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The Living Standards Measurement Study

The Living Standards Measurement Study (LSMS) was established by the World Bank in
1980 to explore ways of improving the type and quality of household data collected by Third
World statistical offices. Its goal is to foster increased use of household data as a basis for policy
decision making. Specifically, the LSMS is working to develop new methods to monitor
progress in raising levels of living, to identify the consequences for households of past and
proposed government policies, and to improve communications between survey statisticians,
analysts, and policy makers.

The LSMS Working Paper series was started to disseminate intermediate products from the
LSMS. Publications in the series include critical surveys covering different aspects of the LSMS
data collection program and reports on improved methodologies for using Living Standards
Survey (LSS) data. Future publications will recommend specific survey, questionnaire and data
processing designs, and demonstrate the breadth of policy analysis that can be carried out using
LSS data.
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ABSTRACT

This Working Paper reviews a number of aspects of the collection and
use of panel data from households in developing countries. Sampling issues
are discussed in Section 1, The authors conclude that there are likely to be
real, if modest, benefits from incorporating some panel element into household
survey data collection in developing countries. The recognition that panel
data are likely to be subject to substantial errors of measurement does not
invalidate this conclusion, Section 2 discusses the measurement of income
dynamics, an issue that cannot be addressed without panel data. Recent
research using U.S. data is reviewed to show that comparable work for
developing countries would add an important dimension to discussions of
poverty, inequality, and development. It is in the third area of review, that
of econometric analysis, that the real benefits of panel data appear most
fragile. These issues are discussed in Section 3., While it is true that
panel data offer the unique ability to deal with the contamination of
econometric relationships by unobservable fixed effects, the presence of
measurement error can compromise the quality of the estimates to the point
where it is unclear whether cross-section or panel estimators are superior.
This situation is in sharp contrast to that for sampling where errors of
measurement typically cannot reverse the superiority of panel over cross-
section estimators.

The authors conclude by arguing that panel data should be collected
in both developing and developed countries. Benefits of well-designed data
collection efforts are likely to outweigh the costs. However, it is easy to
overstate the likely benefits of panel data. Their existence will not solve
all outstanding problems of understanding poverty and household behavior in
developing countries, While they will undoubtedly bring new and important
insights, they will also bring new problems of interpretation and analysis.
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1. INTRODUCTION

There is no difference in principle between developing and developed
countries in deciding whether or not it is desirable to collect panel data.

In both cases, a balance has to be struck between statistical issues, likely
errors of measurement, and the purposes to which the data are to be put.
However, there are many relevant circumstantial differences in developing
countries., The costs of data collection are different, response errors are
perhaps higher and certainly so for some important items like income, and the
mechanics of sampling are different. For example, American panels make heavy
use of telephone interviews in a way that would not be feasible in most
developing countries. Even so, most of the aims of panel data collection are
shared between the United States and poor countries, particularly the documen-
tation of levels of and changes in poverty, employment, unemployment and
occupational structure. In consequence, much can be inferred from the
American experience for the likely costs and benefits of collecting panel data
in different circumstances, In this paper, we attempt to summarize both the
conceptual issues and the relevant past experience,

It is not always possible or desirable to draw a sharp distinction
between panel and cross—section data., The choice between repeated independent
cross—-sections on the one hand and a continuing panel on the other is by no
means the only possibility. Rotating panels replace some fraction of
households at each wave, so that such a design, with a variable proportion
retained, has both traditional cross-sections and panels as special cases.

The question then becomes whether it is desirable to retain any households,

and if so, how many. The next section takes up the sampling aspects of this



question. Note that, if there is a very long gap between the successive waves
of a panel, attrition and the inability to track down previous participants
will make it necessary to replace a large proportion of households. Hence,
over such time periods, there is probably little effective difference between
panels and independent cross—sections. At the other end of the spectrum,
short-run panel elements are already frequently present in cross—sectional
household surveys in developing countries, where repeat visits are used to
control for seasonality, to observe time use, or to minimize the fatigue of
long interviews. Such panel elements are really a matter of design for cross-
sections, since the time between interviews is typically too short for the
change that has taken place to be of very great interest in its own right. In
this paper, we shall mostly contrast, on the one hand, repeated independent
cross—sections a year or more apart, with, on the other hand, the option of
retaining some or all households from one survey to the next.

We believe that, while there are genuine difficulties, there are good
arguments for collecting panel data. We do not believe that there is any real
justification for the mindless enthusiasm that is sometimes expressed by
econometricians, nor do we believe it to be correct that the advantages of
panel over cross-section data are destroyed by the recognition of substantial
errors of measurement. On balance, we believe that collecting panel data in
developing countries is a sensible enterprise, though the net benefits should
not be overstated., It is therefore wise to have a balanced view of both
likely benefits and costs so that the exercise is not undertaken with
unrealistic expectations. We also hope that the discussion below will deal
with some of the negative arguments that are sometimes put against collecting

panel data.



The paper is arranged as follows. Section 2 is concerned with the
sampling and measurement issues in the context of measuring living standards
and their changes over time, The traditional statistical arguments for panels
are reviewed, and we discuss the all important issue of measurement error.
Section 3 discusses those phenomena that can only be analysed with the aid of
panel data, for example whether the poor always consist of the same individ-
uals or whether individuals tend to move fairly rapidly in and out of
poverty. Again, the issue of measurement error is discussed, and the American
experience is reviewed. Section 4 is concerned with econometric attempts to
use panel data to go beyond description towards analysis of processes and
causation., While it is true that panel data hold great potential for
econometric analysis, it is less than clear that this potential has so far
been realized in hard results, rather than in work and renown for econome-
tricians. Once again, the reason for this is almost certainly linked to the
presence of errors of measurement in panel data, and these tend to be more of
a problem for econometric analysis than for the statistical estimation of
means and changes. Section 4 illustrates some of the problems with an
analysis of the relationship between changes in labor supply and changes in
wage rates using the data from the Michigan Panel Study of Income Dynamics
(PSID). The difficulties encountered there would almost certainly be as or
more severe with data from LDC’s. Panel information can clearly contribute to
our understanding of the world, but its analysis presents its own special
problems, and its possession is not a magic key that will unlock the secrets

of economic development.



2, SAMPLING AND MEASUREMENT ISSUES

In this section we consider the question of using panel data to
measure means and changes in means. In practice, there are many other
important descriptive statistics that are routinely computed from panel data,
for example, average changes for individuals over several time periods, or
measures of the instability of individual experience over time. However, many
of the same issues arise in these contexts and we begin with the simplest
cases, The variable under consideration will be taken to be some measure of
living standard (household per capita consumption, or household income) for
some well-defined group, frequently the whole population. It matters for
sample design what one is trying to measure and one of the problems with the
design of household surveys has always been their multi-purpose nature and the
consequent lack of a clear objective from which an optimal design can be
derived. Nevertheless, average per capita income and consumption and changes
in them over time are clearly quantities that are of interest to any survey-
based attempt to measure living standards, so that it is sensible to ask what
design will measure such things most accurately, or most accurately for a
given cost. There is a standard answer to this question in terms of panels
versus cross-sections, see for example, Hansen, Hurwitz, and Madow (1953),
Kish (1965), or Cochran (1977). The algebra is summarized in the Appendix,
but the argument runs as follows., Imagine that we are collecting data on two
occasions and have the choice between independent cross-sections, a completely
overlapping panel, or some compromise in which a fraction of households, p,
say, is retained from one occasion to the next. We want to measure the mean
in each period and the change from one period to the next. In general, there

are trade-offs between the accuracy of measurement of the three quantities, so



that it is necessary to specify our preferences for accuracy in one over
another, Conceivably, we may only want to measure the change, but more likely
we would not want to sacrifice all accuracy on means for accuracy on

changes. It turns out that whatever balance is struck, it is always desirable
to use means from both surveys to estimate the means of either one, as well as
(more obviously) the change from one to the other, However, the choice of p,
the proportion of overlapping households, depends on whether it is means or
changes that must be measured most accurately. The optimal choice also
depends crucially on the covariance between successive observations on the
variable being measured. This is typically positive; households with high
consumption in one period usually have high consumption in the next, though
there are counterexamples, for example, an individual that has just bought a
bicycle is unlikely to do so again for some time., Consider then estimating
the change in per capita consumption. The variance of the estimate of a
difference depends negatively on the covariance between the estimated means.
Hence change is measured most precisely when the covariance is as large as
possible. Independent cross—sections have a zero expected covariance, while a
completely overlapping panel will exploit the positive correlation in the raw
data to maximize the covariance between the estimated means. In consequence,
the most accurate estimates of change from a given sample size are obtained
from pure panel data, But we also want to get accurate estimates of means,
and the higher is the positive correlation between periods, the more precision
is sacrificed by not having the additional new information provided by the
independent cross-sections. In consequence, paying attention to the precision
of both means and changes will imply a rotating panel design in which the

fraction of households retained is somewhere between zero and one.



Obtaining exactly the right balance between overlaps and new
households requires more detail on preferences than most investigators could
be expected to provide for a multi-purpose survey, but the point remains that
a rotating design of some sort will generally be better than either a pure
panel or independent cross—-sectioms. It is also the case that getting the
proportion exactly right is unlikely to be very important, since the
efficiency gains are not very large unless the correlation over time in the
raw data is very high, see Tables A.l and A.2 in the Appendix. Besides, the
correlation will be different for different variables in the survey, and only
a single design can be chosen, Note too, that the further apart are the
successive waves of the panel, the lower will tend to be the correlation
between successive observations and thus the smaller the net advantage of the
overlapping observations. Since changes over very short periods are typically
less interesting than changes over a period such as a year or longer, this is
not a prescription for bringing the successive waves close to one another. In
the United States, the month-to~month change in employment and unemployment is
considered to be an important statistic, and the Current Population Survey
(CPS) is designed with that in mind. But most developing countries are
concerned more with longer term changes in poverty and living standards than
with short-run macroeconomic policy.

If survey responses were obtained, coded, and processed without
error, that would be the end of the story, and any country that gets as far as
contemplating regular cross-sectional household surveys would be well~advised
to have some overlap from survey to survey. However, data collection is
subject to all sorts of errors, and no serious analysis of survey procedures

can ignore them. Of course, there are errors in both panel and cross-section



data, but there are grounds for believing that (a) the same errors have
different consequences for the two types of data, and (b) the different data
collection modes produce different types and magnitudes of errors. We analyse
each of (a) and (b) in turn.

For the reasons discussed above, panel data are often collected in
order to analyse change over time. Since the change for each observation is
often the difference between two large numbers, each of which is measured with
error, the true change may be very small relative to the error with which it
is measured. Panels may therefore be quite unsuccessful in measuring the very
thing that they are designed for. All this is correct, but it is not an
argument against panel data. If panel data are not collected, people will
still attempt to measure changes over time, for example by comparing the means
of successive independent cross~sections, and in most reasonable circumstances
the presence of errors will only increase, not decrease, the relative
precision of panel data. In the Appendix, a simple model of measurement error
is developed to illustrate the point, but the issues are conceptually
straightforward. For an individual respondent, or for the pairing of a
respondent and an interviewer, two kinds of errors can usefully be distin~
guished: those that are essentially random, and will be independent over
time, and those that are persistent, for example, when a given individual
always understates his income. The total response error will then be the sum
of both types. The random errors will have identical implications for cross-
section and panel estimates of change. The estimates will be rendered less
precise, but in the same way for both measures of the change. However, the
panel data do better with the persistent errors since differencing for

individuals will tend to remove at least part of the error and thus give a



more precise estimate of the true change in means. It is only in the unlikely
event of negative serial correlation in reporting errors that the estimate of
change from the independent cross-sections would be more precise than that
from the pure panel, For the same reason, rotating panels will tend to handle
errors better than cross-sections, and even panel attrition cannot affect the
direction of the result, since households that are lost can always be replaced
with "look-alikes" or even random draws, and the remaining degree of overlap
will always give the panel an edge over completely non-overlapping observa-
tions. If change is one of the objects of measurement, measurement error omnly
enhances the case for a panel element in the survey.

Unfortunately, different sample designs introduce their own kinds of
errors, and some assessment must be made of the likely effects of using a
panel rather than an independent design. It is hard to come to firm con-
clusions in this difficult area, and we can do no more than rehearse some of
the issues that are discussed in the literature. To preview, there are
arguments going in both directions, and in our view there is, if anything,
again a slight advantage in favor of the panel design.

Errors arise both at the individuwal level, from respondents, from
interviewers, or from coding, and also at the aggregate level if the design
fails to ensure continuing representativeness, Errors can be minimized in all
designs, but usually at some cost, so it makes sense to consider relative
costs at the same time as relative errors. Starting at the individual level,
the literature discusses a number of frequently occurring errors in survey
work, see for example, Sudman and Bradburn (1974). A common problem is
"telescoping" or '"border-bias," which in its basic form occurs in both panels

and cross—-sections. Respondents who are asked to recall purchases, or more



generally, events of all sorts, will tend to bring distant events closer, so
that, for example, purchases will be overstated by the inclusion of purchases
that actually took place before the survey period took place., The border-bias
reference is to Mahalanobis (1946), who discovered that reported yields on
small plots were relatively overstated compared with yields on larger plots.
The Bengali farmers who weré unsure about the precise boundaries of their
plots always tended to err on the side of including their neighbors’ plants
rather than run the risk of excluding their own. There is good evidence that
cross—section household surveys suffer from this problem, see for example,
Kemsley, Redpath and Holmes (1980) for evidence on the British Family Expendi-
ture Survey, and there is no reason to suppose that panels would be any
different, However, under some circumstances, repeat visits to the same
household can help, as proposed in the method of "bounded recall” due to Neter
and Waksberg (1964), since, after the first visit, new items can be checked to
ensure that they have not already been recorded. This would not help for
expenditures over a week or a month if the panel waves were three months or a
year apart, but some major items of expenditure might be caught, and other
major events (migration, job changes, demographic changes) might well be
checkable over the longer period. Other questions involving memory recall are
also important since one of the ways of inducing panél—type characteristics
into cross-sections is to ask respondents about past data on the items
currently being measured. A standard experimental result is that individuals
tend to "forget" unpleasant events, and to forget them more frequently the
further they ére in the past, Hospital visits are a frequently quoted
example; abnormally low incomes, financial losses, and still-births are

others, Hence, although some questions, such as family life histories can be
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well investigated using recall, see Butz (1981) for evidence on the Malaysian
Family Life Survey, it will always be difficult to obtain all of the desired
information accurately. And, as pointed out by Duncan, Juster, and Morgan
(1984), family life histories are less interesting if they cannot be linked to
the economic histories of the household. It is therefore almost certainly the
case that, in general, recall questions in cross—sections cannot fulfill the
functions of genuine panels.

There is also an extensive literature on the question of "interviewer
bias," whether the interviewer, by his or her manner of interviewing or method
of recording, can affect responses, If so, there are all sorts of statistical
consequences, including the non-independence of responses from different
households handled by the same interviewer. For current purposes, most of the
errors would be common between cross-section and panel designs. However, it
is usual in panels for the same household to be handled by the same inter-
viewer on repeat visits. If so, then the interviewer effects, if any, are
likely to have a common component across visits, so that differencing to
measure chaﬁge will reduce the error variance. Once again, this would impart
an advantage to the panel estimates. However, it may also be the case that
repeated contact with the interviewer, or indeed the continuing presence of
the household in the panel, may itself affect behavior. Such evidence as
exists, as well as common sense, suggests that such "panel contamination” 1is
likely to be small for behavior that is important to the respondents., The
main problems seem to arise with attitude surveys, or with voting panels. It
seems unlikely that contamination would be a serious problem in panels

measuring living standards, consumption behavior, labor supply, or fertil-

ity. 1Indeed, experiments carried out by the Michigan PSID, in which replicate
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random samples were assigned to different interviewers, found essentially no
variance between interviewers in the collection of economic data issues
connected with labor supply.

A well-documented problem with panel data, which has been widely
discussed in the context of the U.S5. Census Bureau’s CPS, is the phenomenon
known as rotation group bias, see in particular Bailar (1975). In the CPS,
households are interviewed for four successive months, they then drop out of
the panel for eight months, and finally return for four final months before
being discarded. The sample is designed to be representative of the U.S.
population at all stages, so that this is true for, say, all households in the
sample for the third time, as well as those in the second month of their
second spell., But it turns out that, in any given calendar month, the means
are significantly different for the groups at different points in the rotation
pattern, 1In particular, there tends to be a major difference between
responses at the first interview and at all subsequent ones., For example, the
estimate of unemployment from households in the sample for the first month is
about 10 percent larger than the average over all eight rotation groups, U.S.
Bureau of the Census (1978). There are other patterns for other reported
items, in most of which the first month rotation group is anomalous. It is
not known what causes these phenomena, though the Census Bureau lists a number
of possible factors, including conditioning, interviewer bias, the effects of
telephone interviewing, changes in the questionnaire with rotation group, and
changes in the individuals within the household who are deputed to answer the

questions. Note that it is not at all clear that the first month observations
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are incorrect; it is quite possible that it is the other way around. Even so,
one plausible explanation of these panel conditioning effects is that respon-
dent motivation improves with successive waves. Many respondents have little
idea of survey purpose or importance in one-off surveys, but repeated cSntact
generates improvements in cooperation and in response quality. If so, the
discrepancies observed over time are a reflection of the superiority over
cross-sections of panel data, at least in the later waves.,

Even with accuracy of individual responses, surveys will provide
inconsistent estimates of population means unless they are genuinely
representative. This is one area where independent cross-sections have a
clear advantage. Provided that the sample frame is adequate, and the sampling
done correctly, each new cross-section is guaranteed to be representative.
Indeed, in LDC’s refusals to co—-operate tend to be much rarer than in
developed countries, at least for one~time surveys (figures of 99 percent
versus 70 percent are typical for the Indian National Sample Survey and the
British Family Expenditure Survey respectively), so that representativeness is
almost certainly not a problem for traditional household surveys in poor
countries, Panels, by contrast, even if originally representative, do not
remain so without careful (and possibly costly) tending. One problem is
attrition; even if households agree to participate at first, they frequently
change their minds after the first interview, though there is usually less of
a problem subsequently. As with cross-sections, this may well be much less of
a problem in developing countries. But there is also attrition through
households that have moved between waves and cannot be relocated. The CPS
does not try to find such households, but replaces them with whoever happens

to be living in the original address at subsequent rounds. This is obviously
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a low cost solution, and if measuring changes in means is all that is at
issue, may not matter very much since there is likely to be a positive corre-
lation between the behavior of different households in similar (in this case,
identical) accommodations. The Michigan PSID spends considerable time, money
and energy tracking down movers, see again Duncan, Juster, and Morgan

(1985). It is hard to imagine that this source of attrition would not be a
serious problem in most developing countries. It may be that the squatter
camps of Delhi, or the slums of Cairo, have more order to them than appears to
a Western eye, but it cannot be easy to relocate individual households in such
areas a year or two years after the original interviews, even if they are
still there., And those that move tend not to leave forwarding addresses.
Rural areas present less of a problem, and at least one successful village
panel has been maintained over a considerable period, see Binswanger (1979).
Similarly, Bliss and Stern (1982) also had no difficulty in locating individ-
uals in Palanpur in India some years after an earlier survey.

Even without attrition, panels become unrepresentative over long
periods as households break up or are joined by new members. Within the
population, individuals tend to form new households with other members of the
population, something that is not replicated by individuals in the panel.
Panels such as the Michigan PSID have a mechanism whereby newly-born
individuals and families are absorbed into the panel with selection
probabilities chosen in such a way that representativeness is maintained.

This is generally cheaper than selecting new sample units, and it has the very
great advantaée of ultimately allowing study of the links between related
individuals and families, for example between ex-spouses, or between split—off

children and their parents. Note that these possibilities arise only in
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panels that run for many years; they are not available for short~term
exercises or for "rolling" panels.

There are also some more general cost advantages for panel data.
Constructing new samples is expensive, and panels do not require it. Second
wave interviews are typically shorter and therefore cheaper than first-time
interviews, and shorter interviews with individuals reasonably familiar with
the survey’s operating procedures may also be more accurate., Duncan, Juster,
and Morgan claim substantial cost savings for panels over repeated cross
sections, but in the United States considerable use is made of telephone
interviews for rounds other than the first, and such a cost saving exercise
would obviously be unavailable on a world-wide basis. It is also possible
that the regular collection of panels makes it easier to maintain a standing
survey organization, with an attendant increase in professionalism and
precision and decrease in costs per observation., However, such advantages are
shared by the regular collection of cross-sections, as for example by the
National Sample Survey Office in India. 1In total, it would not be surprising
if reasonably representative rotation panels could be maintained at a cost no
greater than the cost of repeated cross—~sections yielding similar or less
precision of estimates. Longer running panels may also be a possibility in
some areas. It is certainly hard to find, amongst all these arguments, any

one that would militate strongly against collecting panel data at all,
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3. DATA UNIQUE TO PANELS: INCOME DYNAMICS

All of the discussion so far has concerned cases where panel data and
cross—sections are both available for estimating the same magnitudes, typi-
cally means or changes in means, However, there is an important class of
issues that can only be illuminated by panel data. Single one-off surveys can
tell us what fraction of the population is living in poverty, or what fraction
is employed. Repeated individual cross—sections reveal how these proportions
change over time., However, they tell us nothing about the "gross" flows,
about whether or not it is the same individuals who are poor or unemployed, or
what are the typical paths of individuals’ living standards over time. Such
questions are thought to be of great importance in the United States, and one
would have thought that they were equally or more important in developing
countries. How we feel about inequality depends a great deal on whether the
poor are always poor and the rich always rich, or whether almost everyone
encounters poverty and riches at some point in their life, The question of
who benefits from development' requires some sort of repeated observations
(at least on groups) for an adequate answer, and the very name of the Michigan
panel, the Panel Study on Income Dynamics, suggests the central role played by
these topics in the rationale for collecting such data.

There is therefore no doubt that it would be desirable to collect
such information for developing countries were it feasible and cost-effective
to do so. We note three likely problems, none of which is necessarily
insuperable. First, measurement error again causes problems., If individuals
report random numbers for their living standards, then even if the mean is
unbiased, the estimates of the degree of change from one period to the next

will be overstated. It is easy to imagine a Peruvian smallholder trying his
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best to tell the interviewer what his income is, but only having a weak idea
of the concepts involved and faced with a questionnaire designed by an MIT
Ph.D. who has never set foot outside the United States. Even if the person’s
income had not changed since the previous interview, the answers might easily
show considerable movement within the recorded income distribution. However,
once again, the presence of error persistence will tend to offset such
effects. The Appendix presents a simple model in which the random components
of the errors tend to lead to overstatement of income mobility, while the
fixed effects lead to understatement. One can only be aware of such problems;
without an independent source of data on income dynamics, there is no way of
assessing their importance. The second problem concerns attrition. If those
who leave the panel, or who cannot be found, have changes in income or in
living standards that are not randomly distributed in the population, then the
changes for those that do remain will give a misleading picture of dynamics as
a whole, Thirdly, there is the problem of the time between successive waves
of the panel, If this is too short, most of the recorded movements will be of
little interest, reflecting seasonal or shorter frequencies in living stand-
ards, and telling us very little about movements in and out of poverty. A
longer interval or a longer running panel is better from this point of view,
but increases the difficulties over attrition. The typical "rolling panel,"
with each individual present only for a year or two (or less), can tell us
little or nothing about who benefits or loses from economic development.,

Some of the advantages as well as limitations of this type of use of
panel data can be illustrated from the American experience in measuring income
dynamics., Most of the recent work on income mobility has been based on the

Michigan PSID. This survey, administered by the University of Michigan,
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Institute for Social Research, has annually reinterviewed some 5,000 families
since 1968. The results indicate a significant degree of both persistence and
mobility in income levels.

One way to summarize the data is to describe movements among
quintiles in the family income distribution. Duncan and Morgan (1984) report
that 56 percent of the individuals whose family incomes were placed in the
bottom quintile in 1971 remained in the bottom quintile in 1978. Forty-eight
percent of those in the top quintile in 1971 remained in the top quintile in
1978. Overall, 40 percent of the 1971 sample stayed in the same quintile in
1978, 37 percent moved one quintile, and 23 percent moved at least two
quintiles. Although Duncan and Morgan note a "substantial and perhaps
surprising degree of income mobility" in these statistics, there is also quite
a substantial degree of serial correlation.,

More detailed analyses typically have focused on the low end of the
income distribution. Hill (1981), for example, examines the persistence of
poverty status as defined in official poverty statistics. Roughly speaking,
the official poverty threshold for a family of given size and composition
starts with an estimated minimal annual food budget, multiplies it by three,
and makes some additional adjustments for family sizg and farm/nonfarm
status. Applying this poverty standard to PSID data for 1969-78, Hill finds
that the cross-sectional poverty rate averaged 7.7 percent over this period
and that about 60 percent of those poor each year remained poor the next
year, Seven~tenths of one percent of the sampled individuals were poor in all
ten yeafs, and 2.6 percent were poor in at least eight years. Again, the data
reveal considerable turnover in the poverty population but also a significant

degree of chronic poverty. Many longitudinal analyses of poverty have also
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investigated the characteristics of the persistently and temporarily poor.
Some of the most striking findings pertain to racial composition. Hill, for
instance, reports that 42 percent of the poor in the 1978 cross-section were
black (as compared to 12 percent black in the U.S. population). Furthermore,
61 percent of those poor in all of the 1969-78 years and 62 percent of those
poor in at least eight years were black. Thus, the concentration of poverty
among blacks is even greater when the focus is on chronic poverty.

In principle, some aspects of income dynamics could be measured also
from the Current Population Survey because the rotating panel design of the
CPS permits year—to-year matching of a portion of the sample. Unlike the
Michigan PSID, however, the CPS makes no effort to follow movers. If moves
are correlated with income changes, as seems likely, the matched subsample
would then be unrepresentative of the population. Indeed, Kelly (1973) notes
substantial discrepancies between poverty estimates from the full CPS and the
matched subsample. This suggests that, if panel surveys in developing
countries are intended to generate accurate information on income dynamics,
they must attempt to follow movers or else devise methods to correct for the
bias.

Much of the United States research on income dynamics has examined
individual earnings as opposed to family income. An outstanding example is
Lillard and Willis’ (1978) study of PSID data on working male heads of
households., One part of their analysis involves a model that views the
natural logarithm of an individual’s earnings as the sum of a permanent
component and a transitory (but possibly serially correlated) component,
Their estimates of this model, based on 1967-73 data, measure the degree of

persistence in individual earnings status. Their full-sample results, for
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example, indicate that the serial correlation in log earnings is .84 from one
year to the next, declines to .78 at a two-year interval and .75 at a three-
year interval, and falls asymptotically to .73. When they stratify their
sample by race, they find less earnings mobility among blacks than whites.
For whites, they estimate a one~year serial correlation of .83 that declines
asymptotically to .71. For blacks, they estimate a one-year serial
correlation of .89 that declines asymptotically to .81,

Like many of the studies of family income, Lillard and Willis’
earnings analysis devotes special attention to the low end of the distribu~
tion, They define low earnings in a particular year as earnings below half
the median observed for males in that year’s CPS. By this standard, 3 percent
of the whites and 13 percent of the blacks in the 1967 PSID sample had low
earnings., Lillard and Willis estimate that, of the low-earning men in a given
year, about 45 percent of the whites and 65 percent of the blacks will have
low earnings the next year, and about 25 percent of the whites and 50 percent
of the blacks will have low earnings in both of the next two years,

An important question concerning all of the above analyses of income
and earnings dynamics is whether the measurement of mobility is substantially
distorted by measurement error. A long history of s;udies, including Herriot
and Spiers (1975) and Miller and Paley (1958), has compared matched survey and
administrative data on income and found widespread discrepancies. Similar
discrepancies have been observed in comparisons of matched data from different
surveys, see Mellow and Sider (1983), Miller (1964), and Pritzker and Sands
(1958). More recently, Michigan’s Institute for Social Research conducted a
PSID-like survey of employees whose employer already had accurate records on

earnings and other employment variables. Duncan and Hill (1985) report that
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the survey’s ratio of error variance to true variance was .15 for annual
earnings and .32 for their logarithm.

Where mobility analyses have mentioned the problem of measurement
error at all, they typically have suggested that errors tend to exaggerate the
extent of mobility. As demonstrated in the Appendix, however, this need not
be the case, If the serial correlation in measurement error is large enough
relative to the true serial correlation in income, mobility might be under-
stated. In any case, it is somewhat reassuring that earnings mobility studies
based on administrative data from the U.S. social security system have yielded
results qualitatively similar to those from survey-based studies. McCall
(1973), for example, tabulates 1962-63 transition rates across a $1500 thres-
hold, which was approximately half the median covered earnings at that time.
0f the white men, aged 25-34, with 1962 earnings below $1500, 42 percent
remained below 31500 in 1963. In both the 35-44 and 45-54 age categories, the
persistence rate was 45 percent. Also, like Lillard and Willis’ PSID study,

McCall’s study found higher persistence rates for blacks.
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4, FECONOMETRIC ANALYSIS OF PANEL DATA

Ultimately, the greatest payoff to collecting panel data will come if
it is possible to go beyond description and discover something new about the
processes governing living standards. The availability of panel data in the
United States over the last decade or so has generated a great deal of often
very sophisticated econometric analysis, in many cases dealing with phenomena
that could not have been investigated without such data. Some of this work is
the analytical counterpart to the descriptive material discussed in the pre-
vious section. For example, flows of individuals into and out of unemployment
have been much studied, with particular reference to the effects of unemploy-
ment benefits and the effects, if any, of unemployment itself on the reemploy-
ability of the individual. Both areas are ones of much activity, not to say
acrimony. Although many would disagree with us, we feel that this work has
been more successful in illuminating the special problems associated with the
econometric analysis of panel data, rather than in providing convincing
answers to the original problems. It would not therefore be sensible to
expect that increased availability of panel data from poor countries would
lead to a great increase in knowledge about the processes of development. (It
would, however, almost certainly increase the flow of good students into the
subject, and that would do a great deal for the current state of development

economics).

A. Studies of Food Consumption

We illustrate first with perhaps the most obvious use of panel data,
which is to control for individual fixed effects., It is also an example that

is important for the current use of household expenditure survey data in
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developing countries. Most countries that collect household budget data on
consumption use it to fit Engel curves that summarize the relationship between
purchases of various commodities and household income or total expenditure.
One of the major uses of such Engel curves is for projection. Even without
some form of central planning, most poor countries attempt to forecast the
evolving structure of food demand to compare with their assessment of the
growth of supplies. The problem is that there are nearly always major
inconsistencies between the results from the surveys and the development of
consumption patterns over time. For example, food as a whole always declines
as a share of the budget as total expenditure rises across a budget survey; it
typically declines much more slowly with increases in real income over time,
There are similar problems with other categories of the budget. In conse-
quence, forecasting experience with Engel curves estimated from budget data
has been very poor. The essential problem is that the variables that are
being implicitly held constant in the budget survey are not the same as those

being held constant over time., To illustrate, consider the food equation

qp = a + bxy, +f, +u, (1

where q;, is expenditure on food by household h, Xy, is household total

expenditure, and a and b are parameters of the Engel curve - the linear form
is used only for convenience. The quantity f; is the household fixed effect;
it represents that household’s idiosyncratic demand for food and is constant

over time. The error u, is random, and is also part of the unpredictable part
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of h's demand; unlike fh however, the uh’s in different time periods are
independent of each other. Now, if the distribution of the f’s in the popula-
tion remains constant over time, the regression of aggregate food demand on
aggregate expenditure will have a slope of b, the true marginal propensity to
consume. However, the same regression in a cross-—-section will not estimate b
except in the unlikely event that the fixed effects f are uncorrelated with
total expenditure x. Even if other variables are included in the regression
in an attempt to control for the fixed effects (household demographics, educa-
tion, occupation, and so on), it is always implausible that all such effects
can be accounted for.

Panel data, even for two successive observations can in principle
deal with this problem. For if equation (1) is first-differenced using two
observations from the same household, the fixed effects vanish, and the
regression of the change in food consumption on the change in total expendi-
ture yields an unbiased and consistent estimate of the Engel slope b.
Unfortunately, errors of measurement once again interfere. Assume in (1) that
x is measured with error. There will then be two sources of bias in the
cross—section regression, one from the omitted fixed effect, and one from the
error of measurement. The panel estimator suffers only from measurement
error. However, it is a standard result that the bias from measurement error
depends on the ratio of the measurement error variance to the total vari-
ance. In the cross-section, even poorly measured total expenditure will have
a relatively small ratio of error to total variance, while in the panel
differenced regression, the ratio is likely to be much larger. Once again,
the difference between two large numbers is likely to be subject to large

relative errors, It is very easy in these circumstances to construct examples
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where the inconsistency of the panel first-differenced estimator is worse than
that of the original estimate from the cross-section. It may be, however,
that given sufficient panel data, methods can be developed that will yield
consistent estimates of the desired parameters, and this is very much a topic
of current research, see, for example, Griliches and Hausman (1984).

There is similar evidence of the influence of measurement error in
American work on labor supply using the PSID data. Indeed, it is in the area
of labor supply analysis that panel data have been most widely used, and it
would hardly be an exaggeration to claim that the existence of panel data has
transformed the nature of applied research in the area. We therefore conclude
with a review of the uses of panel data in labor supply analysis where the
focus once again ends up being on the consequences of measurement error., As

before, we are essentially confined to reviewing the American work.

B. Life-Cycle Labor Supply Studies Using Longitudinal Data

Econometric analyses of labor supply have focused on the life-cycle
because of the many policy issues raised by the difference between the effects
of permanent versus transitory changes in incentives., The only way these
effects can be sorted out is if both permanent and transitory wage movements
can be observed. In a single cross-section of data this is not usually
possible. Hence, questions of whether a short term tax change will have the
same effect on labor supply as a permanent tax change simply cannot be
addressed without some kind of longitudinal data analysis.

The study of life-cycle labor supply with longitudinal data is an
especially fine example where well designed economic models have been con-

fronted and analyzed with the conceptually appropriate data. This does not
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mean these models have already generated compelling empirical estimates of key
theoretical parameters. Indeed, the difficulties of squaring up the data with
the models are constructed. Examining the course of the difficulties in
matching the models to the longitudinal data is instructive for the 1light it
sheds on how such data can structure and alter our economic analyses., It is
especially instructive with regard to how measurement error in the longitu-
dinal data can cause severe problems with the subsequent econometric analyses.
The simple theoretical models of life-cycle labor supply serve two
purposes. First, they show the clear connection between the life~cycle labor
supply model and the permanent income theory of consumption. Indeed, the
latter is simply the consumption plan derived from the former, and permanent
income is nothing more than the appropriately discounted present value of
future wage earnings. Second, to be tractable, the empirical analyses are
going to require some form of linearity and some simple method for summarizing
a consumer-worker’s future prospects. The specialized assumptions of the
available models rationalize the assumptions necessary to produce such

implementable models.

(1) Simple Models with Perfect Foresight

One simple theoretically based model that generates a linear earnings
function is the Stone-Geary utility function that has been used by Ashenfelter
and Ham (1979). It leads to an equation that explains the choice of a
worker’s desired labor earnings as consisting of two parts. One part is a
constant throughout an individual’s life., This constant part is proportional
to an index of the discounted present value of the individual’s lifetime

discretionary income. Discretionary income in this model is the difference
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between maximum feasible earnings and minimum feasible consumption, where
"feasible" is defined by constant taste parameters. Variations in permanent
incomes across individuals will, of course, result in variation in hours
worked across individuals,

The second part of desired labor earnings in this model varies over
the life-cycle according to how the wage rate varies over the life-cycle.

This part is greatest in periods when wage rates are highest and is smallest
when wage rates are lowest. Moreover, hours worked are also greatest in this
model when wage rates are highest. To be consistent with the simplest utility
maximization models the elasticity of hours worked with respect to within
life-cycle movements in the wage rate, holding constant permanent income, must
be positive. Efforts to test this proposition and to estimate this inter-
temporal labor supply elasticity make up much of the empirical literature
analyzing panel data on labor supply.

The Stone-~Geary utility function also generates a lifetime plan for
consumption. Desired consumption alsc contains two parts. One part is a
constant and is proportional to permanent discretionary income while the other
part varies with life-cycle variation in the real price of consumption. This
model would therefore rationalize the Engel curve given by equation (1)
above. Considerably less effort has been devoted to the study of panel
consumption data using such models in the United States, however, perhaps
because so much less consumption information is available.

In the Stone-Geary model intertemporal movements in labor earnings
are solely a result of life-cycle or time-series movements in the wage, w..
These movements are governed entirely by a parameter Yh in such a way that

the change in desired earnings, Awtht’ moves according to the simple rule
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Aw.h, =y, Aw, (2)

The key point is that, as before, longitudinal data allow us to "difference

out" the fixed effect that represents permanent discretionary income and avoid

bias. The proportional change in earnings is
Ah ) wh = (/b )b fw,] (3)

In this model the intertemporal elasticity of labor supply is (Yh/ht)-l.
Since the intertemporal elasticity of labor supply must be non-negative, this
establishgs that in the regression (2), the coefficient Yy must be larger
than ht for the model to be consistent with the utility maximizing principle.

This model has been fit to data from the Michigan PSID by Ashenfelter
and Ham (1979), but before reporting those results it is useful to turnm to
some data that provide a very simplelmethod for estimating Yhe This scheme
is based on the observation that equation (2) is a regression without a
constant term. One consistent estimator for Yp 1s therefore the ratio of the
mean across workers of the change in earnings to the mean of wage change
across workers in a longitudinal data set. The advantage of this estimator is
that it remains consistent even when zero-mean measurement errors are appended
to Aw_ and Aw h. in equation (2), see Wald (1940).

To get a feeling for the estimates obtained in this way consider the
mean changes in real earnings and real wage rates reported from the PSID in
Table 1. The third column reports the estimates of Yhe First, they are

very unstable, Secénd, in three of the years considered they are lower than
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the actual mean of hours worked. Discarding as extreme outliers the results
for 1969-70 and 1973-74 leads to an average of the ratios Yh/ht = 1.04, which
implies an intertemporal labor supply elasticity of .04. Obviously, with
these data virtually any estimate of Yy, may be obtained depending on what the
empirical analyst wants to see,

There are clearly difficulties in using this simple estimator to
calibrate the size and stability of the intertemporal labor supply elastic~
ity. Perhaps most disturbing is the possibility that aggregate supply shocks
or their determinants will obscure movements along the supply schedule (2).
More generally, anything that might successfully and correctly be removed from
the panel data by the addition of year dummy variables will produce a specifi-
cation bias in these results, It is important to emphasize, however, that the
consistency of many of the estimates of the intertemporal labor supply elas-
ticity reported below are dependent on the same assumption necessary to ensure

the consistency of the estimates of the labor supply elasticity in Table 1 and

typically on further assumptions.
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TABLE 1: Changes in Real Earnings and Real Wage Rates:

Panel Survey of Income Dynamics
(White Males, 25-50 years old in 1967)

Change in Real Change in Real Yh Mean Hours
Year Earnings Wage Worked
1967-68 486 .19 2,558 2,416
1968-69 313 <20 1,565 2,403
1969-70 -101 .01 -10,000 2,370
1970-71 206 .18 1,144 2,352
1971-72 561 012 4,675 2,367
1972-73 396 .16 2,475 2,370
1973-74 -371 -.02 18,550 2,328
Source: Appendix of Ashenfelter and Ham (1979); earnings aﬁd wage rate

deflated by consumer price index, 1967 = 1.0,
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Equation (2) has also been fitted to the PSID micro data directly by
Ashenfelter and Ham (1979). These results are even more disappointing. The
estimates of Yh based on the pooled covariances in the data are around 1,900
hours. This result implies a negative intertemporal elasticity of labor
supply.

One possible explanation for the poor performance of this kind of
model is based on the idea that desired hours may differ systematically from
actual hours worked for a variety of reasons. Ham (1985) has used panel data
to follow up the possibility that unemployment is a measure of the gap between
actual and desired hours at work. 1In his study he finds considerable evidence
for this hypothesis, and it does appear that allowing for this fact permits
the generation of positive, but small, intertemporal labor supply elastici-
ties, although not without some allowance for measurement errors,

A different model that leads to a log linear labor supply function
has been suggested by Heckman and MaCurdy (1980) and MaCurdy (198l1). As Abowd
and Card (1983) observe, under certain conditionms this model leads to pre-
cisely the log linear labor supply function initially proposed by Lucas and
Rapping (1970). 1In this case, the change in desired hours at work will depend
only on the change in wage rate. Holding permanent income constant the

proportionate change in labor supply over the life-cycle is governed by

Alnht = nAlnwt, %)

where Alnht and Alnw, are the (approximate) proportionate hours and wage

t
changes, and n 1s the intertemporal labor supply elasticity. Again, there

are some straightforward estimates of the intertemporal labor supply
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elasticity available from the ratios of the means of the hours changes to the
means of the wage change in a panel of data. To provide a feeling for the
size of these estimates Table 2 contains the data on the change in log hours
and log wages from the PSID computed by Abowd and Card (1983).

The estimates of n, the labor supply elasticity, in Table 2 are
qualitatively consistent with the results in Table 1 except for the year 1970-
71. 1In general, however, the data in Table 2 are far more congenial to an
estimate of the intertemporal labor supply elasticity that is positive and
large in magnitude. Only two of the ten estimates of the elasticity are
negative, and the simple average of all the estimates is 1l.14., Deleting the
two extreme outliers leads to an estimate of the intertemporal labor supply
elasticity of .89. (This is equivalent to deleting the two estimates with the
denominators closest to zero in absolute value.) As before, however, these
estimates are very unstable and this instability casts serious doubt on the

credibility of this model.
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TABLE 2: Changes in Log Real Earnings, Log Hours, and
Log Real Wages: Panel Survey of Income Dynamics
(Male Heads of Households, 21-64)

Change in
Change in Change in Change in a/ Unemployment Change in
Year Log Earnings Log Hours Log Wage n- Proportion.E/ Log Manhours E!
1969-1970 .032 -.011 043 -.26 .009 -.02
1970-1971 .030 .003 .027 .11 .007 -.01
1971-1972 .072 .021 .051 W41 —.004 <04
1972-1973 .048 .021 .027 1.29 -.007 .04
1973-1974 -.051 -.042 -.009 4.67 .006 .00
1974-1975 -.041 -.027 -.014 1.93 .023 -.05
1975-1976 .046 .012 .034 «35 -.008 .04
1976-1977 024 .002 .022 .09 -.006 04
1977-1978 .005 -.003 .008 -.38 -.007 .05
1978-1979 -.055 -.042 -.013 3.23 .001 © .03

a/ Calculated as the ratio of the mean change in log hours to the mean change in log
wages.,

2/ Change in unemployment proportion for males aged 35-44.

e/ Change in the logarithm of the payroll series data on the aggregate weekly hours
index.

Source: Abowd and Card (1983), Table 2.
Employment and Training Report of the President, Table A-30, C-13, 1982,
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There are several ways to use covariances in the data to estimate the
labor supply elasticity., The simplest method is simply to compute the regres-
sion coefficient of the proportionate changes in hours on the proportionate
changes in wages. In the absence of measurement error the estimate should, of
cdurse, be positive. Abowd and Card (1983) report all of the necessary data
to do this from the PSID and from the National Longitudinal Survey of Older
Men (NLS). This regression coefficient is always negative and significantly
different from zero at quite small probability levels. In the PSID it is -.36
and in the NLS it is -.28 for the data reported by Abowd and Card (1983).

This is, of course, essentially the same "fact" discovered by Ashenfelter and
Ham (1979), since it is implied by their finding that Yh is typlcally less
than hours worked in the sample.

It is possible to use the covariances in the data to find a
regression coefficient with the sign implied by the utility maximization
hypothesis. For example, MaCurdy (1981) observes that adding nAlnh, to both

sides of (4) produces the relationship

Alnh, = {n/(1 +n)}Alow h, (5)

This suggests computing the regression coefficient of the change in the log of
hours on the change in the log of earnings. 1In the PSID and NLS data these
regression coefficlents imply estimates of the labor supply elasticity of
around .78 and .61 respectively.

It seems clear, however, that simple applications of either the
linear earnings equation (2) or the log linear hours equation (4) will require

some manipulation of the data before they will produce credible estimates of
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the intertemporal labor supply elasticity. As a result, these estimates are

likely to be sensitive to the model specification, although preliminary

indications are that they are not likely to be larger than .7 or .8.

(ii) Models of Life-~Cycle Labor Supply with Measurement Error

The presence of measurement error has been suggested as one important
reason for modifying the longitudinal analyses of labor supply thus far
reviewed. One suggestion is to recognize the presence of measurement error in
both wage changes and hours changes at the micro level. As we have observed,
the simple ratio of means estimates in Tables 1 and 2 need not suffer from
bias induced by measurement error. On the other hand, the usefulness of this
simple procedure depends critically on the assumption that unmeasured economy
wide shocks to real interest rates or other aggregate variables can be safely
ignored. Using the covariances in the panel data with time means subtracted
out does not run this risk.

MaCurdy (1981) circumvents these issues by using an instrumental
variables estimator. With time means subtracted out of the data his estimates
of the regression coefficient of the change in log hours on the change in log
wages are .10 and .15 with standard errors of about the same magnitude. These
are not large elasticities and the imprecision of their estimation is dis-
turbing. The imprecision no doubt results from the inevitably poor quality of
what are essentially time-invariant instrumental variables. (It is well known
that wage rates in a cross—section are roughly a semilogarithmic function of
schooling, experience, and experience squared. The first-~difference in the
log wage is therefore approximately a linear function of experience, the main

instrument available.)
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In an empirical study Altonji (1985) reports several efforts to
account for measurement error in an attempt to estimate (4). He reports three
alternative sets of results from the PSID data. The first set uses an instru-
mental variables scheme designed to reproduce MaCurdy’s results, The esti-
mated intertemporal labor supply elasticity falls in the range of .08 and .50
depending on whether time means are subtracted out of the data and whether age
is included in the labor supply equation. Estimated sampling errors fall in
the range .12 to .4, however, so that elasticities are still imprecisely
estimated. A second procedure uses an alternative (but contemporaneously
measured) wage variable as an instrument for the wage in a classical instru-
mental variables setup for handling measurement error. With this procedure
the estimates of the intertemporal substitution elasticity are around .04 to
«07, depending on specification. Estimated sampling errors are very small
also, at around .07, so that substitution elasticities larger than .25 may be
ruled out, In a third procedure Altonji recognizes that a contemporaneously
measured alternative wage variable may be contaminated by common measurement
errors or, in a model with uncertainty, correlated with labor supply function
errors, Using a lagged alternative wage variable Altonji estimates intertem-
poral labor supply elasticities around .05, but estimated sampling errors are
now around .45. All of these estimates rule out substitution elasticities
greater than unity. Altonji concludes that these estimates suggest an inter-
temporal labor supply elasticity in the range 0 to .35, although we prefer to
state all these results and their limitations so that they speak for them-

selves,
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Abowd and Card (1983) have presented some persuasive evidence that
much of the variation in both hours and earnings in the available longitudinal
data may be a result of measurement error. To see the nature of this evidence
suppose the level of any variable is measured with error that is serially
uncorrelated., The successive changes in such a variable will have a serialv
correlation of -1/2 if the true variable has changes that are serially uncor-
related. The reason is that the covariance of successive changes in the
imperfectly measured variable will, if the covariance in the true variable is
zero, be just one~half the negative of the total variance. The serial corre-
lation coefficients at all higher lags will be zero.

Abowd and Card present data that imply first-order autocorrelatiomn
coefficients for hours and earnings in the NLS and in the PSID data of about
~.35. Neither the second nor third order autocorrelation coefficients in
either data set is as large (in absolute value) as ,04, Although this is
hardly conclusive, it suggests the possibility that much of the panel data
movement in hours and earnings may be composed of measurement error. Indeed,
Abowd and Card take the null hypothesis against which they test their labor
supply equations to be simple models of measurement error. Although they
reject the measurement error models as a complete explanation for the data, a
ma jor message of their paper is the importance of dealing with this problem.

Altonji (1985) provides further evidence of measurement error in the
main wage series used in a typical panel data study of labor supply. The
change in the conventional wage measure in these studies is the change in the
ratio of labor earnings to annual hours at work. For hourly workers in the
PSID the change in the hourly wage rate is also recorded. It follows that the

correlation between these two different measures of the wage rate provides an
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indication of the fraction of the variance in them which is correctly mea-
sured., If there were no measurement error at all, the correlation between the
two wage measures would be perfect. If only independent measurement error
were contained in the two wage measures, however, the correlation between them
would be negligible. Altonji reports that these tests indicate that between
70 and 90 percent of the variance in the two wage measures may be measurement
error. Such estimates may seem horrendously large, but they are entirely
consistent with the PSID validation study discussed in Section 3 where it was
eétimated that the ratio of error to total variance in measured hourly
earnings was around 75%.

These results do not imply that the wage change data contain only
measurement error, Still, it seems clear that the longitudinal data series
available for the estimation of labor supply models are very noisy. It is
possible that a more carefully measured data set would remedy this problem,
although it is also possible that a different theoretical model may more
appropriately describe the offered combinations of wages and hours we
observe. In either case, it is clear that while the existence of panel data
on hours and wages holds out the promise of '"clean" and theoretically appro-
priate estimates of relationships that are central to the understanding of
behavior and welfare, that promise has not yet been fulfilled in the United
States., We believe that the villain in the pilece is the presence of measure-—
ment error and the consequences of that measurement error for the particular
types of questions being asked. Greg J. Duncan has emphasized to us that
these labor supply studies probably place panel data in their worst possible
light, Wage rates are usually constructed by dividing annual earnings by

annual hours, and quite small errors in the original data can be magnified by
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such a procedure. The consequences of measurement error clearly depend on
what is done with the data and on the type of model that we are trying to
estimate. Nevertheless, even if labor supply analysis is the worst case, it
is an extremely important one, and we have included the largely negative
results of this section because the ability to model labor supply is

frequently cited as one of the reasons for collecting panel data.
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5. SUMMARY AND CONCLUSIONS

This paper has reviewed a number of aspects of the collection and use
of panel data from households in developing countries. 1In Section 1, the
sampling issues were discussed, and we concluded that there are likely to be
real, if modest, benefits from incorporating some panel element into household
survey data collection in developing countries. The recognition that panel
data are likely to be subject to substantial errors of measurement does not,
in our view, invalidate this conclusion. Section 2 discussed the measurement
of income dynamics, an issue that cannot be addressed without panel data.

Some of the recent American research was reviewed; the results are clearly of
considerable interest and importance, and comparable work for developing
countries would add an important dimension to discussions of poverty,
inequality and development., Errors of measurement must also be recognized in
this context. While the likely biases can be assessed at a theoretical level,
it is hard to assess their empirical importance without independent sources of
evidence on individual income changes. Even so, once again we feel that the
recognition of the difficulties does not invalidate the genuine insights that
have been obtained. It is in the third area of review, that of econometric
analysis, that we are perhaps most sceptical of the real benefits of panel
data. The issues are discussed in Section 3. While it is true that panel
data offer the unique ability to deal with the contamination of econometric
relationships by unobservable fixed effects, the presence of measurement error
can compromise the quality of the estimates to the point where it is unclear
whether cross-section or panel estimators are superior., This situation is in
sharp contrast to that for sampling, where errors of measurement typically

cannot reverse the superiority of panel over cross-section estimators. Our
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review of American labor supply studies using panel data illustrates both the
advantages and disadvantages, though this may be an area where panel data are
seen in the worst possible light.

We believe that panel data should be collected in both developing and
developed countries. Benefits of well-designed data collection efforts are
likely to outweigh the costs. However, it is very easy to overstate the
likely benefits of panel data. We have no doubt that they have contributed to
our understanding of economic behavior in the past, and see no reason to
suppose that new data will not do so in the future. But their existence will
not solve all the outstanding problems of understanding poverty and household
behavior in developing countries. They will undoubtedly bring new and impor-
tant insights, but they will also bring new problems of interpretation and
analysis., While as economists we are anxious to be able to work on these

problems, we should not be wise to promise too much too quickly.
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APPENDIX
SAMPLING RESULTS AND THE EFFECTS OF MEASUREMENT ERROR

A, Sampling with Rotating Panels

The results in this section are adapted from Hansen, Hurwitz and
Madow (1953, pp. 268-72).

Assume that sampling takes place on two occasions, 1 and 2, and that
in both surveys there are n households, a proportion p of which are
retained from period 1 through period 2. In standard situations, the means
from the various parts of the sample will be sufficient for the population
means that we want to estimate,

Let X; be the mean in period 1 of the np overlapping households

Let x9 be the mean in period 2 of the np overlapping households

Let y; be the mean in period 1 of the n(1l-p) -"o0ld" households

Let y, be the mean in period 2 of the n(1-p) "new" households

Let 54 and Sy be the population standard deviations of the variable

sampled in 1 and 2, and let r be the population correlation between

the two periods. We wish to estimate Hyskos the two population
means, and Ho=H (s the change from 1 to 2, Implicit or explicit is

a weighting function on the sampling errors of the three estimates.

We leave it implicit for the moment.

Consider linear estimates of the form

~

My= apy% hanx + by by, (L

~

Hg = 85X+ agyXy + byyy; + byyyy (2)



- 45 -

-~

Au = a3 x) +a4,x) + by y; + by,y, (3)

It is required (a) that the estimators be unbiased, and (b) that the

appropriately weighted average of sampling errors be as small as possible.

One can also impose ajy = b12 = 0 if the estimate of the first mean has to be
computed before the second survey has been taken. It turns out that, given
p, the optimal choice of the a’s and b’s is independent of the weighting

function. The formulae for My and Ay turn out to be

- rp(l-p) S
Mo T 1-(1-py2r? 51 U 7 F) Y D aepyi R
2
(1-p) {1 - (1-p)r?}
+ y (4)
L (iopyis? 2
- (-p)1 - (1'P)r %} (v, -y + 1 (%, = %)
1 - (l-p) 1 - (1-p)°r
S ' S
¥ "“"p)" (v, = %) ——= (7, = %,) =] (5)
RTERY S R 2~ %) s,

and these are the formulae that would be used in practice givem p. Note,
that although it is natural to try to optimize on p too, we cannot have

different p’s for different items in the survey. Since different items will
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have different correlations and different SZ/Sl ratios, what is an optimal
design for one item will not be so for another.

Rather than specify an explicit objective function, consider the
estimation standard errors corresponding to (4) and (5). For the change,

8y, in the simple case where 8; = S,, the variance is

2
2 __ 2(1-1)s
A n{1 - (1-p)r} (6)

Hence, as we would expect, if r > O, the optimal design has p = 1, that is,
complete overlap, whereupon Gf takes its minimum value of 2(l—r)52/n. It is
interesting to see how much loss there is in not choosing complete overlap.
Table A.l gives the ratios of optimal standard errors to aétual standard
errors for various combinations of r and p. Clearly, completely
independent surveys sacrifice a great deal of efficiency, particularly when
the correlation is high. But even with 50 percent retention, the loss is
never more than 30 percent and is much less for what we would judge to be

reasonable values of the correlation.
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1.00
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TABLE A.2:

Table A.2 turns to the precision associated with the second period Moo The

variance in this case is given by
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2
c2 _ n2 1 rz(l p)2 7
Wa 1 - r“(1-p)

a formula that holds whether or not 5 = So. The optimal design is now given
by
1 - ¢ (1-r?)

p=1- (8)
L2

and these values are shown in the second column of Table A.2, Note that

for ;2, the higher the correlation, the lower the degree of desirable overlap,
because repeated observations contain less information than new ones. There
is therefore a potential conflict between designs for estimating the mean and
for estimating the change. However, the figures in the rest of the table show
that the loss of precision to an inappropriate design is typically small
unless the correlation is very close to unity. In cousequence, and comparing
the two tables, it is clear that, unless r is near one, a rotating design
can obtain a good deal of the possible gains from a full panel in estimating

changes without sacrificing much precision in estimating means.

B. Panel versus Cross—-Sections with Measurement Errors

It is not possible to come to general conclusions about the influence
of measurement error, since results depend on the precise form taken by both
the errors and the data. However, the purpose of this section is to try to
argue that the advantége of panels in estimating change is unlikely to be

subverted by the presence of measurement error.
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Start with a cross—-section in which respondent i reports a value

y; made up of an error €; and a "true" value x;, that is
¥y = %5 tey (9

Since the respondents in one survey are different from those in
the next, the values of x4 and €y will be independently drawn from their

respective distributions in successive surveys. Hence, write
for the cross—section changes estimator. We then have
EQAy) =u, +u, (11)

s.e. AY) = V{02 +02 + 2% %/n (12)
X X >
1 2
In the panel, we recognize the time subscripts explicitly and
decompose the error e; in (9) into a fixed effect v; and a random effect

Wiy hence

Note that v,

i does not have a time subscript; it represents the misreporting

for individual 1 that is common across time periods. This is not the only

way of modelling the error process, but it is a reasonable one, Differencing
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(13) and taking means gives the panel estimator of change AY and we have

immediately
EQY) =uy - uy (14)
= 2 2 .
s.e. @y) = /{OAX + 20w}/n (15)

where 0A§ is the variance over the population of the change in x. To

compare (12) and (15), note that
= g2 + g2 16
o o o (16)
on the assumption that fixed and random errors are independent. We also have

2 _ 2 2 5
Opyx = ox1+ oxz 2cov(x1,x2) 17
In consequence, a positive correlation between X and %) is a sufficient

but not necessary condition for the panel estimator to be more efficient than
the cross~section estimator. Clearly, the presence of autocorrelated measure-

ment error, like the presence of genuine correlation, enhances the attractive-

ness of the panel design.

C. Measuring Income Dynamics with Measurement Error

In descriptive work on income dynamics, individuals are usually :

traced over time’as they pass through various positions in the income

distribution. To show how such tracking can be affected by measurement error,
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consider the simplest possible Markovian model, that is,

Xig = PEjp1 T U4y (18)

where x4, 1s income in period t, Uiy is an error, and p a parameter to
be estimated. Note that the lower is p, the higher is the degree of income
mobility over time. Assume that the recorded observations are not x. but

it

where, as before v; and wy, are fixed and random effect errors of
measurement.

If we use (19) to substitute for Xi¢ in (18), we can calculate the
effects of the errors of measurement on the estimation of p. For example,
if p is estimated by S the OLS estimator, then it is straightforward to

show that

7—) (20)

so that plim p 1is a weighted average of p, the true autocorrelation in

z + ovz), which is the autocorrelation of the measurement

. 2

income, and o /(0W
error. The weights are the proportions of the measured income variance that
are attributable respectively to true income variance and measurement error.

Clearly, then, mobility will be overstated or understated as p 1is greater or

less than the autocorrelation of the measurement error.
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