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1.  I n t r o d u c t i o n  2. Current Procedures  

The Bureau of Labor Statist ics, through a 
contract with the Bureau of the Census, collects 
information on consumer expenditures, income, and 
demographic characteristics from a two-component 
Consumer Expenditure (CE) Survey. The components 
are distinguished by survey instrument, the f i r s t  
being a three hour interview conducted with four 
rotating panels of consumer units (CU's) for five 
consecutive quarters, and the second being a 
two-week diary of expenditures to be completed in 
large part by the sampled consumer units. Each 
component in effect constitutes a separate 
survey, since there is no overlap between the 
respective samples, the only relationship between 
the two being that the samples for each are 
chosen from the same frame at the same time. 
There is considerable overlap in the kinds of 
information collected between the surveys, 
primarily though not exclusively demographic in 
nature. Some overlap also occurs in information 
collected on expenditures, though the surveys are 
or iented toward obta in ing d i f f e r e n t  kinds of 
expenditure in fo rmat ion .  The in te rv iew component 
is designed to provide informat ion on major, 
in f requent  purchases, " i h f requen t "  meaning fo r  
p rac t i ca l  purposes with a frequency of less than 
two weeks to a month. The d iary  component is 
oriented toward purchases with more than weekly 
or biweekly frequency, food purchases being one 
of the major categories of interest. However, 
the diary component is not explicitly limited to 
certain categories at present, in part to 
minimize confusion for the households completing 
the diary. This is the primary source of overlap 
in expenditure information collected. 

In this paper the emphasis is on improving the 
accuracy, as measured by mean square error (MSE), 
of CE survey estimates of counts of consumer 
units partitioned into categories of demographic 
and economic interest, such as family composition 
and tenure status. The mode of accomplishing 
this increase in accuracy is develop a technique 
of weighting adjustment that uses ancillary 
information on the age, race, and sex composition 
of persons as part of a uniform, MSE minimizing 
estimation procedure for CU totals.  The 
exposition f i r s t  briefly reviews current practice 
for weighting adjustment and estimation in the CE 
surveys. We then introduce a method of weighting 
adjustment proposed by Don Luery (1980) and 
considered by Anthony Roman (1982) of the Bureau 
of the Census. This generalized least squares 
(GLS) method is extended to define a procedure 
that integrates overlapping demographic 
information from the surveys in a way that should 
reduce the MSE and improve the accuracy of key CU 
counts. The GLS procedure has been applied to 
thirteen quarters of data from the Consumer 
Expenditure survey covering 1980 I - 1983 IV and 
evaluated against the current Principal Person 
weighting procedure. The results of this study 
are described, followed by concluding remarks. 

The basic sampllng weights for the CE 
surveys are determined according to the size 
measured in number of housing unit addresses of 
each of seven subframes from which sample 
addresses are chosen, relative to the sample 
size allocated to the subframe. These basic 
weights are adjusted by application of a 
"weighting control factor" to the basic weight, 
accounting among other things for unexpectedly 
clustered addresses, as for example, student 
housing in the "area segment" subframe. A 
further "nonlnterview factor" is applied to 
adjust  for  i n a b i l i t y  to obtain an in te rv iew fo r  
some sample un i ts  w i th in  ce l l s  defined by 
geographic area, tenure, household s ize,  and 
race. A l l  members of a respondent household at 
an address get t h i s  adjusted weight.  Each 
member then receives a "second stage" 
adjustment to force the populat ion of members 
c l a s s i f i e d  in to #8 age, race, and sex 
categor ies as estimated by the CE surveys in a 
given month to equal the U.S. populat lon for  
t ha t  month in those age, race, and sex 
categor ies .  These l a t t e r  quan t i t i es  are ca l led 
" con t ro l  t o t a l s "  and we w i l l  re fe r  to t h l s  as a 
weight ing con t ro l  procedure. The sources of 
con t ro l  t o t a l s  for  the CE surveys are the U.S. 
Census and the Current Populat lon Survey 
(CPS). A s inq le  " p r i n c l p a l  person" is chosen 
to represent the CU. The CU receives thls 
person's weight. I f  the "princlpal person" is 
male, his weight and hence his CU's weight is 
multiplied by a "principal person factor" to 
adjust for a historlcal tendency for males to 
be underrepresented compared with females. The 
current stages of weighting beyond noninterview 
adjustment have two ob.~ectives: weight ing 
con t ro l  to add add i t lona l  in format ion to the 
est imat ion process, and the asslonment of a 
weight to the CU, a sampling un i t  unique to the 
CE surveys. For add i t i ona l  in format ion on the 
ex i s t i ng  methodology see Alexander (1986). 

The r esu l t i ng  " p r i n c i p a l  person" CU weights 
are then used for  computing est imates of t o t a l s  
and averages for  var ious quan t i t i e s  of i n t e r e s t  
from each of the surveys. No attempt Is made 
at present to make an " i n teg ra ted "  se lec t ion  
between the two survey components of estimates 
of counts of persons or CU's w i th in  the 
demographic and economic categor ies for  which 
average expenditures are c u r r e n t l y  computed. 
However, i n te res t  has arisen in making t h l s  
" i n t e g r a t i o n "  because there is the need to know 
which survey, the CE diary or interview, is 
producing the best estimate for each of a 
number of counts. More generally, there is a 
need to combine information from both surveys 
in arriving at a single estimate more 
e f f i c len t ly  than merely "integrating" them. 
The alternative generalized least squares 
procedure described below is designed not only 
to perform the welqhtinq "control" function of 
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the current method, but this weighting 
"composition" function as well. 

3. The Generalized Least Squares Procedure. 
3.1 The Adjustment Equation and Computational 

Layout 

The GLS procedure adjusts  the sample weights 
a f t e r  non in terv iew adjustment by minimizing 
theweighted squared adjustments subject  to a set 
of  l i nea r  " c o n t r o l "  cons t ra in ts  the adjusted 
weights must s a t i s f y .  Antecedent s tudies on GLS 
in the weight ing context  are few. The least  
squares adjustment c r i t e r i o n  was f i r s t  proposed 
by Deming and Stephan (19#0) though the raking 
a lgor i thm they presented was based on an 
a l t e r n a t i v e  "minimum d isc r im inant  in fo rmat ion"  
c r i t e r i o n .  GLS was proposed for  use in CPS 
weight ing research by Luery (1980). Based on 
Luery 's  work, the C.LS methodology was 
subsequently proposed for  a research pro jec t  on 
survey weight ing in the CE Survey by Roman 
(1982), and extended and appl ied in the present 
CE Survey context  by Zieschang (1985a,b).  GLS 
represents one of several  possib le ways to adjust  
survey weights to known con t ro l  t o t a l s .  The 
" l eas t  squared weight adjustment" c r i t e r i o n  can 
be replaced by minimizing any other increas ing 
convex func t ion  of weight adjustments to 
const ruct  an adjustment a lgor i thm.  See Demlng 
and Stephan (19#0), Stephan (19#2), Pugh, et al 
(1976), Alexander (1985), Alexander and Roebuck 
(1986), Fagan and Greenberg (1985), and Fienberg 
(1986) fo r  some a l t e r n a t i v e s .  The leading 
a l t e r n a t i v e  methodology, Raking Ratio Est imat ion 
(RRE), is  based on the minimum d isc r lm inan t  
in fo rmat ion  adjustment c r i t e r i o n .  RRE is 
c u r r e n t l y  used in CPS weight ing,  and has been 
ex tens ive ly  appl ied in weight ing adjustment and 
re la ted  problems over the las t  twenty years. See 
Oh and Scheuren (1978), and the references 
t h e r i n .  An important p r a c t i c a l  advantage of GLS 
over RRE in a survey product ion environment may 
be that  i t  r esu l t s  in a f i n i t e  ra ther  than 
i n f i n i t e  a lgor i thm for  computation of adjustments 
to weight ing c e l l  en t r i es .  An exact so lu t ion  Is 
guaranteed for  GLS under minimal consistency 
c r i t e r i a  for  the cons t ra in ts  on the marginal 
t o t a l s  of the adjusted weights. 

The GLS problem can be expressed as 

(1) mtn w (o-W)'A. -1 (O-W) 

subject  to MW = N 

where 0 = the pre-adjustment sample weight vec tor  
of dimension n x I ,  where n is  the 
sample s ize;  

W = the adjusted sample weight vector  of  
dimension n; 

A = the CLS weighting matrix of dimension 
nxn; 

M = a kxn matr ix  whose columns provide the 
counts of k items for  each of n CU's; 

N = a kxl vector of known "control" counts 

fo r  each of the items corresponding 
to the rows of M. 

In the usual s ing le  sample s i t u a t i o n ,  the 
rows of M and N correspond to persons In each 
of a number of  age, raee, and sex ca tegor ies ,  
or any other item on which there is known 
con t ro l  in format ion that  is  also co l l ec ted  f o r  
each sample u n i t .  The CE context  is  
charac ter ized by two samples. Thls impl ies  
dual con t ro l  cons t ra in t s ,  one set fo r  each 
sample. In add i t i on ,  i t  suggests the 
p o s s i b i l i t y  of equating the survey counts of 
items on which no eon t ro l  in format ion e x i s t s ,  
but on which comparable in format ion is 
co l l ec ted  in each sample. Both the " c o n t r o l "  
and "composi t ion" aspects of weight ing 
adjustment are s t r a l g h t f o r w a r d l y  accommodated 
in the cons t ra in t  system MW = N by a su i tab le  
p a r t i t i o n i n g  of matr ices.  Thus, l e t  

0 ; A ~I = -_ ; 

02 L A12 A22 

M~ 0 I NO 
. 0 .01  . .0 . .  . .  ; 

0 

where subscr ip ts  index the samples, superscr ip t  
"0" re fe rs  to con t ro l  i tems,and supersc r ip t  "c"  
re fe rs  to composite i tems. 

The so lu t i on  of the min imizat ion ( I )  Is 
given by the fo l l ow ing  generic formula, wi th 
appropr ia te  s u b s t i t u t i o n s  for  the matr ices 0, 
W, A, M, and N as above fo r  the two sample 
con t ro l / compos i t i on  case: 

(2) W = 0 + A M' (MAM')-I(N-MO). 

I t  is shown in Zieschang (1985a) tha t  when 
the elements of A | j , I , J = I , 2  are the known 
weight co-MSE's of  un i ts  appearing in the 
samples, equation (2) is  the outcome of the 
sample vers ion of a h e u r i s t i c  procedure that  
tha t  reduces the mean square e r ro r  of sample 
est imates of a l l  t o t a l s  produced with the 
ad.~usted weights.  

Let A be the weight MSE mat r i x ,  where A i  ~ 
= E(~ i - 01)(~ - 0 ) ' ,  i , j  = 1,2, and 
~i is an n i x l  ~eoto~ of ones. Each element 
of the weight MSE matr ix  A is  given by 

A i j k  ~ = I - P ( u n i t  k appears in sample i )  

• Oik 
- P(un l t  £ appears in sample j )  

• 0j£ 

+ P(un l t  k appears In sample i ,  and un i t  
appears In sample j )  

• Qik o j i .  

I f  A is  not known beforehand, equation (2) 
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underl ies an operational procedure when A can be 
accurately estimated, To this end, consider the 
fol lowing assumptions 

(AI) Oi, i=1,2 is unbiased; that is, 

Oik1= P(unit k appears in sample i ) ;  

(A2) Sampling is independent; that is ,  

P(unit  k appears in sample i l u n i t  
appears in sample j )  = I 

P(unit  k appears in sample i ) ,  

so that 

P(unit k appears in sample i ,  and unit 
appears in sample J) 

= (QIkQj~) - I .  

Under (At) and (A2), the elements of A i i  are 

I _ Q 
Ai ik  ~ = I - Oik- Qik i~-IQi~ 

+ (&k~(QikQi~)-1 + (1_&k£)Qik - I )  

• ~ikOiX 

=0 if k ¢ ~  

= Qik - 1 if k=£, 

where 6k~ = I i f  k@~ and 6up = 0 otherwise. 
Hence Ai i  = diag (~. - ~.)"Where ~, is a 
vector of ones, and~Aii -~ 0 by independent 
sampling (A2), which g~nerates a par t icu lar ly  
simple and observable form for A in the weighting 
problem (2). This derivation is presented in 
greater detai l  in section B.I of the available 
Appendix. I t  is noteworthy that when Q is large, 
as in the CE context, this form is numerically 
very close to that of Luery and Roman, which is 
A i i  = diag C~ i in the single sample context 
they consider. 

While (At) might to be granted as a reasonable 
pr ior about the sampling process, (A2) may 
generate some argument. In part icular,  the CE 
context is characterized by cluster sampling 
within primary s ta t i s t i ca l  unit (PSU) or 
ci ty/area. Hence within a survey, sample units 
within clusters w i l l  not be characterized well by 
(A2). However, in the CE few clusters have more 
than one CU, suggesting that this effect is 
l i ke ly  to be quanti tat ively small. This research 
ignores these cluster effects. Also ignored are 
the effects of errors in adjustments for 
noninterview status, which may be correlated 
across CU's, and the correlations introduced by 
the controlled selection of PSU's and systematic 
random sampling of clusters within PSU. 

Another way (A2) can be violated is i f  
multiple observations are taken on a given sample 
unit within a weighting/estimation time 
interval .  In the CE context) i f  weighting is 
done by quarter, as w i l l  be proposed, there w i l l  
be two observations on the majority of consumer 

units appearing in the Diary survey, since 
diaries are collected weekly for two weeks per 
uni t .  Accounting for this multiple 
observations per unit effect is c r i t i c a l  to the 
composition section of the constraints of 
problem (1) and is dealt with exp l i c i t l y  in 
this research, as detailed in the available 
Appendix section B.2. Section B.3 of the 
available Appendix contains a description of 
the computational methods hy which the 
result ing non-diagonality of A is handled. 

Al l  computations were performed for both the 
f u l l  sample and the twenty balanced replicate 
samples used for variance calculations. For 
a l l  but two of the thirteen test quarters 
considered in the empirical section below 
accuracy was suf f ic ient  to equate the Diary and 
Interview estimates of total  consumer units to 
f ive decimal places on typical values of sixty 
f ive to seventy f ive mi l l ion.  For 1981 and 
1982 quarter three, the total  number of CU's 
was estimated with a fract ional error between 
surveys of less than one mil l ionth of the 
to ta l .  As a check for one of these cases, the 
rat io  of minimum to maximum eighenvalues of 
HAM' for 1982 quarter three were computed. 
These never f e l l  below 10 -5 for any repl icate 
sample or the f u l l  f i l e ,  indicating reasonably 
well-conditioned cross-products matrices. 

3 .2  Bounding Extreme Weight Adjustments 

The empirieal experience with weights 
generated by the GLS procedure reported below 
indicated l i t t l e  propensity to generate 
extremely large weights or proportional weight 
adjustments relat ive to those produced by the 
current principal person procedure. However, 
occasional extreme downward adjustments did 
occur and are conceivably indicative of high 
variance estimates of derivative s ta t is t ics  for 
some set of small subdomains of the CE 
universe. There are two methods of dealing 
with this problem; one is expedient and easy to 
implement and the other elegant and rather 
involved. 

The expedient method simply recodes the 
adjusted weight when it falls outside a 
tolerance interval containing the unadjusted 
weight. In this study the tolerance interval 
was set, with lower bound only, at one fourth 
of the unadjusted weight. Upper bounds were 
not enforced because the 'pre stage 2' weight 
becomes progressively biased downward as 
population growth occurs between sample 
selections. Secularly rising proportional 
adjustments are therefore reasonable and upper 
limits on tolerance regions of weights 
potentially risky. Setting a lower bound only 
will bias up estimates of totals produced with 
the recoded weights; however, evidence from the 
empirical trial below clearly demonstrated that 
this bias is extremely small for the twenty 
five percent lower bound used here in the CE 
context. Another consideration involves the 
computation of variances and the appropriate 
tolerance interval lower bound for proportional 
adjustment in the replicates, given that this 
is set at one fourth of the unad,~usted weight 
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in the fu l l  f i l e .  The replicate proportional 
tolerance should be "looser" than that of the 
f u l l  f i l e  to produce accurate variance estimates, 
though how much "looser" is not straight- 
forwardly determined. However, comparison of 
recoded CV's of estimates of CU subdomain size 
and mean family income before tax with CV's 
generated by the unrecoded GLS weights indicated 
very l i t t l e  effect here either. The expedient 
method therefore stands as an attractive and 
viable near term alternative to the current 
procedures. 

The elegant method augments the 
control/compositlon constraints of problem (I) 
with inequallty constraints enforcing tolerance 
regions around the unadjusted weights. Thls 
transforms solving problem (I) from a matter of 
simple matrix algebra into a task requiring 
quadratic programming methods. 

Implementing the elegant method appears by no 
means impossible. However, the development of 
mathematical programming solutions to bounding 
the adjusted weights also increases the need to 
determine how these bounds are to be set to 
compute variances accurately. I t  is very l ike ly  
that workable solutions to this problem can be 
derived from within the GLS framework, using the 
'design matrix' R'M'(MAM')-IMR, where RR'=A. The 
diagonals of this matrix are estimates of the 
variances of the proportional adjustments implied 
by the GLS adjusted weights, conditional on the 
sample of CU's, and might be used to set 
tolerance bounds. In the interim, notable 
improvements over the cur rent  p r i n c i p a l  person 
procedures are ava i lab le  using GLS weight ing wi th 
recodlng, as the evidence in the next sect ion 
i nd i ca tes .  

3.3  Time Interval Selection and Control 
Subdoaalns 

To evaluate of the performance of the GLS 
procedure in the context of the Consumer 
Expenditure Surveys, the time interval for 
weighting batches of consumer units was set at 
one quarter. Current principal person procedures 
are implemented on a monthly basis; however, this 
results in weighting batches of consumer units of 
between 300 and 400 for the Diary survey, or for 
rotation groups in the Interview. The number of 
CU's drops to 150-200 for the sample replicates 
that are weighted in parallel with the fu l l  
sample. Batches of this slze tend to have patchy 
coverage of CU-member age/race/sex 
characteristics that are to be controlled to 
known Census/CPS counts. This is not surprising, 
since there are 48 control categories within 
which these at most 300-400 CUs' weights are 
being adjusted. Current procedure deals with 
this by a large amount of collapsing of control 
c e l l s  in to  one another,  s a c r i f i c i n g  con t ro l  
d e t a i l .  The primary purpose fo r  monthly 
weight ing adjustment Is to insure that  the Diary 
months and In te rv iew r o t a t i o n  group/months are 
c o r r e c t l y  scaled r e l a t i v e  to one another in the 
aggregate. Thls purpose should be served wel l  
enough by c o n t r o l l i n g  the CU member weights in 
each month or ro ta t lon /month  so that  they add to 
t o t a l  populat lon for  that  month. 

To provide be t te r  coverage of the con t ro l  
c e l l s  qua r te r l y  weight ing is  p re fe rab le  to 
monthly because the weight ing batch is  three 
times as la rge.  Under cur rent  p r i n c i p a l  person 
procedures, going to a qua r te r l y  time i n t e r v a l  
would requ i re  s a c r i f i c i n g  the aggregate 
populat ion con t ro ls  on Diary months and 
In te rv iew rotat ion/months w i th in  quar te r .  On 
the other hand, a qua r te r l y  GLS procedure for  
CU member con t ro l  ce l l s  can accomodate these 
aggregate monthly and ro ta t i on  con t ro ls  simply 
as add i t i ona l  l i nea r  cons t ra in ts  to be 
s a t i s f i e d .  I t  is there fo re  able to take 
advantage of the be t te r  con t ro l  c e l l  coverage 
of large qua r te r l y  batches of data whi le 
r e ta i n i ng  essent ia l  con t ro ls  at the month and 
ro ta t ion /month  l eve l .  

Even for  qua r te r l y  batches of data, these 
coverage cons iderat ions lead to an aggregated 
set of con t ro ls  for  the Diary Survey v ia a 
reduct ion in the number of member age groups 
from the ava i lab le  twelve to the s ix  used in CE 
pub l i ca t i ons .  Certa in of  the 48 de ta i led  
age~race~sex c e l l s  were empty for  the Diary in 
e i t h e r  the f u l l  f i l e  or r e # l i c a t e  samples in 
ce r ta i n  quar te rs .  The 48 con t ro l s  were appl ied 
to the aggregate of a l l  r o ta t i ons  and months 
fo r  each quar ter  In the In te rv iew survey, 
r e s u l t i n g  in weight ing batches of between 4200 
and 4600, a size s u f f i c i e n t  to preclude empty 
con t ro l  c e l l s  in the f u l l  or r e p l i c a t e  samples 
over the t h i r t een  quar ter  per iod of data used 
fo r  t h i s  study. The qua r te r l y  age/race/sex 
c e i l s  used in t h i s  study for  the Diary and 
In te rv iew Surveys are de ta i led  in Table I .  In 
add i t i on ,  monthly t o t a l  populat ion con t ro l s  
were added for  the Diary survey and r o t a t i o n  
group/month t o t a l  populat ion con t ro ls  were 
added for  the In te rv iew.  

Table 1. Member Control Categories a 

Black Black Non-black Non-black 
Male Female Male Female 

AGE 
I D I D I D I O 

18-21 2 1 14 7 26 13 38 19 
22-24 3 15 27 39 

25-29 4 2 16 8 28 14 40 20 
30-34 5 17 29 41 

35-39 6 3 18 9 30 15 42 21 
40-44 7 19 31 43 

45-49 8 4 20 I0 32 16 44 22 
50-54 9 21 33 45 

55-59 10 5 22 11 34 17 46 23 
60-64 II 23 35 47 

65+ 12 6 24 12 36 18 48 24 

aI = Interview 
D = Diary 
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3.g Composite Subdomains 

Subdomains chosen for the rows of the M c 
matrices of equation (2) include region of CU 
residence, sampling frame from which CU was 
drawn, tenure status of the CU, and four family 
types. These groupings are described in Table 
2. Region, tenure, and family type were chosen 
as composite subdomains because of their use in 
CE publications. Additional family type detail 
plus a set of CU size categories would exhaust 
the set of demographic subdomains on which tables 
are published for the CE. Augmenting the 
composite classification chosen above to include 
these additional groups should be a useful 
extension of the current study. The frame 
classifications were included because of prior 
knowledge that the frames from which CU's are 
drawn are the same size (since they are 
identical) between surveys. Also, improved 
composite estimates of numbers of CU's in each 
subframe should aid in planning future CE 
samples, and in assessing ongoing sampling 
performance and identifying problems in the 
management of the sampling process. 

Table 2. Consumer Unit Composite Subdomatns 

REGION 
NEAST 
NCENTRAL 
SOUTH 
WEST 

= Northeast region 
= North-central region 
= Southern region 
= Western region 

SAMPLING FRAME 
CEN70 
SPECPLAC 
ARSEG 
NEWCON 

= 1970 Census frame 
= Special places frame 
= Area segments frame 
= New construction frame 

TENURE 
OWNER = Owner consumer units 
RENTER & STUDENT = Renter consumer units 

including those in 
student housing 

FAMILY TYPE 

ALL HW = A l l  h u s b a n d / w i f e  consumer  
u n i t s  

SPT I+< I8  = S i n g l e  p a r e n t  consumer  
u n i t s  

SINGLE = S i n g l e  pe rson  consumer  
u n i t s  

OTHER = A l l  o t h e r  consumer  u n i t s  

4.  Some Empirical Results 
4.1 Data 

The GLS weighting procedure described in the 
previous sections was applied to the CE Diary and 
Interview data for thirteen quarters covering 
1980 IV through 1983 IV. For details not covered 
here and extensive tables of quantitative 
results, see Zieschang (1985b, 1986). The urban 
samples only were weighted, since rural CU's were 
eliminated from the universe from 1981 IV through 
1983 IV. Urban controls included aqe/race/sex 
(A/R/S) population totals computed by the Bureau 

of the Census from a) updated 1970 census data 
and b) urban/rural population distributions 
obtained from the Current Population Survey 
(CPS). The controls for the 48 A/R/S cells 
were available monthly over the period 
covered. These were summed across months for 
each quarter and across A/R/S types for each 
month to obtain the quarterly A/R/S and monthly 
total  population controls to be used by the 
quarterly GLS procedure. The summed monthly 
total population controls were divided by three 
for the Diary and by twelve for the Interview 
so that the controlled weights would sum to 
average total population for the quarter, in 
the f i r s t  case across the three months within 
the quarter; and in the second across the three 
months and fourrotations. The quarterly sums 
of the monthly A/R/S controls were divided by 
three to obtain average quarterly population in 
each of the 48 cel ls .  

Other data f i les  originated from the BLS CE 
database. The 'pre-stage 2' weight 0 to be ad- 
justed was computed as the product of the base- 
weight, weighting control number, and monthly 
noninterview factor. The M matrix of counts of 
persons or indicators of subdomaln membership 
was generated in an obvious way from the AGE, 
RACE, SEX, and other variables on the database. 

4.2 Control Errors 

To provide a check on the success of the GLS 
and GLS-recoded procedures in meeting the 
control objective of welghtinq, the percentage 
deviation of the adjusted weights from the 
control counts was computed. For comparison 
purposes, these deviations were computed for 
the currently used monthly principal person 
weights in the database as well. The GLS 
weights h i t  the controls exactly, the errors o f  
GLS recode were negl igible, and the errors of 
the existing principal person weights are often 
substantial. 

4 . 3  Composition Errors 

The success with which the composition 
objective was met on the composite subdomains 
was measured by the 'arc-discrepancy' between 
weighted CU totals from the Diary and Interview 
surveys. This is computed as twice the d i f f e r -  
ence in the two estimates divided by their  sum. 
Arc-discrepancies for the composite subdomains 
were computed for the thirteen test quarters. 
As with meeting the control objective, GLS 
achieved the composition objective, equating 
the surveys exactly, GLS-recode generated 
negl igible discrepancies between surveys. 

~.~ Effects on Survey Discrepancies In 
Non-Composite Subdomalns 

Arc-discrepancies were also computed for 
subdomains related to BLS publication 
categories but not composlted during weighting 
ad,~ustment. These included six age of CU head 
cateqories (AGE<25, 25-34, 35-44, 45-54, 55-64, 
and AGE>=65), a tenure category for non-student 
housing renter status (RENTER), and f ive CU 
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size categories (TWO PER, THREE PER, FOUR PER, 
FIVE PER, and SIX+). Also included are five 
husband & wife family/age of oldest child classes 
(HW ONLY, HW:OLD<6, HW:6-17, HWOLD>18, HW:OTHER), 
two single person CU/employment status classes 
(SIHC:OER and SIHC:IER), three multl-person 
CU/employment status classes (CU>2:OER, CU>2:IER, 
and CU>2:3+), and an incomplete income response 
class (INC NR). In al l  subdomains, CLS and 
CLS-recode usually were better than principal 
person on a quarter by quarter basis. 
Discrepancies in the incomplete income response 
category were large because income response is 
markedly different between the surveys, the most 
l ike ly  explanation involving the difference in 
survey instruments. 

4.5  Ef fec ts  on the Hagnitude of Estimates of 
Subdomaln Size and Hean Fatally Income 
before Tax 

Because GLS is proposed as an alternative to 
the current principal person methods, i t  Is of 
some interest to know if there is a systematic or 
pervasive difference in estimates produced with 
the adjusted weights. To evaluate this, two 
types of variable were considered. The f i rs t  was 
subdomaln size, the estimated total for assorted 
subgroups of consumer units. The second was mean 
family income before tax (FIBT) for the same 
assortment of CU subgroups. The behavior of mean 
FIBT should be indicative of the behavior of 
other important survey variables, notably 
detailed expenditures, because mean FIBT and mean 
expenditure by product classification are highly 
correlated for the most part. 

The Diary and Interview ratios of estimates of 
CU population generated by CLS recode and 
principal person weights were computed for both 
the composite and a set of noncomposite 
subdomains that were introduced in section #.5. 
GLS displayed a tendency to estimate lower CU 
counts than principal person across time and 
across subpopulations for either survey. For the 
Diary survey CLS produces noticeably larger 
estimates of CU's in husband and wife CU's not 
elsewhere classified (HW:OTHER), and CU's with 
Interview survey CLS estimates are noticeably 
larger for the special places sampling frame. 
While most of the other subpopulations are 
estimated lower by GLS in either survey, 
reductions from principal person estimates were 
slight for the Interview survey by comparison 
with the Diary. 

Finally, ratios of mean FIBT produced by CLS 
and principal person weights were computed for 
complete reporters on the income question. In 
general, the relationships between these 
estimates derived from CLS and principal person 
weighting are opposite to those for population 
size. There is a very small but pervasive 
tendency for CLS estimates of mean FIBT to be 
higher than those for principal person, an effect 
slightly more pronounced for the Diary survey 
compared with the Interview. 

# .6  Precision of Estimates of Subdomatn Size 
and Hean Family Income before Tax 

Ratios of CLS with prlncipal person 
estimates of the coefficients of the variance 
reduction performance of CLS and Principle 
Person weighting. The standard deviations used 
in computing the CV's were computed using 
twenty independently (CLS or principal person) 
weighted replicate samples to generte twenty 
replicate estimates for each cell in the 
tables. For each quarter and subdomain the 
standard deviations were computed as the square 
root of the average squared difference between 
the replicate estimates and that of the fu l l  
sample. The improvements in precision obtained 
with the GLS weights were rather str ik ing, 
part icular ly for the composite subdomains in 
the Diary survey. Within the rather lengthy 
test period, CLS weighting improved the 
precision of estimates of CU population in 
every one of the subdomains considered. 

The same stat ist ics for mean FIBT were 
computed. These stat ist ics reveal that over 
time CLS estimates were more precise than 
princlpal person for a majority of the 
composite subdomains composite subdomains in 
either survey. For the selection of 
noncomposite subdomains, Diary GLS mean FIBT 
estimates were about even with prlnclpal person 
in precision, while the Interview estimates 
were generally noticeably better using CLS. 
The measurement of the precision of GLS versus 
principal person estimates of totals and means 
is only one of two components of the accuracy 
of the estimates as measured by mean square 
error. The relative CV's Just discussed 
provide information on the variance component 
of MSE, but not the squared bias component. 
CLS weighting as specified here is unbiased i f  
the sample design and execution are unbiased. 
A great deal of effort  is expended by BLS and 
the Census Bureau to collect unbiased samples, 
and to the extent this effort  is successful, 
the CLS estimates are probably more accurate 
than the principal person, even in the 
infrequent event they are s l ight ly  less 
precise. Of course to the extent that these 
efforts to achieve unbiasedness f a i l ,  this 
assertion loses force. However, even in this 
case, GLS provides a well-ordered tableau 
within which issues of survey bias can be 
examined. 

5. Concluding Remarks and Extensions 

The r e s u l t s  of the  e m p i r i c a l  e v a l u a t i o n  of a 
q u a r t e r l y  GLS weigh t ing  procedure  for  the CE 
surveys  have been for  t he  most p a r t  h i g h l y  
f a v o r a b l e  to  CLS when compared with the  
e x i s t i n g  monthly b a s i s  p r i n c i p a l  person 
p r o c e d u r e s .  Not only did the  o p e r a t i o n a l ,  
recode v a r i a n t  of GLS d i s p l a y  a high degree  of  
numer ica l  c o n s i s t e n c y  with the  c o n t r o l  t o t a l s  
and in equa t i ng  composi te  CU t o t a l s ,  i t  a l so  
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demonstrably improved the prec is ion with which 
the sizes of both the composite subdomains and a 
broad se lec t ion  of other ,  noncompostte subdomatns 
were est imated. For the ana l y t i ca l  var iab le  
fam! ly  income before tax,  improvements in 
prec is ion were minor at the subdomain leve l ,  but 
were of notable magnitude at the a l l  CU leve l .  
The c o e f f i c i e n t s  of va r i a t i on  of the Diary and 
In te rv iew GLS estimates of mean FIBT averaged, 
respec t i ve ly ,  e ight  and twelve percent below the 
same s t a t i s t i c s  computed for  the corresponding 
p r i nc ipa l  person est imates. To the extent that  
these gains are inher i ted  by estimates of mean 
expenditures, i t  is  reasonable to expect that  GLS 
weight ing can improve not only the qua l i t y  of the 
data published by the D iv is ion  of Consumer 
Expenditure Studies, but also the Consumer Price 
Index by provid ing more precise expenditure 
weights for producing that serles. 

In assessing this study, another comparison 
for evaluatlng GLS could have been made, this 
being with the quarterly basis princlpal person 
weights also produced by the current processing 
system. Though undoubtedly providing additional 
information, this comparison was judged not worth 
the time and expense because ( i)  the quarterly 
prlnclpal person weights make no pretense of 
h i t t ing any control totals at the monthly level, 
an important objective for weighting set by BLS 
stat ist ic ians, and ( I I )  at least partly for this 
reason, the quarterly weighting data is not used 
in any BLS publication. 

There remains a great deal of work to be done 
in the area of survey weightlng/estlmatlon. The 
methods considered here condition on the current 
noninterview adjustment methodology. The 
evidence in the CE suggests that this methodology 
is not fu l l y  adequite for the task of capturing 
noninterview status, because noninterview 
adjusted person counts f a l l  short of the controls 
in a pervasive i f  d i f ferent ia l  pattern across 
person types and consumer unit size classes. A 
plausible explanation for this that some 
addresses, at which one or more households may 
reside, are mlsolassified as vacant and excluded 
from the computed noninterview adjustment. 
Indeed, the use of population control information 
could be motivated by the need to address this 
"address undercoverage" issue. Along these 
lines, since the consumer unit is a subdivision 
of the Census Bureau's household unit, additional 
useful control information would include the 
total number of households by household size. 
Data from the decennial censuses and the Current 
Population Survey are now being used by the 
Census Bureau (U.S. Department of Commerce, 1985) 
to compute postcensal counts of households, 
though on an annual rather than quarterly basis 
as needed by the CE. 

A few areas of further methodological 
research within the GLS framework should be 
highlighted. The f i r s t  is to examine this 
approach From a model-based point of view as well 
as the sampling perspective adopted in this 
paper. For example, one suitable model would be 

~= AM'~ + ¢ 

M.A_M' LB = N 

where W = AM'~. Parallel with the GLS 
specification examined in the foregoing 
sections, i t  is assumed that E(¢) = 0 and 
E(¢¢') = A. Additional properties of the 
adjusted weights to those established here 
should flow from correct determination of the 
underlying model, bringing to bear the 
substantial s ta t is t ica l  andeconometric 
l i terature on constrained regression analysis. 
Some generalizations are suggested by the 
simple model above. I t  is reasonable to expect 
that Q may be determined by regressors 
additlonal to those on which control or 
composition data are available. The 
longitudinal aspects of a survey can be handled 
through the covariance terms in the A matrix, 
as was done for the Diary survey in the 
empirical section of this study. A possibly 
less important technical matter is to determine 
ef f ic ient  algorithms for solving the quadratic 
programming problem for bounding weight 
adjustments, and equally, the method of 
determining the bounds enforced. 

Another area of useful inquiry is in the 
effects of measurement error in some or al l  
rows of the M matrix. For example, i t  may be 
that for some households not a l l  members are 
enumerated, causing errors in the rows of M 
corresponding to population control counts. On 
the other hand, by the luck of the draw, or a 
combination of this and "person undercoveraqe", 
the situation could occur when weiqhtlnq ceils 
are suf f ic ient ly  narrowly defined that in a 
given sample there may be no persons at a l l  
corresponding to some control counts. Both of 
these problems suggest that "loose" rather than 
"exact" weighting control methods may be 
desirable in using the CLS principle in 
practice. "Loose control" versions of GLS can 
be defined, and are the subject of some current 
research within BLS. One advantage of such a 
"loose control" specification is that i t  
ef fect ively permits collapsing across control 
cells without the need for arbitrary 
"adjacency" and "sufficiency" c r i te r ia ,  as in 
currently used methods. Ceils would be blended 
according to information on the covariance and 
relative bias ( i f  any) contained in the 
specification of the weight co-MSE matrices in 
the GLS objective function. 

Finally, this analysis can be extended to 
consider the composite estimation of population 
total  expenditures as well as counts by simply 
incorporating these quant i t ies into Ni + and 
Mi +, i = 1,2, as additional rows. Additional 
issues arise in this context, such as the 
fineness of the aggregation of expenditures to 
be composited relative to the size of the 
computational problem to be handled. More 
fundamentally, reporting of these "analytic" 
quantities, as opposed to the more 
"enumerative" ones such as age, race, and sex 
of family members, is subject to non-negliQible 
item nonresponse in addition to the unit 
nonresponse compensated foe by the noninterview 
adjustment to the base weights. This 
introduces a bias not accounted for in the 
weight MSE matrix A of the quadratic weighting 
adjustment procedure considered here. 
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