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I .  In t roduct ion 
For the Current Population Survey (CPS), 

a monthly household survey conducted by the 
Census Bureau, data are co l lected on labor 
force items, demographic cha rac te r i s t i c s ,  and 
other cha rac te r i s t i cs  of the n o n - i n s t i t u t i o n a l -  
ized c i v i l i a n  populat ion (Hanson 1978). Every 
month, these data provide estimates of these 
labor force cha rac te r i s t i c s .  The survey is 
based on a ro ta t i ng  sample pa r t i t i oned  into 
eight  r o t a t i on  groups. Households in a ro ta -  
t ion group are interviewed for four months, 
dropped for e ight  months, and then interviewed 
for an add i t iona l  four months. 

At any period in t ime, each of the ro ta t i on  
groups in the sample should i dea l l y  provide 
estimates of a cha rac te r i s t i c  with the same 
expected values. However, th i s  is not the 
case. This problem of r o t a t i o n  group bias is 
discussed by Bai lar  (1975). 

In t h i s  paper, a l t e rna t i ve  est imators to 
the previously studied r a t i o ,  current com- 
posi te,  simple composite, and AK composite 
est imators are considered. These a l t e rna t i ve  
est imators are compared to each other and to 
the previously studied est imators in terms of 
variance, b ias,  and mean  squared e r ro r .  

The r a t i o  estimator only uses data from 
the current month in est imat ion.  Composite 
est imators make use of data from the current 
and previous months. The current composite 
estimator is an average of  the r a t i o  est imator 
for the current  month and a second estimator 
which is the sum of the current composite 
estimator for the previous month and the e s t i -  
mated change from the previous to the current  
month (Bai lar  1975). The current composite 
estimator is  one member (K = .5) of a class of  
est imators of the form: 

! 

Yh' = (1 - K)y h + K(Yh_ I + 6h,h_ I ) ,  
O< K< I ,  

! 

where Yh-I is t h i s  estimator for month h - I ,  Yh 
is the r a t i o  estimator for month h and 
mo th6h~lh-I estimates the change in level from 

h-I  to month h and is  based on the six 
ro ta t i on  groups which are common to both 
months. Estimators in t h i s  class are cal led 
simple composite est imators.  AK composite 
est imators,  by adding an extra parameter A, 
define a broader class of est imators than the 
class of est imators described above. The 
extra parameter A al lows for add i t iona l  d i f f e r -  
en t ia l  weighting of the ro ta t i on  groups in 
sample for the f i r s t  and f i f t h  time and the 
other r o ta t i on  groups. 

The r a t i o ,  current composite, simple com- 
pos i te ,  and AK composite est imators w i l l  be 
discussed in more deta i l  in Section 2. The 
a l t e rna t i ve  est imators which w i l l  be studied 
in t h i s  paper, beginning in Section 3, are 
the generalized composite, minimum variance, 
and revised generalized composite est imators.  

The general ized composite est imator for 
the current month is a general l inear  combina- 
t ion  of the ro ta t i on  group t o t a l s  for the 

current month, the ro ta t i on  group t o t a l s  for 
the previous month, and the general ized com- 
posite estimator for the previous month. This 
est imator ,  which is discussed in Section 3, 
al lows for d i f f e r e n t  weights for each of the 
ro ta t i on  groups in the current and previous 
months. 

Minimum variance est imators are discussed 
in Sect ions 4 and 5. In Section 4 we assume 
that  there are no ro ta t i on  group bias e f fec ts ,  
while in Section 5 we assume tha t  there are 
such e f fec ts .  The minimum variance est imator 
for the current  month is the l inear  combination 
of a l l  of  the ro ta t i on  group t o t a l s  ava i lab le  
for est imat ion with the smallest variance. The 
minimum variance estimator for any previous 
month uses ro ta t i on  group t o t a l s  through the 
current  month in es t imat ion.  This is  a feature 
which d is t ingu ishes minimum variance est imators 
from a l l  composite est imators previously d is -  
cussed, none of which revise the estimates as 
addi t iona l  data becomes ava i l ab le .  

However, the revised composite est imator ,  
discussed in Section 6, imi ta tes  the minimum 
variance est imator ,  in par t ,  by using data 
from the current month for est imat ing the 
previous month. 

In Section 7, a general discussion of resu l t s  
is  given. 

This is an abbreviated version of the paper. 
A longer version of the paper ( inc lud ing r e f e r -  
ences) is  ava i lab le  from the authors. 

I I .  Review of Previously Studied Estimators 
The r a t i o  estimator for monthly level for 

month h is of the form 
8 / \ 

yh = 7. ( X h , i ) / ,  whet e Xh i is  the correspond- 
i = l ,  z 8 ' 

ing estimate of level obtained from the ro ta -  
t ion  group which is in i t s  i t h  month in sample. 

The current  composite estimator is  of the 
form: 

I ! 

Yh = "5Yh + -5(Yh-I + 6 h , h - l ) ,  

where Yh is the r a t i o  estimator for monthly 
! 

level for month h, Yh-I  is  the current  compos- 
i t e  estimator for monthly level for month h - I ,  
and 6h,h- I  is an estimate of the d i f ference 
in level between months h and h - I ,  obtained 
from the ro ta t i on  groups common to the two 
months, that  is  

+ Xh,6 + Xh,7 + Xh 8) ~'h-l,1 
+ Xh- l ,2  + Xh-I 3 + Xh-I 5 + Xh- l ,6  
+ Xh_1,7)] ' , 

This estimator is  now being used in the CPS. 
The AK composite est imator ,  (Gurney and Daly 

1965, and Huang and Ernst 1981), is of the 
form: 

I I 

Yh = I / 8  I ( I -K -A )  (Xh, l  +Xh,5) 
+ ( I -K-A/3)  (Xh, 2 + Xh, 3 + Xh, 4 
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! ! 

+ Xh, 6 + Xh. 7 + Xh,8)) + K(Yh-I 
+ 6h,h_ I ) ,  0 I ,  o <K< I 

I I 

where Yh-1 is the AK composite estimator for 
monthly level for month h - l .  

Throughout t h i s  paper, we assume the fo l low-  
ing covariance s t ruc ture ,  based on the 4-8-4 
r o t a t i on  plan" 

1) V(Xjk) = o 2 for a l l  j , k .  
2) The covariances between d i f f e ren t  

r o ta t i on  groups in the same month 
are zero. That i s ,  

COV(xjk, Xjk '  ) : 0 for k ~ k' = I . . . .  8. 

3) A l l  covariances between d i f f e ren t  
r o ta t i on  groups in d i f f e r e n t  months 
are zero except for the fo l lowing" 

2 
COV(xj,k+l, X j - l , k ) =  PlO, k =I ,  2, 3, 5, 6, 7, 

2 
COV(xj,k+2, x j - 2 ,  k) = p2 o, k = I ,  2, 5, 6, 

2 
COV(xj,k+3, x j -3 ,  k) = P3 ~, k = I ,  5, 

2 
COV(xj,5, x j - 9 ,4 )  = p9 ~, 

2 
COV(xj,k+2, Xj - lO,  k) = PlO ~, k = 3, 4, 

2 
COV(xj,k+3, X j - l l ,  k) = P l l  ~, k = 2, 3, 4, 

2 
COV(xj,k+4, x j -12,  k) = PI2 ~, k = I ,  2, 3, 4, 

2 
COV(xj,k+5, x j -13,  k) = P13 ~, k = I ,  2, 3, 

2 
COV(xj,k+6, x j -14,  k) = P14 ~, k = I ,  2, 

2 
COY(x i , 8 ,  x j -15 ,1 )  = P15 ~. 

Estimates of o r re la t i ons  assumed to be zero 
were examined and were indeed found to be close 
to zero. 

With the stated assumptions, we have 

= V }1 = ~ 2 / 8 .  V(Y h ) 
i = l  ' 

The complicated algebraic expressions for 
I !  

! 

V(y h )and  V(y h) can be found in Huang and 
Ernst (1981) and are not reproduced here. In 
Table 2.1, for the charac te r i s t i cs  c i v i l i a n  
labor force and unemployed, for monthly l eve l ,  
month-to-month change, and annual average, 
the variance of the current composite estimator 
r e l a t i v e  to the variance of the r a t i o  estimator 
is  given. The variance of the simple composite 
estimator depends on the value of K and the 
variance of the AK composite estimator depends 
on the values of A and K. For c i v i l i a n  labor 
force and unemployed, and for monthly l eve l ,  
month-to-month change, and annual average, 
the values of  A and K which minimize the va r i -  
ance of the simple composite and AK composite 
est imators were determined. These values, 
along with the corresponding variances ( re la -  
t i ve  to the variance of the r a t i o  est imator)  
are also in Table 2.1. 

Now, we w i l l  examine the e f fec t  of  r o ta t i on  
group bias on these est imators.  Let T h be the 
t rue monthly level or to ta l  for month h. Let 
ahi be the ro ta t i on  group bias for month h 

associated with the ro ta t i on  group in i t s  i t h  
month in sample. Then ahi = E a(xh, i -T h) 
Throughout t h i s  paper i t  w i l l  be ssumed that  

ahi = a i for a l l  h, ( I )  
and unless otherwise stated,  that  

8 
}1 ahi = O. (2 

i = l  
The v a l i d i t y  of these assumptions has not 

d e f i n i t e l y  been  determined. However, i f  
assumption ( I )  is accepted but not assumption 
(2) ,  then a l l  the estimates of mean squared 
error that  are to be presented assuming ( I )  
and (2) r e ta i n  an important meaning. Without 
assumption (2),  these numbers are no longer 
estimates of mean squared e r r o r ,  but s t i l l  
estimate the expected squared deviat ion from 
the expected value of the r a t i o  es t imator .  In 
the absence of informat ion on which to model 
the ro ta t i on  group bias,  t h i s  is  a possible 
c r i t e r i o n  on which est imators may be compared. 

Under these assumptions, i t  then fol lows that  
E(Yh) : Th, 

I 

E(Yh) = T h + K/6( I -K)  [(a4 + a8) 
- (a I + a5) ] ,  and 

I i 

E(Yh ) =  T h + ( K / 6 ( I - K ) ) ( ( a 4  + as) 
- ( a  I + a5) ) + (A/8( I -K) )  
((a I + a 5) - I /3(a 2 + a 3 
+ a 4 + a 6 + a 7 + as ) ) .  

The current composite and &K composite e s t i -  
mators of month-to-month change (change from 
the previous month to the current month) are 
unbiased (with or wi thout assumption (2)) 
while these est imators of annual average have 
the same bias as the corresponding est imators 
of monthly l e ve l .  

! 
The a i s can be estimated by using ro ta t i on  

group bias ind ices.  A ro ta t ion  group bias 
index is  computed by d iv id ing  the to ta l  number 
of persons in a given ro ta t i on  group having the 
cha rac te r i s t i c  of i n t e res t  by the average num- 
ber of persons having the cha rac te r i s t i c  over 
a l l  e ight r o ta t i on  groups, and then mu l t i p l y ing  
by I00. 

In Table 2.2, for unemployed and c i v i l i a n  
labor force, values of the variance, squared 
b ias,  and mean squared error of  monthly level 
are given for the r a t i o  est imator ,  current com- 
posite est imator ,  simple composite est imator ,  
and for the AK composite es t imator .  The cor-  
responding values for annual average are given 
in the longer version of the paper. 

These resu l t s  given in Tables 2.1 and 2.2 
are discussed in deta i l  in Huang and Ernst 
(1981). These resu l t s  w i l l  be compared with 
resu l t s  obtained from the a l t e rna t i ve  estima- 
tors discussed in the next few sect ions. 

I I I .  Generalized Composite Estimator 
The general ized composite estimator is  of 

the form: 
8 8 

Y h ' "  = S A i Xh,i - KS B i Xh_l, i 
i = l  , , ,  i = l  

+ K Yh-I 
8 8' 

where s &i = I and s B i = I .  
i =I i =I 
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Dif ferent  weights are allowed for each ro ta t ion  
group in the current and previous months in an 
e f f o r t  to achieve a reduction in variance. 
The generalized composite estimator is an 
estimator of monthly leve l ,  but can also be 
used to estimate month-to-month change and 
annual average. A recursive method described 
by Gurney and Daly (1965) is  used in computing 
the variances of these estimators of monthly 
leve l ,  month-to-month change and annual aver- 
age. In computing these variances, estimates 
of Pl,  P2, P3, and p9-P15 are used. There- 
fore, these variances are functions of the 
unknown & i ' s ,  B i ' s  and K, subject to the 

8 
constra ints that s A i = I and ~ B i = I .  For 

i= l  i = l  
c i v i l i a n  labor force and unemployed, the values 
of the A i ' s ,  B i ' s ,  and K which minimize var i -  
ance were determined separately for monthly 
leve l ,  month-to-month change, and annual aver- 
age. The variances ( re la t i ve  to the variance 
of r a t i o  est imator)  corresponding to these op- 
timal coe f f i c ien ts  are presented in Table 2.1. 

The &K composite estimator is  one speci f ic  
case of the generalized composite est imator.  
Because of t h i s ,  the minimum variance of the 
generalized composite estimator must be less 
than or equal to the minimum variance of the 
AK composite estimator for any labor force 
cha rac te r i s t i c .  From Table 2.1, we can see 
that the reductions in variances which resu l t  
from using the generalized composite instead 
of the AK composite are f a i r l y  small for month- 
ly level and month-to-month change, and some- 
what larger for annual average. 

Now, we compare the generalized composite 
estimator with the previously studied estima- 
tors in terms of bias and mean squared e r ro r .  
Under the ro ta t ion  group bias assumptions in 
Section 2, the bias formulas for the general- 
ized composite estimators for monthly level 
and annual average are the same, that is ,  

8 (~ -KB ) a .  
Bias = s i i I (3) 

i= I  1 - K  

The generalized composite estimator for month- 
to-month change is  unbiased under the assump- 
t ions in Section 2. 

In Table 2.2, for monthly level and for un- 
employed and c i v i l i a n  labor force, the biases 
and mean squared errors of the estimators 
which minimize variance are given. The 
corresponding values for annual average are 
given in the longer version of the paper. 
Looking at the values in Table 2.2, (as well as 
the values for annual average in the longer 
version of the paper) we f ind that  for unem- 
ployed, for both monthly level and annual aver- 
age, the generalized composite estimator does 
f a i r l y  well compared to the other composite 
estimators in terms of bias and mean squared 
er ro r .  However, for c i v i l i a n  labor force, the 
exact opposite is t rue.  This is  unfortunate, 
because for annual average, the generalized 
composite is  m o r e  e f fec t ive  in reducing 
variance, compared with the AK composite, 
for c i v i l i a n  labor force than i t  is  in reducing 
variance for unemployed. 

Because of our concern with the bias of the 
generalized composite est imator,  suppose that  
we put r e s t r i c t i o n s  on the coe f f i c ien ts  of the 
generalized composite estimator so that i t  w i l l  
be unbiased under assumptions (1) and (2).  By 
equation (3) ,  the generalized composite estima- 
tor is unbiased under assumptions ( I )  and (2) 
i f  and only i f  

(Ai - KBi) = (Aj - KBj) for a l l  i , j  = I . . . .  8. 

(1 - K) (1 - K) (4) 
8 

However, since z (A i - KBi) = 1, equation (4) 
i=1 

( I  - K)  

is equivalent to (A i - KBi) = 1/8, i = I ,  . . . 8  

or Bi = (K - 1 + 8~zi)-/8~ ). For monthly leve l ,  
for c i v i l i a n  labor force and unemployed, the co- 
e f f i c i e n t s  which minimize variance were deter- 
mined under the r es t r i c t i ons  mentioned above. 
The variances ( re la t i ve  to the variance of the 
ra t i o  est imator)  corresponding to these coef- 
f i c i en ts  are .934 for c i v i l i a n  labor force and 
.975 for unemployed. Comparing these resu l ts  
to the resu l ts  in Table 2.1, we see that  t h i s  
res t r i c ted  generalized composite estimator 
does not do very well in reducing variance 
compared to the unrest r ic ted generalized com- 
posite est imator.  

IV. Minimum Variance Estimators With No 
Rotation Group Bias 

In th is  section, we w i l l  discuss minimum 
variance estimators by using the l inear models 
approach described by Wolter (1979). Let ~Vh = 
[Xh. 1, Xh, 2 . . . .  Xh,8 ] ' ,  where Xh~ i ,  as defined 
in i~he Int roduct ion,  is an estimate of the 
monthly to ta l  for month h based on the ro ta t i on  
group which is in i t s  i th  month in sample. 
Suppose that h months of data are avai lable for 
use in e~t imat ion. Then, le t  ~h = [Y 'b,  Y ' h - l ,  

i! 
',1 ] , of order 8hxl. Let ~ ~=[T~T h 1 

]]T be the vector of true mon't~ly i;(~tafs: 
L e t  be the 8hxh design matrix of 1's and O's 
which re la tes the estimated to ta l s  in ~h to 
the true to ta l s  in #h, i . e ,  the matrix with 
l ' s  only in the f i r s t  8 rows of the f i r s t  co l -  
umn, the second 8 rows of the second column, 
etc.  The l inear model to be used, is" 

hr= ~ h  + ~h, where ~h is the 
vector of or terms. I n i t i a l l y ,  we assume 
that E(~ h) = O. Let ~ be the variance - co- 
variance matrix o f ~ h .  The covariance structure 
of the elements o f ~ h  was given in Section 2. 
Under the assumption that E(~h) = O, the min- 
imum variance l inear unbiased' estimator of Bh, 

^ , i I , l is  ~h = (X V- X) - X V- Y~, with the va~- 
i a n ~  c o v a r i a n c e ' m a t r i x ~ f ~  = (X' V -1 X) -1 
(Searle 1971). A 

The form of  ~ h is such that the estimate of 
the current month is a l inear  combination of 
a l l  of the ro ta t ion  group t o t a l s ,  not jus t  the 
ro ta t ion  group to ta l s  for the current month. 
In th is  l inear combination, the sum of the 
coe f f i c ien ts  of the ro ta t ion  group to ta l s  for 
the current month equals I and the sum of the 
coe f f i c ien ts  of the ro ta t ion  group to ta l s  for 
every other month equals O. In general, 
when there are h months of data avai lable for 
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est imat ion, then the estimate for  month J (J<h) 
is a l inear  combination of a l l  of the rotat ion 
group t o ta l s ,  with the sum of the coef f ic ien ts  
of the ro ta t ion group to ta ls  for month J being 
equal to I and the sum of the coef f ic ients  of 
the rotat ion group to ta ls  for  every other 
month being equal to O. 

For the composite estimators which have been 
discussed in Sections 2 and 3, an estimator for  
month k only uses data from months k, k- I  . . . . .  I 
in est imat ion, even i f  h (h > k) months of data 
are ava i lab le .  In section 6, a composite e s t i -  
mator which uses data from the current month for  
est imating the previous month w i l l  be i n t r o -  
duced. 

The minimum variance estimator for  month-to- 
month change (change from the previous month to 
the current month) is the di f ference between the 
f i r s t  two elements of ~h" In general, the co- 
e f f i c i en t s  of the minimum variance estimator of 
a l inear  combination of months are obtained by 
taking th is  same l inear  combination of the min- 
imum variance estimators for each month (Gurney 
and Daly 1965). This is a desirable property of 
minimum variance estimators because i t  means 
that both estimates of monthly level and month- 
to-month change can be obtained from one e s t i -  
mator, ~A h. 

The name minimum variance implies that these 
estimators should have the smallest variance of 
a l l  est imators. This statement is t rue,  pro- 
vided that a l l  avai lable months of data are 
used for  est imat ion. 

Since the computation of minimum variance 
estimators becomes progressively more d i f f i c u l t  
as the number of months of data increases, 
(unl ike composite estimators which are computed 
recurs ive ly)  in pract ice i t  would be necessary 
to l i m i t  the number of months of data used in 
the estimation to the current month and a 
f ixed number of most recent pr io r  months. To 
determine the ef fect  such l im i t a t i on  has on the 
variance, minimum variance estimators were com- 
puted for  c i v i l i a n  labor force and unemployed 
for 2, 3, 4 . . . .  12 months of data. As the num- 
ber of months used in estimation increases, the 
variance of an estimator should decrease. The 
variances of monthly level (current) and month- 
to-month change are presented in the longer 
version of the paper for up to i i  months. In 
general, the variances decrease quickly for  
the f i r s t  two to six months, decrease very 
l i t t l e  from the seventh to the tenth month, and 
then begin to decrease somewhat more quickly 
again a f ter  the tenth month. This pattern of 
variance reduction can be a t t r ibu ted  to the 
4-8-4 rotat ion scheme. The minimum variance 
estimator can be easi ly compared to the e s t i -  
mators discussed in Section 2 (in terms of 
variance) by looking at Table 2.1. 

I t  appears that the minimum variance e s t i -  
mator is more e f fec t ive  in reducing variance 
(compared to composite estimators) for month- 
to-month change than for monthly leve l .  This 
is explained by the fact  that the minimum var- 
iance est imator,  in estimating month-to-month 
change, uses data from the current month in es- 
t imat ing the previous month, while the compos- 
i t e  estimators previously discussed do not 
revise an estimate for the previous month by 
using data from the current month. 

The assumption was made in the beginning of 
th i s  section that E(~) = O. This assumption 
implies that there is  no ro ta t ion  group bias. 
However, in the presence of ro ta t ion  group 
bias, the minimum variance estimators of 
monthly leve l ,  annual average, and month-to- 
month change are biased under assumptions ( I )  
and (2) .  In the case of month-to-month change 
the bias resu l ts  from the fact that  the e s t i -  
mator of current monthly level and the revised 
estimator of previous monthly level have 
d i f fe ren t  coe f f i c ien ts  (unl ike the composite 
estimators discussed in Sections 2 and 3). 
In Table 2.2, for unemployed and c i v i l i a n  
labor force, estimates of the (bias) 2 and 
mean squared error of the minimum variance 
estimator of monthly level (af ter  12 months) 
are presented (again assuming ( I )  and (2)) .  
Comparing these biases and mean squared errors 
with those of the optimal generalized and AK 
composite estimators, we see that for both 
c i v i l i a n  labor force and unemployed, the bias 
and mean squared error of the minimum variance 
estimator are greater than the bias and mean 
squared error of e i ther the generalized compos- 
i te  or &K composite est imator.  For unemployed, 
the bias and mean squared error of the minimum 
variance estimator are less than the bias and 
mean squared error of the current composite 
est imator,  while for c i v i l i a n  labor force, the 
opposite is  t rue .  In the longer version of 
the paper, estimates of the (bias) 2 and mean 
squared error of the minimum variance estimator 
of annual average (af ter 12 months) are given. 
In general, the minimum variance estimator of 
annual average does f a i r l y  well in terms of 
bias and mean squared error compared to the 
other est imators. 

Now, we w i l l  discuss the possible advantages 
and disadvantages of using the minimum variance 
est imator.  An obvious advantage of the minimum 
variance estimator i s ,  of course, that th i s  es- 
t imator has the smallest variance of a l l  estima- 
to rs ,  provided that  enough months of data are 
used in est imat ion.  However, i t  may not always 
be computationally feasible to use enough months 
of data so that  the minimum variance estimator 
achieves an appreciable reduction in variance 
over other est imators. 

One disadvantage in using the minimum va r i -  
ance estimator of month-to-month change is 
that i t  is  biased under assumption ( I ) ,  while 
the estimators of month-to-month change which 
have been previously discussed are unbiased. 

For the generalized composite est imator,  and 
the other composite estimators, coe f f i c ien ts  
which minimize variance were determined sepa- 
ra te ly  for monthly level and month-to-month 
change. An advantage of minimum variance e s t i -  
mators is that the coe f f i c ien ts  which minimize 
the variance of monthly level also minimize the 
variance of month-to-month change. However, 
th is  is only true i f  the estimator for the pre- 
vious month is revised using the data from the 
current month. 

V. Minimum Variance Estimators with ~ssump- 
t ions about Rotation Group Bias 

In th i s  section, we f ind minimum variance 
estimators under a l inear model which includes 
ro ta t ion  group bias e f fec ts .  In th i s  section 

400 



we assume ( I )  but only (2) when e x p l i c i t y  
stated. The l inear  model is :  

Yh = X ~h + ~h. 
As in S%ctio~n 4, Y ~ i s  the vector of  estimated 
monthly ro ta t i on  group t o t a l s ,  V is the v a r i -  
a n c e -  covariance matr ix ,  and ~h is  the vec- 
tor of error terms. ~h = [Th, Th-I . . . .  TI ,  
a I . . . .  a8] ,  where T h . . . .  T I are the t rue month- 
ly  t o t a l s  and a I . . . .  a 8 are the t rue ro ta t i on  
group bias e f fec ts .  X is now an 8h x (h + 8) 
design matr ix where the f i r s t  h columns are 
iden t i ca l  to those of the design matr ix of  Sec- 
t ion  4, whi le the las t  8 columns can be p a r t i -  
t ioned in to  h i d e n t i t y  matrices of order 8. 
In the previous sect ion,  the _n~ini~um variance 
estimator of t~hwas ~h : (X' V X-I, X' V - i  Yb" 
However, in pre~ent cas~, ('~ ? - l ~ X ) ~ l S  
s ingu lar .  

The quan t i t i es  T h Th_ I . . .T  I a I . . . .  a 8 
are nonestimable (S~arle ~_971). ' Imposing a 
nonestimable cons t ra in t  on t h e  p~rameter 
a l lo~s us to obtain a so lu t io  Bo= ( V-zX)-~ 
X'V-IYY h . Two d i f f e r e n t  "reasonable" c~on ~ 
s t ra in ts  were imposed to obtain two d i f f e r e n t  
so lu t ions.  The f i r s t  cons t ra in t  imposed was 
the al=O, implying that  an estimate obtained 
from the ro ta t i on  group which is  in i t s  f i r s t  
month in sample is  unbiased. Under t h i s  con- 
s t r a i n t ,  for unemployed and c i v i l i a n  labor 
force,  the variances ( r e l a t i ve  to the variance 
of the r a t i o  est imator)  of  monthly level were 
determined when 6 months of  data were used in 
est imat ion.  These  variances are 2.05 for 
c i v i l i a n  labor force and 2.14 for unemployed. 
Since i t  i t  not known whether the assumption 
that  a I = 0 is  co r rec t ,  one should be cautious 
about assuming th i s  model which y ie lds  such 
large variances. 

The second cons t ra in t  imposed was that  the 
sum of the r o t a t i o n  group bias e f fec ts  = O. 
For unemployed and c i v i l i a n  labor force, the 
variances ( re l a t i ve  to the variance of the 
r a t i o  est imator)  of monthly level were deter-  
mined af ter  6 months. These variances are .904 
for c i v i l i a n  labor force and .959 for unem- 
ployed, and are qu i te  a b i t  larger than the 
variances of the AK and general ized composite 
est imators,  because of the extra cons t ra in ts .  

I t  should also be noted tha t ,  although the 
estimator of  to ta l  for month h obtained from 
th i s  model w i l l  not be unbiased without the 

8 
assumption that  r ai = O, i t  w i l l  s t i l l  be 

i = l  
8 

the MVLU of 1/8 z E(xh i ) ,  i . e . ,  i t  w i l l  have 
i = l  

the smallest expected squared deviat ion from 
the expected value of the r a t i o  estimator 
among a l l  l inear  est imators with that  expected 
value. In the absence of in format ion on which 
to model the ro ta t i on  group bias,  t h i s  is a 
possible c r i t e r i o n  on which est imators may be 
compared. 

VI. Revised Generalized Composite Estimator 
The revised general ized composite estimator 

for the previous month h-I  is a general l inear  
combination of the r o t a t i on  group t o t a l s  for 
month h, the ro ta t i on  group t o t a l s  for month 
h - I ,  the r o t a t i on  group t o t a l s  for month h-2, 

and the revised general ized composite estimator 
" for month h-2. The form of the estimator is" 

, , , ,  8 8 8 
Yh-I = r Cixh, i  + r A iXh_ l , i  - K ~ Bixh_2, i 

i =I i =I i =I 
I I I I 

+ K Yh-2, 

where 
8 8 8 
~ C i = O, S &i = 1, S B i = 1, and 0 < K <__ I .  

i =I i =I i =I 
This estimator was introduced in order to 

im i ta te  the minimum variance estimator by using 
data from the current  month in est imat ing the 
previous month. For unemployed and c i v i l i a n  
labor force, the variances ( r e l a t i ve  to the 
variance of the r a t i o  est imator)  of  previous 
monthly level were determined. These variances 
are .663 for c i v i l i a n  labor force and .883 for 
unemployed. This revised general ized composite 
estimator should be p a r t i c u l a r l y  useful in 
est imat ing month-to-month change. Unfortu- 
nate ly ,  computational d i f f i c u l t i e s  have been 
encountered in at tempting to f ind the c o e f f i -  
c ients which minimize the variance of the 
expression for month-to-month change. Present- 
l y ,  these coe f f i c i en t s  have not been found. An 
a l t e rna t i ve  to f ind ing the coe f f i c i en t s  which 
minimize the variance of month-to-month change 
is to use the coe f f i c i en t s  which minimize the 
variance of monthly level (current)  for the 
general ized composite, and the coe f f i c i en t s  
which minimize the variance of  monthly level 
(previous) for the revised general ized compos- 
i t e  estimator in the expression for the va r i -  
ance of month-to-month change. The variances 
which resu l t  from using these coe f f i c i en t s  are 
.614 for c i v i l i a n  labor force and .902 for 
unemployed. In terms of variance, t h i s  e s t i -  
mator does not do as well as the general ized 
composite and minimum variance est imators .  I t  
does bet ter  than the AK composite estimator for 
unemployed, and does not do as well as the AK 
composite estimator for c i v i l i a n  labor force.  
I t  does bet ter  than the current  composite 
estimator for both cha rac te r i s t i c s .  One advan- 
tage of t h i s  est imator ,  l i ke  the minimum var- 
iance est imator ,  is that  the coe f f i c i en t s  
which minimize level (current and previous) 
are also used in the expression for the v a r i -  
ance of month-to-month change. For the /kK and 
general ized composite est imators,  coe f f i c i en t s  
which minimize the variance of monthly level 
and the variance of  month-to-month change are 
determined separately.  

One disadvantage of t h i s  est imator is  that  
l i ke  the minimum variance estimator in Section 
4, the expression for the variance of month- 
to-month change w i l l  in general be biased under 
the assumptions in Section 2 because of the 
d i f ference in the form of the current  month's 
and previous month's est imators.  A second 
obvious problem is the requirement of rev is ion 
ef monthly est imates. 

V l l .  9iscussion 
In the previous sect ions,  the resu l t s  of the 

various est imators have been discussed. Now, 
we w i l l  give a b r i e f  review of these r e s u l t s .  
The general ized composite estimator shows more 
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improvement (in terms of variance) over the 
other composite estimators for annual average 
than for monthly level or month-to-month change. 
However, for certain character is t ics ,  th is  
improvement in variance may be more than of fset  
by an increase in bias. S im i la r l y ,  the reduc- 
t ion in variance which resu l ts  from using the 
minimum variance estimator may be more than 
of fset  by increases in bias. Also, there are 
potential computational d i f f i c u l t i e s  in using 
the minimum variance estimator with more than 
a few months of data. However, the minimum 
variance estimator does have the desirable 
property of y ie ld ing one estimation procedure 
that is optimal for both monthly level and 
month-to-month change. 

For the generalized composite est imator, 
separate coef f i c ien ts  were determined for 
monthly level ,  month-to-month change and annual 
average and for unemployed and c i v i l i a n  labor 
force. In pract ice,  we would not want to do 
th i s .  For monthly level ,  month-to-month 
change, and annual average, the optimal gen- 
eral ized composite coef f i c ien ts  for unemployed 
were substituted into the variance expression 
for c i v i l i an  labor force (and vice versa). The 

variances which resul t  from doing th is  are in 
the longer version of the paper. From these 
resu l ts ,  the conclusion is that i t  would be 
better to use the optimal coef f ic ients  for 
unemployed in a general estimator than the 
optimal coef f i c ien ts  for c i v i l i a n  labor force. 

S im i la r l y ,  for the generalized composite 
estimator, for c i v i l i a n  labor force and unem- 
ployed, we looked at how well (in terms of 
variance) the optimal estimator for one quanti-  
ty (for example, monthly l e v e l ) d o e s  for an- 
other quantity (for example, annual average). 
These resul ts  are in the longer version of the 
paper From these resu l ts  i t  can be seen that 
the optimal estimator for annual average does 
poorly for monthly level and month-to-month 
change. Also, the optimal estimator for 
monthly level does better generally than the 
Qptimal estimators for month-to-month change 
and annual average. 

I t  would be better i f  a compromise estimator 
could be found--an estimator which is not nec- 
essar i ly  optimal for monthly leve l ,  month-to- 
month change, annual average or any character- 
i s t i c  but performs well in general. This w i l l  
be a subject of future research. 

Table 2.1 

Character i s t ic  
Monthly Level 
C .L.F. 
Unempl oued 

Month-to-Month 
Change 

C .L .F. 
Unempl oyed 
Annual Average ~ 
C .L.F. 
Unemplgyed 

Optimal Variances (Relative to Variance of Ratio Estimator) 

Current 
Composite 

.812 

.996 

.674 

.923 

1.038 
1.197 

Simple Composite 
K Variance 

.6 .789 

.3 .958 

.8 .607 

.4 .920 

.2 .998 

.1 1.000 

AK Composite 
A K Variance 

.4 .7 .731 

.4 .5 .928 

.I  .8 .599 

.2 .5 .913 

.7 .5 .975 

.5 .3 .986 

Genera I i zed 
C.ompo si te 

.727 

.923 

.592 

.903 

.845 

.960 

Minimum ( 12" ~ -- 
Variance Mont h 

.667 

.907 

.573 

.891 

.956 

.978 

Table 2.2 Variance, Squared Bias, and Mean Squared Error 
of the Optimal Estimators for Monthly Level 

Character ist ic and Estimator I Variance ] ~ (Bias) 2 ~I Mean Squared Error 

C .L .F 
Ratio 
Current Composite 
Simple Composite, K=.6 
&K Composite, K=.7, &=.4 
General i zed Composite 
Minimum Variance 

109 

55.255 
44.890 
43.584 
40.366 
40.170 
36.874 

109 

0 
80.656 

181.476 
58.243 

132.569 
166.796 

109 

55.255 
125.546 
225.06 

98.609 
172.738 
203.67 

Unemployed 
Ratio 
Current Composite 
Simple Composite, K=.3 
&K Composite, k=.5, &=.4 
Generalized Composite 
Mini mum Var i a nce 

12.983 
12.938 
12.437 
12.054 
11.983 
11.776 

0 
16.384 
3.009 

.602 
2.039 
4.074 

12.983 
29.322 
15.446 
12.656 
14.022 
15.85 
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