )  i n  (7)  a r e  e q u a l ,  
then  (7)  w i l l  be  r e d u c e d  to  

~ X~(Y) [ E s t i m a t e  of  X ( y - 1 )  ] .  
X(y)  = X"(y-l) 

Up to now we only have 2 good estimates of 

X(y-l) (X(y-l) and X(y-l))" hence, it is 
~ 

natural to consider the 4 following X(y)" 

X(y} = XCy-1} + RCy}XCy-1} ~ ( Y }  ~ ) Ca) = ~ ( y _ l ) X C y  1 

~ ~ A 

X(y)  = X ( y - 1 )  + R ( y ) X ( y - 1 )  (b)  

X(y)  = X ( y - 1 )  + R ( y ) X ( y - 1 )  Y (y )  X ( y - 1 )  ( c )  
= ~(y-l) 

X(y) = X ( y - l )  + R ( y ) X ( y - l ) .  (d)  

Among t h o s e  4 e s t i m a t e s ,  (b )  and (d)  a r e  more 
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a t t r a c t i v e  t h a n  t he  2 o t h e r s "  We e x p e c t  X(y)  to  

be b e t t e r  t h a n  X(y)  and (c )  o n l y  c o n t a i n s  X(y ) .  
Also  i t  can  be shown t h a t  u s i n g  (a )  r e c u r s i v e l y  
the  e s t i m a t e  i n  ( a )  w i l l  be r e d u c e d  to  

xCy) : ~(y) xCy0) 
X*(yo) 

(where YO is the first year of available 

d a t a ) .  In  o t h e r  words ,  X(y)  i n  ( a )  depends  on 

X~(y) and X~(Yo), X(Yo) o n l y .  C o n s e q u e n t l y  t he  

e s t i m a t e  i n  y e a r  y w i l l  a l w a y s  be a d j u s t e d  by 

the  r a t i o  X(Yo)/X~(Yo ) from the  f i r s t  y e a r  of  

the  s u r v e y .  T h i s  i s  c l e a r l y  u n d e s i r a b l e  s i n c e  
i t  i g n o r e s  d a t a  from i n t e r v e n i n g  y e a r s ,  and i s  
h e a v i l y  d e p e n d e n t  on the  a s s u m p t i o n  t h a t  B i s  
c o n s t a n t  o v e r  a long  p e r i o d  of  t ime .  Th i s  i s  
e s p e c i a l l y  q u e s t i o n a b l e  f o r  t he  f i r s t  y e a r  o£ 
the  s u r v e y ,  when a new sample  was s t i l l  b e i n g  
" r o t a t e d  i n " .  

I t  can  a l s o  be shown t h a t  i f  we want  X(y) 

to  y i e l d  new e s t i m a t e  o£ R(y)  ( b a s e d  on X(y ) )  

c o n s i s t e n t  w i t h  R(y)  t h e n  we must u se  t he  
e s t i m a t e  ( a )  which  i s  n o t  v e r y  d e s i r a b l e .  

E x p r e s s i o n s  f o r  t he  v a r i a n c e  of  X(y)  i n  (b)  
and (d)  can  be d e r i v e d  u s i n g  a T a y l o r  
e x p a n s i o n .  

Weakening t he  r e q u i r e m e n t  t h a t  R(y)  must be 

c o n s i s t e n t  w i t h  R(y)  r a i s e s  o t h e r  
p o s s i b i l i t i e s .  For  example ,  l e t  

X(y) = pX(y) + ( l - p )  (R(y)  + 1) X( y - 1 )  ( 8 ) ,  
where O<p<l. 

Thus X(y)  i s  a w e i g h t e d  a v e r a g e  of  t he  
u s u a l  NCS e s t i m a t o r  and a " p r o j e c t i o n "  from the  
p r e v i o u s  y e a r ' s  u s u a l  e s t i m a t o r ,  u s i n g  the  

f u l l - s a m p l e  e s t i m a t e  R(y)  i n  t he  p r o j e c t i o n .  
Ano the r  a l t e r n a t i v e  would be a r e c u r s i v e  
d e f i n i t i o n  

^ ^ 
X(y) = pX(y) + (l-D) (R(y) + I) X(y-1). (9) 

This would avoid the excessive dependence on 
the year YO' since 

X(y) = p [  X(y)  + ( 1 - p ) R ( y )  i ( y - 1 )  ] + 

( l - p )  2 R ( y ) R ( y - 1 )  X ( y - 2 ) ,  
and,  c o n t i n u i n g  t he  r e c u r r e n c e ,  t he  e f f e c t  of  
the  d i s t a n t  p a s t  i s  "damped o u t "  by i n c r e a s i n g  
powers  of  ( 1 - ~ ) .  

4 . 3 .  Method of  moments 
I f  we have  d a t a  f o r  two c o n s e c u t i v e  y e a r s ,  

XI(Y) ,  X2(Y), X3(Y) . . . . . . . .  XT(Y) 

X I ( Y - 1 ) ,  X2(Y-1) . . . . . .  X6(Y-1) ' XT(Y-1) 

then  we can  u s e  t he  r o t a t i o n s  common to  b o t h  
y e a r s  y and y -1  to  c o n s t r u c t  an  e s t i m a t e  f o r  B. 
We remark  t h a t :  

E(X 1 (y-1) ) E(X3(Y)+ ..... +X7(Y ) ) 
B= 

E(X2(Y) ) E ( X 2 ( Y - I ) + - - . + X 6 ( Y - I  ) )  

and an  e s t i m a t e  of  B, b a s e d  on the  method of  
moments, i s"  

7 

Xr(Y) 
~ Xl ( Y - l )  r=3 
B =  

X2(Y ) 6 

Xr(Y-1)  

r=2 
a new e s t i m a t e  of  X(Y) can  be o b t a i n e d  by 

s u b s t i t u t i n g  the  above  B i n  
7 

~ Xr(y) 
X(y) = r = l  

B + 6  

Using  a T a y l o r  e x p a n s i o n ,  an  e x p r e s s i o n  f o r  t h e  

v a r i a n c e  of  X(y)  can  be o b t a i n e d .  
Note t h a t  t h i s  method r e l i e s  h e a v i l y  on the  

a s s u m p t i o n  

E(X2(Y))  = E(X3(Y))  . . . . . . . . .  E(XT(Y)) 

thus  i t  may be d i f f i c u l t  to  g e n e r a l i z e  when 
t h i s  a s s u m p t i o n  i s  weakened.  

5. C o n c l u s i o n  
From the  above  p r e l i m i n a r y  s t u d y ,  we 

c o n c l u d e  t h a t  i n  o r d e r  to  u se  e f f e c t i v e l y  t he  
bound ing  i n t e r v i e w ,  we need  to  c o n s t r u c t  new 
e s t i m a t o r s  b a s e d  on a t  l e a s t  two y e a r s  of  d a t a .  
A few e l e m e n t a r y  e s t i m a t o r s  c o n s i d e r e d ,  b a s e d  

on one y e a r  of  d a t a ,  e i t h e r  r e d u c e  to  X(y)  or  
X2(Y ) d e p e n d i n g  on the  a s s u m p t i o n  made on 

E ( X r ( Y ) ) .  Some e l e m e n t a r y  e s t i m a t o r s  b a s e d  on 

two c o n s e c u t i v e  y e a r s  o£ d a t a  have  been  
p r o p o s e d ,  and a p p r o x i m a t i o n s  f o r  t h e i r  
v a r i a n c e s  can  be d e r i v e d  u s i n g  a T a y l o r  
e x p a n s i o n .  (The v a r i a n c e  f o r m u l a s  a r e  q u i t e  
c o m p l i c a t e d . )  A c o m p a r i s o n  of  t h e s e  new 
e s t i m a t o r s  w i t h  t he  one c u r r e n t l y  u sed  i n  NCS, 
A 

X(y) ,  b a s e d  on e m p i r i c a l  r e s u l t s ,  w i l l  be the  
t o p i c  of  f u t u r e  s t u d y .  For  e s t i m a t o r s  b a s e d  on 
an  e s t i m a t e  of  R ( y ) ,  t he  r e l a t i v e  change  from 
y e a r  y -1  to  y,  t h e r e  i s  a p a r t i c u l a r  p rob lem 

w i t h  f i n d i n g  a good e s t i m a t o r  X(y) which  has  

the  c o r r e s p o n d i n g  R(y)  c o n s i s t e n t  w i t h  R(y)  
( t h e  e s t i m a t e  of  R(y)  b a s e d  on a l l  i n t e r v i e w s ) .  

Also  of  i n t e r e s t  f o r  f u r t h e r  work i s  the  
g e n e r a l i z a t i o n  of  t he  above  m u l t i p l i c a t i v e  
model to  

E(Xr (Y) )  : BrX(Y) r=2 . . . .  7 

which i s  more r e a l i s t i c  and a l l o w s  us to  
i n c l u d e  t he  p a n e l  b i a s  e f f e c t •  A d d i t i o n a l l y ,  
a s  d i s c u s s e d  i n  s e c t i o n  4, we w i l l  c o n s i d e r  
c o m p o s i t e  e s t i m a t o r s  ( W o l t e r ,  1979) f o r  t he  
estimate of X(y). Since, for each year, we have 

A 

2 e s t i m a t o r s ,  X(y)  ( b a s e d  on bounded 
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i n t e r v i e w s )  and X(y) (ba sed  on a l l  i n t e r v i e w s ) ,  

a compos i t e  e s t i m a t o r ,  X~(y) ,  can be 
c o n s t r u c t e d  : 

and t h i s  i s  o f t e n  known to have sma l l e r  
A 

v a r i a n c e  than  b o t h  XCy) and X(y) f o r  a good 
c h o i c e  of ~. 
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