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C o m p o s i t e  E s t i m a t i o n  f o r  S I P P  
A P r e l i m i n a r y  R e p o r t  

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

A. Survey Design 

The S u r v e y  o f  I n c o m e  a n d  P r o g r a m  P a r t i c i p a t i o n  ( S I P P )  w i l l  

u n d o u b t e d l y  become a m a j o r  s o u r c e  o f  d a t a  on  t h e  economic  

s i t u a t i o n  o f  h o u s e h o l d s ,  f a m i l i e s  a n d  i n d i v i d u a l s  i n  t h e  U n i t e d  

S t a t e s .  The  S I P P  b e g a n  i n  O c t o b e r  1 9 8 3  a s  a n  o n g o i n g  s u r v e y  

p r o g r a m  o f  t h e  B u r e a u  o f  t h e  C e n s u s  w i t h  a  s a m p l e  o f  

a p p r o x i m a t e l y  25000 " d e s i g n a t e d n  h o u s i n g  u n i t s  s e l e c t e d  t o  

r e p r e s e n t  t h e  n o n i n s t i t u t i o n a l  p o p u l a t i o n  o f  t h e  U n i t e d  S t a t e s .  

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

f o r  2 1 / 2  y e a r s  t o  p r o d u c e  s u f f i c i e n t  d a t a  f o r  l o n g i t u d i n a l  

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

i n t e r v i e w ;  f o r  e x a m p l e ,  i n  O c t o b e r ,  t h e  r e f e r e n c ' e  p e r i o d  i s  J u n e  

t h r o u g h  S e p t e m b e r .  When t h e  h o u s e h o l d  i s  i n t e r v i e w e d  a g a i n  i n  

F e b r u a r y ,  i t  is O c t o b e r  t h r o u g h  J a n u a r y .  I n  F e b r u a r y  1985 a n d  

e v e r y  F e b r u a r y  t h e r e a f t e r ,  a  new s l i g h t l y  s m a l l e r  s a m p l e  w i l l  b e  

i n t r o d u c e d .  T h i s  o v e r l a p p i n g  p a n e l  d e s i g n  w i l l  e n h a n c e  e s t i m a t e s  

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

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

a p p r o x i m a t e l y  e q u a l  s u b s a m p l e s  c a l l e d  r o t a t i o n  g r o u p s ;  o n e  

r o t a t i o n  g r o u p  w i l l  b e  i n t e r v i e w e d  i n  a  g i v e n  month .  T h u s ,  o n e  

C y c l e  o r  " w a v e n  o f - i n t e r v i e w i n g  g e n e r a l l y  t a k e s  f o u r  c o n s e c u t i v e  

m o n t h s .  F i g u r e  1 p r o v i d e s  a n  i l l u s t r a t i o n  o f  t h e  r e l a t i o n s h i p  

b e t w e e n  w a v e s ,  r o t a t i o n  g r o u p s ,  i n t e r v i e w  m o n t h s ,  and r e f e r e n c e  



p e r i o d s  a f t e r  t h e  sample becomes f u l l y  o p e r a t i o n a l  i n  1 9 8 5 .  For 

f u r t h e r  d e t a i l s  of t h e  d e s i g n  of t h e  survey and p l a n s  f o r  

p u b l i c a t i o n  of r e p o r t s  s e e  Nelson ,  McMillan and Kasprzyk ( 1  9 8 4 ) .  

B. Estimation 

The a n a l y s i s  of t h e  SIPP d a t a  has  two major a s p e c t s ,  c r o s s -  

s e c t i o n a l  and l o n g i t u d i n a l  a n a l y s e s .  T h i s  r e p o r t  p r i m a r i l y  d e a l s  

w i t h  e s t i m a t i n  f o r  c r o s s - s e c t i o n a l  r e p o r t s .  E s t i m a t i o n  of 

q u a r t e r l y  l e v e l s  (mon th ly  a v e r a g e s  f o r  a  q u a r t e r )  annua l  l e v e l s  

and yea r  t o  yea r  change i n  q u a r t e r l y  and annual  l e v e l s  a r e  of  

major i n t e r e s t  f o r  c r o s s - s e c t i o n a l  r e p o r t s .  Composite e s t i m a t i o n  

of monthly l e v e l s  and changes  from month t o  month o r  changes  i n  

monthly l e v e l s  one y e a r  a p a r t  a r e  of secondary  impor tance  and 

p u b l i c a t i o n  of such  s t a t i s t i c s  is  not  contempla ted  now. 

For t h e  c u r r e n t  o c c a s i o n  ( a  q u a r t e r  o r  a  y e a r )  t h e  u s u a l  

r a t i o  e s t i m a t o r  u s e s  d a t a  on ly  f o r  t h e  c u r r e n t  o c c a s i o n .  T h i s  

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

p rocedure .  These  s t e p s  a r e  ( 1 )  computat ion of s i m p l e  unb iased  

e s t i m a t e s ,  ( 2 )  n o n i n t e r v i e w  a d j u s t m e n t ,  ( 3 )  f i r s t  s t a g e  r a t i o  

a d j u s t m e n t  and ( 4 )  second s t a g e  r a t i o  a d j u s t m e n t .  I n  t h i s  

r e p o r t ,  t h e  r a t i o  e s t i m a t o r  w i l l  be c a l l e d  l s i m p l e l  o r  

' e l e m e n t a r y 1  ( u n c o m p o s i t e d )  e s t i m a t o r .  

A composi te  e s t i m a t o r  makes use  of d a t a  from t h e  c u r r e n t  a s  

w e l l  a s  p r e v i o u s  o c c a s i o n ( s ) .  D i f f e r e n t  composi te  e s t i m a t o r s  

employ d i f f e r e n t  methods of combining d a t a  from t h e  c u r r e n t  and 

p r e v i o u s  o c c a s i o n ( s ) .  



Figure 1. SIPP Interview Months and Reference Periods 



I t  is well-known t h a t  whenever a  survey  h a s  some o v e r l a p  of 

samples  over  o c c a s i o n s  a  composi te  e s t i m a t o r  u s u a l l y  r e d u c e s  the  

v a r i a n c e  of e s t i m a t e s  of l e v e l  and p a r t i c u l a r l y  of change.  For 

example,  t h e  o p t i m a l  composi te  e s t i m a t o r  r e d u c e s  t h e  v a r i a n c e  of 

t h e  r a t i o  e s t i m a t o r  b y  about  3 2  p e r c e n t  when e s t i m a t i n g  changes  

i n  c i v i l i a n  l a b o r  f o r c e  from t h e  CPS (Breau  and E r n a t  1983) .  

Composite e s t i m a t o r s  a r e  s p e c i a l l y  e f f e c t i v e  i n  v a r i a n c e  

r e d u c t i o n  when t h e  c o r r e l a t i o n  i s  h i g h  between r e s p o n s e s  from t h e  

same sample u n i t  f o r  c o n s e c u t i v e  o c c a s i o n s .  The c o r r e l a t i o n  

between f a m i l y  incomes ( a d j u s t e d  g r o s s  incomes)  r e p o r t e d  t o  t h e  

IRS i n  1979 and 1980 was found t o  be .80 t o  .87.  The same 

r e s u l t s  were a l s o  o b t a i n e d  between 1980 and 1981 f a m i l y  

incomes. T h i s  i n d i c a t e s  t h a t  t h e  c o r r e l a t F o n  between yea r  t o  

y e a r  incomes i s  h igh  a n d ' a l s o ,  s t a b l e  (Ponikowski  and T a d r o s ,  

1 9 8 4 ) .  Thus, t h e  p o t e n t i a l  f o r  improving t h e  r e l i a b i l i t y  of SIPP 

e s t i m a t e s  by a p p r o p r i a t e  composi te  e s t i m a t i o n  is c o n s i d e r a b l e .  

I t  is a p p r o p r i a t e  t o  mention a t  t h i s  p o i n t  t h a t  t h e  v a r i a n c e  

r e d u c t i o n  by composi te  e s t i m a t i o n  i s  a t t a i n e d  a t  b a s i c a l l y  l i t t l e  

o r  no a d d i t i o n a l  c o s t  because  no e x t r a  f i e l d  work i s  i n v o l v e d .  

T h i s  r e p o r t  o u t l i n e s  t h e  r e s u l t s  of r e s e a r c h  done s o  f a r  i n  t h e  

compos i t e  e s t i m a t i o n  f o r  SIPP c r o s s - s e c t i o n a l  r e p o r t s .  

From o u r  a n a l y s i s  of the  S I P P  r o t a t i o n  p a t t e r n  and d a t a  

s t r u c t u r e  ( s e e  At tachments  I1 and I I I ) ,  and r e s e a r c h  i n  composi te  

e s t i m a t i o n  we have de termined t h a t  t h e  A K  compos f t e  e s t i m a t o r  

(Huang and E r n s t ,  1981)  c u r r e n t l y  used i n  CPS i s  a p p l i c a b l e  on ly  

t o  CPS-type r o t a t i o n  p a t t e r n s  (4-8-4 o r  3-9-31, T h i s  e s t i m a t o r  

canno t  be used f o r  SIPP.  The CPS 4-8-4 r o t a t i o n  p a t t e r n  p r o v i d e s  



a  s i m p l e  a n d  u n i f o r m  d a t a  s t r u c t u r e  f r o m  mon th  t o  month  and  y e a r  

t o  y e a r .  T h e  S I P P  r o t a t i o n  p a t t e r n ,  o n  t h e  o t h e r  h a n d ,  c r e a t e s  a  

d a t a  s t r u c t u r e  t h a t  v a r i e s  f r o m  mon th  t o  month  a n d  q u a r t e r  t o  

q u a r t e r  ( s e e  A t t a c h m e n t  111). T h i s  l e a d  t o  a c o m p r e h e n s i v e  

r e v i e w  o f  l i t e r a t u r e  a n d  r e s e a r c h  on  c o m p o s i t e  e s t i m a t i o n .  We 

h a v e  d e t e r m i n e d  t y p e s  o f  c o m p o s i t e  e s t i m a t o r s  a p p r o p r i a t e  f o r  

S I P P  a n n u a l  a n d  q u a r t e r l y  e s t i m a t e s  ( f o r  p e r s o n s ,  h o u s e h o l d s  o r  

f a m i l i e s )  a n d  t h e s e  a r e  d i s c u s s e d  i n  t h e  s e q u e l .  

The  e f f i c i e n c y  o f  a  c o m p o s i t e  e s t i m a t o r  f o r  a  c h a r a c t e r i s t i c  

d e p e n d s  on two  k e y  p a r a m e t e r s - - t h e  p r o p o r t i o n  o f  t h e  s a m p l e  

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

c h a r a c t e r i s t i c  o v e r  time. T h e  p r o p o r t i o n  o f  t h e  s a m p l e  m a t c h e d  

o v e r  t ime h a s  b e e n  d e t e r m i n e d  f r o m  t h e  d e s i g n  o f  t h e  s u r v e y  i n  

terms o f  " d e s i g n a t e d "  h o u s i n g  u n i t s .  T h e  a c t u a l  p r o p o r t i o n  o f  

t h e  s a m p l e  m a t c h e d  f rom y e a r  t o  y e a r  f o r  a n y  q u a r t e r  f o r  

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

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

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

H o w e v e r ,  t h e  i m p a c t  on t h e  e f f i c i e n c y  o f  a  c o m p o s i t e  e s t i m a t o r  o f  

l e v e l  i s  g e n e r a l l y  l i k e l y  t o  b e  n e g l i g i b l e  d u e  t o  m i n o r  c h a n g e s  

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

t h a t  f o r  e s t i m a t e s  o f  l e v e l s ,  t h e  op t imum p e r c e n t  t o  b e  m a t c h e d  

i s  no  more  t h a n  50% ( S e e  C o c h r a n  p .  3 4 7  1, a n d  t h e  S I P P  d e s i g n  

p r o v i d e s  5 0 %  o v e r l a p  f o r  a n n u a l  e s t i m a t e s  a n d  5 0 %  o r  more  o v e r l a p  

f o r  q u a r t e r l y  e s t i m a t e s  o n e  y e a r  a p a r t  ( S e e  a t t a c h m e n t s  I1 and 111). 

A c t u a l  c o r r e l a t i o n s  f o r  S I P P  d a t a  a r e  n o t  y e t  a v a i l a b l e  and  we do  



n o t  know how t h e  c o r r e l a t i o n  over  t i m e  f o r  a  c h a r a c t e r i s t i c ,  s a y  

income, may d i f f e r  f o r  h o u s e h o l d s ,  p e r s o n s  and f a m i l i e s .  A s t u d y  

of  c o r r e l a t i o n s  of S I P P  v a r i a b l e s  over  t i m e ,  and sample a t t r i t i o n  

and p r o p o r t i o n  of  h o u s e h o l d s ,  p e r s o n s  and f a m i l i e s  matched over  

t ime  w i l l  have t o  be done l a t e r  when r e l e v a n t  d a t a  a r e  

a v a i l a b l e .  Consequen t ly ,  our  a n a l y s i s  of composi te  e s t i m a t o r s  

f o r  a n n u a l  a s  we l l  a s  q u a r t e r l y  e s t i m a t e s  a r e  g i v e n  i n  terms of 

h o u s i n g  u n i t s  matched ove r  t ime and assumed c o r r e l a t i o n s .  Note 

t h a t  t h e  v a r i a n c e s  of compos i t e  e s t i m a t o r s  g i v e n  i n  t h i s  r e p o r t  

w i l l  be a p p l i c a b l e  t o  househo ld ,  p e r s o n  and f a m i l y  e s t i m a t e s  when 

r e a d  w i t h  a p p r o p r i a t e  c o r r e l a t i o n s  o b t a i n e d  from SIPP d a t a .  

2 .  Annual E s t i m a t e s  

Composite e s t i m a t e s  of a n n u a l  l e v e l s  and y e a r  t o  year  change 

i n  l e v e l s  can  be o b t a i n e d  e i t h e r  from q u a r t e r l y  composi te  e s t i -  

mates  o r  from s i m p l e  a n n u a l  e s t i m a t e s .  F i r s t ,  we d i s c u s s  t h e  

second p rocedure  where t h r e e  p o s s i b l e  compos i t e  e s t i m a t o r s  a r e  

a v a i l a b l e  t o  improve t h e  r e l i a b i l i t y  of annua l  e s t i m a t e s .  These 

a r e  g i v e n  b y  Cochran ( 1 9 6 3 ) ,  E rns t -Breau  (19831,  and Wolter 

( 1 9 7 9 ) .  A b r i e f  d e s c r i p t i o n  of t h e s e  e s t i m a t o r s  a r e  given i n  

At tachment  I .  R e l a t i v e  v a r i a n c e s  of t h e s e  e s t i m a t o r s  compared t o  

t h e  u s u a l  r a t i o  e s t i m a t o r  a r e  g i v e n  i n  T a b l e  1 .  I t  can be seen  

t h a t  t h e  composi te  e s t i m a t i o n  w i l l  r 'educe t h e  v a r i a n c e  of t h e  

a n n u a l  e s t i m a t e  from 1 %  t o  39% when c o r r e l a t i o n  r a n g e s  from . 2  t o  

.9 .  (These  a r e  assumed c o r r e l a t i o n s ,  a c t u a l  c o r r e l a t i o n s  from 

SIPP d a t a  a r e  not  y e t  a v a i l a b l e ) .  The v a r i a n c e  of t h e  e s t i m a t e  

of change w i l l  be reduced  b y  1 %  t o  59% f o r  c o r r e l a t i o n s  ranging  



from . 2  t o  . 9 .  A s  mentioned e a r l i e r ,  t h e  c o r r e l a t i o n  between 

f a m i l y  incomes r e p o r t e d  t o  t h e  IRS on two c o n s e c u t i v e  y e a r s  was 

found t o  be .80 t o  .87.  The c o r r e l a t i o n  between SIPP income d a t a  

may Se somewhat l e s s  b e c a u s e  of  t h e  p o s s i b i l i t y  of a  h i g h e r  

r e s p o n s e  e r r o r  i n  SIPP compared t o  income t ax  r e t u r n s .  However, 

when t h e  c o r r e l a t i o n  i s  . 8 ,  t h e  v a r i a n c e  of annual  income can  be 

reduced b y  25% and t h e  v a r i a n c e  of t h e  yea r  t o  year  change i n  

income can  be reduced  by 3 8 1  b y  composi te  e s t i m a t i o n .  Thus, 

s u b s t a n t i a l  g a i n s  i n  r e l i a b i l i t y  of e s t i m a t e s  can be a c h i e v e d  by 

composi te  e s t i m a t i o n .  A l s o ,  n o t e  t h a t  t h e  g a i n s  i n  r e l i a b i l i t y  

from t h e  compos i t e  e s t i m a t i o n  a r e  much g r e a t e r  i n  e s t i a a t i n g  

change than  c u r r e n t  l e v e l .  

A l l  t h r e e  e s t i m a t o r s  a r e  minimum v a r i a n c e  e s t i m a t o r s  and a r e  

a s y m p t o t i c a l l y  e q u a l l y  e f f i c i e n t .  The v a r i a n c e s  f o r  Cochran and 

Erns t -Breau  e s t i m a t o r s  g i v e n  i n  T a b l e  1 a r e  l i m i t i n g  v a r i a n c e s .  

However, from t h e  t h i r d  o r  f o u r t h  y e a r  of composi te  e s t i m a t i o n  

v a r i a n c e s  a r e  a b o u t  t h e  same a s  t h e  l i m i t i n g  v a r i a n c e s .  The 

r e s u l t s  from W o l t e r ' s  method a r e  based on assuming t h a t  t e n  

y e a r s '  d a t a  w i l l  be u t i l i z e d  i n  e s t i m a t i o n .  We have o b t a i n e d  t h e  

c o e f f i c i e n t s  of s i m p l e  a n n u a l  e s t i m a t e s  and v a r i a n c e - c o v a r i a n c e  

m a t r i c e s  f o r  W o l t e r ' s  method f o r  assumed c o r r e l a t i o n s  . 2  t o  .9 

and the  r e s u l t s  f o r  c o r r e l a t i o n  .8 a r e  g iven  i n  Tab le  2 .  

W o l t e r ' s  method improves t h e  r e l i a b i l i t y  marg ina l ly  a t  middle  

y e a r ( s ) ,  f o r  example f o r  5 t h  and 6 t h  yea r  i n  e s t i m a t i o n  based on 

t e n  y e a r s '  d a t a .  A l so ,  n o t e  t h a t  t h e  r e l i a b i l i t y  of e s t i m a t e s  of  

change i s  b e t t e r  i n  W o l t e r t s  method because  e s t i m a t e s  of l e v e l s  

f o r  e a r l i e r  y e a r s  a r e  r e v i s e d  u s i n g  a l l  d a t a  u p  t o  and i n c l u d i n g  
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I 
t h e  l a t e s t  y e a r .  The o t h e r  two methods assume t h a t  e s t i m a t e s  of  

l e v e l s  w i l l  n o t  be r e v i s e d ,  a l t h o u g h  i t  i s  p o s s i b l e  t o  do s o .  I n  
I 

p r a c t i c e ,  t h e  r e v i s i o n  of e s t i m a t e s  pub l i shed  e a r l i e r  may n o t  be 

d e s i r a b l e .  
B 

Like  both  t h e  K and A K  C P S  composi te  e s t i m a t o r s ,  Cochran and 

Erns t -Breau  e s t i m a t o r s  r e q u i r e  only  s t o r a g e  of the  p r e v i o u s  

I 
y e a r ' s  composi te  e s t i m a t e  f o r  computing the  c u r r e n t  y e a r f s  I 
e s t i m a t e .  W o l t e r t s  method, on t h e  o t h e r  hand, r e q u i r e s  s t o r a g e  

of s i m p l e  e s t i m a t e s  ( two  s i m p l e  e s t i m a t e s  from two p a n e l s  i n  e a c h  
I 

y e a r )  of a l l  p r e v i o u s  y e a r s .  T h i s  p r e s e n t s  a d i f f i c u l t  problem 

i n  t e rms  of d a t a  s t o r a g e  f o r  S I P P  w i t h  numerous d a t a  i t e m s .  

I 
Also ,  W o l t e r ' s  method i s  much more c o m p u t a t i o n a l l y  complex. For  I 
example,  w i t h  t e n  y e a r s '  d a t a ,  t h i s  r e q u i r e s  i n v e r s i o n  of 2 0 x 2 0  

m a t r i c e s  and becomes a  c o m p u t a t i o n a l  burden w i t h  a  l a r g e  number 
I 

of su rvey  c h a r a c t e r i s t i c s .  Data s t o r a g e  r e q u i r e m e n t s  and 

c o m p u t a t i o n a l  burden i n v o l v e d  i n  W o l t e r ' s  method can  be e a s e d  by 

I 
r e s t r i c t i n g  t h e  u s e  of  d a t a  t o  fewer y e a r s  ( s a y  5 y e a r s )  w i t h  I 
some l o s s  i n  r e l i a b i l i t y .  We have no t  y e t  e v a l u a t e d  the  l o s s  i n  

e f f i c i e n c y  t h a t  may r e s u l t  In  u s i n g  5 y e a r s f  d a t a  compared t o  a l l  
I 

t e n  y e a r s f  d a t a .  However, s i n c e  a l l  t h r e e  e s t i m a t o r s  a r e  minimum 

v a r i a n c e  e s t i m a t o r s ,  t h e  c h o i c e  of an e s t i a a t o r  must depend on 
I 

t h e  d a t a  s t o r a g e  r e q u i r e m e n t s  and computa t iona l  e a s e  and on t h a t  

b a s i s  e i t h e r  t h e  Cohcran o r  Erns t -Breau  e s t i m a t o r  may b e  used f o r  

I 
composi te  annua l  e s t i m a t e s .  I 

Note t h a t  t h e  p a n e l s  t h a t  do not p rov ide  s i m p l e  annua l  

e s t i m a t e s  can n o t  be used  f o r  composi te  e s t i m a t i o n  of annual  
I 

l e v e l s  and change.  T h i s  means t h a t  abou t  9 %  t o  2 0 %  monthly d a t a  I 
@ 
I 



c a n n o t  b e  u t i l i z e d  i n  c o m p o s i t e  e s t i m a t i o n  b a s e d  o n  s i m p l e  a n n u a l  

e s t i m a t e s  ( s e e  A t t a c h m e n t  11) .  On t h e  o t h e r  h a n d ,  a n n u a l  

e s t i m a t e s  o b t a i n e d  by  p o o l i n g  q u a r t e r l y  c o m p o s i t e  e s t i n a t e s  w i l l  

u t i l i z e  a l m o s t  a l l  a v a i l a b l e  m o n t h l y  d a t a  a n d ,  t h e r e f o r e ,  l i k e l y  

t o  b e  much m o r e  e f f i c i e n t .  T h u s ,  a l t e r n a t i v e  a n n u a l  e s t i m a t o r s  

b a s e d  o n  p o o l i n g  q u a r t e r l y  c o m p o s i t e  e s t i m a t e s  m u s t  b e  r e s e a r c h e d  

a n d  t h e  d i s c u s s i o n  o f  t h i s  i s  d e f e r r e d  t o  S e c t i o n  5 .  

3 .  Q u a r t e r l y  E s t i m a t e s  

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

v a r i e s  f r o m  q u a r t e r  t o  q u a r t e r  ( s e e  A t t a c h m e n t  111). F o r  

a n a l y t i c a l  p u r p o s e s ,  a p a n e l  t h a t  p r o v i d e s  1 2  o b s e r v a t i o n s  ( 4  

o b s e r v a t i o n s  f o r  e a c h  o f  t h e  t h r e e  m o n t h s  o f  a q u a r t e r )  i s  

c o n s i d e r e d  1  ( f u l l )  p a n e l .  T h e  p a n e l s  p r o v i d i n g  l e s s  t h a n  1 2  

o b s e r v a t i o n s  a r e  e x p r e s s e d  a s  f r a c t i o n a l  p a n e l s .  F o r  e x a m p l e ,  a 

p a n e l  p r o v i d i n g  9 o b s e r v a t i o n s  i s  a ' 3 / 4  p a n e l .  On t h i s  b a s i s ,  

d a t a  f r o m  3 ,  2 . 7 5 ,  2 a n d  2 . 5  p a n e l s  a r e  a v a i l a b l e  f o r  I s t ,  2 n d ,  

3 r d .  a n d  4 t h  q u a r t e r s  r e s p e c t i v e l y  ( S e e  a t t a c h m e n t  111). C o n s e -  

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

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

a s  w e l l  a s  f o r  a n y  c o m p o s i t e  e s t i m a t o r .  F o r  a  g i v e n  s a m p l e  s i z e  

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

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

s a m p l e  m a t c h e d  w i t h  e a r l i e r  y e a r s .  F o r  q u a r t e r s  o n e  y e a r  a p a r t  

( f o r  e x a m p l e ,  1 s t  q u a r t e r s  o f  1 9 8 6  a n d  1 9 8 7 1 ,  t h e  p r o p o r t i o n s  o f  

s a m p l e  m a t c h e d  o n e  y e a r  a p a r t  a r e  . 6 6 6 7 ,  . 6 3 6 4 ,  . 5000  a n d  . 6 0 0 0  

f o r  I s t ,  2 n d ,  3 r d ,  a n d  4 t h  q u a r t e r s  r e s p e c t i v e l y .  And t h e  



p r o p o r t i o n s  m a t c h e d  two y e a r s  a p a r t  a r e  . 3 3 3 3 ,  . 2 7 2 7 ,  0 . 0 ,  and  

.2000 f o r  l s t ,  2 n d ,  3 r d ,  and  4 t h  q u a r t e r s  r e s p e c t i v e l y .  G i v e n  

t h i s  d a t a  s t r u c t u r e ,  e v e n  i f  th'e same c o m p o s i t e  e s t i m a t o r  i s  b e s t  

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

o p t i m u m  c o e f f i c i e n t  K ( S e e  a t t a c h m e n t  I )  may b e  d i f f e r e n t  f o r  

d i f f e r e n t  q u a r t e r s .  N o t e  a l s o ,  t h a t  c o m p o s i t e  e s t i m a t i o n  c a n  b e  

o b t a i n e d  b e g i n n i n g  w i t h  t h e  y e a r  1 9 8 7  f o r  t h e  1s t  a n d  2nd  

q u a r t e r s  a n d  b e g i n n i n g  w i t h  t h e  y e a r  1 9 8 6  f o r  t h e  3 r d  a n d  4 t h  

q u a r t e r s  ( S e e  a t t a c h m e n t  111). 

W o l t e r ' s  m e t h o d  w h i c h  i s  a p p l i c a b l e  t o  a n y  d a t a  s t r u c t u r e ,  

c a n  b e  u s e d  f o r  a l l  4 q u a r t e r s .  C o c h r a n l s  me thod  c a n  b e  u s e d  f o r  

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

a p a r t  a n d  i g n o r e  t h e  f r a c t i o n a l  m a t c h i n g  two y e a r s  a p a r t .  

H o w e v e r ,  C o c h r a n ' s  m e t h o d  c a n  b e  g e n e r a l i z e d  t o  t a k e  a d v a n t a g e  o f  

t h e  sample m a t c h i n g  two  y e a r s  a p a r t .  E r n s t - B r e a u l s  m e t h o d  i s  

a p p l i c a b l e  o n l y  f o r  t h e  3 r d  q u a r t e r  w h i c h  h a s  5 0 %  s a m p l e  o v e r l a p  

f r o m  y e a r  t o  y e a r ,  b u t  may be  g e n e r a l i z e d  f o r  o t h e r  q u a r t e r s .  

A l l  t h e s e  t h r e e  e s t i m a t o r s  a r e  minimum v a r i a n c e  e s t i m a t o r s .  T h e  

K c o m p o s i t e  e s t i m a t o r  w i t h  K1.5 ( S e e  A t t a c h m e n t  I )  p r e v i o u s l y  

u s e d  i n  CPS a l s o  c a n  b e  u s e d  b u t  i t  w i l l  b e  g e n e r a l l y  l e s s  

e f f i c i e n t  t h a n  t h e s e  t h r e e  minimum v a r i a n c e  e s t i m a t o r s .  

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

c h a n g e  a r e  g i v e n  i n  T a b l e s  3 ,  4 ,  5 ,  a n d  6 f o r  f o u r  q u a r t e r s .  F o r  

c o m p a r i s o n  p u r p o s e s ,  t h e  v a r i a n c e  c o m p u t a t i o n s  a r e  b a s e d  o n l y  on  

s a m p l e s  o n e  y e a r  a p a r t  a l t h o u g h  W o l t e r l s  me thod  c a n  u s e  s a m p l e s  

two y e a r s  a p a r t .  From T a b l e  3  we s e e  t h a t  f o r  t h e  1 s t  q u a r t e r ,  

t h e  v a r i a n c e  o f  t h e  e s t i m a t e  o f  l e v e l  c a n  b e  r e d u c e d  b y  1 %  t o  3 7 %  



when c o r r e l a t i o n  ranges  from . 2  t o  .9 b y  C o c h r a n l s  method. For 

t h e  e s t i m a t e  of change i n  q u a r t e r l y  l e v e l s  one yea r  a p a r t  t h e  

r e d u c t i o n  i n  v a r i a n c e  i s  from 1 %  t o  5 5 % .  The v a r i a n c e s  f o r  

C o c h r a n l s  method a r e  l i m i t i n g  v a r i a n c e s  t h a t  can  be g e n e r a l l y  

ach ieved  by 3rd  o r  4 t h  yea r  of composi te  e s t i n a t i o n .  Var iance  

r e d u c t i o n s  i n  e a r l i e r  y e a r s  a r e  m a r g i n a l l y  l e s s ,  f o r  example,  f o r  

p = .7 r e l a t i v e  v a r i a n c e s  f o r  l e v e l  a r e  .885,  , 857 ,  . 8 4 9  f o r  t h e  

l s t ,  2 n d  and 3rd y e a r s  and t h e  l i m i t i n g  v a r i a n c e  .847 i s  o b t a i n e d  

i n  t h e  4 t h  y e a r  of composi te  e s t i m a t i o n .  R e s u l t s  f o r  W o l t e r f s  

method a r e  g iven  assuming t h a t  only  two y e a r s f  d a t a  w i l l  be used 

i n  e s t i m a t i o n .  G r e a t e r  r e d u c t i o n s  i n  v a r i a n c e s  could  be ach ieved  

w i t h  i n c r e a s i n g  y e a r s  i f  e s t i m a t e s  of p r e v i o u s  y e a r s  a r e  r e v i s e d  

u s i n g  d a t a  f o r  l a t e r  y e a r s .  For t h e  2 n d  q u a r t e r ,  t he  r e d u c t i o n  

i n  v a r i a n c e  i s  from 1 %  t o  38% f o r  e s t i m a t e s  of l e v e l  and i s  from 

1 %  t o  56% f o r  e s t i m a t e s  of change when c o r r e l a t i o n  r anges  from . 2  

t o  .9 ( T a b l e  4 ) .  For t h e  3 rd  q u a r t e r ,  t h e  r e d u c t i o n  i n  v a r i a n c e  

is  from 1 %  t o  39% f o r  e s t i m a t e s  of l e v e l  and i s  from 1 %  t o  59% 

f o r  e s t i m a t e s  of change ( T a b l e  5 ) .  F i n a l l y ,  f o r  t h e  4 t h  q u a r t e r ,  

t h e  r e d u c t i o n  i n  v a r i a n c e  i s  from 1 %  t o  39% f o r  e s t i m a t e s  of 

l e v e l  and is from 1 %  t o  57% f o r  e s t i m a t e s  of change (Tab le  6 1. 

Note t h a t  f o r  a g iven  c o r r e l a t i o n ,  t h e  r e d u c t i o n  i n  v a r i a n c e  

b y  C o c h r a n t s  method is of t h e  same o r d e r  f o r  a l l  f o u r  q u a r t e r s .  

T h i s  is  due t o  t h e  f a c t  t h a t  t h e  v a r i a n c e  r e d u c t i o n  f o r  t h e  

compos i t e  e s t i m a t i o n  of l e v e l  i s  maximum when sample o v e r l a p  is  

5 0 %  and all q u a r t e r s  have 503 o r  more o v e r l a p  from year  t o  

y e a r .  The optimum value  of t h e  c o e f f i c i e n t  K depends on t h e  

p r o p o r t i o n  of sample o v e r l a p  and on t h e  v a l u e  of c o r r e l a t i o n .  



These results suggests the possibility of using a 

'compromise' value of K for all quarters and for all 

characteristics if correlations do not differ much for different 

characteristics. Thus, computation of correlations for SIPP 

characteristics and a study of the loss in efficiency of the 

estimator with a 'compromisef K instead of the optimal K is 

important. In practice, it may be desirable to use the same 

value of K for all characteristics so that the estimates in a 

table will retain simple additive property. Also, this makes the 

processing and tabulation of data simpler. On the other hand, if 

correlations differ considerably for different characteristics 

like income and person/households receiving certain benefits, use 

of different values of K for such characteristics will provide 

maximum benefits in terms of variance reduction. If SIPP 

characteristics can be grouped into two or three groups on the 

basis of correlation and if these groups do not appear in the 

same table in the published reports, then the use of optimal 

values of K for different groups of characteristics should be 

considered. 

Because of the data storage requirements and computational 

complexities (for example, inversion of 30x30 matrices for 1st 

quarter estimates with ten years1 data) involved in Wolterfs 

method, Cochran* s method appears to be preferable for estimation 

of quarterly levels and changes. Our research shows that 

Cochranls estimator is the minimum variance estimator if the 

estimation is based on samples one year apart only. Similarly, 

Cochranfs method, when generalized to take advantage of the 



s amp le  m a t c h i n g  two y e a r s  a p a r t ,  s h o u l d  be t h e  minimum v a r i a n c e  

e s t i m a t o r .  

4 .  C o r r e l a t i o n  and R o b u s t n e s s  of  E s t i m a t o r s  

A s  men t i oned  i n  t h e  p r e v i o u s  s e c t i o n ,  t h e  o p t i m a l  c o e f f i c -  

i e n t s  f o r  C o c h r a n l s  o r  E r n s t - B r e a u ' s  e s t i m a t o r s  w i l l  be  d i f f e r e n t  

f o r  d i f f e r e n t  c h a r a c t e r i s t i c s .  I n  p r a c t i c e ,  however ,  t h e  u s e  o f  

t h e  same c o e f f i c i e n t  ( i . e . ,  same e s t i m a t o r )  f o r  a l l  c h a r a c t e r -  

i s t i c s  makes p r o c e s s i n g  and t a b u l a t i o n  of d a t a  s i m p l e r  and 

e s t i m a t e s  i n  a  t a b l e  r e t a i n  s i m p l e  a d d i t i v e  p r o p e r t y .  Thus ,  a  

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

f rom SIPP d a t a  w i l l  be  needed  t o  d e t e r m i n e  a  l compromise l  

c o m p o s i t e  e s t i m a t o r  t o  be  u s e d  f o r  q u a r t e r l y  e s t i m a t e s .  A l s o ,  a  

s t u d y  of r o b u s t n e s s  of  a n  e s t i m a t o r  w i t h  r e s p e c t  t o  d e p a r t u r e s  

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

c o e f f i c i e n t s  f o r  e s t i m a t o r s .  E r n s t - B r e a u  e s t i m a t o r  a p p e a r s  t o  be 

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

c o r r e l a t i o n .  R o b u s t n e s s  o f  t h e  K c o m p o s i t e  e s t i m a t o r  p r e v i o u s l y  

u s e d  i n  CPS n e e d s  a l s o  t o  be  s t u d i e d  and compared w i t h  t h e s e  

e s t i m a t o r s .  R o b u s t n e s s  w i l l  be  a  key f a c t o r  i n  t h e  c h o i c e  o f  a  

' compormise '  c o m p o s i t e  e s t i m a t o r  f o r  q u a r t e r l y  e s t i m a t e s  a s  w e l l  

a s  f o r  t h e  a n n u a l  e s t i m a t e .  

5 .  C o n s i s t e n c y  Between Q u a r t e r l y  and Annual E s t i m a t e s  

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

i t  is  t h e  sum ( o r  s i m p l e  a v e r a g e )  o f  f o u r  q u a r t e r l y  e s t i m a t e s .  



A s  mentioned e a r l i e r ,  annua l  e s t i m a t e s  can be o b t a i n e d  b y  

two d i f f e r e n t  methods.  ( 1  ) Composite e s c i m a t e s  based on s i m p l e  

annua l  e s t i m a t e s  ( d i s c u s s e d  i n  S e c t i o n  2 )  and ( 2 )  composi te  

e s t i m a t e s  based  on q u a r t e r l y  composi te  e s t i m a t e s .  

Composite e s t i m a t e s  f o r  annual  l e v e l s  and change based on 

s i m p l e  annual  e s t i m a t e s  w i l l  of c o u r s e  not  be c o n s i s t e n t  w i t h  

q u a r t e r l y  e s t i m a t e s .  T h i s  method is  not  l i k e l y  t o  be used anyway 

because  i t  canno t  u t i l i z e  a l l  a v a i l a b l e  d a t a .  

Annual e s t i m a t e s  (month ly  ave rages  f o r  t h e  y e a r )  o b t a i n e d  by  

a v e r a g i n g  f o u r  q u a r t e r l y  composi te  e s t i m a t e s  w i l l  of  c o u r s e  s a t -  

i s f y  c o n s i s t e n c y  r e q u i r e m e n t s .  However, t h e  most e f f i c i e n t  

annua l  e s t i m a t e  t h a t  can  be formed from q u a r t e r l y  composi te  e s t i -  

mates i s  t h e  weighted  a v e r a g e  of f o u r  e s t i m a t e s ;  we igh t s  depend 

on t h e  v a r i a n c e  - c o v a r i a n c e  mat r ix  of f o u r  e s t i m a t e s .  Such an 

a n n u a l  e s t i m a t e ,  however,  w i l l  not be c o n s i s t e n t  w i t h  q u a r t e r l y  

e s t i m a t e s  i f  v a r i a n c e s  a r e  unequal .  E f f i c i e n c y  of t h e  c o n s i s t e n t  

a n n u a l  e s t i m a t o r  can  be compared w i t h  t h i s  e s t i m a t o r  and t h e  l o s s  

i n  e f f i c i e n c y  f o r  u s i n g  t h e  c o n s i s t e n t  e s t i m a t o r  may be d e t e r -  

mined when a c t u a l  c o r r e l a t i o n s  a r e  a v a i l a b l e .  

How i m p o r t a n t  is  t h e  c o n s i s t e n c y  of  q u a r t e r l y  and annua l  

e s t i m a t e s  s h o u l d  b e  c o n s i d e r e d  c a r e f u l l y  i n  te rms of d a t a  p u b -  

l i c a t i o n  p l a n s  and g e n e r a l  p e r c e p t i o n  problems.  I f  c o n s i s t e n c y  

i s  i m p o r t a n t ,  how much l o s s  i n  r e l i a b i l i t y  of annua l  e s t i m a t e s  

a r e  we w i l l i n g  t o  a c c e p t  t o  ma in ta in  c o n s i s t e n c y ?  

6 .  Other  Approaches 

I t  has  been s u g g e s t e d  t h a t  composi te  e s t i m a t i o n  be done 

s e p a r a t e l y  f o r  each  month and then summed t o  o b t a i n  e s t i m a t e s  



f o r  q u a r t e r s ,  y e a r s  o r  any o t h e r  c o m b i n a t i o n s  of months .  T h e r e  

i s ,  however ,  a  q u e s t i o n  whe the r  such  a n  a p p r o a c h  w i l l  y i e l d  

e s t i m a t o r s  t h a t  a r e  r e a s o n a b l y  c l o s e  t o  o p t i m a l  f o r  q u a r t e r l y  and 

a n n u a l  e s t i m a t e s .  The c o r r e l a t i o n  o f  q u a r t e r l y  incomes  ( m o n t h l y  

a v e r a g e s  f o r  a  q u a r t e r )  f rom y e a r  t o  y e a r  i s  l i k e l y  t o  be h i g h e r  

and more s t a b l e  t h a n  t h e  c o r r e l a t i o n  o f  monthly  incomes f rom y e a r  

t o  y e a r .  T h u s ,  a c o m p o s i t e  q u a r t e r l y  e s t i m a t e  w i l l  be  g e n e r a l l y  

more e f f e c t i v e  i n  r e d u c i n g  t h e  v a r i a n c e  t h a n  a  c o m p o s i t e  month ly  

e s t i m a t e .  The s amp le  o v e r l a p  f o r  months one y e a r  a p a r t  v a r i e s  

more t h a n  t h e  o v e r l a p  f o r  q u a r t e r s  one y e a r  a p a r t .  C o n s e q u e n t l y ,  

a  ' compromise '  c o m p o s i t e  e s t i m a t o r  f o r  1 2  months  i s  l i k e l y  t o  be 

l e s s  o p t i m a l  t h a n  a  ' compromise '  q u a r t e r l y  e s t i m a t o r  f o r  4 

q u a r t e r s .  A l s o ,  a  q u a r t e r l y  e s t i m a t e  c o n s i  s t e n t  w i t h  month ly  

e s t i m a t e s  i s  t h e  one which i s  a  s i m p l e  a v e r a g e  ( o r  sum) o f  3 

month ly  e s t i m a t e s .  The most e f f i c i e n t  q u a r t e r l y  e s t i m a t e  t h a t  

c a n  be  o b t a i n e d  f rom month ly  c o m p o s i t e  e s t i m a t e s  i s  t h e  we igh t ed  

a v e r a g e  of 3 month ly  e s t i m a t e s .  Such an e s t i m a t e ,  however ,  w i l l  

n o t  be  c o n s i s t e n t  w i t h  monthly  e s t i m a t e s .  A l s o ,  even  t h i s  

w e i g h t e d  a v e r a g e  may n o t  be a s  e f f i c i e n t  a s  t h e  minimum v a r i a n c e  

c o m p o s i t e  e s t i m a t o r s  f o r  q u a r t e r l y  l e v e l s  d i s c u s s e d  i n  S e c t i o n  3 .  

7 .  Time-in-Sample  B i a s  

The e x i s t e n c e  o f  b i a s  due t o  r o t a t i o n  g r o u p s  ( t i m e - i n -  

s a m p l e )  h a s  been  w e l l  documented f o r  CPS [ B a i l a r  1 9 7 5 1 .  Sim- 

i l a r l y ,  t i m e - i n - s a m p l e  b i a s  i s  v e r y  l i k e l y  t o  e x i s t  i n  t h e  SIPP 

and t h i s  p r e s e n t s  a  p rob lem much more complex t h a n  i n  CPS b e c a u s e  

t i m e - i n - s a m p l e  v a r i e s  c o n s i d e r a b l y  f rom mont3 t o  month and 



q u a r t e r  t o  q u a r t e r .  For example,  1986 f i r s t  q u a r t e r  w i l l  have 

waves 8  and 9  from t h e  1984 P a n e l ,  4 and 5 from t h e  1985 Panel  

and 1 and 5 from t h e  1986 P a n e l .  where a s  1987 f i r s t  q u a r t e r  

w i l l  u s e  d a t a  from waves 7 and 8  from the  1985 P a n e l ,  4 and 5  

from t h e  1986 Panel  and 1 and 2 from t h e  1987 Pane l  ( S e e  

At tachment  111). Comprehensive r e s e a r c h  i s  needed ( a )  t o  

d e t e r m i n e  t h e  magnitude of t ime- in-sample  b i a s  f o r  key SIPP 

v a r i a b l e s  and ( b )  t o  develop  p r o c e d u r e s  f o r  p o s s i b l e  e l i m i n a t i o n  

o r  a t  l e a s t  r e d u c t i o n  of t ime-in-sample b ia s . ,  

8 .  Wi th in  I n t e r v i e w  C o r r e l a t e d  Response B i a s  

Un l ike  C P S ,  e s t i m a t e s  from SIPP may i n c l u d e  w i t h i n  i n t e r v i e w  

b i a s  r e s u l t i n g  from t h e  f a c t  t h a t  p e o p l e  may tend  t o  r e p o r t  

s i m i l a r  amounts of income r e c e i v e d  f o r  t h e  f o u r  r e f e r e n c e  months 

i n  t h e  same i n t e r v i e w .  I f  t h i s  i s  t h e  c a s e ,  t h e  b e t w e e n - i n t e r -  

view v a r i a b i l i t y  i s  expec ted  t o  be g r e a t e r  than  t h e  w i t h i n - i n t e r -  

view v a r i a b i l i t y  f o r  two c o n s e c u t i v e  months. T h i s  p o t e n t i a l  

problem i n  a s s o c i a t i o n  w i t h  composi te  e s t i m a t i o n  needs t o  be 

r e s e a r c h e d .  

9 .  Composite E s t i m a t i o n  f o r  L o n g i t u d i n a l  Repor t s  

For l o n g i t u d i n a l  s t u d i e s  where we have e i g h t  r e p e a t e d  i n t e r -  

views f o r  most of t h e  h o u s e h o l d s / p e r s o n s  f o r  2g y e a r s ,  and t h e  

o b j e c t i v e  is  t o  c h a r a c t e r i z e  p a t t e r n s  of i n d i v i d u a l  r e s p o n s e  and 

change ove r  t i m e ,  t ime s e r i e s  methods based on a u t o - r e g r e s s i v e  

model (Box and J e n k i n s  1970)  may be most s u i t a b l e .  Other  methods 
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s u c h  a s  g e n e r a l  m u l t i v a r i a t e  a n d  r a n d o m  e f f e c t s  m o d e l s  ( R a o  ' 6 7  

' 7 5 )  may a l s o  b e  u s e f u l .  

E s t ima t e s  l i k e  m o n t h l y  a v e r a g e  n u m b e r  o f  p e r s o n s / h o u s e h o l d s  

r e c e i v i n g  c e r t a i n  b e n e f i t s ,  f o r  e x a m p l e ,  f o o d  s t a m p s ,  i n  a  

q u a r t e r  a n d  i n  a  y e a r  d o  n o t  r e v e a l  a l l  i n f o r m a t i o n .  One m i g h t  

a l s o  b e  i n t e r e s t e d  i n  t h e  d i s t r i b u t i o n  o f  p e r s o n s / h o u s e h o l d s  

r e c e i v i n g  c e r t a i n  b e n e f i t s  by d u r a t i o n  o f  t h e  r e c e i p t  o f  

b e n e f i t s .  S u c h  a n a l y s i s  o f  d a t a  c a n  b e  made  f r o m  l o n g i t u d i n a l  

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

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

1 0 .  I n t e g r a t i o n  o f  C r o s s - S e c t i o n a l  a n d  L o n g i t u d i n a l  E s t i m a t i o n  

T h e  e x t e n d  t o  w h i c h  c r o s s - s e c t i o n a l  a n d  l o n g i t u d i n a l  com- 

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

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

C o n s e q u e n t l y ,  r e s e a r c h  o n  t h i s  t o p i c  w i l l  b e  t a k e n  u p  l a t e r .  



- T a b l e  1 .  The R e l a t i v e  Var i ance  of Composite E s t i m a t o r s  f o r  
Annual L e v e l s  and Change 

Composite R e l a t i v e  Var i ance  of 
C o r r e l a t i o n  E s t i m a t o r s  Level  Change 

.2 Cochran K = .4949 3 /  - .990 .989 
Wolter* .9901/ .983l/ . 990T/ - .9777/ 

3 Cochran K = .4882 ' /  - .976 .972 
Wolter* .976 / .95g1/ 

.954f/ .9 5 oT/ - 
.4 Cochran K = .4782 ' /  - .956 .946 

Wolter* .956'/ .922'/ 
.905:/ .907'/ - 

.5 Cochran K = .4641 ' /  - .9 28 .go6 
Wolter* .928'/ .867:/ 

.866'/ - .845z/ - 
Cochran K = .4444'/ .889 .847 
Wolter* 

.7 Cochran K = .4166'/ - .a33 .758 
Wolter* .833l/ .682l/ 

.7 1 47/ .650T/ - 
.8 Cochran . K .37503/ - .750 ,625 

Wolter* .750 / .531 '/ . 600T/ - ,50oT/ - 
.9 Cochran K = .30361/ .607 .412 

Wolter* .607l/ .3 1 7'1 
.4567/ .2972/ 

Note: The p r o p o r t i o n  of t h e  sample  ( h o u s i n g  u n i t s )  matched between 
two c o n s e c u t i v e  y e a r s  i s  .5. The r e s u l t s  from t h e  Erns t -Breau  
E s t i m a t o r  a r e  t h e  same a s  t h o s e  Prom t h e  Cochran E s t i m a t o r .  

' /  - Optimum v a l u e  of K .  
* Assumes t e n  y e a r s '  d a t a  w i l l  be used and e s t i m a t e s  f o r  

e a r l i e r  y e a r s  w i l l  be r e v i s e d  u s i n g  l a t e r  y e a r s '  d a t a .  
/ - R e l a t i v e  v a r i a n c e  f o r  end ( 1 ,  10) Years.  

2 /  - R e l a t i v e  v a r i a n c e  f o r  middle  ( 5 t h  and 6 t h )  y e a r s .  





T a b l e  3 .  The R e l a t i v e  V a r i a n c e  o f  Compos i t e  E s t i m a t o r s  
f o r  Q u a r t e r l y  L e v e l s  and Change,  F i r s t  Q u a r t e r  I 

F i r s t  Q u a r t e r  

C o r r e l a t i o n  Compos i te  R e l a t i v e  V a r i a n c e  of 
P E s t i m a t o r s  L e v e l  Change 

Cochran  
W o l t e r *  

Cochran  
W o l t e r *  

Cochran  
W o l t e r *  

Cochran  
W o l t e r *  

Cochran  
W o l t e r *  

Cochran  
W o l t e r *  

Cochran  
W o l t e r *  

Cochran  
W o l t e r *  

* Based on two y e a r s  1986-1987.  Two v a r i a n c e s  f o r  l e v e l  a r e  
f o r  '86  and  ' 8 7 .  
X i s  t h e  p r o p o r t i o n  o f  t h e  sample  ( h o u s i n g  u n i t s )  matched 
be tween  two y e a r s  f o r  t h e  q u a r t e r  



T a b l e  4. The R e l a t i v e  V a r i a n c e  of Compos i te  E s t i m a t o r s  f o r  
Q u a r t e r l y  L e v e l s  and Change,  Second  Q u a r t e r  

Second Q u a r t e r  

A = .6364l 

C o r r e l a t i o n  Compos i t e  
P E s t i m a t o r s  

R e l a t i v e  V a r i a n c e  o f  
L e v e l  Change 

.2 Cochran  K = .3602 .990 ,990 
W o l t e r *  .990, .993 .990 

3 Cochran  K = .3556 .978 .975 
W o l t e r *  .978, .984 .975 

.4 Cochran  K = .3489 .959 .952 
W o l t e r *  .962, .972 .951 

.5 Cochran  K = .3391 .933 .916 
Wol t e r *  .940, .957 .913 

.6 Cochran  K = .3256 .896 .863 
W o l t e r *  -913, .936 .856 

.7 Cochran  K = .3063 .842 .78 1 
W o l t e r *  .880, .911 .772 

.8 Cochran  K = .2769 .761 .654 . 

W o l t e r *  .841, .878 .643 

.9 Cochran  K = .2256 .620 .440 
W o l t e r *  ,794, .832 .434 

* Based on two y e a r s  1986-1987. Two v a r i a n c e s  f o r  l e v e l  a r e  
f o r  '86 and  '87. ' A i s  t h e  p r o p o r t i o n  o f  t h e  sample  ( h o u s i n g  u n i t s )  matched 
between two y e a r s  f o r  t h e  q u a r t e r .  



T a b l e  5 .  The R e l a t i v e  Variance of Composite E s t i m a t o r s  f o r  
Q u a r t e r l y  L e v e l s  and Change, T h i r d  Q u a r t e r  

T h i r d  Q u a r t e r  

X = 1 / 2 '  

C o r r e l a t i o n  
P 

Composite 
E s t i m a t o r s  

R e l a t i v e  Var i ance  of 
Level  Change 

Cochran 
Wolter* 

Cochran 
Wol ter*  

Cochran 
Wolter* 

Cochran 
Wol ter*  

Cochran 
Wolter* 

Cochran 
Wolter* 

Cochran 
Wolter* 

Cochran 
Wolter* 

Note: R e s u l t s  f o r  t h e  Ernst-Breau e s t i m a t o r  which is  a p p l i l c a b l e  
because  X = . 5  , a r e  t h e  same a s  t h o s e  from t h e  Cochran 
E s t i m a t o r .  

* Based on two y e a r s ,  1 9 8 6 - 1 9 8 7 .  Two v a r i a n c e s  f o r  l e v e l  

1 
a r e  f o r  ' 8 6  and ' 8 7 .  

X is  t h e  p r o p o r t i o n  of sample matched between two y e a r s  
f o r  t h e  q u a r t e r .  



T a b l e  6 .  The R e l a t i v e  V a r i a n c e  of Compos i t e  E s t i m a t o r s  f o r  
Q u a r t e r l y  L e v e l s  and Change,  F o u r t h  Q u a r t e r  

F o u r t h  Q u a r t e r  

X = .60001 

Compos i t e  
E s t i m a t o r s  

R e l a t i v e  V a r i a n c e  o f  
L e v e l  Change C o r r e l a t o i n  

P 

Cochran 
Wol t e r*  

Cochran 
Wol t e r*  

Cochran 
Wol t e r*  

Cochran 
Wol t e r*  

Cochran 
Wol t e r*  

Cochran 
Wol t e r*  

Cochran 
Wol t e r*  

Cochran 
Wol t e r*  

* Based on two y e a r s  1986-1987.  Two v a r i a n c e s  f o r  l e v e l  a r e  
f o r  ' 86  and ' 8 7 .  ' A i s  t h e  p r o p o r t i o n  of t h e  sample  ( h o u s i n g  u n i t s )  matched 
be tween  two y e a r s  f o r  t h e  q u a r t e r .  



1 1 .  Summary 

A .  G e n e r a l E s t i m a t e s  

1 .  E s t i m a t e s  of q u a r t e r l y  l e v e l s  (month ly  a v e r a g e s  f o r  

q u a r t e r s ) ,  annua l  l e v e l s  and yea r  t o  y e a r  change i n  

q u a r t e r l y  and a n n u a l  l e v e l s  a r e  of major i n t e r e s t  f o r  

c r o s s - s e c t i o n a l  r e p o r t s .  

2 .  SIPP r o t a t i o n  p a t t e r n  c r e a t e s  a  d a t a  s t r u c t u r e  t h a t  

v a r i e s  from month t o  month and q u a r t e r  t o  q u a r t e r .  

3 .  The A K  Composite E s t i m a t o r  c u r r e n t l y  used i n  CPS i s  

a p p r o p r i a t e  f o r  CPS t y p e  ( 4 - 8 - 4  o r  3-9-31 r o t a t i o n  

p a t t e r n s  b u t  canno t  b e  used f o r  SIPP d a t a  s t r u c t u r e .  

4 .  The K Composite E s t i m a t o r  p r e v i o u s l y  used f o r  C P S  can be 

used b u t  o t h e r  e s t i m a t o r s  w i l l  be more e f f i c i e n t .  

B .  Q u a r t e r l y  E s t i m a t e s  

1 .  Data a v a i l a b l e  f o r  e s t i m a t i o n  v a r i e s  from q u a r t e r  t o  

q u a r t e r  a s  shown below. 

Q u a r t e r  No. of P a n e l s  1 P r o p o r t i o n  of Sample Matched 
One Year Apart  Two Years Apar t  

1 A pane l  t h a t  p r o v i d e s  1 2  o b s e r v a t i o n s ,  4 f o r  each of t h e  

t h r e e  months o f  a q u a r t e r ,  i s  c o n s i d e r e d  1 ( f u l l )  pane l .  



2 .  R e l i a b i l i t y  o f  t h e  u s u a l  r a t i o  e s t i m a t o r  a s  w e l l  a s  o f  

any c o m p o s i t e  e s t i m a t o r  w i l l  va ry  f rom q u a r t e r  t o  

q u a r t e r .  

3 .  Compos i t e  E s t i m a t i o n  

T h r e e  minimum v a r i a n c e  c o m p o s i t e  e s t i m a t o r s  a r e  a v a i l -  

a b l e  f o r  q u a r t e r l y  e s t i m a t e s .  T h e i r  a p p l i c a b i l i t y ,  

a d v a n t a g e s  and d i s a d v a n t a g e s  a r e  a s  f o l l o w s :  

Minimum V a r i a n c e  A p p l i c a b i l i t y  and 
Compos i t e  E s t i m a t o r s  Advan t ages  D i s a d v a n t a g e s  

W o l t e r  ( 1 9 7 9 )  A p p l i c a b l e  t o  
a l l  4 q u a r t e r s .  

Coch ran  ( 1 9 6 3 )  A p p l i c a b l e  t o  
a l l  4 q u a r t e r s .  

R e q u i r e s  s t o r a g e  
o f  c o m p o s i t e  e s t i -  
mate  f o r  t h e  p r e -  
v i o u s  y e a r  o n l y .  

E r n s t - B r e a u  ( 1  983 A p p l i c a b l e  t o  
3 r d  q u a r t e r  o n l y .  

R e q u i r e s  s t o r a g e  
o f  c o m p o s i t e  e s t i -  
mate  f o r  t h e  p r e -  
v i o u s  y e a r  o n l y .  

R e q u i r e s  s t o r a g e  
of s i m p l e  e s t i -  
a t e s  f o r  9 
p r e v i o u s  y e a r s .  

C o m p u t a t i o n a l l y  
complex.  

I g n o r e s  sample  
o v e r l a p  two y e a r s  
a p a r t  b u t  may be  
g e n e r a l i z e d  t o  
i n c l u d e  t h i s .  

Not a p p l i c a b l e  t o  
l s t ,  2nd & 4 t h  
q u a r t e r .  

I g n o r e s  s amp le  
o v e r l a p  two y e a r s  
a p a r t .  

Needs t o  be g e n e r -  
a l i z e d  f o r  s u c h  
a p p l i c a t i o n s .  



4 .  Expected Var i ance  Reduct ion  by  Composite E s t i m a t i o n  

Reduct ion  i n  Var i ance*  
( P e r c e n t )  

Q u a r t e r  Level  Change 
C o r r e l a t i o n  C o r r e l a t i o n  

. 2  . 3  .4  .5  .6 . 7  .8 .9 .2 . 3  . 4  . 5  .6 . 7  .8 

* Based on C o c h r a n l s  method which ignores  sample o v e r l a p  two y e a r s  
a p a r t .  Reduc t ions  w i l l  be somewhat h i g h e r  i f  t h e  p rocedure  i s  
g e n e r a l i z e d  t o  i n c l u d e  f r a c t i o n a l  o v e r l a p s  two y e a r s  a p a r t .  

C .  Annual E s t i m a t e s  and Cons i s t ency  Between Q u a r t e r l y  and 

Annual E s t i m a t e s  

1 .  Composite e s t i m a t i o n  based on nSimple  Annual 

E s t i m a t e s w .  

Three  minimum v a r i a n c e  e s t i m a t o r s  ( s e e  1 1 . B )  a r e  

a p p l i c a b l e  b u t  t h i s  method i s  no t  o p t i m a l  s . i nce  i t  does  

no t  u t i l i z e  a l l  a v a i l a b l e  d a t a .  

2 .  Annual e s t i m a t e s  based on compos i t e  q u a r t e r l y  e s t i m a t e s  

w i l l  be more e f f i c i e n t  t han  t h o s e  based on "Simple 

Annual E s t i m a t e s n .  

3 .  A c o n s i s t e n t  annua l  e s t i m a t e  t h a t  is  a  s i m p l e  mean of 

composi te  q u a r t e r l y  e s t i m a t e s  w i l l  n o t  be t h e  most 

e f f i c i e n t  e s t i m a t e  f o r  annua l  l e v e l s .  

D .  F u r t h e r  Research  Needed 

1 .  Compute c o r r e l a t i o n s  over t ime f o r  v a r i o u s  SIPP 

c h a r a c t e r i s t i c s .  



2 .  Study r o b u s t n e s s  of composi te  e s t i m a t o r s  w i t h  r e s p e c t  

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

3 .  Determine t h e  ncompromise c o e f f i c i e n t n  t o  be used f o r  

Cochran/Ernst-Breau e s t i m a t o r s  based on c o r r e l a t i o n  

and r o b u s t n e s s  a n a l y s i s .  

4 .  C o n s i s t e n c y  of annual  and q u a r t e r l y  e s t i m a t e s  

a .  Determine t h e  impor tance  of c o n s i s t e n c y .  

b .  Develop t h e  most e f f i c i e n t  composi te  e s t i m a t o r  f o r  

annua l  l e v e l s  and change.  

c .  E v a l u a t e  the  l o s s  i n  e f f i c i e n c y  f o r  u s i n g  a  

c o n s i s t e n t  annual  e s t i m a t o r  i n s t e a d  of t h e  most 

e f f i c i e n t  annual  e s t i m a t o r .  

d .  Determine t h e  composi te  e s t i m a t o r  t o  be used f o r  

annua l  e s t i m a t e s  weighing t h e  impor tance  of 

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

5 .  G e n e r a l i z e  Cochran l s  method t o  t a k e  advantage  of 

sample o v e r l a p  two y e a r s  a p a r t .  

6 .  G e n e r a l i z e  E r n s t - B r e a u l s  method f o r  a l l  q u a r t e r s  i f  

p o s s i b l e .  

7 .  Determine whether W o l t e r ' s  method p r o v i d e s  ' u n i q u e 1  

s o l u t i o n  when sample o v e r l a p  two y e a r s  a p a r t  a r e  

i n c l u d e d  i n  t h e  model. 

8 .  E v a l u a t e  the  l o s s  i n  e f f i c i e n c y  i n  u s i n g  W o l t e r l s  

method f o r  s h o r t e r  p e r i o d  ( s a y  5 y e a r s )  compared t o  

10  y e a r s .  

9 .  Time-in-Sample B ias .  

E v a l u a t e  the  magnitude of t ime- in-sample  b i a s  a n d  



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

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

1 0 .  W i t h i n  I n t e r v i e w  C o r r e l a t e d  R e s p o n s e  B i a s .  

T h i s  p o t e n t i a l  p r o b l e m  i n  a s s o c i a t i o n  w i t h  c o m p o s i t e  

e s t i m a t i o n  n e e d s  t o  b e  r e s e a r c h e d .  

1 1 .  I n t e g r a t i o n  o f  C r o s s - S e c t i o n a l  a n d  L o n g i t u d i n a l  

E s t i m a t e s .  

D e t e r m i n e  t h e  e x t e n t  t o  w h i c h  c r o s s - s e c t i o n a l  a n d  

l o n g i t u d i n a l  e s t ima tes  c a n  b e  i n t e g r a t e d .  
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Attachment I 

Composite Estimation in the CPS 

1. The K Composite Estimator 

"The Current Population Survey - Design and Methodology," 
Technical Paper 40 (1978). 

The K composite estimator of level (mean or total of a 

certain labor force characteristic) in the current month h, yh is 

given by 

Y; = (1-K) yh K ( ~ h - ~  + dh, h-1 > ; O < K < l  

where 

, 

Yh- 1 is the composite estimator of level for the 

preceding month h-1 

yh is the second-stage ratio estimator of level for 

the current month h 
It  ?? 

Yh and Yh-l are the second-stage ratio estimators 

for months h and h-1 based on the six rotation groups 

that are in sample for both months h and h-1. 

The variance of this estimator is given in Hansen, Hurwitz 

and Madow (1953). This estimator with K = .5 was used previously 

in the CPS. 

2. The AK Composite Estimator 

Huang and Ernst (1981) "Comparison of an Alternative Estimator to 

the Current Composite Estimator in CPS." 

Under the 4-8-4 rotation pattern, let yhi be the second 

stage ratio estimator of the level (mean or total) in the current 



month  h  b a s e d  on  t h e  r o t a t i o n  g r o u p  i ( w h i c h  i s  i n  i t s  i - t h  t i m e  

i n  t h e  s a m p l e ) ,  i = 1 ,  2 ,  ... 8 .  Assume t h e  f o l l o w i n g :  

( 1 )  v ( y h i )  = a 2  f o r  a l l  h ,  i 

(2) E s t i m a t o r s  d e r i v e d  f r o m  d i f f e r e n t  r o t a t i o n  g r o u p s  o f  

a g i v e n  mon th  a r e  u n c o r r e l a t e d ;  t h a t  i s  

( 3 )  E s t i m a t o r s  d e r i v e d  f r o m  t h e  o v e r l a p p i n g  r o t a t i o n  

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

The A K  c o m p o s i t e  e s t i m a t o r ,  f i r s t  d e f i n e d  by G u r n e y  a n d  D a l y  

( 1 9 6 5 ) ,  i s  a  g e n e r a l i z a t i o n  o f  t h e  K c o m p o s i t e  e s t i m a t o r  

p r e v i o u s l y  u s e d  i n  C P S  a n d  is g i v e n  by 

N o t e  t h a t  when A = 0, K = 0 t h e  A K  c o m p o s i t e  e s t i m a t o r  r e d u c e s  t o  

t h e  s i m p l e  a v e r a g e  o f  t h e  e s t i m a t e s  f r o m  t h e  e i g h t  r o t a t i o n  

g r o u p s .  When A = 0 a n d  K = . 5  t h e  A K  c o m p o s i t e  e s t i m a t o r  r e d u c e s  

t o  t h e  K c o m p o s i t e  e s t i m a t o r  p r e v i o u s l y  u s e d  i n  t h e  CPS. 

T h u s ,  t h e  A K  c o m p o s i t e  e s t i m a t o r  h a s  t h e  p o t e n t i a l  o f  

a s s i g n i n g  more  w e i g h t  t o  t h e  r o t a t i o n  g r o u p s  w h i c h  h a v e  b e e n  i n  

t h e  s a m p l e  f o r  t h e  1 s t  a n d  5 t h  t i m e ,  a n d  l e s s  w e i g h t  t o  t h e  r e s t  



o f  t h e  r o t a t i o n  g r o u p s  t h a n  t h e  c o r r e s p o n d i n g  w e i g h t s  i n  t h e  K 

c o m p o s i t e  e s t i m a t o r .  

T h e  v a r i a n c e  o f  t h e  A K  c o m p o s i t e  e s t i m a t o r  i s  g i v e n  i n  Huang 

a n d  E r n s t  ( 1 9 8 1 ) .  T h e  A K  c o m p o s i t e  e s t i m a t o r  was f o u n d  t o  b e  

more  e f f i c i e n t  t h a n  t h e  K c o m p o s i t e  e s t i m a t o r  f o r  m o n t h l y  l e v e l ,  

mon th  t o  mon th  c h a n g e  a n d  a n n u a l  a v e r a g e  f o r  b o t h  4-8-4 a n d  3-9-3 

r o t a t i o n  p a t t e r n s ,  T h e  A K  c o m p o s i t e  e s t i m a t o r  w i t h  A = . 2  a n d  

K = . 4  i s  c u r r e n t l y  b e i n g  u s e d  i n  t h e  CPS. 

Minimum V a r i a n c e  C o m p o s i t e  E s t i m a t o r s  

1 .  W o l t e r  ( 1 9 7 9 )  n C o m p o s i t e  E s t i r n a t i . o n  i n  F i n i t e  P o p u l a t i o n s n ,  JASA. 

T h i s  p r o c e d u r e  i s  a p p l i c a b l e  t o  a n y  r o t a t i o n  p a t t e r n .  

I l l u s t r a t e d  h e r e  f o r  f i r s t  q u a r t e r  e s t i m a t e s  o n e  y e a r  a p a r t  

c o n s i d e r i n g  o n l y  two y e a r s 1  d a t a .  

F o r  1 9 8 7  a n d  1986 1st q u a r t e r s ,  t h e  v e c t o r  o f  s i m p l e  

e s t i m a t o r s  i s  

where y  i s  t h e  f i r s t  q u a r t e r  s i m p l e  e s t i m a t e  ( m o n t h l y  a v e r a g e )  
j 

f o r  t h e  i - t h  y e a r  f r o m  t h e  j - t h  y e a r  p a n e l .  ( t  = 8 7 ,  t - 1  = 8 6 .  

e t c .  1 

Let  6 

b e  t h e  v e c t o r  o f  unknown p a r a m e t e r s .  ( t r u e  m o n t h l y  a v e r a g e s  f o r  

t h e  q u a r t e r  ) . 
Assume t h e  g e n e r a l  l i n e a r  mode l  

t h e  e r r o r  v e c t o r  e s a t i s f i e s  



V i s  t h e  v a r i a n c e  - c o v a r i a n c e  m a t r i x  o f  t h e  v e c t o r  o f  s i m p l e  

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

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

q u a r t e r l y  e s t i m a t e s  c o n s i d e r i n g  s a m p l e  o v e r l a p  o n e  y e a r  a p a r t  

o n l y .  

T h e n  

w h e r e  

' -1 P  = ( x  v  X I - I  x '  v - l  , V - 1  i s  t h e  i n v e r s e  o f  m a t r i x  V 
A 

a n d  - 1  v a r ( ~ )  = ( x ' v  x ) - '  = c s a y .  

T h e  d e s i g n  m a t r i x  X a n d  v a r i a n c e  - c o v a r i a n c e  m a t r i x  V i n  t h i s  

c a s e  a r e  

0 0 0 0 0  f ; : y ]  0  0  0  

o o p o  0  
0 0 0 0 0 1  

W h e r e  a 2  = 1  ( a s s u m e d )  a n d  p  i s  t h e  c o r r e l a t i o n  c o e f f i c i e n t .  

T h e  m a t r i x  P i s  c o m p o s e d  o f  t h e  c o e f f i c i e n t s  t h a t  a r e  a p p l i e d  t o  

t h e  s i m p l e  e s t i m a t o r s  i n  f o r m i n g  t h e  minimum v a r i a n c e  l i n e a r  

u n b i a s e d  ( M V L U )  e s t i m a t o r s .  T h u s ,  

w h e r e  P i  i s  t h e  i - t h  row o f  P. 
A A 

T h e  e s t i m a t o r  o f  c h a n g e  X t - X t - ,  i s  simply X t  - X t - ,  = Ply  - 
P 2 Y  

w h e r e  C i j  i s  t h e  i j  e l e m e n t  o f  C m a t r i x .  

I t  i s  i m p o r t a n t  t o  n o t e  t h a t  t h i s  e s t i m a t o r  u s e s  a l l  a v a i l a b l e  

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



y e a r s  8 8 ,  89 e t c .  a r e  a v a i l a b l e ,  e s t i m a t e s  f o r  8 7 ,  86 e t c .  a l s o  

change .  

Advantage:  A p p l i c a b l e  t o  any r o t a t i o n  p a t t e r n  and d a t a  

s t r u c t u r e .  I t  r e q u i r e s  on ly  s p e c i f i c a t i o n s  

f o r  d e s i g n  and v a r i a n c e - c o v a r i a n c e  m a t r i c e s  

X and V .  

D i s a d v a n t a g e s :  ( 1 )  R e q u i r e s  s t o r a g e  of s imple  e s t i m a t e s  f o r  

a l l  p r e v i o u s  y e a r s .  - 
( 2 )  Composite e s t i m a t e s  f o r  e a r l i e r  y e a r s  a r e  

changed. 

(3) Becomes a  computa t iona l  burden with l a r g e  

number of su rvey  c h a r a c t e r i s t i c s  a s  number 

of y e a r s  i n c r e a s e s  because  i t  r e q u i r e s  

' -1 i n v e r s i o n  of' m a t r i c e s  V and ( X  V X )  . 

2 .  Cochran ( 1 9 6 3 )  Sampling Techniques  

Assume sample s i z e  on each o c c a s i o n  i s  n. On occas ion  h ,  

t h e  p r o p o r t i o n  of  t h e  sample matched w i t h  o c c a s i o n  ( h - 1 )  i s  X . 
The v a r i a n c e  a *  and t h e  c o r r e l a t i o n  p between i t em v a l u e s  on t h e  

same u n i t s  on two s u c c e s s i v e  o c c a s i o n s  a r e  assumed same th rough-  

o u t .  A p a r t  of t h e  sample on o c c a s i o n  h may a l s o  be matched w i t h  

t h e  sample on o c c a s i o n  ( h - 2 ) ,  b u t  t h i s  i s  i g n o r e d .  The two e s t i -  

ma to r s  of mean Y h  on t h e  h - t h  o c c a s i o n  a r e  yhU from t h e  unmatched 
- - - 

p r o p o r t i o n  of t h e  sample ,  and yhm = Yh, + b (7  h-1 - 'h-1,m ) from 

t h e  matched p o r t i o n  of t h e  sample where b i s  t h e  r e g r e s s i o n  
, 

c o e f f i c i e n t  and i s  t h e  composi te  e s t i m a t o r  on occas ion  h - 1 .  
h -  1 

Then t h e  composi te  e s t i m a t o r  f o r  t h e  h - t h  o c c a s i o n  i s  



a n d  i t s  v a r i a n c e  is  

w h e r e  

, 
T h e  a s y m p t o t i c  v a l u e  o f  v ( Y h  ) a s  h  + = i s  

w h e r e  

, 
T h e  v a l u e  o f  K w h i c h  m i n i m i z e s  t h e  l i m i t i n g  v a r i a n c e  v ( y l ) i s  

, - - - 
T h e  e s t i m a t o r  o f  c h a n g e  lh- Y h - l  i s  Y h  - Y h - l  

And i t s  v a r i a n c e  is  

A d v a n t a g e s :  ( 1 )  R e q u i r e s  s t o r a g e  o f  t h e  c o m p o s i t e  e s t i m a t e  

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

( 2 )  C o m p o s i t e  e s t i m a t e s  f o r  e a r l i e r  y e a r s  a r e  

n o t  c h a n g e d .  

( 3 )  I t  i s  a l s o  t h e  minimum v a r i a n c e  e s t i m a t o r .  

( 4 )  C o m p u t a t i o n a l l y  much s i m p l e r  t h a n  t h e  W o l t e r  

e s t i m a t o r .  



D i s a d v a n t a g e :  T h i s  e s t i m a t o r  i g n o r e s  a n y  o v e r l a p  o f  t h e  

s a m p l e  o n  t h e  h - t h  o c c a s i o n  w i t h  ( h - 2 )  

o c c a s i o n .  H o w e v e r ,  t h i s  p r o c e d u r e  can b e  

g e n e r a l i z e d  t o  t a k e  a d v a n t a g e  o f  s u c h  

o v e r l a p p i n g  s a m p l e s .  

3 .  E r n s t - B r e a u  ( 1 9 8 3 ) .  U n p u b i s h e d  M a n u s c r i p t  

T h i s  c o m p o s i t e  e s t i m a t o r  was d e v e l o p e d  s p e c i f i c a l l y  f o r  t h e  

C P S  S u p p l e m e n t s  t h a t  a r e  r e p e a t e d  e v e r y  y e a r  l i k e  t h e  M a r c h  

S u p p l e m e n t  a n d  t h u s  a s s u m e d  5 0 %  o v e r l a p  b e t w e e n  s a m p l e s  o n e  y e a r  

a p a r t  a n d  n o  o v e r l a p  b e t w e e n  s a m p l e s  t w o  y e a r s  a p a r t .  

T h e  e s t i m a t o r  o f  t h e  c u r r e n t  y e a r l y  l e v e l  i s  

w h e r e ,  XI i s  t h e  s i m p l e  e s t i m a t e  o f  y e a r l y  l e v e l  f o r  t h e  

c u r r e n t  y e a r  b a s e d  o n  t h e  5 0 %  o f  t h e  s a m p l e  t h a t  

i s  n o t  m a t c h e d  w i t h  t h d  p r e v i o u s  y e a r .  

X 1  , 2  is t h e  s i m p l e  e s t i m a t e  o f  y e a r l y  l e v e l  f o r  t h e  

c u r r e n t  y e a r  b a s e d  o n  t h e  5 0 %  o f  t h e  s a m p l e  t h a t  

i s  m a t c h e d  w i t h  t h e  p r e v i o u s  y e a r .  

a n d  

X 2 ,  1 i s  t h e  s i m p l e  e s t i m a t e  o f  y e a r l y  l e v e l  f o r  t h e  

p r e v i o u s  y e a r  b a s e d  o n  t h e r  5 0 %  o f  t h e  s a m p l e  

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



Assume v ( x ~ , ~ )  = a 2 ,  f o r  a l l  i , j  

) = p a 2  f o r  a l l  i 

and a l l  o t h e r  c o v a r i a n c e s  a r e  z e r o .  

Then c o e f f i c i e n t s  A i t s  a r e  g i v e n  b y  

where  

l i m  C 2  = 0 

i - 1 T h e r e f o r e ,  l i m  A i  = Z, ( 2  - p z l  1 
n - r m  

F i n a l l y ,  t h e  l i m i t i n g  v a r i a n c e  ( a l g e b r a i c  d e t a i l s  o m i t t e d )  i s  

Advan tages :  ( 1 )  R e q u i r e s  s t o r a g e  of t h e  c o m p o s i t e  e s t i m a t e  

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



Disadvantages: 

(2) Composite estimates for earlier years are 

not changed. 

(3) It is also the minimum variance estimator. 

( 4 )  Computationally much simpler than the Wolter 

estimator. 

( 1 )  This estimator can not be used for quarterly 

estimates except for the 3rd quarter which 

has 50% sample overlap from year to year. 

(2) Also it ignores any overlap of the sample 

two years apart. This procedure may be 

generalized so that it can be applied for 

all quarters. 



At t achmen t  11. 

Da ta  S t r u c t u r e  f o r  Annua l  E s t i m a t e s  

Annual E s t i m a t e  

1 9 8 4  E s t i m a t e  1 9 8 5  E s t i m a t e  1 9 8 6  E s t i m a t e  

1 9 8 4  P a n e l  

Wave - R o t a t i o n  
2  1 2 3  
3  4 1 2 3  
4  4 1 2 3  
5  4 1 2 3  

1 9 8 4  P a n e l  1 9 8 4  P a n e l  

Wave R o t a t i o n  Wave R o t a t i o n  Data  For  - 
5  1 2 3  8  1  J - ' /  
6  4 1 2 3  2  J F -  
7 4 1 2 3  3  J  FM 
8  4 1 2 3  9  4  JFMA 

1  FMAM 
2  MAMJ 
3  AMJJ 
( I n s u f f i c i e n t )  f /  

1 9 8 5  P a n e l  1 9 8 5  P a n e l  1 9 8 5  P a n e l  
Wave - Rot D a t a f o r  Wave Rot - Wave Rot -- 
1  2  O N D  - ' /  1  2 3 4 1  4 2 3 4  

3  N D  2  2  3  4 5  1 2 3 4  
4  D 3 1 2 3 4  6  1 2 3 4  

( I n s u f f i c i e n t )  f/ 4  1 2 3 4  7 1 2 3 4  

1 9 8 6  P a n e l  1 9 8 6  P a n e l  
Wave Rot Da ta  f o r  Wave Rot - - -- 
1 2  OND '/ 1  2 3 4 1  - 

3 N D  2  2  3  4 
4 D 3  1 2 3 4  

( I n s u f f i c i e n t )  :/ 4 1 2 3 4  

1 9 8 7  P a n e l  
Wave Rot Data f o r  -- 
1  2 O N D  A /  - 

3  N D  
4  D 

( I n s u f f i c i e n t )  

' / - L e t t e r s  J ,  F ,  , . .  D s t a n d  f o r  months J a n u a r y ,  F e b r u a r y  ... 
December. 

2 /  - T h i s  p a n e l  does  n o t  p r o v i d e  an a n n u a l  e s t i a a t e  f o r  t h e  y e a r  
e . g . ,  1 9 8 5  P a n e l  p r o v i d e s  d a t a  o n l y  f o r  t h e  f o u r t h  q u a r t e r  
o f  1 9 8 4 .  



A t t a c h m e n t  I1 ( c o n t . )  

D a t a  S t r u c t u r e  f o r  A n n u a l  E s t i m a t e s  

1 9 8 7  E s t i m a t e  1 9 8 8  E s t i m a t e  

1 9 8 5  P a n e l  
Wave R o t  D a t a  f o r  - - 
7 2  J ;/ - 

3  J F  
4  JFM 

8  1  JFMA 
2  FMAM 
3  M A M J  
4  AMJJ 

( I n s u f f i c i e n t )  11 

1 9 8 6  P a n e l  . . - -  - - - -  

Wave R o t  D a t a  f o r  -- 
7  2  J  - ' /  

3  J F  
4  JFM 

8  1 JFMA 
2 FMAM 
3  M A M J  
4 A M J J  

( I n s u f f i c i e n t )  - 2 /  

1 9 8 6  P a n e l  1 9 8 7  P a n e l  

Wave R o t  - - 
4  2 3  4  
5 1 2 3 4  
6 1 2 3 4  
7 1 2 3 4  

Wave R o t  -- 
4  2 3 4  

1 9 8 8  P a n e l  
Wave Ro t  D a t a  f o r  - - 
1 2 O N D  ' /  - - 

3  N D  
4  D 

( I n s u f f i c i e n t )  11 

1 9 8 9  P a n e l  
Wave R o t  D a t a  f o r  -- 
1  2  O N D  '1 - 

3  N D  
4 D 

( I n s u f f i c i e n t )  11 

L e t t e r s  J ,  F ,  ... D s t a n d  f o r  m o n t h s  J a n u a r y ,  F e b r u a r y ,  ... December .  

T h i s  p a n e l  d o e s  n o t  p r o v i d e  a n  a n n u a l  e s t i m a t e  f o r  t h e  y e a r  
e . g . ,  1 9 8 5  P a n e l  p r o v i d e s  d a t a  o n l y  f o r  t h e  two q u a r t e r s  o f  
1 9 8 7 .  



A t t a c h m e n t  I11 
Data S t r u c t u r e  f o r  Q u a r t e r l y  E s t i m a t e s  

Q u a r t e r l y  E s t i m a t e s  

F i r s t  Q u a r t e r  J a n u a r y ,  F e b r u a r y ,  M a r c h  

1984 Q 1  1985 Q1 

1984 P a n e l  1984 P a n e l  1984 P a n e l  
- - W R I n t  M .  D a t a  f o r  - - w R I n t  M .  Data f o r  W R I n t  H.  Data f o r  - - - - W R I n t  M .  Data f o r  

2 1 2/84 J 5 1 2/85 J 8 1 2/86 J 
2 3/84 J F  2 3/85 J F  2 3/86 J F  
3 4/84 JFM 3 4/85 JFM 3 4/86 JFM 

3 4 5/84 JFM 6 4 5/85 JFM 9 4 5/86 JFM 
1 6/84 FM 1 6/85 FM 1 6 / 8 5 '  FM 
2 7/84 M 2 7/85 M 2 7/86 M 

1985 P a n e l  
1 2 2/85 J 

3 3/85 J F  
4 4/85 JFM 
1 5/85 JFM 

2 2 6/85 FM 
3 7/85 M 

lg87 Q I  3 P a n e l s  

2 P a n e l s  m a t c h e d  w i t h  1986 (Al = ,6667) 

1 P a n e l  m a t c h e d  w l t h  1985 ( A 2  = ,3333) 

1985 P a n e l  
4 2 2/86 

1986 P a n e l  
1 2 2/86 

J 
J F  
J F  
JFM 

FM 
M 

J 
J F  
J FM 
JFM 

FM 
M 

L e g e n d :  W = Wave ,  R = R o t a t i o n  G r o u p . I n t .  M .  = I n t e r v i e w  M o n t h  
L e t t e r s  J ,  F ,  ... D s t a n d  f o r  m o n t h s  J a n u a r y ,  F e b r u a r y ,  ... D e c e m b e r .  

1985 P a n e l  
7 2 2/87 

1986 P a n e l  
4 2 2/87 

1987 P a n e l  
1 2 2/87 

J 
J F  
JFM 
JFM 

FH 
M 

J 
J F  
J FM 
JFM 

FM 
M 

J 
J F  
JFM 
JFM 
JFM 

M 





A t t a c h m e n t  1 1 1  ( c o n t . )  

T h i r d  Q u a r t e r  J u l y ,  A u g u s t ,  S e p t e m b e r  

1984 Q3 1985 Q3 1986 Q3 
1984 P a n e l  1984 P a n e l  1984 P a n e l  

1987 Q 3  
1985 P a n e l  

W R I n t  M .  D a t a  f o r  W R I n t  M .  D a t a  f o r  - - - - W R I n t  M, D a t a  f o r  - W R I n t  M .  D a t a  f o r  - - 
3  3 8 / 8 4  J 6 3  8 / 8 5  J 9  3 8 / 8 6  J 
4 4 JA 7  4  JA ( o m i t )  

1  JAS 1  JAS 
2 JAS 2 JAS 
3 AS 3  AS 

5  4 1 / 8 5  S 8  4  1 / 8 6  S 

1985 P a n e l  
2 4 8 / 8 5  J 

1985 P a n e l  
5  4  8 / 8 6  J 

3 1  JA 6 1  JA 
2 JAS 2 JAS 
3  JAS 3 JAS 
4  AS 4  AS 

4 1  1 / 8 6  S 7  1  1 / 8 7  S 

1986 P a n e l  
2 4  8 / 8 6  J 
3  1 JA 

2  JAS 
3 JAS 
4  AS 

4  1  1 / 8 7  S 

l g 8 7  Q3 2  P a n e l s  

1  P a n e l  m a t c h e d  w i t h  1986.  (A1 = . 5000 )  

8  4  8 / 8 7  J 
( o m i t )  

1986 P a n e l  
5  4  8 / 8 7  
6  1  

2 
3 
4  

7  1  1 / 8 8  

1987 P a n e l  
2 4 8 / 8 7  

J 
JA 
JAS 
JAS 

AS 
S 

J 
JA 
JAS 
JAS 

AS 
s 

No P a n e l  m a t c h e d  w i t h  1985.  (A2 - 0 )  
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