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1. INTRODUCTION 
Many types of s t a t i s t i c s  w i l l  be produced by 

the Survey of Income and Program Par t i c ipa t ion  
(SIPP), but there is one type that was the 
dr iv ing force behind the unique design of the 
survey. To be f u l l y  successful, SIPP must t e l l  
us what happens to households over the course 
of t ime. From i t  we must obtain estimates of 
the patterns of income receipt ,  program p a r t i c -  
ipa t ion,  and labor force pa r t i c ipa t ion  at the 
household and family level by a host of other 
cha rac te r i s t i cs .  Of pa r t i cu la r  in te res t  are 
parameters such as to ta l  annual household 
income and the number of fami l ies that have 
stopped drawing food stamps by demographic 
charac te r i s t i cs .  

Before estimates can be produced, a decision 
must be made on the de f i n i t i on  of a l ong i tud i -  
nal household to be used in th is  survey. (To 
s impl i fy  the presentat ion, we w i l l  concentrate 
our discussion on longi tudinal  households as 
opposed to longi tudinal  fami l ies .  However, 
para l le l  longi tudinal  estimation procedures 
can readi ly  be developed for  f am i l i es ) .  I t  
often happens that the occupants of several 
housing units move and regroup. We need to 
know which, i f  any, of the resu l t ing  households 
are to be considered continuations of the pre- 
vious households. Many de f in i t i ons  have been 
proposed, but f ina l  agreement has thus far  not 
been achieved. Also decisions have yet to be 
made on whether households that  form or d is -  
solve during a time in terva l  of in te res t  are to 
be considered as part of the universe for  e s t i -  
mation purposes. Because of the absence of 
agreement in these areas, several proposed def- 
i n i t i o n  and universe combinations w i l l  be con- 
sidered in th is  paper. They  are l i s ted  in 
Section 2. Also because of th is  absence of 
agreement, the major aim of th is  paper w i l l  be 
simply to compare several possible longi tud inal  
household estimation procedures and present 
c r i t e r i a  for choosing among them, without 
attempting to reach a conclusion on a preferred 
procedure. 

We foresee several steps in the process of 
producing longi tudinal  households estimates. 
The focus in th is  paper is the f i r s t  step, the 
production of weights that  would y ie ld  unbiased 
estimates assuming there are no data that  are 
missing or in er ror ,  and that the frame cover- 
age is per fect .  Several procedures for  obtain-  
ing such weights w i l l  be presented in Section 
3. Choosing among these procedures is compli- 
cated by the fact  that even assuming perfect 
response, data needed to produce unbiased 
estimates w i l l  be missing for  some households 
because they are not col lected with the current 
f i e l d  procedures. This d i f f i c u l t y  is p r i n i -  
pa l ly  due to the fact tha t ,  except for  a few 
household de f i n i t i ons ,  a l l  unbiased proce- 
dures assign pos i t ive  weights to some long i -  
tudinal  households for  time periods when they 
are not in sample. The sever i ty  of th is  prob- 
lem and the extent to which i t  is correctable 
in the future by changing f i e l d  proce- 
dures or by modeling the missing data, 
vary by procedure. This problem, along with 

descr ipt ions of other important features,  both 
pos i t ive  and negative, that estimation proce- 
dures may possess is presented in Section 4. 
F ina l l y ,  in Section 5 a detai led comparison 
of the features of the estimation procedures 
under consideration in th is  paper is presented. 

I t  is assumed in th is  paper the reader has 
a basic knowledge of SIPP, including the design 
of th is  survey. Nelson, McMillen, and Kasprzyk 
(1984) provides th is  informat ion.  

Portions of the or ig ina l  paper, p r i nc i pa l l y  
an examples section and a section on adjust -  
ments to the unbiased weights, are omitted 
here due to lack of space. The complete paper 
is avai lable from the authors. 
2. LONGITUDINAL HOUSEHOLD DEFINITIONS 

In th is  section three possible longi tudinal  
household de f in i t i ons  are presented to i l l u s -  
t r a te  the longi tudinal  weighting procedures 
that  w i l l  be described in the next sect ion.  
(A fourth d e f i n i t i o n ,  known as the Shared 
Experience Def in i t ion  was included in the 
or ig ina l  paper, but omitted here due to lack 
of space. In terms of the propert ies d is-  
cussed in Section 5 i t  is ident ica l  to the 
Reciprocal Major i ty  De f in i t i on  that  is included 
here.) A thorough discussion of longi tud inal  
household de f in i t i ons  is presented in McMillen 
and Herr iot  (1984) In addi t ion,  several other 
terms w i l l  be defined, including the long i tud-  
inal household universes considered in th is  
paper. 

Since household composition and data for 
SIPP are obtained on a monthly basis, each 
of the de f in i t i ons  to be presented w i l l  be 
in terms of household cont inu i ty  from one 
month to the fo l lowing month. A longi tud-  
inal household over a time in terva l  of 
n (72) months is then defined to be one 
which is continuous for  each of the n-I corre-  
sponding pairs of consecutive months. ( I t  has 
not yet been decided i f  th is  approach w i l l  
ac tua l ly  be used in SIPP.) 

For each of the de f in i t i ons  below the condi- 
t ions for  which household B at month t+1 is the 
cont inuat ion of household A at month t are 
stated. One condit ion that we require that  
a l l  the de f in i t i ons  share is that A and B are 
e i ther  both family households or both non- 
family households. The other condit ions are- 
No Change Def in i t i on  (NC). A and B have the 
same household members. 
Same Householder Def in i t ion  (SH). A and B have 
the same householder. As an a l t e rna t i ve ,  
householder could be replaced by pr inc ipal  
person in th is  de f i n i t i on  without a l te r ing  
any of the statements made about i t  in sub- 
sequent sect ions, provided the f ina l  estima- 
t ion procedure in Section 3 is also modified 
accordingly.  (The householder of a house- 
hold i s ,  roughly, the person who owns or rents 
the housing un i t .  The pr inc ipal  person is 
the wife in a married-couple household, and 
the householder in al l  other households.) 
Reciprocal Major i ty  De f in i t i on  (RM). The major- 
i t y  of ind iv iduals  who are both household 
members of A at time t and in the universe at 
time t+ l  are members of B at time t + l ,  and the 
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major i ty  of ind iv iduals  who are both hou~e- 
hold members of B at time t+l  and in the uni-  
verse at time t are members of A at time 
t .  (This type of longi tud ina l  de f i n i t i on  was 
o r i g i n a l l y  developed by Dicker and Casady (1982) 
for  use in the National Medical Care U t i l i z a -  
t ion and Expenditure Survey (NMCUES).) 

We w i l l  now c l a r i f y  several other terms. 
A household is said to be in existence over 

a time in terva l  of n)2 months i f  i t  is 
longi tud ina l  over that time i n te r va l .  I ts 
period of existence is the longest such time 
i n te r va l .  In the case of a household which is 
defined cross-sect iona l ly  for  a month t ,  but 
is not longi tud inal  over e i ther  of the two 
month in terva ls  containing t ,  then the period 
of existence of the household is defined to be 
one month. 

I f  t I and t 2 are any pair  of months, and 
longi tud ina l  estimates are to be made over the 
in terva l  [ t  I ,  t 2 ] ,  then the fo l lowing two pos- 
s i b i l i t i e s  w i l l  be considered in subsequent 
sections for  the universe of households for 
which estimates w i l l  be produced. 
Restr icted Universe(R). The set of a l l  house- 
holds in existence over the ent i re  in terva l  
[ t l ,  t2 ] .  
Unrestr icted Universe(U). The set of a l l  
household in'~existence for  one or more months 
i n [ t  I , t 2 ] .  

Each sample panel is interviewed eight times. 
Each of the eight rounds of interviews takes 
four consecutive months to complete and is 
known as a wave. 

F ina l l y ,  we define an or ig ina l  sampl e person 
to be a person that was in sample during the 
f i r s t  wave and w i l l  be at least 15 years of age 
by the end of the panel. 
3. UNBIASED WEIGHTING PROCEDURES 

In th is  section we present f i ve  weighting 
procedures for  computing estimates of to ta ls  
or proport ions for  long i tud ina l  households 
that would be unbiased in the sense that the 
expected value of the estimator over a l l  pos- 
s ib le  samples is the parameter of in terest  
assuming no data are missing or in e r ror ,  and 
perfect frame coverage. Modif icat ions and 
adjustments of these estimation procedures 
necessary because of the un rea l i s t i c  nature 
of these assumptions are considered in the 
or ig ina l  paper, but are omitted here due to 
lack of space. Except for the Continuous 
Household Members procedure, which w i l l  only 
be applied to the res t r i c ted  universe, a l l  the 
procedures w i l l  be stated for the unrest r ic ted 
universe. To apply them to the res t r i c ted  
universe simply zero weight each household 
which is not in continuous existence over the 
time in terva l  of i n te res t .  Furthermore, unless 
otherwise stated, a l l  the procedures w i l l  be 
applied to a l l  four longi tud ina l  de f in i t i ons  
defined in Section 2. 

F i rs t  we w i l l  explain why a common method 
of est imat ion, weighting by the reciprocal 
of the p robab i l i t y  of select ion is not feas i -  
ble for  our purposes, and hence the need to 
consider 

N 
a l te rna t i ve  procedures. Let X = Z x i be a 

i= l  
parameter of i n te res t ,  where xi is the value of 

the charac te r i s t i c  for i - t h  uni t  in a popula- 
t ion of size N. Typica l ly  in survey work, to 
estimate X a sample would be drawn in such a 
manner that the i - t h  uni t  has a known pos i t i ve  
p robab i l i t y  Pi of being chosen, and X would 
then 

^ N 
be estimated by X = ~ wix i , (3.1) 

i= l  
where 

I 
w i = i f  the i - t h  uni t  is in sample, (3.2) 

Pi 

0 otherwise. 
Unfortunately for household and family estima- 
t ion in SIPP, both cross-sect iona l ly  and long i -  
t u d i n a l l y ,  such an estimation approach is not 
p rac t i ca l .  For example, cross-sect ional ly  a 
household is interviewed and used in the e s t i -  
mation process for  a given month i f  and only 
i f  at least one household member is an or ig ina l  
sample person. Consequently, to use (3.1) and 
(3.2) as an estimator i t  would be necessary to 
determine the p robab i l i t y  that at least one 
member of the current household is an or ig ina l  
sample person. I t  would be operat iona l ly  
impossible to determine tF~is p robab i l i t y ,  since 
i t  would f i r s t  be necessary to determine the 
f i r s t  wave households for a l l  current household 
members and then compute the p robab i l i t y  that 
at least one of these f i r s t  wave households was 
selected. 

Fortunately though, i t  is not necessary that 
w i sa t i s fy  (3.2) in order that (3.1) be unbi- 
ased. In fact i f  w i is any random variable 
associated with the i - t h  unit  in the population 
sa t i s fy ing  

E(w i )  = I ,  (3.3)  
A 

then (3.1) is unbiased, that is E(X) = X. Thus, 
def in ing unbiased longi tudinal  household and 
family weighting procedures reduces to def in ing 
random variables w i sa t i s fy ing  (3.3) .  

Before we present the longi tud ina l  weighting 
procedures we w i l l  state what, for  purposes of 
th is  paper, a cross-sectional household weight 
is ,  since most of longi tud inal  weighting proce- 
dures w i l l  be defined in terms of cross-sec- 
t iona l  weights. The f i r s t  wave cross-sectional 
weight for  a sample household is taken here to 
be the reciprocal of the p robab i l i t y  of selec- 
t i on .  For a l l  nonsample households in the uni -  
verse th is  weight is defined to be zero. For 
any month a f ter  the f i r s t  wave a d i f f e ren t  def- 
i n i t i o n  is necessary because of possible changes 
in household composition. So, the cross-sec- 
t iona l  household weight for  any such month is 
defined to be the mean of the f i r s t  wave cross- 
sectional household weights for  a l l  persons in 
the household that month who w i l l  be at least 
15 years of age by the end of the panel and who 
were in the universe during the f i r s t  wave. 
This type of weighting procedure is cur rent ly  
being used in SIPP to produce cross-sect ional 
estimates, hence the name. I t  is readi ly  
ve r i f i ab le  that the weights sa t i s fy  (3.3) .  

We also w i l l  leave i t  to the reader to ver i -  
fy that the weights for each of the longi tud ina l  
procedures to be presented sa t i s fy  (3.3) and 
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hence lead to unbiased est imators.  
Beginning Date of Household Procedure !BH). 

Each long i tud ina l  household receives a slngle 
weight val id for  any time in terva l  that con- 
ta ins at least part of the period for  which the 
household existed, namely the cross-sect ional  
weight for  the household at the beginning date 
of the household. In pa r t i cu l a r ,  i f  there were 
no or ig ina l  sample persons in a household at 
i t s  beginning date then i t s  longi tud ina l  
weight would be zero. This approach to long i -  
tudinal household estimation was previously 
used in the NMCUES (Whitmore, Cox and Folsom 
1982 ). 

Be~innin 9 Date of Time Interval  Procedure 
(BI) .  Each longi tudinal  household receives a 
longi tud ina l  weight val id for  a l l  time in terva ls  
with the same beginning date, namely the cross- 
sectional weight for  the household at the begin- 
ning date of the time i n t e r va l .  Longitudinal 
households that form during the time in terva l  
areassigned the cross-sect ional weight for  the 
household at i t s  beginning date, as in the 
preceedi ng procedure. 

Continuous Household Members Procedure (CM). 
The fo l lowing procedure w i l l  only be applied 
to the res t r i c ted  universe, as defined in 
Section 2. For any time in terva l  for  which the 
household is in existence the longi tud ina l  
weight to be assigned is determined by the set 
of persons that are members of the household 
throughout the time i n te r va l .  The longi tud inal  
household weight is the cross-sect ional  weight 
that  would be assigned to a household consist ing 
of th is  set of persons; that is ,  the average of 
the f i r s t  wave weights of these people. A lon- 
g i tudinal  weight of zero is assigned to the 
household i f  there are no or ig ina l  sample per- 
sons who are members throughout the time i n t e r -  
val .  The procedure is s l i g h t l y  biased because 
a longi tud inal  household with no members con- 
t inuously  present throughout a time in terva l  
has no chance of receiving a pos i t ive  weight, 
thereby making sa t i s fac t ion  of (3.3) impossi- 
ble. Since we believe th is  s i tua t ion  w i l l  
rare ly  occur, at least for  the longi tud ina l  
household de f in i t ions  considered here, we 
expect th is  bias to be very small. 

Average Cross-Sectional Household Weight 
Procedure (AW). Each  longi tudinal  household 
receives a longi tudinal  weight val id for a 
spec i f i c  time i n te r va l ,  namely the average of 
the monthly cross-sect ional weights for  the 
household over the in tersect ion  of the l i f e  of 
the household and the speci f ied time i n t e r v a l .  

Note, there are many procedures, l i ke  AW, 
that enta i l  the averaging of weights, both 
household cross-sect ional weights and person 
longi tud inal  weights. We w i l l  examine only 
one of these procedures here, as an example of 
th is  type of longi tudinal  household weighting 
procedure. 
Householder Weight Procedure (HW). The fo l low-  
ing procedure w i l l  be applied only to the No 
Change and Same Householder De f in i t i ons ,  since 
i t  is appropriate only for de f in i t i ons  that 
allow for  a single householder during the 
household's existence. (General izations of th is  
procedure which are not so res t r i c ted  in t h e i r  
a p p l i c a b i l i t y  ex is t  but w i l l  not be considered 
here.) The procedure assigns a single weight 

va l id  for  any time in terva l  that  contains at 
least part of the period for  which the house- 
hold existed,  namely the f i r s t  wave cross- 
sect ional household weight of the householder's 
f i r s t  wave household. A longi tud ina l  weight 
of zero is assigned to the household i f  the 
householder was not an or ig ina l  sample person. 

As w i l l  be seen in Section 5, th is  procedure 
is c lear ly  the one of choice when the Same 
Householder De f in i t i on  is used. I f  that  type 
of de f i n i t i on  is used with householder replaced 
by pr inc ipa l  person then a s im i la r  modi f icat ion 
of th is  estimation procedure with householder 
replaced by pr inc ipal  person would be appro- 
p r ia te .  
4. POTENTIAL ADVANTAGES AND DISADVANTAGES 

The ideal unbiased weighting procedure would 
provide a single set of weights appl icable to 
any time i n te r va l ,  require no more data than 
were co l lected,  and possess the minimum va r i -  
ance among al l  unbiased procedures. Unfortu- 
nate ly ,  no such procedure ex is ts .  The proce- 
dures described in Section 3 a l l  f a i l  one or 
more of these three c r i t e r i a  to various de- 
grees. In th is  sect ion, we explain the nature 
of the fa i lu res  without e x p l i c i t l y  comparing 
the procedures. That is done in Section 5. 

M u l t i p l i c i t y  of Weights. Some procedures 
have the advantage of assigning to each house- 
hold a single weight which depends only on con- 
d i t ions as of the f i r s t  reference month for  the 
household and which is val id for  every in terva l  
that  the household is in the universe. Other 
procedures have the disadvantage of sometimes 
producing d i f f e ren t  weights for  the same house- 
hold for  d i f f e ren t  time i n te r va l s .  (Procedures 
with th is  disadvantage could be modified so 
that only a single weight applies to any time 
i n te r va l ,  by computing for  each household the 
weight appropriate fo r  that  procedure for  the 
unrest r ic ted universe and the 2 1/2 year time 
in terva l  corresponding to the l i f e  of the 
panel. The weight obtained would also be used 
for  any smaller subinterval  for  which the 
household is in the universe. However, weights 
obtained in th is  manner might not be able to be 
determined un t i l  the end of the l i f e  of the 
panel. This would make them d i f f i c u l t  t o  use 
because we would have to wait  un t i l  the last  
data from the panel were processed before 
estimates could be produced for  any e a r l i e r  
time period. In any case, such weights would 
often lead to higher variances for  short time 
in te rva ls  than weights developed s p e c i f i c a l l y  
for  the short time i n t e r v a l s . )  

Unavailable Data Requirements. Most d e f i n i -  
t ion  and procedure combinations require data 
from some households for  time periods when the 
household is in existence but not in sample, 
that  is for  time periods for  which interviews 
are not conducted for  the household because no 
or ig ina l  sample people are members of the 
household. This needed data could be informa- 
t ion for  determining proper longi tud inal  
weights or subject-matter  information for  use 
in tabu la t ing the estimates. Some of th is  
information is not col lected for  the 1984 panel 
of SIPP because of the current operational 
procedures. This is a consequence of the fact 
that agreement has not been reached on the 
longi tud ina l  household de f i n i t i on  to be used 
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in SIPP. In th is  vacuum, operational proce- 
dures were determined mainly by considerations 
of d i f f i c u l t y  and cost. Once a de f i n i t i on  
has been agreed on, depending on the nature of 
the unavai lable data, i t  might be possible to 
change operational procedures for  future SIPP 
panels so that  the required data are co l lec ted.  
To understand the problem with current opera- 
t iona l  procedures, consider the fo l lowing s i t -  
uat ion. A household is longi tud ina l  from 
month t B to t E. Original sample people are 
part of the long i tud ina l  household only from 
month t I to t 2. I f  tB<t I ,  then some pr io r  
information may be unavai lable. Revised opera- 
t iona l  procedures to obtain th is  information 
might involve retrospect ive questions, longer 
reference periods or proxy data on anyone who 
l e f t  the household before the f i r s t  in terv iew.  
I f  t 2<t E, then some poster ior  information may 
be unavai lable.  Revised operat ional procedures 
might involve in terv iewing the household 
through t E . 

One of the important discr iminants between 
the weighting procedures is how successful ly 
they avoid the need for  data from the period 
that  the longi tud ina l  household exists but is 
not in sample. ( T h e  need for such data is 
avoided by assigning zero weights to these 
problem households.) In terms of information 
needed for  weighting, some procedures require 
only enough data to determine whether tB<t I ,  
while others need to know t B even when i t  is 
less than t I .  S im i la r l y ,  some procedures only 
require knowledge of whether t2<t E, while 
others need to know t E even when i t  is greater 
than t 2. Furthermore, besides th is  need for 
information for  determination of weights, i f  
any parameters other than the number of long i -  
tudinal  households are to be estimated, then 
required subject-matter data may be missing as 
we l l ,  e i ther  before t I ,  a f ter  t 2, or both. 

While the problem of missing information is 
a serious one, i t  is not f a t a l .  Procedures can 
be developed to compensate for  the unavai lable 
data. Spec i f i ca l l y ,  the data col lected on 
these households while they were in sample 
should be su f f i c i en t  for  performing imputation 
for  existence/nonexistence outside the in -  
sample period and formation and/or d isso lu t ion 
dates. The imputed values can then be used to 
calculate weights for  these households. These 
households can then be t reated as noninterviews 
so that  the weights of mover households with 
s im i la r  demographic character is t ics  but with 
complete data receive increased weights while 
the de f i c ien t  households themselves receives 
zero wei ghts. 

I f  the models underlying the procedures 
developed for  adjust ing for  the missing i n f o r -  
mation are true then i t  is s t i l l  possible to 
obtain unbiased estimators, although now in a 
model-based sense. Furthermore, since the 
missing information that we are concerned with 
here is not caused by refusal to respond, 
modeling in th is  context might not suf fer  from 
the usual ly imperfect assumptions on s i m i l a r i t y  
between respondents and non respondents that 
under l ie any adjustments that use data from 
respondents to account for data missing from 
refusals.  In addi t ion,  because of the long i -  
tudinal  nature of the survey, there is gener- 

a l l y  a large amount of data avai lable from the 
problem households that could be used in such 
adjustments. However, i f  the models are not 
per fect ,  then in general, the larger the pro- 
port ion of data required that is unavai lable, 
the greater the potent ia l  for serious bias 
problems. 

Variances. In general, estimation proce- 
dures with the smallest variances are those 
that u t i l i z e  avai lable data in tens ive ly  and 
t a i l o r  the weights to the spec i f ic  time i n t e r -  
val of i n te res t ,  lJnfortunately, as shall be 
seen in the next sect ion, such procedures are 
often characterized by heavy needs for  unavai l -  
able data which, as noted above, may impact 
unfavorably upon bias. Thus, there often is a 
d i rec t  t rade-o f f  between variance and the r isk 
of bias. I t  w i l l  be d i f f i c u l t  to weigh these 
factors against each other, since i t  appears 
that no single procedure w i l l  provide the 
correct balance for  a l l  of the mult i tude of 
charac ter is t ics  that w i l l  be estimated by 
SIPP. 

For use in the next sect ion, we w i l l  define 
some labels for  the advantages and disadvan- 
tages i den t i f i ed  in the foregoing discussion. 
Let" 
T 1 mean that a single longi tud ina l  weight 

exists for each household, va l id  for  a l l  
time in terva ls  for  which the household is 
in the universe, and which depends only 
on condit ions which could be determined 
during the f i r s t  in terv iew, 

T 2 mean the negation of T I ,  
BW I mean that no data from the period pre- 

ceeding the f i r s t  interv iew are unavai l -  
able but required for weighting, 

BW 2 mean that we need to know for  weighting 
whether the longi tud ina l  household existed 
before the f i r s t  in terv iew, 

BW 3 mean that we need to know for  weighting 
the conception date of the household 
(wi th in the time in terva l  of i n te res t ) ,  

BD I mean that no subject-matter data from the 
period preceeding the f i r s t  interv iew are 
unavailable but required, 

BD 2 mean the negation of BD I ,  
FW I mean that no data from the period fo l low-  

ing the last interview are unavailable 
but required for weighting, 

FW 2 mean that we need to know for weighting 
the d isso lut ion date of the household 
(wi th in the time in terva l  of i n te res t ) ,  

FD I mean that no subject-matter data from the 
period fo l lowing the last interv iew are 
unavailable but required, 

FD 2 mean the negation of FD I .  
Note that  T I ,  BW I ,  BD I ,  FW I and FD I are the 
desirable propert ies.  
5. DETAILED COMPARISONS OF ADVANTAGES AND 
D ISADV ANTAGES 

Table 1 below presents advantages and disad- 
vantages of each d e f i n i t i o n ,  procedure and uni-  
verse combination. A comparison of these 
features fol lows the tab le .  Next, an explana- 
t ion of each entry in the table is given. 
F ina l l y ,  a discussion of data u t i l i z a t i o n ,  
which is not in Table 1, is presented. 

685 



Table I .  
Features 

Def in l -Proce-Unl -  )T I T 2 BW 1 BW 2 BW 3 BD I BD 2 FW I FW 2 FD I FD 2 
t t o n  dures  ve rse t ,  ,, 

I 
NC All Both I X X X X X 
SH HW Both I X X X X X 

x x SH, RM BH X 
SH, RM BH R X X X X X 
SH, RM BI X X X X X 
SH, RM BI X X X X X 
SH, RM CM X X X X X 
SH, RM AW Both ~ X X X X X 

Comparison of Features in Table 1. As noted at 
the end of Section 4, TI ,  BW 1, BD 1, FW 1, and 
FD 1 are the desirable proper t ies .  For the NC 
d e f i n i t i o n  a l l  f i ve  procedures considered here 
possess a l l  these desirable proper t ies ,  as does 
the HW procedure for  the SH d e f i n i t i o n .  

However, for  the SH and RM d e f i n i t i o n s ,  and 
most other de f i n i t i ons  too, the BH, BI, and CM 
procedures have d i f f e ren t  subsets of the set 
of desirable features,  so that  the procedure to 
be adopted depends, at least in part on the 
features deemed most important.  AW possesses 
none of these desirable features for  these two 
d e f i n i t i o n s .  I ts  pr inc ipa l  advantage l ies  
in possible reductions in variances because 
of complete u t i l i z a t i o n  of avai lab le data, 
which w i l l  be discussed l a t e r .  BH has advan- 
tages T 1, BD I ,  and FW I for  the unrest r ic ted 
universe, and T I and BD I for  the res t r i c ted  
universe. The main reason for  considerat ion 
of  th is  procedure would be that i t  is the 
only one among BH, BI and CM that  always has 
advantage T I .  B I has advantages BD I and FW I 
for  the unres t r ic ted  universe and BW I and BD I 
for  the res t r i c ted  universe. I ts  pr inc ipa l  
advantage over BH is that  for  the res t r i c ted  
universe no retrospect ive questions need be 
asked. CM (which is only appl icable to the 
res t r i c ted  universe) possesses al l  desirable 
features except T 1, that  is no information not 
cur ren t l y  co l lected is needed for  t h i s  proce- 
dure. Recall ,  however, that  CM had the disad- 
vantage of being s l i g h t l y  biased as explained 
in Section 3. 

Explanation of Entr ies in Table I .  Al l  
explanations presented below apply to both 
universes unless otherwise stated.  

NC De f i n i t i on ,  All  Procedures. Since 
the composition of a household is unchanged 
throughout i t s  period of existence under NC, we 
have the fo l lowing two p o s s i b i l i t i e s "  

(a) No or ig ina l  sample people were in the 
household at any time during i t s  period 
of existence, in which case the long i -  
tudinal  household weight is zero for  any 
time in te rva l  and procedure. 

(b) One or more or ig ina l  sample people were 
in the household throughout i t s  ex is -  
tence, in which case the beginning and 
ending dates of the household are known, 
as is the composition of the household 
and complete data for  each month of i t s  
existence. Consequently, features BW I ,  
BD I ,  FW I ,  and FD I apply. 

Furthermore, TI applies since procedures BH, 
BI, CM, and AW al l  reduce to the cross-sect ion-  
al household weight at the beginning date of 
the household, while HW is the weight of the 
householder at the beginning date. 

SH De f i n i t i on ,  HW Procedure. The explana- 
t ion  is s im i la r  to the one given above, except 

now the two cases are" (a) The householder was 
not an or ig ina l  sample person. (b) The house- 
holder  was an or ig ina l  sample person. 

SH and RM De f in i t i ons ,  BH Procedure. T I 
is appl icable,  since by d e f i n i t i o n  the 
weight is the cross-sect ional  household weight 
as of the beginning date of the household. BW 2 
applies because the long i tud ina l  household 
weight is the cross-sect ional  household weight 
as of the f i r s t  month in sample i f  the house- 
hold began that month, while otherwise the 
weight w i l l  be zero since there were no o r ig -  
inal sample people in the household when i t  
began. (For the res t r i c ted  universe, house- 
holds which entered sample a f te r  the beginning 
of the time in terva l  always receive a zero 
weight.  ) 

BD I holds since a l l  households with pos i t i ve  
weights were in sample at t h e i r  beginning date 
and no ret rospect ive subject-matter  data is 
therefore needed. 

FW I holds for the unrest r ic ted universe 
since the weight is determined at the beginning 
date of the househol'd. However, fo r  the 
res t r i c ted  universe, i t  is necessary to know i f  
the household continued to ex is t  throughout 
the ent i re  time in te rva l  because i t  receives a 
zero weight for  the time in te rva l  i f  i t  did not 
continue. Under current procedures a household 
which no longer has any or ig ina l  sample person 
is not fo l lowed, and i t  would therefore gener- 
a l l y  not be possible to determine i f  i t  re-  
mained in existence for  the ent i re  time i n t e r -  
val .  Consequently, FW 2 appl ies.  

FD 2 applies since there would be missing 
data for  a l l  households with pos i t i ve  weights 
which continued to ex is t  a f te r  there were no 
longer any or ig ina l  sample people present, 
which could happen for  e i ther  of these d e f i n i -  
t i ons .  

SH and RM De f in i t i ons ,  BI Procedure. T 2 
is appl icable since time in te rva ls  with d i f f e r -  
ent beginning dates may y ie ld  d i f f e ren t  long i -  
tudinal  weights. BW 1 applies for  the re- 
s t r i c t ed  universe, since the longi tud inal  
weight is the cross-sect ional  household weight 
as of the f i r s t  month of t h e t i m e  in te rva l  for  
a l l  households in sample that  month, and zero 
for  a l l  other households. However, BW 2 applies 
for  the unrest r ic ted universe since long i -  
tudinal  households that entered sample a f te r  
the beginning of the time in te rva l  are t reated 
as in the BH procedure. 

BD 1 holds since any household with a posi-  
t i v e  weight was e i ther  in sample the f i r s t  
month of the time in terva l  or the month that  
the household began, and consequently, no 
ret rospect ive data are needed. 

As in the BH procedure, and for  the same 
reasons, FW I applies for  the unrest r ic ted 
universe, FW 2 for  the res t r i c ted  universe and 
FD 2 for  both universes. 

SH and RM Def in i t i ons ,  CM Procedure, Re- 
s t r i c t ed  Universe. T 2 is appl icable since any 
two in te rva ls  may y ie ld  d i f f e ren t  long i tud ina l  
weights. 

Furthermore, BW I ,  BD I ,  FW I ,  and FD.I apply. 
The explanation is  similar to that glven for 
the NC definition except now the two cases are" 
(a) No original sample people were household 
members for the enti6e time interval. (b) At 
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least one or ig ina l  sample person was a house- 
hold member for  the ent i re  time i n t e r v a l .  

SH ~ and RM Def in i t i ons ,  AW Procedure. For an 
explanation for  th is  row of the table see the 
or ig ina l  paper. 

U t i l i z a t i o n  of Data. Having compared the 
procedures with respect to needs for  unavai l -  
able data and the m u l t i p l i c i t y  of weights, we 
now turn our a t tent ion to variance. To compare 
the variance character is t ics  of the procedures 
we w i l l  focus on the amount of col lected data 
that is used in obtaining estimates, since th is  
is a primary determinant of variance. This 
discussion w i l l  also bet ter  i l l u s t r a t e  the 
proport ion of data needed for  estimation that 
is unavailable for each procedure. In general, 
the greater th is  proport ion is ,  the larger the 
burden is on any missing data procedure em- 
ployed, with a resu l t ing greater potent ia l  for  
bias problems. To make the comparison we show 
in Table 2, a l l  24 possible cases of how the 
data on a longi tud inal  household may be com- 
p lete,  par t ly  avai lable,  or nonexistent for 
a pa r t i cu la r  time i n te r va l .  

The symbols t B, t I ,  t 2, and t E denote begin- 
ning date of household, f i r s t  sample month, 
last  sample month, and ending date of household 
respect ive ly .  The columns indicate d i f f e ren t  
time in te rva ls .  Interval  B is the in terva l  of 
i n te res t .  Interval  A is from t B un t i l  the 
beginning of in terva l  B, while in terva l  C is 
from the end of in terval  B un t i l  t E. The 
f i f t h  case, for example, is of a household that 
formed before in terva l  B about which we are 
missing some data pert inent to the early part 
of in terva l  B. The f i r s t  nine cases comprise 
the res t r i c ted  universe. The last  15 cases 
f i l l  out the unrestr ic ted universe. Each case 
is marked as having complete data, par t ia l  data, 
or no data. Of course, a l l  of th is  is assuming 
perfect response. The only type of missingness 
that we are discussing here is that caused by 
operational procedures. On the r igh t  there is 
a column for each procedure with an "A" entered 
i f  i t  always uses the case, an "S" i f  i t  some- 
times uses the case but not always (which w i l l  
be explained in the discussion that fo l lows) ,  
and a blank otherwise. These comparisons do 
not apply to the NC d e f i n i t i o n ,  for which a l l  
f i ve  procedures use al l  the complete cases 
and no other cases. 

Table 2. 
Data Ut i l izat ion 

P rocedu re 
Interval A! Interval B Interval C Completeness BH BI CM AW HW 

I tB--t I 
tB<t I 

~ tB---t I 
tB<t I ~ tB 
tB 

8 tB'tl t2 
tB<t I t 2 

9 t B 
10 tB~t I 
11 tB<t I 
12 
13 
14 tB=t 1 
15 tB<t I 
16 
17 
18 t B 
19 
20 
21 
22 tB--t I t 2 
23 t B<t I t 2 
24 

t2 
t2 

t I 
t l  t2 

t2 : t  E 
t2 : t  E 

tB' t  I 
tB-t I t 2--t El 

t 2 <tEl 
t 2 <tE! 

tB=t I t2<tE ! 
tB:t  I t 2 
t I t2<tE 
tB<t I t2<t E 
i tB <tl t2 
;tB<t I 

tE 

tB tE 

t2<t E perfect A A S A S 
t2 , t  E perfect A S A 
t E some missing A A A 
t E some missing A A 
t2<t E some missing A 
t E some missing A 
t£ all  missing A 
t E al l  missing 
t I t2<t E all missing 

perfect A A A S 
perfect A A 

t2( t  E perfect A A A S 
perfect A A A S 
some missing A A A 
some missing A A 
some missing A A A 

t E some missing A A A 
some missing A 
some missing A 

t E some missing A 
t2<t E some missing A 

all missing A 
all missing 

t I t2<t E all missing 

The BH procedure uses the complete cases 1, 
10, 12, and 13, but does not use the complete 
cases 2 and 11. I t  also uses the par t ia l  cases 
3, 14, 16, and 17, and cases 7 and 22 for which 
there is no data in in terva l  B. The BI proce- 
dure uses a l l  the complete cases, more of the 
par t ia l  cases and none of the cases with no 
data. We thus think the B I procedure w i l l  tend 
to produce smaller variances than the BH proce- 
dure since i t  uses more of the avai lable data. 
However, i t  is not clear in general which of 
these two procedures has the smaller proport ion 
of needed data that is missing. 

The CM procedure is appealing for  the re- 
s t r i c ted  universe since i t  uses a l l  the complete 
cases (except in the rare s i tua t ion  when there 
is at least one or ig ina l  sample person present 
for  every month of in terva l  B, but none of them 
are present for  the ent i re  i n t e r v a l ) ,  and none 
of the other cases. I t  should thus have f a i r l y  
small variances and has only the s l i gh t  bias in-  
dicated in Section 3. However, i t  is not app l i -  
cable to the unrest r ic ted universe. 

The HW procedure uses the same complete cases 
as the BH procedure, except i t  does not use 
these cases when the householder is not an 
or ig ina l  sample person, and i t  uses none of the 
other cases. However, i t  is not appl icable to 
the RM, and most other longi tud inal  household 
de f i n i t i ons .  

The AW procedure is the most aggressive in 
u t i l i z i n g  par t ia l  data. I t  uses a l l  the com- 
plete and par t ia l  cases while avoiding the 
cases with no data. Also note that i t  assigns 
smaller weights, in general, to the par t ia l  
cases than the complete cases. We believe i t  
w i l l  tend to produce the smallest variances 
for  most de f i n i t i ons ,  pa r t i cu l a r l y  in the unre- 
s t r i c ted  universe, but also tends to have the 
highest proport ion of data that is needed for  
estimation but unavai lable. 
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